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Introduction
Nanotechnology is an emerging field that covers a wide range 
of technologies which are presently under development at 
nanoscale. Behavior of materials at the nanoscale as compared to 
macroscale often found to be highly desirable properties which 
are created due to size confinement, the dominance of interfacial 
phenomena, and quantum effects. These new and unique 
properties of nanostructured materials, nanoparticles, and other 
related nanotechnologies lead to improved properties such as 
catalysts, tunable photoactivity, increased strength, and many 
other interesting characteristics [1]. It plays a major role in the 
development of innovative methods to produce new products, to 
substitute existing production equipment and to reformulate new 
materials and chemicals with improved performance resulting 
in less consumption of energy and materials and reduced harm 
to the environment as well as environmental remediation. 

Role of Nanomaterials and their Applications 
as Photo-catalyst and Senors: A Review

Environmental applications of nanotechnology address the 
development of solutions to the existing environmental problems, 
preventive measures for future problems resulting from the 
interactions of energy and materials with the environment, and 
any possible risks that may be posed by nanotechnology itself.

Use of pesticides, herbicides, dyes, solvents, etc., rapidly in 
agriculture and large scale industrial development activities are 
causing much trouble and concern for the scientific communities 
and environmental regulatory authorities around the world. 
These organic pollutants adversely affect the environment and 
are a major source of aesthetic pollution, eutrophication and 
ecological disturbance in aquatic life due to their toxicity and 
persistence. To safeguard of our environment, it is very important 
to detoxify these hazardous organic pollutants. Among several 
proposed techniques for wastewater treatment: photocatalytic 
oxidation process provides a route for the detoxification of 
various toxic and hazardous pollutants as well as remedies water. 

Abstract
Lack of environmental sustainability is a vital and growing problem due to the 
issues: such as climate change, pollution, and disturbances associated with 
biodiversity. A major cause of these environmental threats is pollutants in the 
atmosphere. Semiconducting metal oxide nanostructures play an important role in 
developing smart materials that are well efficient for sensing and simultaneously 
destroy harmful chemical contaminants from our environment. This review article 
highlights some recent advances of nano-science in the area of environmental 
hazardous contaminant detection by sensing followed by the remediation; focused 
on water remediation especially through photo-catalysis. In addition, the state-of-
the-art research activities involved in importance of metal oxide and their various 
applications are also discussed. The compilation consists of three main sections 
vis a vis (a) semiconducting metal oxides and applications, (b) Photocatalysis: 
fundamentals, processes and mechanism and (c) sensors: processes, types and 
their respective applications to monitor levels of environmentally important 
parameters. Also an inclusion of a section on future trends which discusses some 
of the new approaches being used to improve the selectivity and sensitivity of 
metal oxide semiconductors. This review concluded the perspectives and outlook 
on the future developments in the metal oxide nanostructure research area as 
well as summarizes a comprehensive compilation of the work done in order to 
address the challenges followed by prevailing achievements till date. 
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In the present scenario all the researchers and scientist are 
getting more and more attracted towards the metal oxide (MO) 
nanostructures due to their technology important applications in 
electronic as well as optoelectronic devices, sensors, medicines 
and renewable energy sources. Reducing the size of materials 
(metal oxide) to nano-level imparts properties which are different 
from the bulk or crystalline form and these nanoparticles 
demonstrate behavior like an isolated atoms and molecules 
[2]. Therefore, semi-conducting metal oxides (SCMO) are more 
potential due to their capability to generate charge carriers 
on stimulation with the required amount of energy and used 
for environmental remediation as well as electronics. Various 
methods of synthesis of SCMO are Chemical vapor deposition 
technique, hydrothermal method, Laser ablation technique, 
and electro-deposition method, etc. Out of these techniques, 
hydrothermal method is to friendliness use because of its cost-
reducing and easy to handle as well as chemically reactive at low 
temperature.

For healthy environment, it is very important to maintain the 
ecological balance, in which controlling the environmental 
toxic pollutants is of great importance. MO semiconductors 
nanostructures are inevitable materials due to their novel 
characteristics and potential applications such as catalysis, ion-
exchange, molecular adsorption etc. Their outstanding properties 
are due to huge exposed active surface area, high stability, 
quantum confinement consequence, and high porosity as well 
as permeability (mesoporous in nature). This affects the various 
technological advancements mainly the particular advantages 
over traditional sensing methods, such as lower sensitivity, higher 
response time, and cost effective [3]. MOs are very strong decoloring 
agent used as photocatalytic degradation of organic pollutants. It 
plays an effective role in the treatment of waste water effluents. 
These promising applications of MO characterized as charge transport 
in electronic structure stimulates its light absorption properties and 
made it possible to be utilized as photocatalyst as well as sensor [4]. 
Specially, the SCMO nanostructures based sensors demonstrated 
better efficiency for the detection of various hazardous chemicals 
such as hydrogen, acetone, ammonium hydroxide, formaldehyde, 
and chloroform etc. It is because of the fact that: the low dimension 
of metal oxide nanostructures allows very sensitive transduction of 
the liquid/surface interactions into a change in the electrochemical 
properties [5]. 

