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Abstract

Enhancement of �-cyclodextrin (�-CD) on TiO2 photocatalytic degradation of bisphenol A (BPA) was investigated under a 250 W metal
halide lamp (λ ≥ 365 nm) in this work. In the system of photocatalytic degradation of BPA, the photodegradation rate of BPA in aqueous
solutions containing �-CD and TiO was obviously faster than that in aqueous solutions containing only TiO . After 60 min of irradiation,
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-CD could increase the photodegradation efficiency by about 23% for 10 mg l−1 BPA in the UV–vis/TiO2 system, the photodegradation
f 2.5–20.0 mg l−1 BPA in aqueous solutions was found to follow pseudo-first-order law, and the adsorption constant and the reaction rate
onstant of BPA in the system containing �-CD and TiO2 are obviously higher than those in the system containing only TiO2, the influence
actors on photodegradation of BPA were studied and described in details, such as �-CD concentration, pH, BPA initial concentration and
as medium. The formation of CO2 as a result of mineralization of BPA was observed during the photodegradation process. After 120 min of
rradiation, the mineralization efficiency of BPA reached 100% in the presence of �-CD, whereas mineralization efficiency was only 36.7%
n the absence of �-CD. The enhancement of photodegradation of BPA mainly results from the enhancement of adsorption of BPA on TiO2

urface and the lower bond energy between some atoms in BPA molecule after inclusion interactions with �-CD.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The research of endocrine disrupters in the environment
as received increasing attention in recent years [1]. Bisphe-
ol A (BPA) is a representative endocrine disrupter, but as
n important industrial chemical, BPA has been widely used
s the monomer for the production of polycarbonate plastics,
uch as baby bottles and as a major component of epoxy resin
or lining of food cans and dental sealants [2]. Global pro-
uction of bisphenol A is over a million tonnes per year, with
n estimated European annual production of 504,000 tonnes
3], in Japan, over 200,000 tonnes of BPA is estimated to be
roduced every year [4]. It was reported that BPA could be

∗ Corresponding author. Tel.: +86 27 87152919; fax: +86 27 68778893.
E-mail address: nsdengwhu@163.com (N. Deng).

released from polycarbonate flasks during autoclaving and
lacquer coating in food cans [5], and it is well known that
BPA causes not only strong estrogenic endocrine disrupting
effect [6] but also various disease including carcinogene-
sis [7,8]. BPA has an acute toxicity in the range of about
1–10 mg l−1 for a number of freshwater and marine species
[9]. Thus, the development of methods to remove BPA is
needed urgently. Biological [10] and chemical [11–17] pro-
cedures have been used for degradation and treatment of BPA.
However, there are some disadvantages in treatment time and
treatment efficiency. In recent 20 years, TiO2 semiconductor
photocatalysis is a well-established technique for the destruc-
tion of environmental pollutants [18]. Ohko et al. reported
TiO2 photocatalytic degradation of BPA and evaluated the
estrogenic activity in the treated water during the photocat-
alytic reaction and concluded that TiO2 photocatalysis could

010-6030/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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be a useful technology for the purification of water contain-
ing BPA without generating any serious secondary pollution
[19].

Cyclodextrins (CDs) are cyclic oligosaccharides of six to
eight �-d-glucose units connected through glycosidic �-1,4
bonds and are composed of hydrophobic internal cavity and
hydrophilic external surface, this kind of special molecular
structure allows them to form host/guest inclusion com-
plex with various guest molecules with suitable polarity and
dimension. In the field of environmental research, because
of non-toxicity and biodegradability, CDs have been applied
to promote degradation of hazardous pollutants discharged
in the aqueous environments. Kamiya et al. investigated
the inclusion effect of CDs on photodegradation rates of
parathion and paraoxon and found �-CD of a large inhibi-
tion effect on the parathion photodegradation rate but a large
promotion effect on paraoxon photodegradation and �-CD a
considerable inhibition effect on the photodegradation rates
of both parathion and paraoxon, �-CD exerts a small promo-
tion effect on photodegradation rates of both parathion and
paraoxon [20].

