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ABSTRACT

Synthetic dyes have extensive application in textile, leather, paper, food, and agricultural research and
therefore have large-scale production.However, they cause considerable environmental pollution and serious
health-risk factors. Therefore, it is essential to remove dyes completely or treat the streams containing dye
effluents with more efficient and cost effective technologies. In this regard,TiO, based photocatalysis has
received considerable interest due to its abundant availability, high stable, inert cum non-toxic, and high redox
potential for degrading the dye.This review focuses on a) various mechanisms for photo catalytic dye
degradation, b) strategies/methodologies for enhancing TiO,photocatalytic properties and finally ¢) some
typical issues, which are unaddressed in the context of photocatalytic dye degradation using TiO, based

catalysts.

Keywords: catalysts ,effluents,dye degradationTiO2 based photocatalysis, effective

technologies.
I. INTRODUCTION

Textile industry serves major fraction of income and strongly depend on economic development of any country.
However, the untreated liquid effluents containing dyes from the outlet of these industries cause very severe
environmental pollution problems. Therefore, it is inevitable to treat the dye effluent streams before they release
into water bodies. Dye degradation treatment techniques have been classified as physical, chemical, and
biological.

Physical techniques such as activated carbon, adsorption, reverse osmosis etc.causes secondary pollution to the
environment as they require further treatment of solid-wastes, finally this adds additional cost to the process.
Chemical processes involves adsorption on organic or inorganic matrices, ozonation, chemical oxidation
processes, advanced oxidation processes such as Fenton and photo-Fenton catalyticreactions,H,O,/UV
processes and photo degradation through photocatalysis. Toxic unstable metabolites resulted from these
processes imparts adverse effects on human health [1-7].

Biological technigues involving aerobic and anaerobic conditions are known to be ineffective for degradation of

dyes due to higher molecular weight of “coloured” substances [8].Moutaouakkilet al.catalyzed the reductive
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cleavage of azo bond by an enzyme called azoreductase, which leads to disappearance of colour. However,
complete mineralization of toxic by-products is not possible by the biological processes [9].

Apart from these techniques, heterogeneous photocatalysis with large band gap semiconductors such as
TiO,(3.0-3.2eV)[10-12] has achieved greater interest due to its high photoactivity, non-toxicity, photocorrosion
resistance and other physical and chemical properties [13]. TiO, has two prominent photocatalytically active
phases namely anatase and rutile. Anatase is catalytically more active than rutile even though, both phases have
numerous structural and functional differences. For example, rutile has to be photocatalytically active as it is
having lesser bandgap (~3.0 eV) in comparison to anatase (~3.2 eV). However, the band edges, inherent band
bending, high flat band potential/redox potential of anatase makes it superior over rutile [14] in photocatalytic
applications. So, anatase is regarded as more photochemically active phase of Titania due to the combined effect
of lower rates of recombination of charge carriers and higher surface adsorptive capacity. Therefore, most of the
studies have been carried out with anatase compared to the rutile [15]. However, the efficiency is less due to
high bandgap limiting the absorption to UV fraction of light only. In order to further improve the efficiency of
operation severalstrategies very implemented such as doping, sensitizing, tuning the morphology/size etc. Inthis
short review, we focus mainly on different mechanisms and the adopted strategies in improving the dye

degradation efficiency of TiO, based photocatalysts.

I1.PHOTO CATALYTIC DYE DEGRADATION MECHANISMS

2.1. Direct mechanism for dye degradation

The mechanism occurs when the dye has ability to absorb some of the visible light. When the visible light
photon (A> 400 nm) is absorbed by the dye molecule it gets excited from ground state (dye) to its triplet excited
state (dye*). By injecting an electron into the conduction band of TiO,, excited state dye species converted into
semi-oxidised radical cations(dye”)[16]. Super oxide radical anions (O °) are formed by the reaction between
trapped electron and dissolved oxygen, which finally results into hydroxyl radicals (OH') formation, which is
responsible for the oxidation of organic compounds as shown in fig 1.

Dyethv—dye* (1)

Dye* + TiO, — dye" + TiO, 2

Dye* —— Oxidation Products <— Dye
+
0, (207+ 2H* —> 2HOO* —>H;0; —>20H")

Visible light

Fig 1.Representation of direct mechanism for dye degradation [17, 18]
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2.2. Indirect mechanism for dye degradation
Indirect mechanism using semiconducting materials can be explained by the following sequential steps [20, 21].
a. Photo excitation:When a semiconductor is irradiated with a photon (4v) having energy equal to or greater than
the band gap of a semiconductor (i.e. TiO,), photoelectron is exited from valence band to the conduction band of
the semiconductor. This results in a hole and electron pair (e/h*) as shown in Eq (3).
TiO, + hu(UV) — TiO, (e (CB) + h*(VB)) (3)

b. lonization of water:Hydroxyl radicals (OH") are formed at the valence band by the reaction between
photogenerated holes and water.

