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Introduction
Although dyes make our world beautiful, they bring us 

pollution. Color is the irst contaminant to be recognized in 
wastewater and has to be removed before discharging it into 
water bodies or onto land. The colored wastewater of industrial 
ef luents is unattractive because they account for signi icant 
concentrations of pollutants so they become the sources of 
increasingly acute complaints. Moreover, dyed (colored) 
wastewater usually consists of a number of contaminants 
including acids, bases, dissolved solids, toxic compounds and 
other colored materials. They can have acute or chronic effects 
on exposed organisms, which depend on the concentration of 
the dye and the exposure time. In addition to that, many dyes 
are considered to be toxic and even carcinogenic [1].

Dye-contaminated wastewater enters the environment 
through manufacturers and consumers such as the textile, 
leather, paper, printing, plastic and food industries usually 
in the form of a dispersion or a true solution and often in 
the presence of other organic compounds originating from 
operational processes [2]. The presence of small amounts of 
dyes in water (even < 1 ppm) is highly visible and it affects 
the pleasant appearance, causes signi icant loss in luminosity 
and any increase in the temperature will greatly deplete the 

dissolved oxygen concentration in wastewater. This results 
in subsequent alteration of the aquatic ecosystem [3]. Thus, 
the presence of dye materials greatly in luences the quality 
of water and the removal of this kind of pollutant is of prime 
importance [4].

Conventional dye removal methods, including physical, 
chemical, and biological processes, have been used 
intensively as a solution to the problem. But these methods 
have disadvantages such as impacts on health, high cost and 
dif iculty in recycling. It is also a problem because these dye 
compounds in wastewater ordinarily contain one or several 
benzene rings and cannot be decomposed easily in chemical 
and biological processes. Moreover, most of the dyes are 
found to be resistant to processes as they are designed to 
resist chemical and photochemical degradation [5].

Advanced oxidation processes (AOPs) are ef icient 
methods to remove organic contamination that is not 
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Photocatalysis has attracted a lot of attention in recent years due to its potential in solving 
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degradable by means of biological processes. AOPs are a set 
of processes involving the production of very reactive oxygen 
species able to destroy a wide range of organic compounds 
and bacteria cells [6,7]. In addition to these, AOPs rely on the 
in-situ production of highly reactive hydroxyl radicals (•OH). 
These reactive species are the strongest oxidants that can 
be applied in water and can virtually oxidize any compound 
present in the water matrix, thus •OH reacts unselectively 
once formed and contaminants will be quickly and ef iciently 
fragmented and converted into CO2 and H2O [7,8]. In water, 
AOPs have the ability to destroy organic pollutants and 
furthermore, these processes are successful in inactivating 
bacteria, viruses, etc. Photocatalysis is the most relevant 
concept under advanced oxidation processes and it is the 
acceleration of a photoreaction in the presence of a catalyst. 
In catalyzed photolysis, light is absorbed by an adsorbed 
substrate or photocatalyst. In photogenerated catalysis, the 
photocatalytic activity depends on the ability of the catalyst 
to create electron-hole pairs, which generate free radicals 
(hydroxyl radicals: •OH) able to undergo secondary reactions.

Nanomaterials

Nanocomposites are materials with at least one dimension 
in the nanometer range (1 nm = 10-9 m). Nowadays, 
nanomaterials are of great interest from a research point 
of view, because the properties of the materials change 
drastically when the particle size reaches the nanometer 
range. As the size of the material becomes smaller, the band 
gap becomes larger thereby changing the optical and electrical 
properties of the material and making the material suitable 
for newer applications and devices. Further, the use of nano-
particles exhibits higher photocatalytic activity than their bulk 
counterparts by increasing their surface area and porosity [9].

Nanocomposite materials have emerged as suitable to 
overcome the limitations of micro and monolithic while 
posing preparation related to the control of elemental 
compositions and stoichiometry nanocluster phase. They are 
to be the materials of the 21st century in the view of possessing 
design uniqueness and property combinations that are not 
found in conventional composites. It has been reported that 
the changes in particle properties can be observed when the 
particle size is less than a particular level, called, the critical 
size [10]. As the dimensions reach the nanometer level, 
interactions at phase interfaces become largely improved, and 
this is important to enhance material properties. Now, several 
researchers have focused on metal oxide Nanoparticles and 
their composites for their high BET surface areas and fast 
kinetics when subjected to the treatment of organic pollutants 
in water and air. A general understanding of these properties 
and applications is very important.

