
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
https://doi.org/10.14233/ajchem.2018.21468

INTRODUCTION

Titanium dioxide is used as an effective candidate for the
heterogeneous photocatalytic processes because it is highly
photoactive, inexpensive, non-toxic, photostable, commercially
available and chemically inert [1]. Various industries such as
paper, textile, ink, varnishes and paints discharge their large
amount of unreacted dyes and dye intermediates into the aquatic
systems. These contaminants result in high BOD, COD, toxicity,
bad smell and colouration [2]. The presence of colour and its
causative compounds in water make them undesirable for dom-
estic or industrial usages as colour is visible and can be an indi-
cation of pollution [3]. Hence, the decolorization and minerali-
zation of wastewater have received an increased attention.

Several methods have been developed for treatment of
wastewater. The dye effluents can be treated by various tradi-
tional methods such as biological methods, flocculation, reverse
osmosis, adsorption on activated carbon and ion-exchange method
[4-6]. These methods transfer the pollutants from one phase
to other phase causing secondary pollution. Heterogeneous
photocatalysis is one of the promising advanced oxidation techni-
ques applied for the degradation and mineralization of pollutants
such as organic compounds, dyes and fertilizers [7]. Hence,
in recent years, researches on semiconductor based heterogen-
eous photocatalysis for the remediation of pollutants have grown
remarkably.
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The energy gap of TiO2 is about 3.0-3.4 eV. Therefore, to
trigger the photocatalytic activity of TiO2, light having energy
in the UV region is required. Another drawback of TiO2 is its
high rate of recombination of photogenerated electrons and
holes. Efforts have been taken to prevent the recombination
and to enhance the photocatalytic activity by surface modifica-
tion and doping. Doping of metals or non-metals into metal
oxide could promote the visible light activity; but it can also
cause thermal instability, crystal instability and increases the
trapping of charge carriers which may reduce the photocatalytic
efficiency [8]. Therefore, design and synthesis of novel photo-
catalysts are becoming a quest in the photocatalytic field.

β-Cyclodextrins (β-CDs) are doughnut shaped oligosacch-
arides composed of seven glucopyronose monomer units with
hydrophobic inner cavity and hydrophilic outer ring. Through
non-covalent interactions, the β-CD can form host-guest inclusion
complexes with organic compounds in both solid and liquid
phases. The encapsulation of guest molecules into the cavity
of β-CD modifies their physicochemical properties [9]. β-
Cyclodextrin improves the photocatalytic decomposition of
the guests entrapped into its hydrophobic cavity through charge
transfer from the photoexcited semiconductor surface to electron
acceptors (guests) [10,11]. This research work was aimed to
explore and utilize β-CD’s property of trapping the guests and
holes to enhance the photodegradation of dyes.



Metanil yellow is an acidic monoazo dye and known to
cause irreparable damage to the liver and heart [12]. Hence,
Metanil yellow dye was chosen as the model dye pollutant.
The effects of initial concentration of  dye, initial pH of metanil
yellow dye solution, the amount of TiO2 and illumination time
on the removal of metanil yellow dye were investigated.

EXPERIMENTAL

All the chemicals, β-CD, TiO2 and metanil yellow dye
were utilized as procured from Merck, India. The stock solution
of 1000 ppm of metanil yellow dye was prepared by dissolving
1 g of dye powder in 1 L of water and working solutions of
required concentrations were prepared by dilution.

Photocatalytic experiment: The batch type of photocatalytic
reactions were carried out in Heber Multi Lamp photoreactor
(Model: HMP 88). The reaction solutions containing metanil
yellow dye and TiO2 with and without β-CD were stirred for
0.5 h in dark to ensure the adsorption-desorption equilibrium.
The reaction solutions were withdrawn from the reactor at different
time intervals and centrifuged. The absorbance of supernatant
solutions was measured using UV-visible spectrophotometer.
The concentration of metanil yellow dye in the analytes was
calculated and the percentage of removal of dye was estimated
using the following equation:
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where, Ci is the initial concentration of metanil yellow dye
and Ct is the concentration of metanil yellow dye at time 't'.