H,0 (ads) + h* (VB) — OH" (ads) + H" (ads) 4
These OH" radicals are extremely powerful oxidising agents, which directly attack adsorbed organic molecules,
as well as organic molecules that are close to the catalyst surface non-selectively to mineralize them upto an
extent depends on their structure and stability level.
c. Oxygen ionosorption:The electron at the conduction band is taken up by the oxygen to form superoxide
radical (O, ). This superoxide radical participates in further oxidation process and also prevents the
recombination of electron-hole pair and maintains electrical neutrality within the molecule. This superoxide
radical formation is shown eq. (5).

0, +e(CB) — 07 " (ads) (5)

d. Protonation of superoxide: Hydroxyl radicals can also produced from protonated superoxide radicalwhich can

be shown by the following series of reactions.

Oz (ads) + H" JAO" (ads) (6)
2HOO" (ads) — H,0, (ads) + O, (7)

H,0, (ads)—>20H" (ads) (8)
Dye + OH— CO, + H,0 (dye intermediates) C)]
Dye + h* (VB) — oxidation products (10)
Dye + e (CB) — reduction products (1)

At the surface of the photoexcited semiconductor photocatalystboth oxidation and reduction processes takes

place as shown in fig 2.

. +2H
0: (2053 2HOO* —>H,0,—> 20H")

e +

Reduction Products

Dye —> Oxidation Products
Light Irradiation

OH"+H*/OH"

Oxidation Products H,0/0H

Fig2.Representation of indirectmechanism for dye degradation [19]
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IHL.STRATEGIES/METHODOLOGIESFOR ENHANCING TIO,PHOTOCATALYTIC PROPERTIES:
3.1. Doping

Due to the band gap of TiO, (3.2eV for anatase), its photocatalytic performance is limited upto UV region only.
In order to increase the performance of TiO, under visible light, the electronic structure can be modified by
various doping strategies such as non-metal doping, transition metal doping, noble metal doping, lanthanide ion
doping and multi-atom doping. The dopant added will improve the absorption by lowering the bandgap by
forming-mid gap energy states/transition energy states wherein the charge carrier life time is comparable to the
original states.

3.1.1 Non-metal doping

Various reports are available for enhancing TiO, performance under visible light using non-metals as dopants
such as nitrogen, sulphur, carbon, boron, fluorine etc. [22, 23]. Here, we have discussed only carbon and
nitrogen.

3.1.1.1 Carbon doping

Both carbon and nitrogen have received more attention as dopants due to their low cost and narrow band gaps.
As narrow band gaps allow them to catalyze under visible region. The routes for the synthesis of carbon doped
TiO, can be broadly divided into two categories, a. inner synthetic route and b. outer synthetic route. Former
includes incorporation of carbon into TiO, structure during its synthesis while later includes incorporation of
carbon after TiO, has been synthesized.

Irieet al. synthesized carbon doped anatase TiO, nanoparticles by oxidative annealing of TiC under O, flow.
During this process, temperature is maintained at 873 K [24]. Also Khan et al. prepared carbon doped TiO, by
controlled combustion of Ti metal in a natural gas flame [25].

Renet al. synthesized doped TiO, by outer synthetic route by adding required amounts of amorphous TiO,,
glucose, deionized water in a Teflon lined stainless steel autoclave at 160°C for 12 hours [26].

Velmuruganet al. prepared carbon nanoparticle loaded TiO, (CNP-TiO,) by sonochemical
method.Photocatalytic activity of CNP-TiO,under solar radiation for degradation of reactive red 120 was found
to be higher than TiO, P-25 and as prepared TiO, [27]. This increased reactivity is due to the suppression in
recombination of photogenerated electron-hole pairs.

3.1.1.2 Nitrogen doping

Nitrogen-doped TiO,photocatalysts have been tested for decomposition of organic compounds and dyes under
UV and visible light illumination [23]. Asahi et al. reported that nitrogen has comparable size and
electronegativity to that of oxygen. Further, the O and N orbitals will intermix and narrow the bandgap.This is
most suitable for reducing band gap width of TiO, [28].