Accordingly, it’s a credible contribution of researchers towards the 
healthier environment to organize a set-up for the photocatalytic 
and sensing activity for removal and detection of health 
hazardous compound form environment as well remediation of 
water by using SCMO. This review article presents the importance 
of nanotechnology mainly in terms of cleaning and monitoring of 
the environment. Here we discussed SCMO and their application 
in water remediation by using as photocatalyst and sensing in the 
form of chemical, gas and biosensor/s.

Photo-catalysis: fundamentals, processes 
and mechanism
Catalysts are utilized for speeding up the chemical reaction 
and similarly, a photocatalyst employ the catalyst for speeding 

up chemical reactions in the presence of UV light. In this way, 
the absorption of light produces the electron–hole pairs that 
enable chemical transformations of the reaction participants 
and regenerate its chemical composition after each cycle of such 
interactions. There are two types of photocatalytic reactions, i.e., 
homogeneous photocatalysis and heterogeneous photocatalysis. 
Significant features of the photocatalytic systems are: proper 
band gap, morphology of the material, more exposed surface 
area, stability and its reusability. 	 Photocatalysis is widely 
being practiced for the degradation and mineralization of 
hazardous organic compounds to CO2 and H2O and thus leads to 
the reduction of toxic metal ions into non-toxic states, deactivate 
and destruct all the water borne microorganisms, decomposes 
the air pollutants such as NO2, CO and NH3, degraded the waste 
plastics and green synthesis of industrially important chemicals. 
Thus, Photocatalysis refers to the oxidation and reduction 
reactions on the surfaces of photocatalyst material, mediated 
by the valence band (VB) such as holes(h+) and conduction band 
(CB) such as electrons (e-) generated by the absorption of UV-VIS 
light radiation. Such photo-generated pairs of h+ and e- induces 
the formation of aggressive species such as hydroxyl (OH−) or 
superoxide radicals from the moisture and atmospheric oxygen. 
These species are strong enough to oxidize and decompose 
organic materials or smelling gas and kill bacteria. Photocatalysis 
has been established as an efficient process for the mineralization 
of toxic organic compounds, hazardous inorganic materials and 
microbial disinfection as a result of the formation of the OH− ions, 
which acts as a strong oxidizing agent [6,7]. Figure 1 shows the 
schematic representation of photo catalytic mechanism. Briefly, 
the SCMO on irradiation with an appropriate wavelength (i.e., 
greater than or equal to band gap energy) lead to the excitation 
of an electron from the VB to the CB yielding an e-/h+ pair. When 
the reaction is conducted in the presence of water and oxygen, 
the electron in the conduction band is picked by oxygen giving 
rise to superoxide radical anion and in the oxidation site water is 
oxidized to give OH− radical. These are the two reactive species, 
which react with the organic pollutants leading to complete 
mineralization. The reactions of this e-/h+ pair with a variety of 
electron acceptors and donors, as well as e-/h+ recombination 
processes have been well-studied [8,9]. The formation of cation 
radicals of organic substrates, following electron transfer to 
excited semiconductors have been studied in several cases, both 
by product analysis [10] as well as by spectroscopic studies [11]. 

Extensive research has shown SCMO can photo-oxidise a wide 
range of organic substrates including alkanes, alkenes, aromatics, 
surfactants and pesticides [12-14]. Several MO such as TiO2, ZnO, 
MoO3, ZrO2, WO3, α-Fe2O3, SnO2, SrTiO3 and some chalcogenide 
metals (ZnS, CdS, CdSe, WS2, MoS2) can be used as photocatalysts 
which is an area of intensive research. However, in terms of 
thermodynamics, the valence band (VB) and conduction band 
(CB) in semiconductor which act as photocatalyst should be 
positioned in such a way that, the oxidation potential of the 
hydroxyl radicals and the reduction potential of superoxide 
radical lie well within the band gap. In other word, the redox 
potential of the VB hole must be sufficiently positive to generate 
OH- radicals and that of the CB electron must be sufficiently 
negative to generate superoxide radicals [15]. 
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Fundamental Chemistry Involved in Photocatalyses
The standard reactions involved in the process of photocatalysis to 
degrade water contaminant or pollutant consist OH¯ radical to be 
the primary oxidant in the photocatalytic system and suggested 
the seven steps, all based on attack of OH-, lead to detoxification 
of harmful compound [16,17]. They follow:

(a)	 Photon energy greater than the band gap excites the 
catalyst and generates electrons and holes.