At present, many methods have been adopted for improv-
ing TiO2 photocatalytic efficiency [21–25]. �-CD has been
found to be able to improve the charger transfer from the pho-
toexcited semiconductor to electron acceptors retained in the
�-CD cavity and concentrate some organic substrates on TiO
s
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Fig. 1. Chemical structure of bisphenol A.

High Technology Nano Co. Ltd. (Nanjing, PRC). Acetonitrile
was HPLC grade (Lingfeng Chemical Reagent Co., Shang-
hai, PRC). HCl and NaOH were used to adjust the pH values
of solutions. All of the other reagents were analytic reagent
grade. The double distilled water was used in the experiment.

2.2. Photodegradation experiment

Irradiation experiments were carried out in a cylindrical
reactor, with a 250 W metal halide lamp (λ ≥ 365 nm, Chen-
guang Illumination Instrument, Jinzhou, China) placed in
cooling trap for maintaining constant temperature by water
circulation. BPA and �-CD/BPA solutions containing TiO2
were prepared in water, the pH values of reactant solutions
were adjusted with HCl and NaOH depending on desired val-
ues and placed in photochemical reactor and purged with air
at a fixed flow rate throughout the experiment. Prior to irradi-
ation, the TiO2 suspensions were equilibrated in the dark for
10 min. At different time intervals during the irradiation, sam-
ples were collected and centrifuged at 5000 rpm for 30 min
in an LD5A-2A centrifuge (Beijing, PRC), and then the BPA
concentration was determined by HPLC–UV.

2.3. Analysis and calculation
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urface [26], so it is greatly significant to study the effect of �-
D on the photodegradation behavior of organic substrates.

n this work, a representative endocrine disrupter BPA was
sed as a model compound, its photodegradation behavior
ased on �-CD modified TiO2 was investigated for the first
ime under a 250 W metal halide lamp (λ ≥ 365 nm) and for-

ation and characterization of inclusion complex between
-CD and BPA were also studied. The effect of initial pH
alue, initial concentration of BPA, �-CD concentration and
as medium were evaluated and kinetics analysis was con-
ucted, the mineralization efficiency of BPA was also deter-
ined during the photodegradation process. Supramolecular

hotodegradation system based on cyclodextrin is a kind of
romising treatment method for some organic pollutants.

. Materials and methods

.1. Materials

Chemically pure BPA was purchased from Damao Chemi-
als Co. (Tianjin, PRC) and used without further purification.
ts chemical structure is given in Fig. 1. �-CD and �-CD
ere purchased from Seebio Biotechnology Inc. (Shanghai,
RC) and Shuanxuan Microbe Medium Products Factory
Beijing, PRC), respectively, and used without further purifi-
ation. Properties of �-CD and �-CD are listed in Table 1.
he photocatalyst nano-TiO2 (particle size 10–20 nm, surface
rea 120 m2 g−1, crystal structure 100% anatase as deter-
ined by X-ray diffraction analysis) was purchased from
The UV absorbance spectra of BPA solution were recorded
ith spectrophotometer UV-1601 (Shimadzu, Japan). The

haracteristic absorbance peaks were at 225 and 280 nm,
espectively. BPA in aqueous solution was detected by
PLC [Shimadzu LC-10ATVP pump, Shim-pack VP-DDS-
18 column (4.6 mm × 150 mm, 5 �m)] with a flow rate of
.0 ml min−1 and UV detector (Shimadzu UV–vis detector)
t 280 nm. The mobile phase was acetonitrile/water mixture
50/50, v/v). The injection volume was 20 �l. The retention
ime of BPA was about 6.0 min. The calibration cure equa-

able 1
roperties of cyclodextrin

tem �-Cyclodextrin �-Cyclodextrin

lucose number 6 7
olecular weight 972 1135

olubility (0.01 g ml−1 (25 ◦C)) 14.5 1.85
avity diameter (Å) 4.7–5.3 6.0–6.5
avity height (Å) 7.9 ± 0.1 7.9 ± 0.1
avity volume (ml mol−1) 174 262
ater (wt%) 10.2 13.2–14.5