Nano-particles of semiconductors have great potential for 
water puri ication catalysis and redox-active media due to 
their large surfaces, and their size and shape dependent on 
optical, electronic and catalytic properties [11]. Environmental 

pollution has an in luence on human survival and 
development. Nano-particles are of interest because of their 
high reactivity due to the large surface area-to-volume ratio. 
It was observed that nano-materials displayed signi icantly 
different properties at nanometer sizes as compared to the 
properties of the same material in bulk and that the properties 
of the materials are size and shape-dependent in the nanoscale 
range [12]. The large surface area of small-sized particles is 
expected to be bene icial for photocatalytic reactions that 
mostly occur on the surface of the catalysts [13].

Nanocomposites and heterojunctions

The heterojunction is de ined as the interface between 
two different semiconductors with an unequal band 
structure. Typically, there are three types of conventional 
semiconductor heterojunctions; namely (i) straddling type, 
(ii) staggered type and (iii) those with a broken gap. In type-I 
(straddling type heterojunctions), the energy band gap of 
semiconductor A is wider than B, (as shown in Figure 1), 
resulting in the accumulation of the charge carriers on the 
semiconductor with a smaller band gap. Since both electrons 
and holes are accumulated on the same semiconductor, the 
recombination of charge carriers is still possible. In type-II
(staggered type) heterojunction, the valence and CBs of 
semiconductor A are higher and lower than those of B. This 
results in the spatial separation of charge carriers, which 
prevents the recombination of electrons and holes. The type-III
heterojunction (with a broken gap) is the same as the 
staggered type except that the staggering gap becomes so 
wide that electron-hole migration is not possible. Therefore, 
the separation cannot occur [14].

Besides conventional heterojunctions, many other forms 
of heterojunctions have also been studied. These include 
p-n heterojunction, surface heterojunction, direct Z-scheme 
heterojunction and semiconductor/graphene heterojunction. 
A p-n junction improves the photocatalytic performance 
by providing an additional electric ield. This is achieved by 
combining n-type and p-type semiconductors. On the other 
hand, a surface heterojunction involves creating different 
crystal facets on the exposed surface of a semiconductor 
[15]. Although these heterojunctions tend to enhance the 
electron-hole separation, they also reduce the redox ability 
of the photocatalyst. In order to overcome this problem, a 
Z-scheme heterojunction has been employed to maximize the 
redox potential of the heterojunction systems. The Z-scheme 
photocatalytic system consists of two different semiconductors 

Figure 1: Types of conventional heterojunction (a) straddling gap; (b) staggered 
gap; (c) broken Gap [14].
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and an acceptor/donor pair. The two semiconductors are not in 
physical contact, instead, the migration of the photogenerated 
holes takes place through the acceptor/donor pair [14].

Properties of some selected nanoparticles

Properties of TiO2 nanoparticles: The physical and 
chemical properties of Titania (titanium dioxide, TiO2) have 
been intensively studied for decades [16,17]. As a relatively 
inexpensive semiconductor material with nontoxicity, long-
term stability, and chemical inertness in aqueous solutions 
[18], TiO2 shows great prospects as a photocatalyst, in 
particular, for the degradation of organic pollutants in 
aqueous solutions. The earliest work of Titania photocatalysis 
was reported in 1921 by Renz, where it was found that Titania 
turned from white to a dark color under sunlight illumination 
in the presence of organic compounds such as glycerol. 
Photocatalytic activity of TiO2 was also demonstrated by 
Fujishima and Honda who used TiO2 for water splitting, an 
important process for solar energy conversion [19].