(b)	 Organic pollutants get adsorbed on the catalyst surface 
via lattice oxygen at the surface.

hν → e¯+h+ 			    	                            (1)

h++H2O → H++OH	 ∙                                                                                                             (2)

h++OH¯→ OH∙				                               (3)

e¯+O2 → O2¯ 				                   (4)

2e¯+O2 + 2H+ → H2O2 				                     (5) 

e¯+H2O2 → OH∙+OH¯ 			                                                       (6)

Organic pollutant+•OH+O2 =CO2 +H2O+other degradation product 
form 			                                   (7)

Sensor: processes, methods and mechanism
Metal oxides are being extensively studied due to their unique 
surface activities imparted by huge surface areas, which can make 
them ideal sensing elements as chemi-sensors. High surface-
to-volume ratios and high chemical and thermal stabilities of 
nanostructures under the operating conditions are responsible 
for their good sensing applications [18]. There are different types 
of sensors such as Chemical sensor, Bio sensor, gas sensor, optical 
sensor, magnetic sensor, temperature sensor, and humidity 
sensor etc. In this article we will discuss about three types: 
Chemical, Bio and gas sensors and their applications.

A sensor; in general is a technological device that detects or 
senses a signal, physical condition and chemical compounds. 
New and novel nano-materials have been playing a major role 
in the development of very sensitive, accurate, and reliable 
sensors. Nano-structured based devices have been found 

efficient in imaging and monitoring of nanomaterial, biological, 
chemical, and pathological samples. In the present scientific 
era, the development of sensors using nanostructured metal 
oxides, conducting oxides, semi-conducting oxides, polymers, 
and composites are the subject of study for detection and 
quantification of various hazardous gasses, chemicals and bio-
chemicals [19].

Chemical Sensor
A chemical sensor is a device that transforms chemical 
information (composition, the presence of a particular element 
or ion, concentration, chemical activity, partial pressure...) into an 
analytically useful signal. The chemical information, mentioned 
above, may originate from a chemical reaction of analyte or from 
a physical property of the system investigated. They can have 
applications in different areas such as medicine, home safety, 
environmental pollution and many others. Chemical sensors 
usually contain two basic components connected in series: 
a chemical (molecular) recognition system (receptor) and a 
physicochemical transducer. Chemical sensing is quite commonly 
used in industry for process control and for monitoring, including 
monitoring for safety, plays important role in environmental 
protection, in racking of hazardous materials, tracking natural and 
man-made occurrences such as pollution, waterways infestation, 
migration of species, weather prediction and tracking etc. 

Fabrication of chemical sensor is relatively very simple based 
on silicon processes or other thin or thick film technologies. 
The basic principle is that when an oxide is held at elevated 
temperatures, the surrounding gases react with the oxygen in 
the oxide causing changes in the resistivity of the material. The 
essential components are the high temperature, the oxide and 
the reaction in the oxide.

The principle of this mechanism (as shown in Figure 2) is based 
on redox reaction which takes place at the surface of MO 
nanostructures as shown in equation (8) and (9)

e¯ (MO nanostructures)+O2 → O2
¯			                             (8)

e¯ (MO nanostructures)+O2
¯ → 2O2

¯		                                                        (9)

Thus, the sensitivity of analyte is accredited to the oxygen 
deficiency and increase in the oxygen adsorption on the surface 
of MO. The oxidation of analyte depends on the magnitude of 
adsorbed oxygen. If the adsorbed oxygen on the sensor surface 
be high, the oxidizing potential will be higher and the oxidation 
of chemicals (such as ethanol) will be faster. Negatively charged 
(adsorbed oxygen) oxidizes the chemicals (such as ethanol) to 
carbon dioxide and water and releases free electrons (6e¯) to the 
conduction band of MO nanostructures as shown in equation 
below. These electrons increase the conductance of the film, and 
thus enhance the sensitivity.

