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 Abstract: Lack of environmental sustainability is a growing and pivotal matter due to the issues 
such as disturbances associated with biodiversity pollution and climate change. Pollutants are the 
major cause of these environmental threats in the atmosphere.  At present, nano-based photocata-
lysts are at the forefront of the author's interest because of their promising potential as a green 
chemical-based compound, high catalytic activity, suitable and controllable surface area for 
wastewater treatment.  Semiconductor materials on a nano-sized scale have electronic and optical 
properties depending on their building block size, which plays a vital role in developing smart ma-
terials that are well-efficient for simultaneously destroying harmful chemical contaminants from 
our environment. This makes these materials useful in many possible industrial applications, such 
as water purification.  In this review, we have reported the most significant results contributing to 
the progress in the area of environmental hazardous pollutant detection and removal focused on 
water purification especially through photocatalysis to give readers an overview of the present re-
search trends. Moreover, we have analyzed previous studies to indicate key principles of photoca-
talysis and provide guidelines that can be used to fabricate more efficient photocatalysts. 
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1. INTRODUCTION 

 Clean water production technology has received much 
research interest owing to water insufficiency, resource de-
pletion, and global warming. This interest was reflected in a 
number of published research studies on photocatalysis for 
wastewater treatment in recent years. According to the web 
of science database search, the number of published studies 
on photocatalysis for wastewater treatment in 2009 was 
3.232; whereas, in 2019, the number of publications in-
creased by almost 800% to reach 24.262 studies. In particu-
lar, many researchers were interested in studying the various 
properties of the corresponding photocatalysis nanostruc-
tures, such as nanoparticles, nanofiber, nanorods, nanowires, 
nanoneedles, and nanotubes, etc., which are much more at-
tractive than bulk counterpart due to their promising applica-
tions in wastewater treatment. A recent Educational, Scien-
tific and Cultural Organization (UNESCO) report revealed 
that every day, many people die due to diseases caused by  
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water pollution, and the lack of availability of quality drink-
ing water, especially in the developing nations. These statis-
tical figures are likely to grow soon, as water contamination 
is increasing due to the continuous discharge of micro-
pollutants and contaminants into the natural water cycle. The 
cleanup of these contaminants may also be very costly and 
complex. Recently, photocatalytic oxidation processes have 
been successfully utilized for the elimination of contami-
nants from wastewater. This was one of the most important 
reasons why scientists were interested in developing this 
promising technology for water purification. 

2. NANOTECHNOLOGY FOR WASTEWATER 
TREATMENT 

 Nanotechnology, at present, plays a vital role in water 
treatment approaches. Nanotechnology is defined as the sci-
ence and technology dealing with the material at the na-
noscale. In nanotechnology, nano nanostructures are used to 
soften the water and remove the physical, biological, and 
chemical contaminants. Due to the exceptional physicochem-
ical properties which resulted from size quantum confine-
ment and the dominance of interfacial phenomena, such as 
tunable photoactivity, adsorption properties, high reactivity, 
and many other interesting characteristics, nanostructured 
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materials represent one of the most active research topics and 
development worldwide in recent years [1-12]. Many authors 
have reported that nanomaterials can be used as effective 
catalysts for removing various pollutants in water and, thus, 
have been successfully applied in wastewater treatment. 
Consequently, researchers have begun to work on developing 
innovative approaches to produce new materials, to replace 
existing production equipment, and to reproduce novel mate-
rials and chemicals with improved performance resulting in 
less consumption of energy and materials and reduce harm to 
the environment. Rapid use of pesticides, herbicides, dyes, 
solvents, etc. in agriculture and industrial development activ-
ities is causing a lot of problems and concern for scientific 
societies and environmental regulatory authorities around the 
world. These organic pollutants adversely influence the envi-
ronment and it is considered a primary source of aesthetic 
pollution, nutrition, and ecological disturbance in aquatic life 
because of their toxicity and continuity. The application of 
nanotechnology in the cleanup of contaminated water could 
be summarized as: 