Ka (25 ◦C) 12.332 12.202
iffusion coefficient (cm2 s−1) (25 ◦C) 3.443 3.224
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tion for BPA detection was peak area = 7735.8 CBPA − 742.6
(r = 0.9996), where CBPA was the concentration of BPA in the
range of 0–10.0 mg l−1. Measurements were made in tripli-
cate in each experiment with errors less than 5%.

Carbon dioxide produced upon irradiation was determined
as BaCO3 [27] to inspect the mineralization efficiency of
200 ml BPA solution (CBPA = 10.0 mg l−1) with and without
�-CD at pH 6.0. CO2 was removed from solution by oxy-
gen and introduced into a concentrated Ba(OH)2 solution to
produce BaCO3. The solutions were collected, BaCO3 was
allowed to precipitate and the excess of Ba(OH)2 was titrated
with HCl solution with phenolphthalein as indicator. A blank
experiment without BPA was performed under the same
conditions.

The initial geometry of BPA and �-CD were constructed
with the help of model in the Chemoffice (2004). The struc-
ture of BPA, �-CD and BPA/�-CD were first optimized using
molecular mechanics (MM) methods and then PM3 method
was used, which is a semi-empirical method, but its perfor-
mance is better than AM1 in biochemical systems because
of its improved description of the interactions between non-
bonded atoms, such as Van der waals, hydrogen bonding and
hydrophobic forces. Finally B3LYP was used, which is one
kind of density functional theory (DFT) in Gaussian98 pack-
age, at the STO-3G level. All calculations were carried out
at P4 personal computer.

2
d

[
i
i
o
c
t
r
�
t

F
[

Fig. 3. The fluorescence spectra of BPA/�-CD inclusion complex where
λex = 276 nm, λem = 325 nm, [BPA] = 10 mg l−1, pH 6.0.

calculate the formation constant Kf (Kf = 5.80 × 103 l mol−1)
and concluded that the molar ratio �-CD to BPA is 1:1.

2.5. Error

The data are presented as means from triplicate experi-
ments. The errors are below 5%.

3. Result and discussion

3.1. The control experiment

The BPA solutions were irradiated under metal halide
lamp (250 W) with or without the addition of �-CD and TiO2.
The results are shown in Fig. 4. The concentration of BPA in
aqueous solution in the absence of TiO2 does not change after
60 min of irradiation, this is because BPA and inclusion com-
plex of BPA with �-CD in aqueous solutions have no absorp-
tion to the light with wavelength above 365 nm, no direct
photolysis occurred in the experiment. The photodegradation
of BPA occurred in solutions containing only TiO2, and the
photodegradation rate of BPA in aqueous solutions contain-
ing �-CD and TiO2 was obviously faster than that in aqueous
solutions containing only TiO2, no �-CD was degraded dur-
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.4. Characterization of inclusion complex and
etermination of formation constant

�-CD can form host/guest inclusion complex with BPA
28]. In this experiment, the inclusion complex was character-
zed with UV and fluorescence spectra, the results are shown
n Figs. 2 and 3, respectively. Fig. 2 shows that the absorbance
f inclusion complex increases with increasing of �-CD con-
entration and its maximum absorption wavelength shifts
oward long wavelength. As can be seen in Fig. 3, the fluo-
escence intensity of BPA was also enlarged with increasing
-CD concentration. Based on the data of fluorescence spec-

ra, a modified Bensi–Hildebrand equation was employed to

ig. 2. UV absorbance spectra of BPA/�-CD inclusion complex where
BPA] = 10.0 mg l−1, pH 6.0.
ig. 4. BPA concentration change vs. time in the control experiments
here [BPA] = 10 mg l−1, [�-CD] = 4.4 × 10−5 mol l−1, [TiO2] = 1.0 g l−1,