Analyte (such as: CH3CH2OH) (ads)+6O¯ (ads) → 2CO2+3H2O+6e¯ 
(CB)		                                                                              (10) 

Gas Sensor 
Gas sensor measures the concentration of gas in its vicinity. 
Each gas has a unique breakdown voltage, i.e., the electric 
field at which it is ionized. Sensor identifies gases by measuring 

Figure 1 Schematic representation of photocatalytic mechanism (CB-
Conduction band, VB-Valence band).
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these voltages. The concentration of the gas can be determined 
by measuring the current discharge in the device. Various 
applications of gas sensor are such as process control industries, 
environmental monitoring, boiler control, fire detection, alcohol 
breath tests, detection of harmful gases in mines, home safety, 
grading of agro-products like coffee and spice. There are two 
operating parameters of gas sensor (1) operating temperature 
and (2) humidity. Also the disadvantages are: bulky, consume 
lots of power and require “risky” high voltage to operate. The 
detection principle of resistive sensors is based on change of the 
resistance of a thin film upon adsorption of the gas molecules on 
the surface of a semiconductor. The gas-solid interactions affect 
the resistance of the film because of the density of electronic 
species in the film.

Biosensor 
Nanostructured metal oxides (NMOs) have recently become 
important as materials and have been found to exhibit interesting 
nano-morphological, functional biocompatible, non-toxic and 
catalytic properties, especially those of zinc, iron, cerium, tin, 
zirconium, titanium, metal and magnesium. These materials 
also exhibit enhanced electron-transfer kinetics and strong 
adsorption capability, providing suitable micro-environments for 
the immobilization of biomolecules and resulting in the enhanced 
electron transfer and improved biosensing characteristics as 
biosensors. To investigate the effect of optical and electrochemical 
properties of NMOs, suspended media, solid–liquid interfaces 
and nano-bio-interfaces are being conducted for biosensor 
applications.

A biosensor is an integrated miniaturized device that employs 
a biological element (antibody, enzyme, receptor protein, 
nucleic acid, whole cell or tissue section) as a sensing element 
coupled to a transducer for signal detection. A biosensor utilizes 
the selectivity of the biomolecule and the processing power of 
modern microelectronics and optoelectronics and is hence a 
powerful analytical tool with applications in medical diagnostics 
and other areas. Due to their specificity, portability, rapid response 
time and low cost, biosensors are projected to play a critical 
role in both clinical and non-clinical applications. The prevailing 
miniaturization tools allow packing of numerous microscopic 
electrodes along with transducers into a small footprint of a 

biochip device, leading to the design of high-density bioarrays. 
Several biosensors based on different detection for different 
analytes such as: hydrogen, ammonium and sodium ions as well 
as urea, creatynine, triglycerides, acetylcholine, butyrylcholine, 
pesticides and heavy metal ions were presented [20].Biosensors 
helps in detecting emerging contaminants like pharmaceuticals, 
personal care products (PPCPs), steroids, xenoestrogens, and 
other endocrine disrupting compounds (EDCs), algal toxins, 
giardia (and other pathogens), and a variety of miscellaneous 
chemicals such as caffeine, cholesterol [21], etc.

To fabricate an efficient biosensor, it is crucial to select an NMO 
that is suitable for immobilization of the desired biomolecule. 
The interface formed due to binding between an NMO and a 
biomolecule is known to affect the performance of a biosensor. 
The formation and properties of a nanobiointerface depend 
on the nature of the NMO; parameters like effective surface 
area, surface charge, energy, roughness and porosity, valence/
conductance states, functional groups, physical states and 
hygroscopic nature all affect the formation of a biointerface. In 
general, biomolecules bind with MO nanoparticles via physical 
adsorption or chemical binding. The physical adsorption of a 
biomolecule arising due to weak interactions (e.g., Van der Waals, 
electrostatic, physisorption) depends on the surface morphology, 
reaction medium and net surface charge. Short-range forces 
arising via charge, depletion and solvent interactions also play an 
important role in the preparation of a nanobiointerface. Covalent 
binding of a biomolecule to an NMO depends on the availability 
of functional groups, which can be prepared by appropriate 
engineering of chemical reactions [22,23]. 

Widely Used Semiconductor Metal Oxide 
as a Photo-catalyst and Sensor-material
Usually Zno and TiO2 are the most commonly used metal oxide 
for photocatalytic and sensing purposes. This might be due to 
its outstanding functional behavior of a potential electronic 
communicator with the designed devices. Therefore, a detailed 
discussion over these two compounds have been made and 
reported. And a little part has been discussed on three new new 
compounds Iron Oxide (Fe2O3), Gadolinium Oxide (Gd2O3) and 
Antimony Oxide (Sb2O4) on which a lot of work is required to be 
explored by researchers.