Irieet al. proposed that in TiO,.4N,powder, an isolated narrow band is formed above the valence band, which is
responsible for the visible light response [24]. Along this, if the concentration of nitrogen is increased then the
quantum yield under UV is decreased which means that the doping sites could also work as recombination
centres.Parida and Naik reported that the degradation efficiencies using N-doped TiO, for methylene blue and
methyl orange are 67% and 59% after 4 hours irradiation under visible light source [29]. Selvarajet al. reported

photocatalytic degradation of various reactive triazine dyes as well as reactive yellow 84, reactive red 120,
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reactive blue 160 with N-doped anataseTiO, and P25 under natural sunlight [30]. They concluded that reactive
yellow 84 fastly degraded with this N-doped TiO,when comparing with the commercial Aeroxide P25 under
sunlight. However, the photocatalytic activity of P25 is higher for the other two dyes (reactive red 120, reactive
blue 160). But Ihara et al. andSerpone argued that during the synthesis of N-doped TiO,, oxygen deficient sites
were formed in the grain boundaries, which are responsible for the visible light response, whereas nitrogen just
enhances the stabilization of these oxygen vacancies [31, 32].Songkham and Tantirungrotechai were
synthesized nitrogen and iron(l11) co-doped TiO, (N-Fe-TiO,). They reported that N-Fe-TiO, is active for photo
degradation of methyl orange [33]. Nevertheless, absorption spectra showed N-Fe-TiO,photocatalyst is only
active under UV but not visible irradiation. Finally, it can be concluded that understanding of dye degradation
mechanism under visible light is not clear,but still N-doped TiO, is more important than the non-doped TiO, in
near future due to its dye degrading activity under availablesunlight.Apart from advantages of non-metal
doping, long-term instability of the photocatalyst is a main problem [34] which can be alleviated using transition
metal doping.

3.1.2. Transition metal doping

Transition metals incorporation in the TiO, crystal lattice induces a shift of light absorption towards the visible
light region by forming new energy levels between valence and conduction bands. Relative energy band
positions and bandwidthsfor anatase TiO, of pure (4v), metal-doped (hv,) and non-metal doped (/vom)

formswere shown in the following fig3.
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Fig3. Representation of relative energy band positions and bandwidths for anatase TiO, of pure
(hv),metal-doped (hv,) and non-metal doped (hv,,) forms [35].

In this transition metal doping, cadmium and copper doping are explained in brief here.

3.1.2.1. Cadmium doping

Cadmium is one of the heavy metals, which can modify the photocatalytic activity of photocatalyst (i.e. TiO,)
by being absorbed into the photocatalyst surface.Andronicet al. investigated thecadmium doped TiO, film
synthesized by using doctor blade deposition method for the photocatalytic activity of methyl orange and
methylene blue dyes [36]. They have been observed a linear relationship between the band gap energy of the
cadmium doped TiO; films and photo degradation efficiency of dyes.X. S. Liet al. reported largely negative or
no effect of cadmium ion on the photocatalytic activity [37]. Nevertheless, these effects greatly depend on the

cadmium concentration and doping methods used. More studies are needed to understand the Cd system
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because; it may oxidize to CdO, which modifies the electronic properties of the system, as it is a p-type
semiconductor.

3.1.2.2.Copper doping

Chun et al. reported that Cu (Il) has the ability to extend light absorption of the TiO, into visible region by
modifying the TiO, valence band spectrum [38].Andronicet al. have taken Cu,S and coupled Cu,S/TiO, thin
films for methyl orange and methylene blue photodegradation. They reported that at Cu,S:TiO, = 3:7, along with
addition of H,0,,99% degradation efficiency is achieved formethyl orange in 300 min and methylene blue in
180 min [39].

Also, the photocatalytic activity of Cu,S/TiO,nanocomposites depends on Cu,S: TiO, ratio. Higher efficiency is
due to the semiconductor association and films homogeneity limits the electron-hole recombination.Huang et al.
tested Cu,O nanoparticles and microparticles for photo degradation of methyl orange. Cu,O nanoparticles are
stable in ambient atmosphere whereas microparticles are stable as Cu,O/CuO core structure. Due to this, slow
photocorrosion occurs with this Cu,O microparticles. However, Cu,O microparticles showed higher
photocatalytic activity for methyl orange than that of its nanoparticles because; nanoparticles are deactivated
during the photo catalytic reaction [40]. However, transition doping may cause thermal instability for the
anatase phase of TiO..