RESULTS AND DISCUSSION

Effect of initial concentration of metanil yellow dye:
The effect of initial concentration of metanil yellow dye on the
photodecolorization was studied with different concentrations
of it ranging from 20 to 40 ppm for pure TiO2 and TiO2-β-
cyclodextrin systems at its natural pH 6.7. The overall illumi-
nation time was fixed at 60 min. The dose of TiO2 was fixed as
0.5 g L-1. For TiO2-β-cyclodextrin systems, the molar ratio of
metanil yellow dye:β-CD was kept as 1:1. It was observed that
the percentage of decolorization was decreased with increase
in concentration of metanil yellow dye for both pure TiO2 and
TiO2-β-cyclodextrin photocatalytic systems and is shown in
Fig. 1. As the concentration of dye increases, more number of
metanil yellow dye molecules gets adsorbed on the surface of
photocatalyst and therefore the light photons could not react
with the catalyst surface. Also at higher concentration, the light
photons travel up to a smaller distance only due to scattering
of photons by dye molecules [13]. For the further studies, the
optimum concentration of metanil yellow dye was taken as 40
ppm.

Effect of catalyst dose: Experiments were carried out to
investigate the effect of TiO2 loading for the maximum removal
of colour from the aqueous solution of metanil yellow dye.
TiO2 dosage varied from 0.1 to 0.6 g L-1. Fig. 2 revealed that
the percentage of decolorization increases with increase in
dose of the catalysts up to 0.5 g L-1 and then decreases. With
increase in the amount of photocatalyst, the number of active
sites available on the surface of photocatalysts for the adsor-
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Fig. 1. Percentage of color removal of metanil yellow dye with various
initial concentrations by pure TiO2 and TiO2-β-CD
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Fig. 2. Percentage of color removal of metanil yellow dye by different
loadings of pure TiO2 and TiO2-β-CD

ption of metanil yellow dye molecules increases and this led
to the higher percentage of decolorization [14]. Further increase
in the amount of photocatalysts cause agglomeration of the
catalyst particles and so a part of catalyst surface was unavailable
for photon absorption. This leads to reduced generation of
OH• radicals and superoxide radicals which are respectively
the principal oxidizing and reducing species in photocatalysis
[15]. Also, increased concentration of TiO2 leads to opaqueness
and scatter the light photons. Thus, the interaction of light photons
with the over dosage of photocatalysts was limited and led to
decreased percentage of removal dye [16].

Effect of pH: The industrial effluents discharged into the
water stream are either acidic or basic. Therefore, the study of
pH effect is inevitable. The zero point charge (Pzc) value of
TiO2 is about 6.4. At pH < Pzc, the surface of TiO2 is positively
charged and at pH > Pzc, the surface is negatively charged as
per the following reactions:

TiOH + H+ → TiOH2
+ (2)

TiOH + OH¯ → TiOH¯ + H2O (3)

Metanil yellow dye, an anionic azo dye with sulphonate
group. Therefore, at different pH less than PZC of TiO2, more
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metanil yellow dye molecules are attracted towards TiO2 due
to the electrostatic force of attraction existing among the positi-
vely charged TiO2 and dye anion. The maximum percentage
of removal of metanil yellow dye was observed at acidic pHs
in both the systems (Fig. 3). The coulombic repulsion of dye
anion by increased density of TiO− at higher pHs was resulted
in the decrease in percentage of removal [17].
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Fig. 3. Percentage of color removal of metanil yellow dye under different
pHs by pure TiO2 and TiO2-β-CD

Effect of illumination time and kinetic analysis: The
effects of the illumination time on photocatalytic efficiency of
pure TiO2 and TiO2-β-CD systems for maximum percentage of
colour removal are shown in Fig. 4. The temporal changes in the
UV-visible absorbance of Metanil yellow dye upon photocatalysis
by pure TiO2 and TiO2-β-cyclodextrin systems are shown in Fig.
5 and 6, respectively. It was seen that there is no significant change
in the absorption pattern of UV-visible spectra during illumination
except that intensity of peak at 434 nm decreases gradually. The
gradual decrease in the absorbance value revealed the degradation
of metanil yellow dye with increase in illumination time and
no new peaks were found in the absorption spectra. Moreover,
absorbance peak at λmax = 275 nm was decreased gradually and
finally disappeared in both the cases. This trend confirmed that
the dye is completely degraded and no intermediate compound
is formed during the photocatalytic decolorization reaction [18].
The plots of log Co/Ct vs. time (Fig. 7) is a straight line indicated
that photodecolorization followed Langmuir-Hinshelwood's
pseudo-first order kinetics [19]. The rate constants were deter-
mined from the slopes of linear regressions. The linear regression
coefficients R2 and rate constants are listed in Table-1. It is
observed that the rate of decolorization by TiO2-β-cyclodextrin
system was faster than pure TiO2.