Zinc oxide (ZnO)
Zinc compounds have been used for at least 2,500 years in the 
production of useful alloys such as brass founding applications in 
making coins, kettles and decors. The most common application 
of zinc is in the galvanization industries, providing a protective 
coating. Zinc as Zinc oxide (ZnO), a common zinc compound 
formed when metallic zinc is exposed to the air and forms a 
protective coating that protects the rest of the metal. Zno is used 
in paints, some rubber products, cosmetics, pharmaceuticals, 
plastics, printing inks, soap and batteries, and many other things 
Oxides of zinc mainly exist in two different forms: ZnO and ZnO2. 
ZnO is the most stable and shows technologically high impact in 
devices as smart material. It exists in three different crystalline 
phases: wurtzite, zinc-blende and rock-salt. The ZnO is the most 

Figure 2 Schematic representation of sensing mechanism.
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functional materials used for many applications such as biosensors, 
solar-cells [24], photocatalysis [25], light-emitting diodes [26], gas 
sensing [27], and field-emission. Various morphology of ZnO such 
as nanorods [28], nanowires [29], nanonails, nanopencils [30,31], 
nanobullets [32,33], nanotubes, nanocomb-like structure, 
nanoribbons [34-36], nanobelts [37], nanohelices [38], nanopins 
[39], nanoneedles [40], etc., are reported. It has been observed 
that the properties of the material vary with varying shapes and 
sizes. 

A ZnO nanocapsules of average diameter ~80 to 130nm 
based chemical sensor was used to detect the chloroform 
by I-V technique. The cell was fabricated by coating the ZnO 
nanocapsules on carbon working electrode and a wire of Pd 
as counter electrode. As prepared nanosensor exhibited the 
good sensitivity (0.478 μA.cm-2mM-1), low detection limit 
(6.67 μM) in the linear dynamic range (12 μM to 12 mM), and 
short response time (around 10 second) and also reported 
photocatalytic degradation of Acridine Orange (AO) synthesis by 
ZnO nanocapsule, found the effective degradation of AO up to 
86.36% after 80 minutes of exposure to UV light [41].

ZnO nanorods (NR) of average diameter ~455 ± 20 nm based 
chemical sensor was used to detect the acetone by I-V technique. 
The sensor was fabricated by coating the ZnO NR on carbon 
working electrode and a wire of Pd as counter electrode. As 
prepared nanosensor exhibited the excellent sensitivity (~0.7595 
μA.cm-2mM-1), with a lower detection limit (0.125 ± 0.02 mM) in 
the linear dynamic range (0.13 mM to 0.668 M) and fast response 
time around 10 second. Also, the photocatalytic degradation of 
AO by ZnO nanocapsules has been reported with an effective 
degradation of AO up to 93.8% (more than earlier reported in 
2011) after 80 minutes of exposure to UV light whereas in the 
absence of photocatalyst no observable loss of dye was observed 
[42]. 

A ZnO nanoparticle were synthesized by hydrothermal treatment 
with starting materials (zinc chloride and urea) in the presence of 
ammonium hydroxide and utilize it to degradation of methylene 
blue (MB) and almost complete degradation (91.0%) takes place 
within 85 min of irradiation time. Nanoparticle synthesis of 
average diameter 80-130nm based chemical sensor was used 
to detect the methanol by I-V technique. A cell was fabricated 
by coating the ZnO nanoparticles on carbon working electrode 
and a wire of Pd as counter electrode. As prepared nanosensor 
exhibited the good sensitivity (0.9554 μA.cm-2mM-1), with a low 
detection limit (0.11 mM) in the linear dynamic range (0.25 mM 
to 1.8 M) and fast response time around 10 second [43]. 

A ZnO-CeO2 nanoparticles were successfully synthesized by the 
simple and efficient low temperature process and employed as 
photocatalyst for the removal of environmental contaminants 
and degrade of acridine orange (AO) and methylene blue (MB) 
and reported 92.1% degradation for AO and 80.7% degradation 
for MB in 170min of irradiation time. ZnO-CeO2 nanoparticles 
of average diameter ~ 50 ± 10 nm based chemical sensor was 
used to detect ethanol by I-V technique. A cell was fabricated by 
coating the ZnO-CeO2 nanoparticles on gold working electrode 
and a wire of Pd as counter electrode. As prepared nanosensor 
exhibited the good sensitivity (2.1949 μA.cm-2mM-1), low 