Nevertheless, the photocatalytic ef iciency of TiO2 alone is 
generally very low. This is primarily attributed to its wide band 
gap (∼3.2 eV in anatase phase and ∼3.0 eV in rutile phase) 
such that TiO2 only absorbs lights in the UV region and thus it is 
challenging for practical applications with lights in the visible 
range as the source of excitation energy. Furthermore, the 
high recombination rate of the photo-generated electron/hole 
pairs also limits the ef iciency of TiO2-based photocatalysts. 
Therefore, substantial efforts have been devoted to 
engineering the TiO2 crystalline and morphological structures 
for the improvement of photocatalytic activity. For instance, 
one-dimensional TiO2 nanostructures, such as nanowires, 
nanotubes and nanobelts, have attracted signi icant attention 
because of their relatively large speci ic surface areas that 
may lead to a marked improvement in photocatalytic activity 
[20,21]. In addition, doping of transition metals and their 
oxides or salts onto the surface of the TiO2 photocatalysts 
has also been exploited as an effective route to improve 
the ef iciency and range of photo absorption and hence the 
photocatalytic performance [22].

Properties of ZnO nanoparticles: Zinc oxide (ZnO) is an 
important industrial material because it is an inorganic and 
semiconducting material with inherent properties that share 
the same structure as Wurtzite [23]. The ZnO nano-composite 
has attracted interest because of its optical properties. These 
particles are transparent to visible light, but they absorb 
UV light. ZnO has attracted intensive research efforts for its 
unique properties and versatile applications in transparent 
electronics, chemical sensors and spin electronics. ZnO is 
soluble in acids and alkalis but not nearly soluble in water. 
In nature, it occurs as a mineral called zincate. Crystalline 
zinc oxides exhibit piezoelectric behavior. When heated 
with carbon, the oxides convert into zinc. It has a variety of 
applications, including medical, chemical and biosensors. Due 

to its high isoelectric points (9.5), biocompatibility, and fast 
electron transfer interest, attention has recently been focused 
on the applications of ZnO in bio-sensing. ZnO is reactive 
toward both acids and bases, so it is considered an amphoteric 
oxide. Nano-sized ZnO has been widely used as a catalyst [24], 
gas sensor [25], active iller for rubber and plastic, UV absorber 
in cosmetics, and antivirus agent in coating and has more 
potential application in building functional electronic devices 
with special architecture and distinctive optoelectronic 
properties [26]. It exhibits direct and wide band gaps, strong 
sensitivity of the surface to the presence of adsorbed species, 
and large excitation band energy. A partial list of the above 
properties distinguishes it from other semiconductors or 
oxides and makes it useful for applications.

ZnO can be considered a multifunctional material due to 
its physical and chemical properties [27], namely chemical 
stability, a broad range of radiation absorption and low toxicity 
[28,29]. ZnO is an n-type semiconductor having an energy 
band gap value of about 3.3 eV (in bulk). As a photocatalyst, 
ZnO has relatively low photodegradation ef iciency, mainly 
because of its large band gap and fast internal recombination 
of photogenerated electron-hole pairs and the photo corrosion 
phenomenon, which can in luence the degradation effect 
of organic pollutants [30,31]. In order to improve the ZnO 
photocatalytic properties, many attempts have been made by 
means of doping [32], loading noble metals [33], adding other 
semiconductor Nanoparticles [34,35], etc.

Properties of CeO2 nanoparticles: Cerium oxide (CeO2) 
is a metal oxide semiconductor that has been of interest 
recently because CeO2 is a semiconductor light absorber in 
the UV (=388 nm) and visible region. CeO2 is one of the most 
ef icient photocatalysts, with a band gap energy (Ebg) of 3.2 eV
[36]. It is one of the most important catalytic materials that 
can play multiple roles owing to its ability to release and 
uptake oxygen under catalytic reaction conditions with 
the preservation of its luorite structure [37]. However, 
the catalytic ef iciency of ceria may be reduced at elevated 
temperatures due to sintering and loss of surface area [38]. 
For example, thermal stability is a critical issue in determining 
the promoting and metal supporting functions of CeO2 in its 
catalytic applications in the three-way catalytic processes. For 
this reason, signi icant efforts have been made by the industry 
in trying to ind ways to improve thermal stability, either by 
alternative methods involving the synthesis of ceria or by 
modifying the different types of stabilizers involved [39].