• Nanoscale filtration techniques (Nanofiltration using 
membranes), 

• Nanoadsorbents (sorbents, nanoclays, zeolites), 
• Nanocatalysis (nano-sized semiconductor catalyst 

for environmental cleanup), 
• Nanocomposites (Mixture of two or more nanoparti-

cles to enhance the efficiency) 
 Various techniques, such as nano- photocatalysis, nano-
filtration, adsorption, and electrochemical oxidation, may be 
used in the water treatment process. Many materials formed 
in the nanoscale, such as Titanium dioxide (TiO2), Zinc Ox-
ide (ZnO), polymer membranes, ceramic membranes, carbon 
nanotubes, nanowire membranes, submicron nanopowder, 
metal (oxides), magnetic nanoparticles, are used to solve or 
significantly reduce water quality problems in the natural 
environment [13,14]. 
 Nanostructures, such as nanoparticles, nanomembrane, 
nanosheets, nanoflowers, and nanowires, etc., used for the 
detection and removal of chemical and biological contami-
nants include heavy metals, nutrients, pesticides, cyanide, 
organics, algae, viruses, bacteria, parasites, and antibiotics 
[14]. The detoxification and recycling of wastewater is a 
process that combines heterogeneous catalysis with solar-
catalytic treatment [15]. Historically, photocatalysis was first 
mentioned in the year 1911 in a research report where ZnO 
was used as a photocatalyst to degrade dyes [16,17].  Heter-
ogeneous photocatalytic systems utilize solid phase photoac-
tive semiconductors like TiO2, SnO2, ZnO, etc., as photocata-
lysts for the degradation of various contaminants in 
wastewater [18].  
 For the treatment of chemical contaminants in 
wastewater effluents, various methods such as chemical oxi-
dation, biological methods, combustion, flocculation, ad-
sorption on carbon (granular activated), air stripping, and 
precipitation have been employed so far. These methods 
have limitations such as high cost and ineffectiveness. The 
biggest drawback is the degrading of the organic chemicals 
completely, converting them into secondary contaminants 
[19]. Photocatalysis has emerged as a green technology for 

the complete mineralization of hazardous organic to water, 
carbon dioxide, and simple mineral acids, and occurs at 
room temperature. Photocatalysis is a light-induced reaction 
which is enhanced by the presence of a catalyst [20].  

3. GREEN CHEMISTRY APPROACH VIA PHOTO-
CATALYSIS   

 The use of solar energy is an interesting aspect of sci-
ence. Solar photocatalysis has, thus, become a very im-
portant field in wastewater treatment research, where sun-
light is the lighting source for performing various catalytic 
reactions.  The application of the photocatalytic water purifi-
cation process has gained great attention due to its efficiency 
in the decomposition and mineralization of the rebel organic 
compounds as well as the possibility of using the solar spec-
trum, UV rays, and visible light [21].  
 The important point of this process is that it can degrade 
or detoxify various organic chemicals, which have not been 
degraded in other ways of purification [22]. One of the major 
applications of photocatalysis has been in solar water split-
ting and the purification of air, which is considered as one of 
the so-called advanced oxidation processes. In photocataly-
sis, the catalyst is fully regenerated after the reaction. A good 
photocatalyst should absorb light efficiently and preferably 
in the visible or near-ultraviolet portion of the electromag-
netic spectrum [23]. Adequate electron states (i.e. holes) 
must be sufficient to prevent re-pairs of electronic holes 
when exposed to light. Photocatalysts of nanostructures pro-
vide large surface-to-volume ratios, allowing for higher ab-
sorption of target particles or contaminants on the surface as 
well as a large reaction on the surface [24].  
 The prospect of employing semiconductor nanocrystals 
in photocatalysis offers several unique benefits related to 
spatially-extended charge separation and visible-range light 
absorption, which have been confirmed through a compel-
ling performance in reduction half-reactions. For such sys-
tems to become practical, however, additional challenges 
need to be resolved. These pertain to the semiconductor pho-
to corrosion, short excited-state lifetimes, and poor control 
over energy transfer to catalytic sites. To resolve these is-
sues, several emerging strategies have been proposed and 
discussed. Among potential solutions, harnessing nanocrys-
tals as triplet sensitizers of photoredox coordination com-
pounds is expected to enhance the absorption characteristics 
of the latter while decreasing the damage of the semiconduc-
tor. Assemblies of inorganic colloids can also be used for 
funneling the photoinduced energy to reactive sites in a 
manner analog to the action of chlorophylls in PSII. This 
geometry could inspire a cascade-like design of photosyn-
thetic assemblies for water oxidation [25]. 
 Heterogeneous photocatalysis is currently a promising 
technique for water purification compared to other conven-
tional techniques, whereby complex long-chain organic mol-
ecules (i.e. toxic) can be broken down into simpler parts as 
well as deform cell walls of microbes and thus, immobilize 
them [26, 27]. Heterogeneous photocatalysis is a process in 
which there are two active solid and liquid phases. The solid 
phase is a catalyst, usually, a semiconductor, based on cata-
lyst irradiation, and another semiconductor, which may be 
photoexcited to form electron donor sites (reduction sites) 
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and electronic receiving sites (oxidation sites), providing a 
large range as oxidation and reduction reactors [28].  Photo-
catalysis completely degrades the pollutant and complete 
mineralization is also achieved in case of pesticides and oth-
er toxicants [29]. The object of destructive oxidation pro-
cesses is to mineralize organic contaminants, i.e., convert 
them to carbon dioxide and water and other harmless prod-