detection limit (0.6 ± 0.05 mM) in the linear dynamic range (1.7 
mM to 1.7 M), and short response time around 10 second[44] 
again in the year 2011, 84.55% of AO and 48.65% of MB (in the 
presence of ZnOCeO2 nanostructures) are degraded after 170 
min of irradiation time whereas in the absence of nanomaterial, 
no observable loss of dye is seen here also but degradation 
percentage has decreased as compared to earlier experiment. 
A ZnO-CeO2 nano-structures of average diameter ~ 50 to 200 
nm based chemical sensor was used to detect ethanol by I-V 
technique. The sensor was fabricated by coating the ZnO-CeO2 
nanoparticles on silver working electrode and a wire of Pd as 
counter electrode. As prepared nanosensor exhibited the good 
sensitivity (0.8331 μA.cm-2mM-1), low detection limit (0.16 
mmol/l) in the linear dynamic range (0.17 mmol/l-1.7 mol/l), 
and short response time of around 10 seconds [45]. Hollow 
mesoporous ZnO nanoglobules based chemical sensor was used 
to detect pipredine by C-V technique. The cell was fabricated by 
coating the ZnO nanoglobules on carbon working electrode. As 
prepared nanosensor exhibited the good sensitivity (59.9 μAcm-

2mM-1), low detection limit (3.3 μM), and short response time of 
around 10 seconds [46]. Hollow mesoporous ZnO nanourchins 
based chemical sensor was used to detect the hydrazine by C-V 
technique. As prepared nanosensor exhibited the good sensitivity 
(42.1 μAcm-2mM-1), low detection limit (78.6 μM) [47]. A highly 
sensitive hydrazine chemical sensor based on a field-effect 
transistor (FET) has been fabricated by growing vertically-aligned 
ZnO nanorods directly on silver electrodes. The FET sensor 
demonstrated a high sensitivity of 59.175 μA cm−2 μM−1 and a low 
detection limit of ~ 3.86 nM [48]. The ZnO nanotube thin film 
was grown directly on fluorine doped tin oxide (FTO) and was 
used as working electrode for the fabrication of ethanolamine 
chemical sensor. The sensor demonstrated higher sensitivity of 
37.4 × 10-4 μAcm-2mM-1 and the detection limit 19.5 μM [49]. ZnO 
nanopencils based chemical sensor was used to detect the liquid 
ammonia by I-V technique. As prepared nanosensor exhibited 
the good sensitivity (26.58 μA.cm-2mM-1), low detection limit (5 
nM), and short response time of around 10 seconds [50].

Titanium dioxide (TiO2)
Titanium one of the lightest metal from the transition element 
series possess excellent mechanical and thermal properties due 
to the highest strength-to-density ratio in comparison of any other 
metallic element and is unusually resistant to corrosion. Titanium 
is often alloyed with aluminium, vanadium, copper (to harden), 
iron, manganese, molybdenum, and with other metals. It finds 
major applications in steel as an alloying element (ferro-titanium) 
and as a deoxidizer, to reduce carbon content. Applications for 
titanium mill products (sheet, plate, bar, wire, forgings, castings) 
can be found in industrial, aerospace, recreational, and emerging 
markets. Powdered titanium is used in pyrotechnics as a source 
of bright-burning particles. The recent applications are exploring 
towards the fabrication of nanostructures of titanium oxides as 
conducting materials. 

Numerous studies have been reported in literature showing 
ZnO to be better photocatalyst for the detoxification of a large 
number of organic contaminants. Paulios and Tsachpinis[51] 
reported enhanced degradation of Reactive Black 5 in the 

https://en.wikipedia.org/wiki/Vanadium
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Molybdenum
https://en.wikipedia.org/wiki/Steel
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https://en.wikipedia.org/wiki/Pyrotechnics
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presence of ZnO rather than other metal oxides; TiO2–UV100, 
TiO2 (Degussa P25), and TiO2/WO3. Paulios et al. [52] carried 
out the degradation of Auramine in batch reactor and found 
that the performance of ZnO was better than TiO2 (Degussa 
P25). Hoffman et al. [53] have reported an efficient generation 
of H2O2 by ZnO rather than by TiO2. Thus, degradation in the 
presence of ZnO may progress in three different ways viz., 
photocatalytic oxidation or oxidation with the simultaneous 
generation of H2O2 (photocatalytically), or a simultaneous 
process of both ways [54,55]. TiO2 is a relatively inexpensive 
catalyst easily activated by sunlight applied for photocatalytic 
oxidation of As (III) for treating arsenic contaminated 
groundwater [56].