�-CD] = 4.4 × 10−5 mol l−1, pH 6.0.
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Fig. 5. Effect of the pH on photocatalytic oxidation rates of BPA where
[BPA] = 10 mg l−1, [�-CD] = 4.4 × 10−5 mol l−1, [TiO2] = 1.0 g l−1.

ing the photochemical process because �-CD was bonded
onto TiO2 surface and formed a stable supramolecular semi-
conductor receptor assembly unit [21,26], but �-CD exerted a
small inhibition effect on the photodegradation of BPA, this
is because that �-CD has a small cavity and can not form
stable inclusion complex with BPA.

3.2. Effect of initial pH values

The effect of initial pH values on photodegradation of BPA
was investigated and results are shown in Fig. 5. In the system
containing TiO2, the pseudo-first-order rate constants (kobs)
of BPA increase with increasing pH values from 3 to 12. This
is because that BPA can form phenolicoxide anion in alka-
line solution and be easily oxidised, on the other hand, with
the increasing pH, the hydroxyl radicals produced on TiO2
surface increase, they can attack the benzene ring more eas-
ily. So the photodegradation rate of BPA gradually increases
with increasing of pH. However, adding �-CD into the TiO2
system causes the pseudo-first-order rate constants (kobs) to
first increase then decrease with increasing pH values. The
maximum pseudo-first-order rate constant (kobs) of BPA is at
pH 6. This might have something to do with the inclusion of
�-CD with BPA and the surface interaction between �-CD
and TiO2. Lu et al. studied the pH effect on �-CD adsorp-
tion amount on TiO and found �-CD adsorption amount on
T
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Fig. 6. Effect of the �-CD concentration on photocatalytic oxidation rates
of BPA where [BPA] = 10 mg l−1, [TiO2] = 1.0 g l−1, pH 6.0.

concentration in the range of 0–17.6 × 10−5 mol l−1 and the
pseudo-first-order rate constant of BPA was the greatest at
�-CD concentration of 4.4 × 10−5 mol l−1.

Early in 1994, Willner et al. reported the adsorption behav-
ior of �-CD on TiO2, he suggested a monolayer adsorption
process on TiO2 and the adsorption isotherm of �-CD on
TiO2 is in accordance with Langmuir adsorption theory [26].
According to the adsorption model, we can know that equi-
librium adsorption amount of �-CD on TiO2 increases with
increasing of �-CD concentration and has a maximum, so
adsorption amount of BPA on TiO2 increases with increas-
ing of �-CD and the photodegradation rates of BPA increase,
when �-CD reaches equilibrium adsorption on TiO2 surface,
no more �-CD can be adsorbed onto TiO2, which results in
competing toward hydroxyl radicals between unadsorbed �-
CD and BPA during the photoreaction, so photodegradation
rates of BPA decrease at higher �-CD concentration.

3.4. Effect of initial BPA concentration on degradation
efficiency

To investigate the effects of BPA initial concentration
on degradation efficiency, under the condition of pH 6.0,
4.4 × 10−5 mol l−1 �-CD and 1.0 g l−1 TiO2, the experiments
were conducted at different BPA initial concentration of 5.0,
1 −1
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iO2 is pH dependent with higher adsorption efficiency at pH
alues of 4–6, but lower adsorption efficiency in acidic and
lkaline solution [21], so the better enhancement effect of
hotodegradation of BPA was obtained at pH 6 in the system
ontaining TiO2 and �-CD.