Properties of Ag3PO4 nanoparticles: In recent years, 
silver-based photocatalysts with suf icient charge separation 
ability under visible light have received increased attention. 
Among such, silver phosphate (Ag3PO4) has been supposed 
as a promising high-ef icient semiconductor material in 
the research ields due to its visible light response towards 
photodegradation of organic pollutants and bacteriostatic 
properties [40]. Ag3PO4, a renowned narrow band gap 
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semiconductor (2.36 - 2.43 eV), has been demonstrated to 
be a promising visible-light-sensitive photocatalyst, which 
can achieve an extremely high quantum yield up to 90% 
for O2 evolution under visible light (420 nm) [41]. It has 
been reported that Ag3PO4 exhibits higher photocatalytic 
activity under visible light than that of other photocatalysts 
mentioned in the literature; it has thus inspired great 
enthusiasm [42]. However, due to the high surface-to-
volume ratio, nanostructure Ag3PO4 in powder form tends to 
agglomerate and leads to a decrease in effective surface area, 
which in turn decreases photocatalytic ef iciency. Therefore, 
most of the attempts have been focused on the fabrication of 
inorganic/Ag3PO4 heterostructures by coupling with different 
semiconductor materials, such as Ag3PO4/CeO2 [43], Ag3PO4/
TiO2 [44], Ag3PO4/ZnO [45], etc. But the fabrication of organic/
Ag3PO4 composites by combining with polymer nano ibers in 
a well-de ined manner has been rarely studied.

Properties of CdS nanoparticles: Cadmium sulphide 
(CdS) is an II-VI semiconductor that is insoluble in water, 
but soluble in dilute mineral acids. It exhibits intrinsic n-type 
of conductivity caused by sulphur vacancies due to excess 
cadmium atoms [46]. CdS in bulk have band gap energy of 
2.42eV at 300K with absorption maxima at 515 nm [47,48]. It 
can attain three types of crystal structures namely Wurtzite, 
zinc blend and high-pressure rock-salt phase. Among these, 
Wurtzite is the most stable of the three phases and can be 
easily synthesized.

CdS Nanoparticles have been of huge interest because 
of their potential technological applications in the ield of 
solar cells, photo-electronic devices, sensors, cell imaging 
and photocatalysts. Photocatalysis is the process of charge 
separation due to the absorbance of light energy greater than 
or equal to the band gap of the semiconductor material. This 
charge separation creates electron-hole pairs which lead to 
the generation of free radicals in the system. These generated 
radicals are good oxidizers and degrade pollutants. It is an 
effective technique for a waste-water treatment containing 
organic dyes [49].

Photocatalytic activities of selected nanocomposites

Photocatalytic activities of prestine CeO2 nanoparticle: 
Prestine CeO2 has some properties like Titania features such 
as wide band gap, nontoxicity and high stability. Since its 
unique 4f electron con iguration, CeO2 has been frequently 
selected as a component to prepare complex oxides or as a 
dopant to improve titania-based catalysts’ performances [50]. 

Pouretedal and Kadkhodaie studied the degradation 
ef iciency of MB (20 mg/L) versus irradiation time in the 
absence and presence of CeO2 Nanoparticles (0.5 g/L) at 
a pH of 7 as shown in Figure 2 [51]. Degradation of the MB 
molecules occurred under UV-Vis irradiation in the absence 
of any photocatalyst but at a slow rate. Irradiation in the 
presence of CeO2 Nanoparticles leads to an increase in 

degradation ef iciency. CeO2 is a semiconducting material and 
the onset of absorption will be at wavelengths lower than 420 
nm [52]. Therefore, radiation of wavelength less than 420 nm 
is suitable for the transfer of electrons from the valance band 
to the conductance band.

