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Abstract
This paper focuses on a cost effective and environment friendly technique for green synthesis of cerium oxide  (CeO2) 
nano particles from cerium (III) nitrate hexahydrate solution by co-precipitation method using the leaf extract of dif-
ferent species of Artemisia pallens which acts as reducing and capping agent. The prepared  CeO2 nano particles were 
characterized by XRD, TEM, FTIR, UV–Vis spectroscopy. The Photocatalytic activity of the prepared ceria powders was 
determined by their ability to degrade Methylene blue solution under UV-light radiation. The photo degradation result 
observed with 10 mg/L ceria at pH = 11 for 180 min have highest output and pseudo 1st order rate constant was 0.983.
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1 Introduction

Nanotechnology is an emerging field of physics, chemistry, 
biology, engineering and electronic application. It involves 
the creation and/or manipulation of materials at the nano 
meter scale which contains single groups of atoms or bulk 
materials. Nano dimension of a material induces significant 
change of its properties namely optical absorption, elec-
trical conductivity, chemical reactivity, biocompatibility 
compared to the macro dimension of the materials. With 
reduction in particle size, the surface area increases out-
standingly and the number of atoms situated on the sur-
face of the particles is higher which grants a considerable 
change of morphology properties [1]. Generally nano par-
ticles have large surface to volume ratio when compared 
to their bulk form. In general, large numbers of surface 
atoms are present compared to bulk materials, which play 
a vital role in an energetic state making significant contri-
bution to the total free energy. These factors can change 
the properties such as reactivity, mechanical strength 
and electrical characteristics. Presently nano particles are 
widely used in technological application like LEDs, sen-
sors and solar cell etc. [2–4]. Semiconductor nano particels 

usually exhibit variable as well as often controllable prop-
erties. In general when the size of the particle decreases, 
there is a change of energy structure and hence enhances 
surface properties. This will enhances their optoelectronic 
properties. Cerium is a rare earth element, which exists 
in trivalent state; cerium also occurs in IV states and may 
alternate between these two in a redox reaction. Based on 
this results, it was theorized that cerium oxide nano parti-
cles prolong cellular longevity by scavenging free radicals 
generated during their lifetime. The distinct structure of 
ceria nano particles with regard to the valence, support 
cell longevity which is a benefit of its antioxidant proper-
ties. Antioxidant behaviour is strongly influenced by the 
co-existence of both Ce3+ and Ce4+ oxidation states in 
 CeO2 nano particles. Cerium di oxide has wide band gap 
(3.18 eV) energy. It is a technological important material, 
which has wider application such as super capacitor, buffer 
layers in conductors, fuel cell battery, polishing material, 
UV blockers and optical storage devices. It is an impor-
tant material that can be used in photo catalytic reaction 
[5–10]. Several methods have been engaged to prepare 
ceria powder [11–16] were employed on the past decade. 
This paper focuses on preparing ceria nano powder using 
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green synthesis method. Many bioactive compounds are 
contained in Atemesia. It is known for its antimalarial activ-
ity and cytotoxicity against tumor cells [17]. These plants 
are also popular for the treatment of diseases such as hep-
atitis, cancer, inflammation and infections by fungi, bacte-
ria and viruses [18]. It appears as a small and aromatic her-
baceous plant and is native to the southern part of India. 
The leaves and flowers of this plant are highly valued for 
making floral decorations and oils. The plant consists of 
very small leaves, bluish green with yellow flowers. Tradi-
tional Ayurvedic medicinal formulations utilize this plant. 
The synthesized nano powder was characterized by x-ray 
powder diffraction,TEM and FTIR spectrum to study the 
structure and bonding nature. These samples were also 
studied for their photo catalytic activity using MB under 
UV light.

2  Experimental

The bio synthesis of ceria  (CeO2) nano particles were done 
by green chemistry method using cerium (III) nitrate hex-
ahydrate. In the first step of synthesis 5 g of cerium (III) 
nitrate hexahydrate was added to 25 ml distilled water 
and stirred thoroughly at 60 °C for 1 h to form a clear 
solution. In the second step 10 g of Artemisia pallens was 
added into 50 ml distilled water and heated at 60 °C for 
1 h. This solution was filtered and this filtrates was taken 
in a burette. This clear solution in burette was added as 
drop by drop to cerium (III) nitrate hexahydrate solution 
under constant stirring condition to form a precursor. 
In the third step, two tablets of NaOH were dissolved in 
50 ml of distilled water and then added drop by drop into 
a beaker containing the precursors. A small quantity of 
NaOH was used to increase the pH to alkaline condition. 
After few hours precipitation occurred. This precipitate 
was centrifuged at 6000 rpm and was then dried at 373 K. 
The X-Ray diffraction patterns of the  CeO2 nano particles 
was recorded using panalytical’s X-Ray diffractometer for 
various calcined temperatures. The FTIR spectrums of the 
 CeO2 nano particles were taken using Perkin Elmer spec-
trometer. The surface morphology and particle size of the 
 CeO2 nano powder were analyzed by Transmission elec-
tron microscopy (TEM) images were obtained with JEOL 
JEM 2010HR operating at 200 kV. Absorption spectrums 
for the  CeO2 nano particles were recorded by using Shi-
madasu UV visible spectrophotometer. The  CeO2 nano 
particles calcined at different temperature in the range of 
400–500 °C were employed to study the degradation of 
Methylene blue dye under UV radiation from a 12 W UV 
lamp. Five centimeter distance was maintained between 
the photoreaction vessel and the lamp source. About 5 mg 
of  CeO2 photo catalyst was added to 10 mg/L of methylene 