.3. Effect of β-CD concentrations

Under the condition of pH 6.0, 10 mg l−1 BPA and
.0 g l−1 TiO2, the effects of �-CD concentration on pho-
odegradation of BPA were investigated, the results are shown
n Fig. 6. It is well shown that the pseudo-first-order rate con-
tants (kobs) of BPA first increase then decrease with the �-CD
0.0, 15.0 and 20.0 mg l . The results shown in Fig. 7 indi-
ate that higher the initial BPA concentration, the lower BPA
hotodegradation efficiency is, and the photodegradation effi-
iency of BPA in aqueous solutions containing �-CD and
iO2 was obviously higher than that in aqueous solutions con-

aining only TiO2. After 60 min of irradiation, �-CD could
ncrease the photodegradation efficiency by about 23% for
0 mg l−1 BPA in the UV–vis/TiO2 system.

.5. Effect of different gases on photodegradation of BPA

The effect of different gases on photodegradation of BPA
as also investigated under the condition of pH 6.0, 10 mg l−1

PA, 1.0 g l−1 TiO2 and 4.4 × 10−5 mol l−1 �-CD. Results
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Fig. 7. Effect of initial concentration of BPA on the degradation effi-
ciency where [TiO2] = 1.0 g l−1, [�-CD] = 4.4 × 10−5 mol l−1, pH 6.0,
time = 60 min.

Fig. 8. Effect of the different gas on photocatalytic oxidation of BPA where
[BPA] = 10 mg l−1, [�-CD] = 4.4 × 10−5 mol l−1, [TiO2] = 1.0 g l−1, pH 6.0.

are shown in Fig. 8. It is well shown that the different
gases have obvious effect on photodegradation of BPA. When
nitrogen was used as gas medium, no decrease of BPA con-
centration was observed during irradiation, which indicates
that BPA cannot be degraded in the system purged nitro-

gen, whereas obvious photodegradation of BPA occurred in
the system purged air, which indicates that photodegrada-
tion of BPA has something to do with oxygen in the air.
This is because that molecular oxygen can react with conduc-
tion band electrons (ecb

−) to yield superoxide radical anions
(O2

•−) and hydroxyl radicals, which are active species in the
photodegradation of organic material and on the other hand,
electron–hole can easily recombine in the absence of oxygen.

3.6. Analysis of photodegradation kinetics

In this experiment, a semi-log plot of initial concen-
tration of BPA versus irradiation time was linear indi-
cating overall pseudo-first-order kinetics. The experiment
was repeated with a range of initial concentrations from
2.5 to 20 mg l−1. The initial rates for each concentration
were determined from the pseudo-first-order rate constants
and initial concentrations. The data were then fitted to the
Langmuir–Hinshelwood kinetics rate model, which has been
applied to the initial rates of photocatalytic degradation of
many organic compounds [29]. The rate law is shown in Eq.
(1), where R is the initial rate of disappearance of substrate
and C is the initial concentration. kre is the reaction rate con-
stant and Ks is taken to be the Langmuir adsorption constant.
However, the value of Ks is not directly equivalent to the
Langmuir adsorption constant determined in the dark.
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Table 2
Kinetics analysis of the photodegradation of BPA

System BPA initial concentration
C (mg l−1)

Initial rate R
(mg l−1 min−1)

TiO2 2.5 0.0911

5.0 0.109
10.0 0.178
15.0 0.190
20.0 0.228

TiO2/�-CD 2.5 0.194

5.0 0.298
10.0 0.446
15.0 0.520
20.0 0.645

r1 Represents correlation coefficient between 1/R and1/C.
= −dC

dt
= kreKsC

1 + KsC
(1)

The constant kre and Ks were determined from a plot of
/R versus 1/C, with the slope equal to 1/(kre Ks) and an inter-
ept equal to 1/kre and above calculation results are shown in
able 2.

It could be seen that the initial rate of BPA photodegra-
ation increased with increasing the initial concentration of
PA and because of higher reaction rate constant in the sys-

em containing �-CD and TiO2, the photodegradation rate
f BPA in aqueous solutions containing �-CD and TiO2 was
bviously faster than that in aqueous solutions containing
nly TiO2.