ucts. Photocatalytic degradation is used to treat waste 
streams that are very dilute to burn and very concentrated for 
biological treatment and contain highly toxic organic com-
pounds [30, 31].  
 Table 1 shows the various pollutants degraded by using 
photocatalyst nanoparticles of metal oxides as effective pho-
tocatalysts. 

Table 1. Examples of different semiconductors employed for the degradation of pollutants using Photocatalysis. 

Contaminant Nano-photocatalyst References 

Dyes - - 

Methyl orange 

UV/TiO2 on glass 

ZnO/ZnS 

N-TiO2 

SnO2 

CNTs/P-TiO2 

SnS2 

Fe3+-TiO2-Zeolite 

Fe3O4/ZnO 

[33, 34] 

Methylene Blue 

LiFe/(WO4)2 

SiOC/ZnO 

TiO2/SiO2 

ZnO/Au 

BSA/CdS 

Co/ZnO 

Zn-Al-In(MMO) 

ZnO/TiO2 

Eu2O3-ZnO 

Gd2O3–CdO 

 

 

[9, 33, 35 -38] 

Congo Red TiO2/SiO2 

TiO2/Sulfanilic acid 

Chitosan/CdS 

SnO2 

[24, 25,34, 39, 40] 

Rhodamine B BiFeO3 

Ag-TiO2 

P-TiO2 

ZnO/CuO 

TiO2/ZrO2 

CeO2-ZnO 

UV/TiO2 bilayer 

MgFe2O4/TiO2 

Ag3PO4  

BixSb2-xS3 

 
[24, 28, 41-45] 

 

Heavy metals - - 

Cr(VI) 
magnetic 3D-TiO2@Hierarchical Porous Gra-

phene Aerogels (HPGA) nanocomposite: 
[46] 

 
Table 1. Contd… 
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Contaminant Nano-photocatalyst References 

Pd(II) , Cd(II) , Cu(II) , Zn(II) 
 Rhodium/antimony co-doped TiO2 nanorod and 
titanate nanotube (RS-TONR/TNT) composite 

[47] 

Phenol 

Bisphenol A 

Ag/TiO2 

CdS/TiO2 

TiO2-ZnFe2O4 

WOx/TiO2 

Fe-TiO2 

[14, 32, 46] 

Pesticides/Herbicides - - 

Glyphosate Ce-TiO2 ]30[  

Sulfonylurea TiO2/ZnO/SiO2 [24, 26, 27] 

Organophosphate & 

Phosphonoglycine 

UV/TiO2 immobilized on 

silica gel 

[29, 42] 