blue solution (100 ml) in a typical run. At regular intervals 
of 60 min, 3 ml of the above solution was centrifuged to 
separate the photo catalyst particles, The concentration 
of methylene blue in this solution was evaluated from the 
absorption spectrum obtained with the help of Hitachi 
UV–VIS–NIR spectrophotometer.

3  Result and discussion

X-Ray diffraction pattern of cerium oxide nano particles 
obtained in the range of 28° to 95° is shown in Fig. 1. XRD 
exhibits the following peaks (111), (220), (311), (400), 
(331), (422) and (511) corresponding to single phase cubic 
structure (JCPDS NO: 431002). The broad peaks show the 
nano size crystallites. Crystallite size was calculated using 
2θ = 28°48′ (111) peak with the Scherrer formula

where λ is the wavelength of X-Ray, θ is the Bragg diffrac-
tion angle and β is the full width half maximum (FWHM) 
of the XRD peak appearing at the diffraction angle θ. The 
average crystalline size and dislocation density are tabu-
lated in Table 1. Generally size of nanoparticles increases 
with increase of temperature due to the aggregation of 
individual particles. In this case as the calcinations tem-
perature increases recrystallization takes place along with 
grain aggregation and hence an increase in grain size. 

Figure 2 Shows the Infrared spectrum of raw  CeO2 pow-
der and various calcinations temperature of the samples. 
FTIR spectrophotometer between 450 and 4000 cm−1. FTIR 
studies have been used to confirm the formation of metal 

(1)D = 0.9�∕β cos θ
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Fig. 1  XRD pattern of cerium oxide nano particle at different tem-
perature a WHO, b 400 °C, c 450 °C, d 500 °C
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oxide. The bands at 528 cm−1 and 719 cm−1 are due to the 
Ce–O stretching vibration whereas the bands at 1379 cm−1 
and 1383 cm−1 are due to C-O stretching vibration and 
the band at 3395 cm−1 is due to O–H vibration of water 
absorbed from the moisture respectively [16].

Ultrafine nanoparticles of  CeO2 with average particle 
size in the range of 4.0 nm to 16.0 nm is observed in the 
TEM images (Fig. 3a, b) for the nanoparticles calcined 
at different temperature, Nearly spherical particles are 
observed. Thos results agrees well with the aize calcu-
lated using Scherrrer’s equation from XRD data. A fairly 
uniform distribution of particles is observed. The aver-
age fringe distance between two adjacent fringes in the 
HRTEM pattern (Fig. 3c) is 0.31 nm. The selected area dif-
fraction (SAED) pattern of the  CeO2 nanoparticles calcined 
at 450 °C (Fig. 3d) indicates the mulilayered pattern of the 
particles which is suggestive of a polycrystalline nature of 

the particles as is supported by the mixed fringes pattern 
observed in HRTEM result.

The EDS spectrum shows the presence of Ce and O ele-
ment no other element were observed in this spectrum 
(Fig. 4). Figure 5 shows the transmission spectra of pre-
pared  CeO2 nano particles in the range of 100–1000 nm. 
The energy band gap of  CeO2 materials were calculated 

Table 1  Grain size and dislocation density of  CeO2 nanopowders 
calcined at different temperatures

Temperature Grain size (nm) Dislocation 
density  (1015)

WHO 3.612 76.6
400 10.29 9.44
450 12.10 6.88
500 13.35 5.61

Fig. 2  The FTIR spectra of 
cerium oxide nano particles 
prepared at different tem-
perature WOH-without heat 
treatment
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Fig. 3  TEM image of  CeO2 nano particles prepared at different tem-
perature. a 400 °C, b 450 °C, c 500 °C
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Fig. 4  EDAX spectrum of dif-
ferent temperature a without 
heat treatment (WOH), b 
450 °C, c 500 °C
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using optical transmission spectrum. The formula is given 
by

where λ is the wavelength (nm) and Ebg is the optical 
band gap energy. The optical band gap of  CeO2 is 3.45 eV 
that is quite large compared to reported value (3.22 eV) of 
bulk  CeO2 [19, 20]. The enhancement in optical band gap 
of  CeO2 nano particles could be due to the quantum size 
effect and it is consistent with literature report for  CeO2 
nanoparticles [21].

