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bstract

TiO2, CdS and coupled CdS/TiO2 powders with CdS percentage varied from 5 to 50% (w/w) have been prepared by a sol–gel method. These pure
nd composite semiconductors were tested for the photocatalytic degradation of an anionic azo-dye, i.e. Orange II in aerated aqueous suspension
nder UV–vis and visible (λ > 400 nm) illumination. The photocatalytic efficiency of the CdS/TiO2 couples is found to strongly depend on the
roportion of CdS. Under UV–vis light, CdS/TiO couples containing a low proportion of CdS are found to be as efficient as pure TiO which
2 2

hows the best photocatalytic activity. Under visible illumination, these formers exhibit faster degradation rate than both isolated components of the
omposite photocatalyst. The results obtained under both illumination conditions are compared and discussed in order to elucidate the respective
ole of Acid Orange II and CdS in the photosensitization mechanism of TiO2.

2006 Elsevier B.V. All rights reserved.
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. Introduction

During the recent 10 years, the use of TiO2 nanoparticules
or the degradation of organic pollutant in water has received
xtensive attention. TiO2 is an excellent photocatalyst that
an mineralizes a large range of organic pollutants even
mong the most refractory ones including pesticides [1,2],
erbicides [3,4] and dyes [5,6]. However, it is a large gap
emiconductor (Eg = 3.2 eV) that can only be excited by UV
adiation with wavelength below 380 nm. Practically, this
actor strongly limits the use of solar spectra as a source for
he photoreaction. In some cases, the substrate, most often

dye, can help for the extent of the absorption spectra of
iO2 in the visible. In such a process, the dye molecule is
xcited by visible light to a suitable energy level followed by
lectron transfer to the conduction band of TiO2. The dye is

onverted in an ion radical and the electron is scavenged by
dsorbed molecular oxygen to form radicals (O2

•−, OH• and
O2

•) that degrade the dye. This process, referred as photo-

∗ Corresponding author.
E-mail address: drobert@iut.univ-metz.fr (D. Robert).
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ensitization, has been the subject of numerous publications
5,6].

Another major limiting factor is the high rate of recombi-
ation of the photogenerated electron/hole pairs. It results in
poor rate of electrons (and holes) that reaches the interface

emiconductor/liquid where the redox reactions inherent to pho-
ocatalyzed degradation take place. A possible way out consists
n coupling a large band gap semiconductor with a smaller band
ap semiconductor presenting suitable potential energies [7,8].
or example, in CdS/TiO2 the photogenerated electrons in CdS
re transferred into the TiO2 particles while the holes remain
n the CdS particle. This not only helps for charge separation
y isolating electrons and holes in two distinct particles but at
he same time, allows the extension of the photoresponse of
he photocatalyst in the visible. In the mid 1990s, Serpone et
l. [7] reported for the first time the photocatalyzed oxidation
f several phenol-based molecules by coupled semiconductors
uspension in which the beneficial effect of the charge transfer
as clearly demonstrated. In addition to the flat band poten-
ial of the components, the photocatalytic performance of the
oupled semiconductors is also related to the geometry of the
articles, the surface contact between particles and the particles
ize [7]. These parameters strongly depends on the manner the
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ouples are prepared. We demonstrated recently the influence of
he coupling method on the photocatalytic activity by comparing
he photocatalytic activity of couples prepared by precipitating
dS on TiO2 to those obtained by a simple mixture of the com-
onents [8].

However, the use of CdS as a photocatalyst has been limited
ue to its anodic decomposition, i.e. photocorrosion [7,9]. It is
well known fact that from a practical point of view, the use

f CdS in coupled system is not recommendable owing to the
elease of toxic cadmium [7,9]. However, from a fundamental
oint of view, there are still some attractive mechanistic aspects
hat are worth to be examined, especially when it deals with dye
egradation. We put emphasis on the fact that improving the
hotoactivity of TiO2 for practical application is beyond the
cope of this report.