 Dichlorvos  organophosphorus WO3. GO-doped nano-TiO2 ]48[  

Organic Pollutant InVO4 

TiO2 
Ag/ZnO 

TiO2/Ni 

Ag/ Ag2SO3 

MFe2O4 (M = Co, Ni, Cu, Zn) 

[30, 49- 52] 

Contaminated soil Plasma/TiO2 ((Degussa 
P25) 

nitrogen-doped TiO2 

[50, 53- 55] 

 
 The important observation here is that the more exposed 
the surface area, the more adsorption of the target molecules. 
Thus, the efficiency of the catalyst for degrading the target 
will increase. The biggest challenge of the use of nanoparti-
cles for practical applications is the difficulty of removing 
the particles after-treatment process. To solve this problem, 
an additional process step is required for the post-separation 
of the catalysts. This separation process is crucial to avoid 
the loss of catalyst particles and the introduction of the new 
pollutant of contamination of TiO2 in the treated water [32]. 
 The catalyst recovery can be achieved through hybridiza-
tion with conventional sedimentation, cross-flow filtration, 
or various membrane filtrations. Research is going on in the 
field of particle entrapment over the membrane to prevent 
the loss of the catalyst [33]. 

4. MECHANISM OF THE SEMICONDUCTOR AS 
PHOTOCATALYSTS 

 Photocatalysis, based on semiconductors, has been re-
ported as a promising approach to destroy toxic and hazard-
ous organic compounds in industrial wastewater and drink-
ing water. Systematic studies of photocatalytic reactions are 
of prime importance both for a major understanding of the 
nature of heterogeneous photocatalysis and for optimizing its 
efficiency [56]. Photocatalytic degradation of organic sub-
stances is based on semiconductor photochemistry [57]. 
When a semiconductor materials building blocks are irradi-
ated by the light of energy higher or equal to its bandgap, the 

electron from the valance band is excited to the conduction 
band with simultaneous generation of a hole (h+) in the va-
lence band, VB and electron (el-) in the conduction band, CB 
[58]. According to band theory, each solid can be distin-
guished by two active energy ranges: valence band, VB, 
which has less energy, fully filled with electrons; and con-
duction band, CB, with higher energy, empty at 0° K. The 
interest ranges in photocatalysis are manned valence band 
and largely vacant conduction, which is usually character-
ized by energy gap (Eg) [59-62]. When the semiconductor is 
illuminated with a higher energy light (hʋ) than the bandgap 
energy, the electron is promoted from VB to CB leaving a 
positive hole in the valence band and an electron in the con-
duction band. The holes facilitate the oxidation of organic 
compounds by forming hydroxyl radicals, and the electrons 
mediate the reduction and oxidation reactions by forming the 
superoxide radicals [63, 64]. 
 The mechanism of the photocatalytic degradation can be 
explained with the following reaction steps taking TiO2 as a 
model catalyst: 
1. Absorption of efficient photons (hν≥EG=3.2 eV) by Tita-
nium dioxide: 
 (TiO2)+ hν→ e−CB + h+ VB                                                   (1) 
2. Oxygen ion sorption (first step of oxygen reduction; 
oxygen’s oxidation degree passes from 0 to −1/2): 
(O2)ads+ e−CB→ O2                                                             (2) 
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3. Neutralization of OH−groups by photo-holes which pro-
duces 
OH◦  radicals: 
(H2O �H+ + OH−) ads+ h+VB → H+ + OH•                        (3) 
4. Neutralization of O2 ◦− by protons: 
O2 

◦− + H+ → HO2
◦                                                                (4) 