Kinetics equation Reaction rate constant kre

(mg l−1 min−1)

R = 0.0320C

1 + 0.0915C
(r1 = 0.9901) 0.350

R = 0.0993C

1 + 0.120C
(r1 = 0.9968) 0.831
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Fig. 9. Comparison of mineralization efficiency of BPA with �-CD
and without �-CD where [BPA] = 10 mg l−1, [�-CD] = 4.4 × 10−5 mol l−1,
[TiO2] = 2.5 g l−1, pH 6.0.

3.7. Effect of β-CD on mineralization of BPA

To investigate the effect of �-CD on the mineralization
degree of BPA, the amount of CO2 produced by the photo-
catalytic degradation reaction was measured. The results are
shown in Fig. 9. It is well shown that the mineralization effi-
ciency increases with increasing of irradiation time and the
mineralization efficiency of BPA in the system containing
�-CD and TiO2 is obviously higher than that in the system
containing only TiO2, after 120 min of irradiation, the miner-
alization efficiency of BPA reached 100% in the presence of
�-CD, whereas the mineralization efficiency was only 36.7%
in the absence of �-CD, which indicates the �-CD has obvi-
ous enhancement on the mineralization of BPA.

3.8. Result of HPLC chromatogram analysis

HPLC chromatograms of BPA with �-CD and without �-
CD during photodegradation are shown in Fig. 10. It can be
seen that the peak area of BPA decreases with increasing reac-
tion time and some obvious products with lower molecular
weight and higher polarity formed at shorter retention time
[30]. No other product peaks obviously occurred in HPLC
chromatogram, this is because that some products have lower
absorption at wavelength 280 nm. Comparing groups (a and
b), we find that peak area of BPA in the system containing
�
s
c

Fig. 10. HPLC chromatograms of BPA with �-CD and without �-
CD during photodegradation (UV detector wavelength 280 nm) where
[BPA] = 10 mg l−1, [�-CD] = 4.4 × 10−5 mol l−1, [TiO2] = 1.0 g l−1, pH 6.0.

of BPA in the system containing �-CD and TiO2 is obvi-
ously lower than that in the system containing only TiO2,
which indicates that more BPA molecules were adsorbed
on the TiO2 surface in the presence of �-CD, which results
in enhancement effect of BPA photodegradation because of
the inclusion of BPA with �-CD and the surface interaction
between �-CD and TiO2.

3.9. Preliminary study on the mechanism of the
enhancement

From previous studies [21,26], we have known that �-CD
can be bonded or adsorbed on TiO2. To preliminary inspect
the mechanism of the enhancement of BPA photodegrada-
tion, we first investigated the adsorption of BPA on TiO2
surface in the presence or in the absence of �-CD in order to
confirm that �-CD can enhance adsorption of BPA on TiO2
surface. The adsorption of BPA on TiO2 surface is followed
Langmuir-type isotherm, which is described as follows [19]:

M−1 = θ−1 + (θKadC)−1 (2)

where θ is the maximum adsorption amount of BPA on TiO2
(�mol g−1), Kad the adsorption binding constant (l �mol−1),
M the equilibrium adsorption amount of BPA on TiO2
(�mol g−1) and C is the equilibrium concentration of BPA in
solutions (�mol l−1). The results are listed in Table 3. From
T
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-CD and TiO2 decreases obviously faster than that in the
ystem containing only TiO2 during photodegradation pro-
ess. Moreover, at the beginning of irradiation, the peak area

able 3
dsorption behavior of BPA in the aqueous solutions on the TiO2 surface

Adsorption equation Maxi

ithout �-CD
1

M
= 0.2443 + 22.38

C
(r2 = 0.9955) 4.09

ith �-CD
1

M
= 0.0485 + 3.210

C
(r2 = 0.9992) 20.62

2 represents correlation coefficient between 1/M and 1/C.
able 3, it is well shown that the maximum adsorption amount
nd the adsorption constant of BPA in the system containing
-CD and TiO2 are obviously higher than those in the sys-

sorption amount θ (�mol g−1) Adsorption constant Kad (l �mol−1)