In this study, CdS/TiO2 couples have been prepared by a
ol–gel method by precipitating TiO2 on CdS in order: (i) to
xploit the maximum optical absorption properties of CdS in the
isible and (ii) to increase the surface contact between CdS and
iO2 particules. A balance between the photosensitization and

he UV–vis filtering of CdS is searched by varying the amount
f CdS in the couple in a range 5–50% of the total weight of
he couple. The photodegradation Orange II in aerated condi-
ion carried out under UV–vis and visible illumination serves as
reference test for the evaluation of the photocatalytic activity
f the pure and composites semiconductors. The evidence for
he charge transfer process is evidenced by comparing the pho-
ocatalytic activities of isolated components, both in visible and
V–vis illumination, to those of the composite semiconductors.
he contribution of the dye sensitization of TiO2 to the overall
hotocatalytic mechanism of TiO2 is also examined. Finally, the
mount of Cd2+ in the solution after illumination of the solution
ontaining the prepared material is compared to that containing
physical mixture of the constituents.

. Experimental

.1. Materials

All of the reagents used in this work were of analytical
rade and were used without any further purification: Cd(NO3)2
Aldrich), thiourea SC(NH2)2 (Aldrich), tetraisopropylorthoti-
anate Ti(OC3H7)4 (Aldrich, 97%), ethanol (SdS-France,
9.9%), methanol (SdS-France, 99.9%) and Orange II (Sigma
hemical Co.).

.2. Semiconductors preparation

.2.1. Preparation of the pure photocatalysts
Prior the preparation of the couples, pure semiconductors

ere prepared. CdS nanoparticules were prepared by direct reac-
ions between Cd(NO3)2 salt and thiourea in an ammonia bath
NH4OH, 14.4 M) at 85 ◦C for 1 h. The orange–red precipi-

ate was subsequently washed with acetone, water and absolute
thanol and then dried at 110 ◦C overnight. The powder was
eat-treated at 450 ◦C for 2 h with a heating rate of 3 ◦C/min.
fter cooling, the powder was dispersed in acetic acid solutions

c
I
t
F

Photobiology A: Chemistry 183 (2006) 218–224 219

t pH ∼4.5 for 30 min. The sample was recovered by filtration,
nd washed several times with distilled water before being dried
t 110 ◦C overnight. Pure CdS is then obtained after heating at
50 ◦C for 1 h.

TiO2 was prepared by dissolving Ti(OC3H7)4 in methanol/
thanol solution with molar ratio 1:1:10. The obtained solution
as maintained at 75 ◦C for 3 h and an appropriate amount
f water was added dropwise into the hot solution (75 ◦C).
fter gelling, the sample was dried at 110 ◦C overnight and

hen heat-treated in air for 2 h at 450 ◦C with a heating rate of
◦C/min.

.2.2. Preparation of composite photocatalysts
The described preparation procedure used to obtain pure TiO2

as used for the preparation of the coupled semiconductors,
xcept that an appropriate amount of CdS was dispersed in alco-
ol solution and sonicated (30 min) before adding Ti(OC3H7)4.
he amount of CdS was varied from 5 to 50% (w/w). The couple
ere dried at 110 ◦C overnight and then heat-treated in air for
h at 450 ◦C with a heating rate of 3 ◦C/min.

.3. X-ray diffraction (XRD)

X-ray diffraction patterns were collected at 295 K using Cu
� (λ = 0.15418 nm) radiation. Structural assignments were
ade in reference to the JCPDS powder diffraction files. The

verage crystalline sizes of each phase were determined from
he Scherrer equation using the full-width at half-maximum
FWHM) of the peak presenting the highest intensity and taking
nto account the instrument broadening.

.4. UV–vis diffuse reflectance spectroscopy

Diffuse reflectance spectra of pure and composite semicon-
uctor were recorded by means of a UV–vis spectrophotometer
Perkin-Elmer) equipped with an integrating sphere. A BaSO4
ellet was used as a reference. The spectra were recorded at
oom temperature in the spectral range 200–800 nm.

.5. Scanning electron microscopy (SEM)

Scanning electron microscopy observations were performed
y means of a HITACHI S2500 instrument in both secondary
nd backscattered electrons modes.