5. Transient hydrogen peroxide formation and dismutation of 
oxygen: 
2HO2 

◦− → H2O2+ O2                                                           (5) 
6. Decomposition of H2O2 and second reduction of oxygen: 
H2O2+ e− → OH◦ + OH−                                                      (6) 
7. Oxidation of the organic reactant via successive attacks by 
hydroxyl radicals: 
R + OH◦ → R• + H2O                                                           (7) 
8. Direct oxidation by reaction with holes: 
R + h+ → R+◦ → Degraded Products                                   (8) 
As an example of the last process, holes can react directly 
with carboxylic acids generating CO2: 
RCOO− + h+ → R• + CO2                                                    (9) 
 On the outer surface, the excited electron and hole take 
part in redox reactions with adsorbent species, such as water, 
hydroxide ion (OH−), organic compounds, and oxygen. 
Charges interact directly with adsorbent pollutants but inter-
action with water is more likely because water molecules are 
more densely populated than contaminant molecules [53]. 
The oxidation of water or OH− by the hole produces a hy-
droxyl root (•OH), which is a predominant and random oxi-
dizer [65]. Photoreduction, photooxidation, and adsorption 
occur on or near the particle surface as shown in Fig. (1). 

5. FACTORS AFFECTING PHOTOCATALYSIS 

 Various studies on photocatalysis of pesticides, organic 
pollutants, phenols, and their derivatives indicated that the 
photocatalytic degradation process is mainly affected by the 
following factors [66]: 

5.1. pH of the Solution  

 The pH is a complex parameter because it correlates with 
the ionized state of the surface of the material. pH changes 
can affect the adsorption of contaminant molecules on the 
surfaces of the catalyst, which is assumed to be an important 
step for the oxidation of photocatalysis. The change in pH 
can lead to an improvement in the optical removal efficiency 
of organic pollutants in the presence of titanium dioxide 
without affecting the rate equation. 

5.2. Catalyst Types and its Concentration 

 In various studies, it has been recognized that the rate of 
decomposition was found to increase with an increase in the 
concentration of the catalyst up to 5gL-1 and subsequent ad-
dition of the catalyst leads to a decrease in the rate of de-
composition [67]. Heterogeneous photocatalytic reactions 
are known to show a proportional increase in photodegrada-
tion with the catalyst loading. The concentration of the cata-
lyst in the photocatalytic water treatment system is directly 
proportional to the overall photocatalytic reaction rate [68]. 
 Ahmed Khadem Abass (2018) studied the effect of cata-
lyst type on photooxidation of benzene.  The catalysts used 
were ZnO, Cu2O, TiO2 and Al2O3, which have a surface area 
of 38, 47.6, 50, and 55   g/m2 according to the BET surface 
area analysis, respectively. It has been discovered that the 
rate of photooxidation of benzene increased with the increase 
in surface area of catalyst used and the minimum value 
(higher rate constant) with TiO2 (high surface area) [69]. 

5.3. Effect of Light Wavelength and Intensity 

 The photochemical effects of light sources with various 
wavelength emitting ranges will have intense effects on the 
rate of photocatalysis reaction, depending on the types of 
photocatalysts crystalline phase (i.e., anatase, rutile or wurtz-
ite) [70]. 
 Light intensity is one of the few parameters that influence 
the degree of photocatalysis interaction on organic sub-
strates. To achieve a high photocatalytic reaction rate, espe-
cially in water treatment, a relatively high light intensity is 
required. 

 
Fig. (1).  Representation of reactions taking place at the surface of the catalyst. (A higher resolution/colour version of this figure is available 
in the electronic copy of the article). 



Development of Nanomaterials as Photo Catalysts Current Catalysis, 2020, Vol. 9, No. 2    133 

5.4. Effect of Surface Area and Adsorption 

 Surface area is one of the most important aspects of 
nanostructured semiconductor photocatalysis. It is well 
known that as the size goes down on the nanometer regime, 
there is a gradual increase in surface area. Consequently, 
there is an increase in the percent degradation rate of pollu-
tants [71]. More is the surface area available, more pollutant 
will be adsorbed over the surface, thus,directly increasing the 
degradation rate [72]. 

5.5. Composition and Concentration of Pollutant: Previ-
ous  

 Investigations indicated that the rate of photocatalytic 
reaction was dependent on the concentration of water pollu-
tants. The concentration of pollutants is a very important pa-
rameter. It is noted that as the concentration of the combined 
solution increases, the rate of degradation decreases [73]. The 
reason for this behavior may be the increase in the extent of 
adsorption on the catalytic surface at the concentration of the 
primary compound which reduces catalytic activity [74]. 