3.1.3. Lanthanide ions doping

Lanthanide ions are recognized due to their complex formation with the Lewis bases such as acids, amines,
alcohols, aldehyes etc. as these bases interacts with the f-orbital of the lanthanides through their functional
groups. Therefore, inclusion of lanthanide ions into the TiO, matrix could provide a
good contact between the organic pollutants to the surface of the semiconductor. Hence, enhances the
photoactivity of TiO,[41]. Recent studies explained La**,Nd**, Sm*, Eu**, Gd** and Yb** modified TiO,
nanoparticles have ability to increase the stability of anatase phase. Xieet al. synthesized three types of
lanthanide ion-modified TiO, such as Nd**-TiO,, Eu®*" -TiO,, Ce*" -TiO,and tested for photo degradation of azo
dye X-3B under visible light irradiation [42]. They ranked the reaction rates as Nd**-TiO,sol > Eu** -TiO, sol
>Ce* -TiO, sol > TiO, sol > P25 TiO, powder.

Zhang et al. prepared TiO, particles co-doped with boron and lanthanum (B-La-TiO,) at 1:4 molar ratios. Its
degradation efficiency for methyl orange is 98% in 90 min and 24% for undoped TiO,. The reason for this
efficiency is due to its tremendous photocatalytic effect under visible light region [43].Lanet al. synthesized
lanthanum and boron co-doped TiO, (La-B-TiO,) by modified sol-gel method. 1% La-B-TiO, catalyst showed
93% degrading efficiency for acid orange 7 under visible light irradiation in 5 hours.

Nasiret al. prepared 0.1 Ce/C co-doped TiO, through hydrothermal method for effective acid orange 7-dye
degradation under visible light. Co-doped catalysts showed better activity than C-doped catalyst. However,
increase in the concentration of Ce above 0.1 Ce/C-TiO,increased the electrons and holes recombination [44].
They finally concluded that, surface hydroxyl groups are increased abundantly due to increase in the surface
area as the particle size is decreased and electron-hole recombination is reduced. Both of these enhanced the

photocatalytic degradation of acid orange dye.
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3.1.4.Noble metal doping

TiO, modified with noble metal exhibits excellent stability and reproducibility. Several studies have been
reported that noble metal modified catalyst acts as an electron trap due to the formation of schottky barrier thus
reduces the recombination of electron-hole pairs, thereby photocatalytic efficiency is improved [45].Most recent
work is going with the silver and platinum doped TiO,, in which silvermodified TiO, is explained in detail
below.

Gupta et al. synthesized silver-doped TiO,, they were regenerated the Ag” doped TiO, by washing the catalyst
with distilled water thoroughly. The degradation efficiency is achieved by Ag* doped TiO, is >99% for basic
violet 3 and methyl red in 90 min along with 86% mineralization efficiency [46].Seery et al. reported that
increase in decolourization of rhodamine 6 G with Ag modified TiO, is due to increase in the visible absorption
capacity of silver nanoparticles [47]. However, there is need to increase the optical properties. For this, some
potential transition metals are used to tailor the band gap width of TiO,/Ag,0 [48].

3.2. Dye sensitization

Since dyes have absorption in the visible part of thesolar spectrum, dye sensitizationwill helpful due to
adsorption and subsequent hot electron transfer from the surface of dye to the surface of TiO, and improve the
efficiency[49]. Dye sensitized degradation is mainly aided by enhanced adhesion of the dye molecule on the
surface of TiO, in the presence of oxygen which can easily look for the injected electrons from the conduction
band.

Zhang et al. reported that aerobic selective oxidation of alcohols is achieved by an anthraquinonic dye (alizarin
red S) sensitized TiO, and a nitroxyl radical (2, 2, 6, 6-tetramethyl-piperidinyloxyl). The mechanism mainly
involves the formation of a dye radical cation that oxidizes the nitroxyl radical. This radical species are mainly
responsible for the oxidation of alcohols into aldehydes [50].Conjugated polymers such as polyaniline and

polythiophene can also be used as TiO, sensitizers for the dye degradation.

3.3. Graphene modified TiO,

Graphene is an atomic sheet of sp>-bonded carbon atoms with unique properties such as high conductivity, high
transparency due to its one-atom thickness and large specific surface area.