TABLE-1 
COMPARISON OF PERCENTAGES OF DECOLORIZATION, R2 

AND RATE CONSTANTS FOR PURE TiO2 AND TiO2-β-CD 

Photocatalytic 
system 

Optimum 
weight of the 
photocatalyst 

Decolorization 
(%) R2 

Rate 
constant 
(min-1) 

Pure TiO2 0.5 g L–1 67.44 0.9359 0.0067 

TiO2-β-CD 0.5 g L–1 94.52 0.9909 0.0221 
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Fig. 4. Percentage of color removal of metanil yellow dye with contact time
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Fig. 5. Absorbance spectra of metanil yellow dye under different illumi-
nation time for pure TiO2
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Fig. 6. Absorbance spectra of metanil yellow dye under different
illumination time for TiO2-β-CD

Fig. 8 shows the photostability and adsorptive property
of metanil yellow dye with and without β-cyclodextrin. It was
observed that metanil yellow dye undergo photolysis to a very
small extent of 1 % and the amount of metanil yellow dye adsorbed
onto TiO2 was increased 1.8 times in presence of β-cyclodextrin.
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Fig. 7. Langmuir-Hinshelwood kinetics for decolorization of metanil
yellow dye by pure TiO2 and TiO2-β-CD
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Fig. 8. Extent of color removal of metanil yellow dye under different experi-
mental conditions

Mechanism of enhanced photodecolorization of metanil
yellow dye: On the basis of above results, the mechanism of
enhancement of photocatalytic efficiency of TiO2 for the decolori-
zation of metanil yellow dye in presence of β-cyclodextrin is
explained schematically (Fig. 9). The more generalized one
step mechanism for heterogeneous photocatalytic decolori-
zation of metanil yellow dye by bare TiO2 could written as:

TiO2 (e¯ + h+) + MY dye UV→
                             H2O + CO2 + mineralization products
The following reactions explain the stepwise mechanism

of enhanced photodecolorization of metanil yellow dye by
TiO2-β-cyclodextrin system [20,21].

TiO2 UV→  e¯ + h+

TiO2 (h+) + OH¯ UV→  OH•

OH•(TiO2) + MY dye UV→UV Oxidized species of MY dye

MY dye + β-CD Dark→  MY dye - β-CD (inclusion)

TiO2 (e¯ + h+) + OH-β-CD UV→  TiO2-β-CD + H+

2H+ + 2e¯ UV→  2H•

2H• + O2 UV→  H2O2
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Fig. 9. Schematic diagram illustrating the mechanism of photocatalysis
by TiO2-β-CD (SC-Semicondutor-TiO2)

H2O2 + O2
•− UV→  OH• + OH¯ + O2

MY dye + TiO2-β-CD UV→  TiO2-β-CD-MY dye

TiO2-β-CD-MY dye UV→  TiO2-β-CD-MY dye*

TiO - -CD-MY dye*               (e )TiO - -CD + MY dye2 2β β– +•UV

e–

(e¯)TiO2-β-CD + O2 UV→  O2
•¯ + TiO2-β-CD

TiO2-β-CD-MY dye* + O2
UV→O2

•¯ + TiO2-β-CD + MY dye•+

MY dye + O2
•¯ UV→  Products

MY dye•+ UV→  Products

TiO2-β-CD-MY dye + OH• UV→  Products

Conclusion

It is concluded from the results of the present study that
TiO2-β-cyclodextrin system exhibited higher photocatalytic
decolorization efficiency than pure TiO2 under UV light illumi-
nation. The effects of various operational parameters were
studied for both TiO2 and TiO2-β-cyclodextrin systems. It was
found that the presence of β-cyclodextrin in the suspension
containing TiO2 and metanil yellow dye has enhanced the photo-
decolorization efficiency of TiO2. Thus, β-cyclodextrin could
be successfully utilized in the photocatalysis process for the
enhancement of photocatalytic efficiency of semiconductor
oxides.
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