1.09 × 10−2

1.51 × 10−2
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Table 4
Bond length between atoms in BPA molecule before and after inclusion

Bond length (Å) Before inclusion After inclusion

R(7.3) 1.563 1.572
R(7.8) 1.563 1.572
R(7.14) 1.557 1.564
R(7.15) 1.557 1.564
R(4.3) 1.423 1.424
R(8.13) 1.423 1.425
R(3.2) 1.422 1.424
R(8.9) 1.422 1.424
R(2.1) 1.418 1.418
R(10.9) 1.418 1.417
R(6.1) 1.417 1.415
R(11.10) 1.417 1.415
R(6.5) 1.417 1.415
R(12.11) 1.417 1.415
R(16.6) 1.411 1.412
R(17.11) 1.411 1.411

tem containing only TiO2. Therefore, more BPA molecules
can be adsorbed on TiO2 surface because of inclusion with
�-CD, which results in enhanced photochemical degradation
of BPA.

On the other hand, �-CD can form inclusion complex with
BPA which possibly results in varieties of structure param-
eters (such as bond length) of BPA molecule because of
interactions between non-bonded atoms. The bond lengths
of BPA calculated following the B3LYP-optimized model
before and after inclusion are listed in Table 4. From Table 4,
we can find that the bond length of C7–C3, C7–C8, C7–C14
and C14–C15 are obviously lengthened, respectively, so the
bond energy is weaken correspondingly, which results in eas-
ier degradation of BPA in the system containing TiO2 and
�-CD.

Based on the above results, we can draw a preliminary
conclusion that the enhancement of photodegradation of BPA
mainly results from the enhanced adsorption of BPA on the
TiO2 surface and the weakening of bond energy between
some atoms in BPA molecule because of inclusion interac-
tions with �-CD. So we propose a trinity interaction model of
BPA–CD–TiO2, which is described in Fig. 11. Since �-CD
can include BPA in its cave and be adsorbed onto the sur-
face of TiO2, it could play a role as “bridge” or “channel” for

BPA to get onto the TiO2 surface and accumulate to higher
concentration which makes BPA degrade more easily in the
presence of hydroxyl radicals photoproduced by TiO2.

4. Conclusion

�-CD can enhance the photodegradation of BPA under
the irradiation of a near UV light. The photodegradation
rate of BPA depends on �-CD concentration, pH and BPA
initial concentration. The photodegradation rate of BPA in
aqueous solution containing �-CD and TiO2 was obviously
faster than that in aqueous solution containing only TiO2,
the reaction rate constant and the adsorption constant are
0.831 mg l−1 min−1, 1.51 × 10−2 l �mol−1, respectively, in
the system containing TiO2 and �-CD, whereas they are
0.350 mg l−1 min−1, 1.09 × 10−2 l �mol−1, respectively, in
the system containing only TiO2. The photodegradation effi-
ciency of BPA decreased with increasing initial BPA con-
centration and the photodegradation efficiency of BPA in
aqueous solution containing �-CD and TiO2 was obviously
higher than that in aqueous solution containing only TiO2.
After 60 min of irradiation, �-CD could increase the pho-
todegradation efficiency by about 23% for 10 mg l−1 BPA in
the UV–vis/TiO2 system at pH 6.0. After 120 min of irra-
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Fig. 11. Mechanism of the enhancement of BPA photodegradation.
iation, the mineralization efficiency of BPA reached 100%
n the presence of �-CD, whereas mineralization efficiency
as only 36.7% in the absence of �-CD. The enhancement of
hotodegradation of BPA mainly results from the enhance-
ent of adsorption of BPA on TiO2 and the weakening of

ond energy between some atoms in BPA molecule because
f inclusion interactions with �-CD.
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