Zhang et al. synthesized P25-graphene composite by hydrothermal method. During the process, graphene oxide
is reduced to graphene and then P25 nanoparticles were deposited onto the graphene sheet. P25-graphene
composite is more active than P25 for the degradation of methylene blue due to reduced recombination of the
charge and increased absorptivity [51].Furthermore, TiO,/graphene composites have been well studied as a

electrode material and solar light photocatalyst for the lithium-ion batteries.

3.4. Structurally modified TiO,

To increase the activity of photocatalyst, different shapes of TiO, were employed such as nanoparticles,
nanotubes, nanorods, nanorings, nanosheets, nanocombs, nanobeltsetc. The photocatalytic activity of TiO,
nanotubes strongly influenced by tube diameter and thickness. If the tube thickness increases, then degradation

efficiency increases until a maximum value is reached but again decreases to a steady value.
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Compared to anatase or P25 TiO,nanoparticulate films, nanotube arrays with similar thickness and geometric
area are more active. The increased dye degradation activity is due to effective separation of electron-hole pairs,
which takes place in a ordered way in TiO,nanoarray film and also due to higher internal surface area of the
nanotube structure [52].

3.5. Fullerenes modified TiO,

Fullerene is a molecule entirely composed of carbon. They have many different forms, from which spherical
fullerenes are called as buckyballs. Cylindrical forms are named as carbon nanotubes or buckytubes. Krishna et
al. have takenpolyhydroxy fullerenes (PHF) to enhance the photocatalytic efficiency of TiO, for the procion red
dye [53]. Electrostatic forces adsorb PHF molecules on the surface of TiO,. This enables scavenging of

photogeneratedelectrons that result in decreasing the charge recombination.
IV. SPECIAL CASES IN TIO2 PHOTOCATALYSIS:

Even though, several strategies have been employed for improving the photo/catalytic efficiency, only limited
performance is achieved with TiO2 based photocatalysts in dye degradation studies as the photocatalysis is a
complexheterogeneouschemical reaction. Therefore, several un addresses issues in this area which need to be
explored. Firstly, the form of photocatalyst that taken for dye degradation studies plays an importantrole as the
kinetics have major impact on charge carrier recombination rate. For ex: if the catalyst is in the form of coating
then there is no need to perform post filtration and centrifugation. Nevertheless, this reduces efficiency of the
system due to loss of exposed surface area. Secondly, if the catalyst is in powder form, the problems regarding
this are stirring should perform during operation and collection of the catalyst from the treated water after every
run. . Further, one has to take into account the stability of dye before or during degradation studies, as some
times dye itself degrade utilising the fraction of light illuminated without photocatalyst.In this section, we
discuss methods for fixing the TiO, on supporting materials such as activated carbon, silica, zeolite etc to

alleviate the existing problems as well as to limit the usage of photocatalysts.

4.1. TiO, on zeolite support

Zeolites are the aluminosilicate members of microporous solids known as molecular sieves. They provide
effective electric field of their framework for the charge separation. Mathews et al. reported that the OH"
radicals produced on the surface of the TiO, could be easily transferred to the zeolite surface as shown in the

fig4. Thus enhanced efficiency of dye degradation [55]

4.2. Silica as TiO, support

Recently, amorphous SiO, has become useful because of its high adsorption capacity. Presence of more number
of acid sites and hydroxyl groups on amorphous SiO,, it has good absorptive properties. Hence, it is used as
TiO, support.

Sun et al. investigated the catalytic properties of three porous amorphous silica for rhodamineB. They concluded

that nature of silica supports could affects the particle size and crystal form of TiO,. Opal and porous supported
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photocatalysts (TiO,/SiO,) showed better catalytic performance of 85% decolourization for rhodamine B at
different calcination temperatures [56].

UV Tubes

U Clinopitilolite (CP)

Zeolite
‘ Dye Molecule
(@) TiO;

Fig 4.Enhanced charge separation in the zeolite supported TiO, [57].

4.3. TiO, on activated carbon support

Activated carbon also known as activated charcoal which is highly porous form of carbon with pore ranges as
macro(wavelength > 50 nm), meso (0.5-1 um) and micro (<1um). Dye removal by adsorption using activated
carbon is the common method and used as a support for most heterogeneous catalysis reactions [58].

Activated carbon performance mainly depends on type of carbon used and characteristics of the aqueous
solution containing various chemical contaminants. Like other dye removal treatments, activated charcoal is
suitable for one particular type of pollutant and ineffective on other. Even though, activated carbon is expensive
but it comes with the advantage of regeneration.