Photocatalytic activities of CeO2/Ag3PO4 nanoparticle: 
Song, et al. reported the photocatalytic activity of the 
as-prepared samples is evaluated by the photocatalytic 
decomposition of some typical pollutants under visible light 
irradiation as seen in Figure 3 [53]. It can be found that the 
pure CeO2 hardly shows photocatalytic activity under the 
visible light illumination for MB. After 18 min of visible-
light irradiation, the pure Ag3PO4 shows good photocatalytic 
performance, and its photocatalytic degradation ef iciency 
of MB is about 76%. The CeO2/Ag3PO4 (1 wt.%) composite 
degrades a relatively high level of MB (88%), which is increased 
by 12% in comparison with the pure Ag3PO4. As Ag3PO4 is 
combined with CeO2, the photocatalytic activity has some 
improvement, which illustrates that the introduction of CeO2 
is an effective method for the enhancement of photocatalytic 
performance of the pure Ag3PO4. The improvement of 
photocatalytic activity for CeO2/Ag3PO4 hybrid materials could 
be attributed to the heterojunction between CeO2 and Ag3PO4.

Photocatalytic activities of CeO2/TiO2 nanoparticles: 
Tju and his coworkers also synthesized TiO2/CeO2 and 

Figure 2: Degradation effi  ciency of MB (20 mg/L) at pH 7 catalyzed by CeO2 
nanoparticles (0.5 g/L) calcined at diff erent temperatures [51].

Figure 3: The degradation of MB under visible light irradiation with CeO2/Ag3PO4 
composites [53].
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evaluate the photocatalytic degradation performance of the 
photocatalyst over methyl blue (MB) dye under visible light 
irradiation [54]. To understand the catalytic activity exhibited 
by TiO2/CeO2 nanocomposites, the correlation between the 
degradation of MB and the physical properties of the samples 
was proposed. According to BET measurement, in their study, 
CeO2 loading could increase the speci ic surface area of the 
samples. It can be seen the speci ic surface area of CeO2/TiO2 
has a larger surface area compared to TiO2 Nanoparticles. It 
has been reported that an increase in the speci ic surface area 
could increase the surface active site, which could increase 
the catalytic activity [55]. However, in their study, they obtain 
the CeO2/TiO2 nanocomposites with the molar ratio of 1:0.5 
exhibit the best catalytic activity in all catalytic experiments, 
these results indicated surface area alone could not yet 
determine the catalytic activity as indicated in Figure 4.

ZnO/CeO2 nanoparticle to enhance photocatalytic 
performance: Tau ik and his coworkers also synthesized 
ZnO/CeO2 nanocomposites using the sol-gel method and tested 
the photocatalytic activity under visible light irradiation with 
methylene blue (MB) as a model of organic pollutants [56]. 
ZnO and CeO2 photocatalyst still has limitations due to the 
high rate of electron recombination and holes; moreover, they 
can only be activated using ultraviolet (UV) light irradiation 
[57]. To overcome these problems, Tau ik and his coworker 
combining a ZnO semiconductor with another semiconductor 
(CeO2) have proven to increase the photocatalytic activity 
[58,59]. Cerium (IV) oxide (CeO2) is an n-type semiconductor 
that has been commonly used as a supporting photocatalyst 
to increase photocatalytic activity [60]. The coupled CeO2 
semiconductor with ZnO is able to inhibit the electron 
recombination and hole rate through the process of electron 
and hole transfer from one semiconductor to the others [61]. 
The methylene blue degradation ef iciency of the ZnO/CeO2 
(1:0.3, 1:0.5, 1:1) nanocomposite samples under visible light 
irradiation are shown in Figure 5. Their indings show that the 
usage of ZnO/CeO2 nanocomposite with a molar ratio of 1:0.5 
resulted in the best degradation ability under visible light 
irradiation.

The photocatalytic activities of the pristine ZnO and CeO2/
ZnO catalysts were also evaluated in terms of the degradation 
of methyl orange (MO) under a luorescent lamp [62]. MO 
degradation was measured by observing the change in the 
adsorption spectra of MOat 464 nm, as shown in Figures 6a 
and b. Photocatalysts based on CeO2/ZnO showed higher 
photocatalytic activity, which can degrade 94.06% of MO 
after 60 min. In contrast, the photocatalysts based on pristine 
ZnO can degrade 69.42% of MO. The results suggest an 
improvement of MO photocatalytic degradation due to an 
increase in Ce ion doping.