5.6. Reaction Temperature 

 Several studies have been done on the photocatalytic reac-
tion depending on the reaction temperature. It has been ob-
served from various studies that there is a decrease in photoca-
talysis activity, with an increase in the reaction temperature [75]. 

6. TYPES OF PHOTOCATALYSIS REACTIONS  

 To categorize the existing approaches of photocatalysis, 
we present in Fig. (2) four classes of reactions. In the first 
category (Fig. 2a) is the most successful photocatalysis, nat-
ural photosynthesis. An ingenious result of billions of years 
of evolution by Mother Nature, the process has been the 
main source of our energy supply. Carbohydrates are the key 
products of these reactions [76]. A variation of this reaction 
is shown in Fig. (2b), where microalgae perform reactions 
similar to those in plants but synthesize unique chemicals 
such as H2 or other valuable chemicals (e.g., ethanol, buta-
nol, glycerol, and isoprene) [76, 77]. When it comes to artifi-
cial photosynthesis systems, a great number of variations 
exist. They may be grouped into two general types as sum-
marized in Figs. (2c and 2d). When the reduction and oxida-
tion reactions are not intentionally separated (Fig. 2c), a sys-
tem with the benefit of inherently low cost is obtained. Note 
that reactions involving both heterogeneous and homogene-
ous catalysts can be included in this category. A competing 
strategy is to physically separate the reduction and oxidation 
sites. A wired version of the last strategy is shown in Fig. 
(2d). But the wire is not essential here. A back‐to‐back wire-
less configuration falls in the same category, as well [78]. A 
key distinguishing feature of Figs. (2c and 2d) is whether the 
reduction and oxidation sites are physically separated by a 
reasonable distance (greater than a few hundred nanometers) 
[79]. 

7. APPLICATION OF PHOTOCATALYSIS 
 Heterogeneous photocatalysis has proven to be a low-
cost and sustainable technology for treating a mass of pollu-
tants in air and water, including organic matter and heavy 
metals. In recent years, research efforts have been directed 

towards environmental cleaning and treatment of toxic 
waste, pollutants, and dye degradation [80, 81]. 

 
Fig. (2). Types of photocatalytic reactions. a) Natural photosynthe-
sis in plants, b)  photosynthesis by microalgae, c) nanoparticles 
photocatalysis, d) photoelectrocatalysis. (A higher resolu-
tion/colour version of this figure is available in the elec-
tronic copy of the article). 

7.1. Heavy Metals Removal 

 Heterogeneous photocatalysis has been widely used in 
removing heavy metals from wastewater such as Mercury 
(Hg), Selenium (Se), Chromium (Cr), Zinc (Zn), Lead (Pb), 
Cadmium (Cd), Arsenic (As), and Nickel (Ni). The photo-
reducing ability of photocatalysis has been used to recover 
expensive metals from industrial effluents, such as Gold 
(Au), Platinum (Pt), and Silver (Ag) [81]. 

7.2. Destruction of Organic Pollutants  

 Organic compounds, such as alcohols, carboxylic acids, 
phenolic derivatives, or chlorinated aromatics, that may con-
taminate water in the form of 2,4,5 trichlorophenoxyacetic 
acid, 2,4,5 trichlorophenol, S-triazine herbicides and DDT 
can be also completely mineralized into non-toxic by-
products (e.g., carbon dioxide, water, and simple mineral 
acids, herbicides, and pesticides)  [31,82, 83].  

7.3. Removal of Inorganic Pollutants  

 Inorganic species such as bromate, or chlorate, azide, 
halide ions, nitric oxide, palladium and rhodium species, and 
sulfur species can be decomposed with the appropriate cata-
lyst. Metal salts, such as AgNO3, HgCl, and organometallic 
compound (e.g. CH3HgCl), can be removed from the water, 
as well as cyanide, thiocyanate, ammonia, nitrates, and ni-
trites [84, 85]. 