Activated carbon supported TiO, allow more contact between reactants and TiO,.So that they easily formed into
intermediate compounds which is shown in fig5. Zhang et al. proposed similar design regarding AC supported
TiO,. However, the bang gap tuning of TiO, is not achieved by theActivated carbon.

Methyl Orange Merhyl Orange

£
2
[
Non-reaction Intermediates
COa,
In the presence of AC In the absence of AC

Fig5.Methyl orange degradation mechanism with AC-TiO, composites [59].
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4.4. Carbon nanotubes as TiO, supports

Researchers have more interest towards carbon nanotubes as they posses’ unique electronic properties. They are
explained simply as rolled graphene sheet. There are two types of nanotubes i.e. single walled carbon nanotubes
(SWCNTs) and multi walled carbon nanotubes (MWCNTSs). CNTs have high surface-to-volume ratio, which is
the main property to use it for the degradation of dyes. Yu et al. compared the effect of MWCNTSs on the
adsorption and the photocatalytic properties of TiO, P-25. They reported that, mixture of CNTs and TiO,
showed improved activity for the treatment of three azo dyes compared to the activity by activated carbon [60].
The short MWCNTSs are used initial materials for the fabrication of TiO,/short MWCNTSs nanocomposites,
which were tested for photodegradation of reactive brilliant red X-3B. Thus, various photocatalysts were ranked
as TiO,/short MWCNTS > TiO,/MWCNTSs > TiO,> P-25.

4.5 TiO,coupled with semiconductors

The Victoria charge transfer from one semiconductor to another with suitable band edge positions that is
thermodynamically favourable can increase the lifetime of the charge carriers thus promoting the interfacial
charge transfer and catalytic efficiency [61]. Coupling the TiO,with a wide band gap semiconductor like SnO,is
reported to enhance the charge separation and thus the photocatalytic activity. The CB edges of anatase TiO,and
SnOqare situated at0.34 and +0.07 V, respectively, while the VB edge of SnO,(+3.67 V) is much more positive
than that of anatase TiO, (+2.87 V) as shown in Fig 6.

> T
LANA TR PP
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E E — Ecn
Ecs — g
®-h e *
7i0: tayer £ § N\ * = +1 iy
A bt SnO: =% TiO:
— e € ™ —::_-2
F
SnO: hayer —— 3 Ewvm
=
Eva . ¥
Glass substrate B holes trarcsfer
. Efev)ys NHE
® cxcirated carrierin Ti0, & exclirated carrier in Sn0;

Fig 6.Representation of the interfacial charge transfer processes in the SnO,-TiO, composite
film [62]
The SnO,-TiO, composite films fabricated on transparent electro-conductive glass substrateshowed superior
activity for the degradation of Rhodamine B (RhB) due to the combined effects of low sodium content, better
crystallization, appropriate phase composition of anatase (73.4%) and rutile (26.3%), and slower recombination
rate of charge carriers [62]. However, the activity of large band gap semiconductors limits to UV region only.
Therefore, the formation of heterojunction structure between a narrowband gap semiconductor and TiO,with
matching band potentials provides an effective way to extend the photosensitivity of TiO,to the visible portion of

the solar spectrum.
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Wau et al.reportedthat the direct formation of nanocrystalline TiO,coupled with highly dispersed CdSnanocrystal
at low temperature by a combined micro emulsion and solvothermal method resulted in the faster degradation of
methylene blue (MB) under visible light irradiation [63].ESR results revealed that the electrons from theexcited
CdS were injected into the titania CB and then were scavenged by molecular oxygen to yield a superoxide
radicalanion in oxygen-equilibrated media, which is shown in fig 7.

W vs NHE (eV)

24

A

ol — 0,/0," (-0.28)
— OyH0O, (+0.28)

r _ OHMO, (+0.73)

L H0,H,0 (+1.35)

OHMH O (+2.2T)

(pH =7)

Fig 7.Redox potentials of the VB and CB of CdS sensitized TiO, nanoparticles and various
redox processes occurring on their surface at pH 7 [63]

V. CONCLUSION

TiO, is an importantsemiconducting material for photo catalysis/dye degradation studies owing to its stability,
abundant availability in a nut shell, though it has inherent surface characteristics. Several strategies of improving
the efficienciesare reported in this area. However, significant research stillispossible as this is a complex
heterogeneous chemical reaction. In this review article, different mechanism, strategies of improving the
efficiency is discussed thoroughly. Further one need to look into deeper aspects of molecular mechanisms on
catalyst surface which helps to simplify the analysis of catalyst-photon interaction.
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