Proposed photocatalytic degradation mechanism

A possible photocatalytic degradation mechanism of the 
CeO2/ZnO catalysts is displayed in Figure 7. The band-edge 
positions of the conduction (ECB) and valence band (EVB) of 
metal-oxide semiconductors can be calculated using the 
equations [63]:

ECB = X − Ec − 0.5 × Eg                   (1)

EVB = Eg − ECB                    (2)

Where X is the electronegativity of ZnO and CeO2 (5.79 for 
ZnO and 5.56 eV for CeO2), Ec is the free electron energy on 
the hydrogen electrode scale (4.5 eV) and Eg is the band-gap 
energy (3.18 for ZnO and 3.00 eV for CeO2).

According to the conduction and valence band equations, 
the calculated ECB and EVB of ZnO were located at -0.30 and 
2.88 eV. In contrast, the calculated ECB and EVB of CeO2 were 
located at -0.44 and 2.56 eV. A CeO2/ZnO heterojunction forms 
due to the band-edge potentials between ZnO and CeO2, which 
is bene icial for photocatalytic activity in terms of preventing 
charge recombination. Additionally, some Ce4+ ions may have 
drifted to the surface of the ZnO, which can promote more 
trapped electrons by the reaction Ce4+ + e- → Ce3+. The product 
of this reaction can react with oxygen molecules to form 
superoxide radicals by the reaction Ce3+ + O2 → Ce4+ + O2

∗-). The 
generated radicals (superoxide radicals and hydroxyl radicals) 
then degrade MO and produce oxidized organic products. Figure 4: Photocatalytic activity with various samples [54].

Figure 5: Photocatalytic activity of ZnO/CeO2 nanocomposites with diff erent molar 
ratios [56].
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As a result, it can be seen that an increase in Ce ion doping 
can improve the photodegradation reaction rate compared 
with pristine ZnO. Finally, they draw a conclusion that Ce 
ion doping in CeO2/ZnO plays an important role in providing 
narrower optical energy band-gap tenability and defect 
generation, such as oxygen vacancies and oxygen interstitials, 
which controls photocatalytic activity. Additionally, the 
CeO2/ZnO heterojunction would provide a carrier pathway 
to separate photogenerated electron-hole pairs, obstructing 
charge recombination in CeO2/ZnO Nanoparticles.

Photocatalytic activity of metal doped ceria 
nanoparticle: Since the Ceria nanoparticle has a wide 
band gap energy (3.2eV) that limits further application. To 
overcome this problem doping with metal ions was chosen 
as it is believed to facilitate the Fenton reaction, which 
helps improve the photocatalytic activity by producing very 
powerful radicals as oxidizers [64,65]. The enhancement of 
photocatalytic activity for use as a catalyst in the visible region 

is achieved by doping with transition metal ions such as iron to 
reduce the band gap energy level [66]. It has been reported that 
doping with multivalent transition-metal (TMs) cations was 
considered an effective method to inhibit the recombination of 
photogenerated carriers in semiconductors [67]. Theoretical 
investigation showed those metals have the greatest potential 
in permitting signi icant optical absorption in visible or even 
infrared solar light, through the combined effects of narrowed 
band gap and the introduction of intermediate bands within 
the forbidden gap [68,69]. Recently, there have been many 
reports on M-doped ceria oxide photoactivity under UV and 
visible light, such as Mn-CeO2 [70], Fe-CeO2 [71], Y-CeO2 [72] 
and Sn-CeO2 [73].

Photocatalytic properties of mn-doped ceria 
nanoparticle: Li and his coworkers obtained and compare 
pure and lower-like Mn-doped CeO2 nanostructure by a 
simple one-step composite-hydroxide-mediated method 
[74]. The effective incorporation of Mn2+ ions into CeO2 

crystalline lattices can greatly enhance the light photocatalytic 
performance. The UV/Vis spectral changes of Rhodamine 
blue (RhB) solution over 1% Mn-doped CeO2 samples during 
the photodegradation, clearly show that the characteristic 
absorption peaks corresponding to RhB decrease rapidly as 
the exposure time increases, indicating the decomposition of 
RhB and the signi icant reduction in the RhB concentration. 
Figure 8a shows the results of RhB photodegradation over Mn-
doped CeO2 samples with different Mn doping concentrations.