7.4. Water Disinfection  

 Water disinfection is Used to decontaminate the water 
from various microbes pollutant toxic for both humans and 
the environment i.e., Streptococcus mutants, Streptococcus 
natuss, Streptococcus cricetus, Escherichia coli, Scaccharo-
mycescerevisisas, Lactobacillus acidophilus, poliovirus, Mi-
crocystin toxins, Chlorella Vulgaris, etc [57, 58, 86]. 
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7.5. Air Purification  

 Room air cleaner, air conditioner, and indoor air cleaner 
for factories, and air purification can also be obtained, at 
least to a certain extent, at an illuminated surface coated with 
a semiconductor and this principle has been implemented for 
a variety of commercial applications, both indoors and out-
doors [87]. 

7.6. Water Purification using Plasma and Photocatalytic 
Utilization by Employing NIR light 

 Plasmas on/in/with an aqueous solution has attracted 
much attention because of their possible applications for 
solving the environmental issue of water purification, which 
employs various types of electrical discharge methods such 
as arc discharges,  corona discharges, rf discharges,  dielec-
tric barrier discharges, high voltage pulse discharges, and so 
on. Low temperature plasma can cause defects and oxygen 
vacancies on the catalyst surface to improve the catalytic 
efficiency [88]. The effect of treating the catalyst with low-
temperature plasma under different atmospheres is different. 
Nanowires and nanoparticles of TiO2 treated under a hot 
hydrogen atmosphere have better photocatalytic degradation 
of dye properties because of the presence of oxygen vacan-
cies and Ti3+ forming an intermediate layer [89, 90]. In the 
last decade, the focused NaYF4:Yb,Er/Tm agents have been 
successfully applied to advanced assembly materials. For 
example, the preparation of the NaYF4:Yb,Tm/CdS compo-
site has been reported, and the NIR photocatalytic activity 
has been investigated by degrading Rhodamine B and meth-
ylene blue [91, 92]. 

8. RECENT ADVANCES AND FUTURE CHALLENG-
ES 

 Photocatalysis progressed from explorative research to 
commercial development. A look at the recent literature re-
veals a steady flow of over 1300 international patents annu-
ally in this field for various applications from 2000, most of 
which were concerned with pollution control and based on 
the use of TiO2 [50].  With more research and development 
of materials, new applications of nanomaterial-based photo-
catalysts will emerge. One of the products of good research 
is new knowledge that enables new technologies. The final 
review focus will affirm the prospects and challenges of us-
ing photocatalysts to clean and treat the environment. One of 
the main challenges for the scientific community concerned 
with photocatalytic research is to increase the spectral sensi-
tivity of the photocatalysts to visible light, which forms the 
bulk of the solar radiation. One must take into account the 
fact that environmental catalytic cleaning is only suitable for 
low-level pollutants because the amount of UV photons is 
limited in both solar light and interior lighting [88]. Another 
major challenge is that TiO2 nanoparticles not only destroy 
all organic matter but also the organic matrix in which nano-
particles are included. This limits its application to inorganic 
environments. TiO2 nanoparticles are expected to have a 
minimal negative impact on both human health and the envi-
ronment as they are usually fixed in/to substrate material 
[93]. There are currently no regulations regarding the use of 
nanoparticles for water treatment, but standards for test ap-
proaches for photocatalytic water purification are under de-

velopment. Ternary metal oxides could also be promising 
photoelectrode materials for water splitting and organic syn-
thesis [94]. 

CONCLUSION 

 While developing various aspects of nanotechnology, the 
broad environmental impacts of this must also be taken into 
account. These considerations may include models for iden-
tifying potential benefits of reducing or preventing pollutants 
from industrial sources. Nanotechnology has great potential 
for the continuous improvement of technologies related to 
environmental protection. The current review provides more 
evidence of this issue and tried to address what all the poten-
tial environmental impacts of the technology might be. 
Therefore, the discussion in the review indicates that a 
cleaner, greener environment, and a renewable and sustaina-
ble energy economy can be achieved through photocatalysis. 
To enhance the feasibility of photocatalysis soon, several 
major technical constraints ranging from catalyst develop-
ment to reactor design and process improvement should be 
addressed. 
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