.6. Measurement of photocatalytic activity

Solar box ATLAS Suntest CPS+ simulating natural radiation
nd equipped with a Xenon lamp (250 W) was used. Photocat-
lytic experiments were performed under UV–vis light or under
isible light. In that latter case, a PMMA sheet (poly(methyl
ethacrylate)) with a thickness of 12 mm was used as an opti-
al filter to cut the UV radiation below 390 nm. Acid Orange
I (OII, hereafter), an anionic dye was used as a model pollu-
ant for the degradation. Its molecular structure is displayed in
ig. 1, together with its UV–vis absorption spectrum in water
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Fig. 1. UV–vis absorption spectra and molecular structure of Orange II.

t natural (pH 5.8). Pure semiconductors and couples were dis-
ersed in a volume of 100 ml of dye (10 mg/l) solution. The
eight of pure semiconductor used for photocatalytic tests was
0 mg (0.5 g/l) keeping the amount of TiO2 for each couple to
0 mg. Before each irradiation, the mixtures were sonicated dur-
ng 5 min in order to disperse the catalysts and the solutions were

aintained in the dark during 1 h in order to reach the adsorption
quilibrium. During the photocatalytic test, 5 ml of the solution
as taken out at given irradiation time intervals and analyzed
y UV–vis spectrophotometer (Shimadzu). The measurement of
aximum absorbance was taken for Orange II was 485 nm.

.7. Adsorption

The OII adsorption on TiO2 and CdS in aqueous solution
as determined by stirring during 2 h in the dark 50 cm3 of

he dye solution at an initial concentration of 10 mg/l with a
xed weight of 25 mg of photocatalyst. The suspension was then
ltered by centrifugation. The absorbance of the filtrate was
easured to determine the equilibrium concentration Ce and

he concentration decrease �C = Ci − Ce used to determine the
ercentage of adsorbed catalyst.

.8. Cadmium release measurement

The photocorrosion of CdS has been evaluated for the couples
y measuring the Cd2+ concentration in the solution after 35 min
nder visible illumination. These measurements have been per-
ormed by means of atomic absorption spectrometry (Unicam
39).

. Results

.1. Structure analysis

Fig. 2 shows the XRD pattern of the synthesized TiO2, CdS
nd the CdS/TiO2 couples with 5 and 50% (w/w) of CdS. The
ure CdS powder (Fig. 2a) can be well assigned to pure hexag-

nal phase (JCPDS no. 41-1049) with a crystallite size of about
0 nm estimated from the FWHM of the (1 0 1) peak. For pure
iO2 (Fig. 2b), the pattern agrees with anatase structure (JCPDS
le no. 21-1272) with trace of brookite (JCPDS no. 29-1360).

a
C
T
p

ig. 2. XRD patterns of the synthesized pure and composite powders: (a) TiO2,
b) CdS, (c) CdS(5%)/TiO2 and (d) CdS(50%)/TiO2.

he size of the anatase crystallites was estimated to be 9 nm.
t low concentration (5%; Fig. 2c), the presence of CdS has no

ignificant effect on the TiO2 crystalline structure observed for
he pure powder. By contrast, when the CdS amount is increased
50%; Fig. 2d), the structure of TiO2 shows significant changes.
eaks attributed to rutile and other non identified are observed

n addition to those of anatase, brookite and the hexagonal phase
f CdS.

The SEM micrograph in backscattered electrons mode of the
dS(5%)/TiO2 couple is presented in Fig. 3. The micrograph

hows agglomerates with irregular morphology and size ranging
rom few micrometer down to hundreds of nanometer. The com-
ositional contrast, inherent in backscattered electron micro-
raphs, shows the distribution of CdS-rich region (in bright) into
he TiO2 particles (in dark grey). Both grey and bright regions on
he micrograph have been analyzed at the limit of resolution for
he EDS system. The basic fact that the titanium is detected in the
ark region and Cd in the light region confirms the assumption
ade from the examination backscattered electron micrographs.
owever, traces of Cd are also detected in dark regions suggest-

ng that a part of the nanosized CdS particles coexist within a
itanium oxide matrix.

.2. UV–vis diffuse reflectance spectroscopy

Fig. 4 shows the UV–vis absorption spectra of pure CdS

nd TiO2 and coupled CdS(x%)/TiO2 for several amounts of
dS ranging from x = 10 to 50%. The absorption edge of pure
iO2 (Fig. 4a) is observed at about 400 nm whereas that of
ure CdS (Fig. 4e) is at about 580 nm. Compared to pure TiO2,
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3.4. Release of cadmium (photocorrosion)

The photocorrosion of CdS has been evaluated by measur-
ing the Cd2+ concentration in the solution after 35 min vis-
ig. 3. Scanning electron micrographs in backscattered electrons mode of
dS(5%)/TiO2 composite semiconductor.

he couples CdS(x%)/TiO2 show an absorption plateau in the
egion 400–580 nm corresponding to the contribution of CdS to
he absorption spectra. The level of the plateau increases with
ncreasing CdS concentration. These results show that the cou-
led semiconductor can be excited by visible light. The colour
f powder containing low amount of CdS is yellow and turn to
range when the amount of CdS is increased.