After 210 min of irradiation, the photodegradation 
ef iciencies of RhB were about 65, 40, and 30% for 1, 3, and 
5% Mn-doped CeO2 samples, respectively. It was evident that 
1% Mn-doped CeO2 samples exhibited excellent photocatalytic 
activities for RhB degradation. However, the photocatalytic 
performance of Mn-doped CeO2 samples decreased with the 
increase of the Mn-doped amount. The results show that there 
was an optimal Mn doping concentration in CeO2 samples for 
the ultraviolet light photocatalysis (1% Mn dopant). When 
the Mn doping concentration was further increased, the Mn 

Figure 6: (a) Change in absorption spectra of the CeO2/ZnO catalysts (b) First-order kinetic adsorption curves during photodegradation of methyl 
orange [62].

Figure 7: Electron trapping and charge transfer for methyl orange (MO) degradation 
using the CeO2/ZnO catalysts [63].



Photocatalytic degradation of organic pollutants in the presence of selected transition metal nanoparticles: review

www.plantsciencejournal.com 121https://doi.org/10.29328/journal.jpsp.1001084

dopant sites could also act as ef icient recombination centers 
with increased recombination rates due to the reduced 
average distance between trapped carriers [75]. The excess 
Mn dopant sites could greatly decrease the number of charge 
carriers and deteriorate the photocatalytic performance of 
doped CeO2 samples, as identi ied in Figure 8b.

Photocatalytic properties of fe-doped ceria nano-
particle: Channei and his coworkers presented the 
decolorization of methyl orange (MO) using a Fe-doped CeO2 
nanoparticle [71]. Their result clearly con irmed that iron-
modi ied CeO2 ilms presented superior photocatalytic activity 
towards the degradation of MO in pH 5 conditions compared to 
undoped CeO2, with 1.50 mol% Fe doping providing the most 
rapid dye degradation as indicated in Figure 9. BET analysis 
showed that the 1.50 mol% Fe-doped CeO2 ilm possessed the 
highest speci ic surface area, and hence more active sites are 
available for the MO degradation reaction [76].

Proposed mechanism

Based on the optical band gap energy values the conduction 
band (CB) and valence band (VB) potentials of CeO2 can be 
calculated as:

ECB(CeO2) = χ(CeO2) - {EC – 1/2 Eg                   (3)

EVB(CeO2) = Eg – Ecb(CeO2)                    (4)

Where χ is the absolute electronegativity of the semi-
conductor (χ is 5.56 eV for CeO2) [77].

EC is the scaling factor relating the hydrogen electrode 
scale (NHE) to the absolute vacuum scale (AVS) (~4.5 eV vs. 
AVS for 0 V vs. NHE) and Eg is the band gap energy of CeO2 
(3.00 eV). The calculated CB and VB potentials of CeO2 are 
20.44 and 2.56 eV, respectively.

It is proposed schematically in Figure 10 that the photo-
generated electron-hole pairs are able to be separated into 

trap states in the doped material. The presence of Fe3+, may 
act as electron acceptor (from Fe3+ to Fe2+) and/or hole donor 
(from Fe3+ to Fe4+) to facilitate charge carrier localization 
and hence prolonged separation by trapping at energy levels 
close to the conduction or valence bands, respectively [78]. 
Therefore, the Fe3+doping could be effective in producing 
materials that (1) delay electron-hole recombination, thereby 
increasing the lifetime of the electron-hole separation as 
con irmed in PL results and (2) support the charge carrier 
transfer to the catalyst surface [79].

Figure 8: Degradation of RhB solutions over CeO2 and Mn-doped CeO2 with diff erent Mn concentrations under ultraviolet light [74].

Figure 9: The kinetics plots for the pseudo-fi rst-order reaction of MO decolorization 
at pH 5 [71].

Figure 10: Proposed mechanism for the photoexcited electron-hole separation and 
transport processes at the Fe-doped CeO2 interface under visible light irradiation [71].
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Yttrium doped Ceo2 photocatalyst for photocatalytic 
application: Since CeO2 has a wide band gap energy 
semiconducting materials are restricted to degrade pollution 
under visible light. Doping Y-metal ion into cerium oxide 
reduces the bandgap and led to extended photocatalytic 
activity from UV to visible light, effectively preventing electron-
hole recombination and leading to achieving photocatalytic 
activity under visible light [80].