A Mini-review has been presented by Kunal Mondal, and 
Ashutosh Sharma [57] on photocatalytic oxidation of pollutant 
dyes such as azo dyes, organic pollutant, PAH (Polycyclic 
Aromatic Hydrocarbons) which are known to be endocrine 
disruptors by using TiO2 and ZnO. U.G. Akpan [58], 2009 
has also presented a review based on the effects of various 
operating parameters which affect the process: pH of the 
solution to be degraded, and the pH of the precursor solution 
(catalyst’s solution during preparation of catalyst), oxidizing 
agent, calcination temperature, dopant content, and catalyst 
loading on the photocatalytic degradation of textile dyes 
specifically using TiO2-based photocatalysts. As some reactive 
dyes are degraded at higher pH, while others at lower pH; 
hence in photocatalytic degradation of dyes in waste waters, 
the reaction should be undertaken at the proper pH. Oxidizing 
agents, calcination temperature and catalyst loadings are 
found to exert their individual influence on the photocatalytic 
degradation of any dye. They found out that sol–gel method 
is widely used in the production of TiO2-based photocatalysts 
because of the ability of sol-gel method to synthesize 
nanosized crystallized powder of the photocatalysts with high 
purity even at low temperature. The toxic effect of nano-TiO2 is 
found limited in aquatic environment and efforts are required 
towards the understanding of the particles contributing to 
toxic effects on bacteria, algae, invertebrates, and vertebrate 
species. Also, a possibility that other toxicants can be associated 
with TiO2  nanoparticles and therefore likely synergistic effects 
must be examined for additional toxicological concerns [59]. 

Morteza montazerozohori [60] (2012) presented the 
photocatalytic degradation of an organic dye emerald green 
using nano TiO2 and studied its kinetics also. The degradation 
of emerald green in the presence of effectual agents such as 
photocatalyst dose, pH and irradiation time, shows the complete 
degradation after 150, 50 and 30 min by use of optimal doses 
of nano TiO2 at various pH and Observe 3.3 × 10–2 min–1, 7.09 × 
10–2 min–1 and 1.32 × 10–1 min–1 for pH of 7, 8 and 9, respectively. 
Finally, the L-H rate constant, kr, and adsorption–desorption 
constant, KA and dye degradation half times (t1/2) were evaluated 
at some basic pH.

TiO2 nanocrystals based chemical sensors was used to detect 
acetone [61]. TiO2  nanotubes with three different structures 
consisting of amorphous, anatase or anatase/rutile mixed 
phases based three different gas sensors were used for hydrogen 

sensing and it has been found that the structural properties 
of the TiO2  nanotubes make them a viable new gas sensing 
nanomaterial at room temperature [62]. A high sensitivity, 
chemical sensor based on titania coated optical fiber was used 
for ammonia sensing [63]. Sensing Performance of Precisely 
Ordered TiO2 Nanowire Gas Sensors Fabricated by Electron-Beam 
Lithography was used to detect the ethanol. Sensing response of 
the TiO2 nanowire sensor to ethanol was found higher at higher 
gas concentrations [64]. 

Iron oxide (Fe2O3)
Iron is found to be very reactive towards oxygen and water in 
normal air to give hydrated iron oxides, commonly known as rust. 
Unlike many other metals which form passivating oxide layers, 
iron oxides occupy more volume than the metal and thus flake 
off, exposing fresh surfaces for corrosion. Iron oxides and oxide-
hydroxides are widespread in nature, play a vital role in many 
geological and biological processes, and are extensively used by 
humans, e.g., as iron ores, pigments, catalysts, and in blood as 
hemoglobin. 

Freely dispersed nano-, sonic-, bulk Fe2O3 were used for 
photocatalytic water oxidation under UV and visible irradiation 
and as a result all three materials (5.6 mg) evolved the O2 from 
water with 20 mM aqueous AgNO3 as sacrificial electron acceptor 
[65] .Enhanced photocatalytic activity of porous α-Fe2O3 films 
exhibited the excellent photocatalytic activity in hydrogen 
generation by water splitting under UV radiation, which is two 
orders better than that reported for α-Fe2O3 powders [66]. Fe2O3 
photocatalyzes the oxidation of aniline to azobenzene under 
natural sunlight and UV irradiation in protic and aprotic solvents 
and exhibited sustainable catalytic activity [67].

A sensor made from the α-Fe2O3 decorated with multiwall carbon 
nanotubes was used for the detection of low concentration of 
ethanol vapours [68]. The gas sensing properties of the sensors 
based on the as-prepared Ag/Fe2O3 nanoparticles to different gas 
were investigated in detail [69].

Gadolinium oxide (Gd2O3)	
The fundamental interest in rare-earth metals is enhanced by 
the unique interplay between the highly localized 4f states and 
the itinerant valence electrons, which in particular can result 
in different electronic and magnetic properties of surfaces and 
interfaces as compared to the rather well-known bulk properties. 
Gadolinium (III) oxide, commonly known as gadolinia is an 
inorganic compound with the formula Gd2O3. It is one of the 
most commonly available forms of the gadolinium as one of the 
rare earth elements, derivatives of which are potential contrast 
agents for magnetic resonance imaging (MRI).