.3. Degradation of Orange II

Fig. 5 shows the concentration decrease of Orange II in TiO2,
dS and CdS(x%)/TiO2 (with x = 5, 10, 30 and 50) couples sus-
ension, under UV–vis (A) and visible (B) illumination. Table 1

resents the degradation rates as function of CdS content in the
ouples. Prior to these experiments, we carried out a photolysis
n Orange II which did not reveal any detectable concentra-
ion change of OII. Therefore, any change in the concentration

ig. 4. UV–vis absorbance spectra of the pure and composite semiconductors:
a) TiO2, (b) CdS(10%)/TiO2, (c) CdS(30%)/TiO2, (d) CdS(50%)/TiO2 and (e)
dS.
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f Orange II can be related to heterogeneous photocatalytic
eaction. Whatever the nature of the suspension, the photodegra-
ation of OII shows apparent first order kinetic.

Under UV–vis illumination (Fig. 5A), the degradation rates
f TiO2 and CdS(x%)/TiO2 couples with low CdS amount (x = 5
nd 10), do not present any significant difference (0.025 min−1).
hese latter shows the best photocatalytic activity. By contrast,
hen the CdS amount is increased (x = 30 and 50), the degrada-

ion rate decreases by about a factor 2 (0.014 and 0.017 min−1,
espectively) and becomes even slower for pure CdS suspension
0.01 min−1).

Under visible illumination (Fig. 5B), the time concentration
volutions show noteworthy differences with what observed
nder UV–vis illumination. First, the degradation rate of the
iO2 suspension shrinks but, surprisingly, still shows a pho-

ocatalytic activity (0.003 min−1). Because of its wideband gap
3.2 eV), it is supposed that TiO2 with anatase structure can only
e activated by UV light of wavelength below 380 nm. In the vis-
ble, CdS (0.01 min−1) turns out to be a better photocatalyst than
oth TiO2 and CdS-rich couples (with x = 30 and 50). But the
ost captivating observation is done for CdS-poor couples (x = 5

nd 10) which show the fastest degradation rate. This latter is
wice that of pure CdS and at least factor five that of TiO2.
ig. 5. Photocatalyzed degradation in aerated aqueous media of Orange II in
he presence of CdS, TiO2 and CdS/TiO2 composite semiconductors under: (A)
V–vis and (B) visible illumination.
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Table 1
Initial degradation rates of OII in CdS/TiO2 suspensions with amounts of CdS ranging from 0 to 100%

Degradation rate (×10−3 min−1) [Cd2+]a (mg/l)

UV–vis Visible Sol–gel Physical mixture

TiO2 25 3 – –
CdS(5%)/TiO2 25 16 13.2 ± 0.3 12.7 ± 0.3
CdS(10%)/TiO2 25 16 17.1 ± 0.3 18.2 ± 0.3
CdS(30%)/TiO2 17 7 – –
C
C

i
f
t
C
T
e
a
i
5
f
p
i

4

a
W
c
w
p
t
t
a
v
s
c
�

t
t
c
T
t
a
t
2
T
h
t
t
c
o
T
i

a
e
d

4

o
(
m
r
v
[
m
o
t

1

t
a
t
s
[
v
t
i

1

o
r
t
f

T

1

1

dS(50%)/TiO2 14 8
dS 10 10

a Measured after 30 min under visible illumination.

ble illumination. These measurements have been performed
or the two couples showing the best photocatalytic activi-
ies (CdS(5%)/TiO2 and CdS(10%)/TiO2) and compared to a
dS/TiO2 physical mixture containing the same CdS amount.
he obtained concentrations are presented in Table 1. As
xpected, the results show that [Cd2+] increases when the CdS
mount in the couple is increased. When the amount of CdS
s increased by a factor 2, the Cd2+ release increases by about
0%. However, for a given CdS amount, there is no clear dif-
erences between the Cd2+ concentrations obtained with both
owders showing that the way the couple is prepared has a poor
nfluence on the stabilization of CdS.