3.1  Photocatalytic activity studies

In analytical chemistry MB is widely used as a redox indi-
cator. MB is a dark green powder that yields a blue solu-
tion in water. In blue bottle experiment, MB is an oxidiz-
ing environment and turn colourless when exposed to a 
reducing agent. In biological field, MB is used to examine 
RNA or DNA under a microscope or in a gel. Photocatalytic 
activities of the  CeO2 nano particles was studied by decol-
ourization of methylene blue (MB) aqueous solution under 
stimulated UV radiation.

(2)Ebg = 1240∕�eV

3.2  Degradation of MB catalysed by cerium oxide

The degradation efficiency of MB (10 mg/L) versus time in 
the absence and presence of  CeO2 nanoparticle (10 mg/L) 
at a pH of 11 are shown in Fig. 6 In the absence of any 
photocatalyst the degradation of the MB molecule occurs 
under UV irradiation at a slow rate. This degradation effi-
ciency with irradiation increases in the presence  CeO2 

Fig. 5  UV–Visible transmission spectra of cerium oxide nano particles at different temperature
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Fig. 6  Degradation efficiency with time of MB (10  mg/L) at pH11 
catalyzed by  CeO2 nanoparticle calcined at different temperature
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nano particles, since the onset of absorption is lower than 
420 nm wavelength which is suitable for transfer of elec-
tron from the valence band to conduction band [22]). This 
leads to formation of holes and electrons in the valence 
band and conduction band respectively. The holes in val-
ance band react with water which leads to degradation of 
the dye by the interaction of holes and OH species. [23] The 
highest photocatalytic activity is observed for the samples 
calcined at 500 °C. Photo catalytic activity is affected by 
particles size, crystallinity and surface properties. Prepara-
tion method can control the above factor along with the 
catalytic loading. Nanomaterials have unique adsorption 
properties in addition to high specific surface area and its 
disordered surface region [24]. Though the as synthesized 
and powders calcined at temperatures below 500 °C pos-
sess high surface area compared to the powder calcined 
at 500 °C, the highest photocatalytic activity of the high 
temperature calcined powder can be explained as a result 
of the improved crystallinity of these powders. The degra-
dation efficiency of MB (10 mg/L) at different photocata-
lyst dosages ranging from (5 to 40 mg/L) at pH 11 have 
been studied. Figure 7 shows the photodegradation effi-
ciency of MB which increases as the amount of photocata-
lyst was increased up to 5 mg/L and thereafter decreases 
with increase in photocatalyst loading. The availability of 
actives sites and thus an increase in the number of dye 
molecule adsorbed on the surface of the catalyst as well 
as an increase in the density of particle in the illumination 
area is the reason for the increase in decolourization rate 
[25, 26]. At the higher catalyst loading of 40 mg/L, the dye 
degradation rate decreases due to agglomeration of the 
photocatalyst. This results in decrease of the radiation pen-
etration depth and causes radiation scattering at higher 

photo catalyst concentrations. Therefore it is desirable to 
add the optimum amount of  CeO2 to avoid the presence 
of excess catalyst and thus ensure the total absorption of 
light photons for efficient photodegradation.

The pH of the dye plays an important role in dye degra-
dation, since, the adsorption capacity of dyes on the photo 
catalyst is an important factor. An increase in the rate of 
molecule decomposition is the result of an increase in the 
number of target molecules adsorbed onto a catalyst [27]. 
In this study, the effect of pH on the photocatalytic activity 
of  CeO2 nano particles (10 mg/L) during the MB degrada-
tion process with an initial concentration of 5 mg/L over 
a pH ranges 1–12 was studied. The pH of the dye solu-
tion was adjusted by adding suitable amounts of HCL for 
pH range up to 6, beyond which NaOH (concentrations 
of 10 mg/L). The degradation yield in the different pH 
solution is shown in Fig. 8. The results show that the maxi-
mum degradation efficiency was observed at a pH of 11. 
This is due to the fact that, higher the pH of the solution, 
the higher will be the concentration of hydroxyl ions for 
reaction with the holes and for the formation of hydroxyl 
radicals. Due to the negative charge of the catalyst surface, 
adsorption of positively charged dye molecules occurred 
in the basic solution. Inhibition of dye degradation occurs 
at a pH higher than 11, since, under these conditions, the 
hydroxyl ions compete with dye molecules in the adsorp-
tion on the catalysts surface [28, 29]. Figure 9 shows the 
effect of initial concentration of MB dye (5–40 mg/L) on 
the rate of degradation of the dye. A decrease in the rate 
of degradation is observed for an increase in the initial MB 
concentration. There are two factors, that are responsible 
for the decrease in degradation efficiency with an increase 
in the initial dye concentration, viz., an increase in the 
number of dye molecules adsorbed on the surface of the 
catalyst leads to a decrease in the number of active sites 
that generate hydroxyl radicals, and an increases in the 
light absorbed by the dye molecules leads to a decrease in 
the number of photons that reach the catalyst surface [30].