Visible-light activities of Gd2O3 /BiVO4 composite photocatalysts 
exhibited the enhanced photocatalytic activities than the pure 
BiVO4 for degradation of methyl orange under visible-light 
irradiation [70]. As grown and annealed Gd2O3 were used to detect 
the ethanol chemical by using the I-V technique. The sensor based 
on as-grown Gd2O3 nanorods demonstrated the high-sensitivity 
of 0.6940 μAcm-2mM-1 with low detection limit (0.02 mM) and 
correlation coefficient (R=0.7345) in short response time [71] 
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whereas, the sensor based on annealed Gd2O3 nanostructures 
demonstrated the sensitivity of 0.266 μAcm-2mM-1 with a low 
detection limit (52.2 mM) and correlation coefficient (R = 0.618) 
in short response time [72]. 

Antimony oxide (Sb2O4)
Antimony oxide  is an  inorganic compound often classified 
according to its oxidation state Sb(III) and Sb(V). Also forms a 
mixed-valence oxide compound,  antimony tetroxide  (Sb2O4), 
which features both Sb(III) and Sb(V). Application of antimony 
is consumed in  flame retardants, making of bullets and bullet 
tracers, paint and glass art crafts and as a pacifier in enamel. As 
an alloy, it is used for the production of batteries, plain bearings 
and solders, as a stabilizer and a catalyst for the production 
of  poly ethylene terephthalate. Antimony and its compounds 
should be handled precariously as inhalation of antimony trioxide 
(and similar poorly soluble Sb (III) dust particles such as antimony 
dust) is considered harmful and suspected of causing cancer and 
corrosive to skin. 

The photo-catalytic activity of the synthesized α-Sb2O4 was 
evaluated by degradation of acridine orange (AO) which degraded 
almost 52.1% in 170.0 minutes. The analytical performances of 
the fabricated chloroform sensor demonstrated good sensitivity 
(1.154 μAcm-2 mM-1), lower-detection limit (~10.0 μM), long-
linear dynamic range (12.0 μM to 1.2 mM) with good linearity 
(R=0.8457) in short response time (10.0 Sec) [73].

Very few reports have been published based on rare earth 
metal such as a dynamic electrochemical sensor fabricated by 
using PVC for sensing europium (III) [74] developed sensor is 
useful in analytical as well as biological samples such as urine 
and it can also work as an electrode indicator. Researchers have 
also reported on detection and removal of heavy metal such 
as mercury from waste water [75] fabricated Uranyl Selective 
Polymeric Membrane Sensor based on p-tert-butylbiscalix arene 
for determination of Thorium [76]. 

It has been observed that the sensitivity of electrochemical 
sensors depends upon many factors such as electrodes, shapes 

and sizes of nanostructures, and target analytes etc. High surface 
area, excellent absorbing and adsorbing behavior, bio-friendly 
nature and high electron communication characteristics of 
nanostructures may be the reason behind the high sensitivity of 
this sensing system. 

Conclusion
Researchers have performed very extensively, promising and well 
defined work in the field of photocatalyses as well sensors. The 
application of semiconductor nanoparticles as photocatalysts is 
still limited by the fact that they respond only to UV-excitation 
thus still lot scope is left to work in above require field due to 
the some following grounds such as synthesis of UV-Visible light 
induced nano-photocatalyst with enhanced activities should be 
in a controlled manner as well as its production should occur at 
large scale to meet the requirements. 

Thus, a continuous effort is required to extend the response 
of metal oxides to the visible light are expected to draw the 
attention of future research. Though some research groups have 
successfully fabricated the sensors, but the selectivity is still quite 
low. The sensing issues of extremely high sensitivity, selectivity 
and stability should be resolved. 

Incorporation of these nanostructures citing their photocatalytic 
and sensing activities can bring inevitable advantages inherent 
to the nanoscale, namely, an ability to transduce information 
at molecular resolutions, enhance low signal levels, quicken 
response times, and continuously monitor environmental in 
consequence to the health changes in the form of sensors. 
Exploiting nanostructured sensors in environmental processes 
witnesses a continuing need to bridge the divide between 
the engineering advancements in sensing components and 
configurations, and the emerging needs. Hence, in conclusion, 
knowledge of the different synthetic procedures employed for 
the preparation of photocatalytic materials should be considered 
necessarily. The search for new photocatalysts having desired 
properties to induce the oxidation reaction of organic substrates 
or the pollutants under visible light irradiation should be 
encouraged.
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