Akbari-Fakhrabadi, et al. prepared pure and yttrium-
doped CeO2 nanocatalysts to degrade aqueous Rhodamine B 
(RhB) solution under visible light irradiation [72]. Figure 11 
represents the time course degradation curve RhB for pure 
and yttrium-doped CeO2 nanomaterials. It was observed that 
there is no degradation with the use of synthesized pure CeO2 
catalyst due to its large band gap [80]. During visible light 
irradiation, the wavelength of light is insuf icient for a pure 
CeO2 catalyst to make paired electrons and holes [80]. On the 
other hand, the yttrium-doped CeO2 effectively degrades the 
RhB solution under visible light for 6 h because of the lower 
bandgap value which lies in the visible region, and this was 
con irmed from the UV/Visible re lectance spectrum. Also, 
visible light irradiated on the surface of yttrium doped CeO2 
catalyst effectively produces electrons and holes by reduction 
and oxidation process during the photocatalytic reaction due 
to the higher surface area of yttrium doped CeO2 compared 
with pure CeO2 [81,82]. These electrons and holes react with 
aqueous RhB solution and thus produce OH radicals which are 
capable of the effective degradation of RhB solution.

are still some weaknesses that must be negotiated. Up to now,
no operational digital monitoring techniques exist that offer 
consistent real-time measurement facts on the superiority 
of Nanoparticles, which exist in small amounts in H2O. 
Furthermore, to reduce health risks, some research institutes 
and international research communities should prepare 
proper guidelines to overcome this issue. There is a great need 
to synthesize some modi ied nanomaterials which should be 
effective, have high ef iciency, be easy to handle and be eco-
friendly.

Semiconductor photocatalysis affords a potential solution 
to the problems of energy shortages and environmental 
pollution. However, the photo-ef iciency of most single 
semiconductors is limited because of the rapid electron-hole 
recombination. Therefore, the development of ef icient visible-
light-driven photocatalysts is a major challenge in this ield. 
Fortunately, the coupling of two or three semiconductors with 
different band gap values could improve the stability necessary 
for practical applications and could extend the energy range 
used for excitation. In particular, the fabrication of a p-n or 
n-n junction is believed to be the most effective because of the 
existence of an internal electric ield. Moreover, the hybrid 
photocatalyst can bene it from synergistic effects such as 
enhanced light harvesting ability, ef icient photogenerated 
electron-hole separation and improved photostability and 
thus, the photoactivity is remarkably improved.

Based on the literature data, it can be concluded that 
most of the photocatalytic investigations are focused on dye 
oxidation (methyl orange, Rhodamine B, methylene blue, 
malachite green, etc.) as the model degradation process of 
pollutants. The use of organic dyes as a model compound for 
photocatalytic decomposition reactions enables the feasible 
determination of photocatalytic activity, especially using 
spectrophotometric analysis.

From this point of view, there are still a few investigations 
into the photoactivity of composite photocatalysts that show 
enhanced photocatalytic activity for water splitting and 
organic degradation, except for dyes. Additionally, to better 
understand the properties of semiconductor composites 
and their role in photocatalytic processes, novel preparation 
methods need to be developed. Moreover, photocatalytic 
mechanisms and relationships among the structures forming 
the composites, surface and crystal properties should be 
thoroughly investigated and clari ied.

The author recommends other researchers pay attention 
to advancing further research in this particular area by 
extending their modi ications to improve the absorption of 
light.

We are looking for other binary and ternary or organic/
inorganic doped to enhance the photocatalytic ef iciency.
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Figure 11: Time course degradation curve for 10 mg of prepared catalyst [72].

Conclusion and future trends
Nanotechnology has proved a great achievement for 

controlling water puri ication challenges and making some 
future advancements. Nanomaterial approaches like nano 
sorbent, nanostructured catalytic membranes, etc. are very 
ef icient, less time-consuming, less energy-consuming, and 
eco-friendly techniques, but all these methods are not cheap 
and they are not yet used for commercial purposes to purify 
the wastewater at a large scale. Nanomaterials show high 
ef iciency due to their high rate of reaction. However, there 
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