The influence of many factors and their mutual effects 
heterogeneous photocatalysis reactions are complicated 
processes. In this study, MB photo degradation followed a 
pseudo first order kinetic expression as shown in Fig. 10). 
Langmuir–Hinshelwood kinetic expression is followed in 
this study similar to earlier reports [31].

In Eqs. 3 and 4, [dye]o is the initial concentration of MB 
(mg/L), kdye is the Langmuir–Hinshelwood adsorption 
equilibrium constant (L/mg),k is the rate constant of the 
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Fig. 7  Degradation efficiency of MB (10  mg/L) catalyzed by nano-
particles at different photocatalyst loading at pH11



Vol.:(0123456789)

SN Applied Sciences (2019) 1:116 | https://doi.org/10.1007/s42452-018-0103-y Research Article

surface reaction (mg/L min) and  kapp is the pseudo first 
order rate constant. According to Eq. 4, a plot of 1/kapp ver-
sus [dye] is a straight line and in this case the rate constant 
for the surface reaction is k = 0.188 mg/(L min) and the 
adsorption equilibrium constant  kdye = 0.102 for the pow-
der calcined at 500 °C (Fig. 10). The obtained regression 
coefficient R is 0.983, which suggests that the photo deg-
radation of MB catalyzed by  CeO2 fits the Langmuir–Hin-
shelwood kinetic model, and also leads to the conclusion 
that the  CeO2 powders calcined at different temperature 
in the present work can be an efficient photocatalyst for 
the degradation of Methylene blue (Table 2).

Photocatalytic degradation of an organic dye can be 
understood as follows. As the first step, MB dye adsorbs onto 
the nano  CeO2 surface. When the  CeO2 is irradiated with UV 
light, electron- hole pairs are created. While the photo gener-
ated electrons in the conduction band of  CeO2 interact with 
the oxygen molecules adsorbed on the  CeO2 to form the 
superoxide anion radicals (O2

·−), the holes generated in the 
valence band of  CeO2 react with the surface nydroxyl groups 
to form highly reactive hydroxyl radicals  (OH·). These two 
highly reactive radicals react with the MB dye adsorbed on 

the photocatalysrt resulting in the decolouration and hence 
degradation of the dye [32, 33]. The two important factors 
for a good catalyst to be used in practical applications are 
its recyclability and stability [34]. The degradation/regenera-
tion capacity and hence the structural stability during the 
entire process was evaluated by studying the reusability of 
the photocatalyst for 5 cycles. Initially the rate of decrease 
of the degradation efficiency is fast and after the 4th cycle, 
the rate of decrase is slow compared to the first three cycles. 
There is 5% decline in the degradation efficiency after 5 
cycles (Fig. 11). This stands testimony to the excellent pho-
tocatalytic activity of the  CeO2 nanopowder synthesized in 
this work. 

4  Conclusion

Ceria nano particle were prepared using cerium (III) nitrate 
hexahydrate and NaOH as precursors in the absence of 
any capping agent using the extract of Artemisia pallens. 
The photo generated holes are the major active species 
of Cerium oxide in the photo catalytic degradation of MB. 
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Fig. 8  Degradation efficiency of MB (10 mg/L) catalyzed by  CeO2 nanoparticle at different pH values
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The results revealed that the smaller size  CeO2 nanopar-
ticles are potential photo catalyst for the degradation of 
methylene blue. The MB degradation shows the highest 
photocatalytic reactivity at pH 11 for  CeO2 calcinated at 
500 °C. In the presence of OH and superoxide radicals 
considerable reduction is observed in the colour of MB. 
This shows that the photo generated holes and electrons 
in the catalyst upon irradiation plays an important role in 
photo degradation. The photocatalyst could be reused for 
5 cycles with a decline of only 5% efficiency in the degree 
of degradation. The excellent reusability if the synthesized 
 CeO2 nano powders indicates the efficient utilization of 
these materials in environmental remediation.
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