. Discussion

Adsorption of OII on TiO2 and CdS has been measured
ccording to the procedure described in the experimental section.

hen the equilibrium concentration was reached, the initial OII
oncentration (10 mg/l) decreased by 4% in the CdS suspension
hereas no concentration change was measured in the TiO2 sus-
ension. This does not necessarily mean that there is no adsorp-
ion at all onto TiO2 but rather the concentration change is below
he detection limit of the apparatus used. Taking account of the
ccuracy of the concentrations, the calibration curve (absorbance
ersus concentration) used, the technical specifications of our
pectrophotometer, we estimate the threshold for a significant
oncentration change in a C = 10 mg/l in OII solution to be about
C = 0.1 mg/l, i.e. 1% of the concentration. This would mean

hat in the case of TiO2, the adsorption, if it occurs, gives rise
o a concentration decrease inferior to 1%. This assumption is
onsistent with the adsorption measurements of OII onto P25
iO2 reported by Kiriakidou et al. [10]. These authors showed

hat the adsorption of OII on TiO2 strongly depends on pH and
ccording to the measurements they performed at pH 6, as it
he case in this study, for an initial concentration of 10 mg/l (i.e.
.85 × 10−5 mol/l) the amount of OII adsorbed per gram of P25
iO2 is of the order of 1 × 10−6 mol/g or below. On the other
and, P25 TiO2 presents a BET surface area of 50 m2/g that is
hreefold the value of the TiO2 used in this study (17 m2/g). Since
he adsorption amount decreases with decreasing BET area, we

an reasonably consider that the amount adsorbed OII per gram
n our material to be rather of the order of n = 1 × 10−7 mol/g.
he molarity decrease �C = nW/V (with W the weight of TiO2

n grams and V the volume of the dye solution) induced by the

U
c
c

– –
– –

dsorption of n = 1 × 10−7 mol/g is found to be 5 × 10−8 mol/l,
.g. 0.2% of the initial concentration which is far below the
etection limit allowed by our experiment.

.1. Dye sensitization

The assumption for which a low amount of OII is adsorbed
n the TiO2 surface is consistent with the slow degradation OII
0.003 min−1) observed in TiO2 suspension under visible illu-
ination (Fig. 5B). This observation is in agreement with earlier

eports on the degradation of OII in P25 TiO2 suspension under
isible illumination [5,6]. It is due to a sensitization mechanism
5,6]. The dye molecule when adsorbed on the photocatalyst
ay absorb visible light to produce a singlet and/or triplet state

f OII molecule the singlet state 1OII* is more reactive than the
riplet.

OIIads + hν → 1OIIads
∗ (1)

If the oxidation potential of the excited state is more nega-
ive than the potential of the conduction band of TiO2 particles,
n electron is injected into the conduction band of TiO2 from
he excited state 1OIIads

*. The oxidation potential of the excited
inglet state of OII has been reported to be −1.25 V versus NHE
10] that is more negative than the CB level of TiO2 (−0.5 V
ersus NHE) making thermodynamically possible the electron
ransfer. Therefore, the dye is converted to the cationic dye rad-
cal (Eq. (2)).

OIIads
∗ + TiO2 → 1OIIads

•+ + TiO2(e−) (2)

The injected electron can be then scavenged by adsorbed
xygen for producing oxygen superoxide radicals O2

•−. This
adical may generate hydroxyl (OH•) and hydroperoxy (HO2

•)
hat can mineralize the substrate if the suspension is illuminated
or several hundreds of minutes [11].

iO2(e−) + O2 → TiO2 + O2
•− (3)

OIIads
•+ → products (4)

OIIads
•+ + O2

•− (or OH• or HO2
•) → products (5)
The huge difference between the activity of TiO2 under
V–vis and that under visible illumination reveals the minor

ontribution of the sensitization mechanism under UV–vis light
ompared to the well known process of direct excitation of TiO2,
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Fig. 6. Relative positions of the redox potential of TiO2, CdS and OII.

nvolving both electrons and holes, by photons possessing higher
nergy than the band gap of TiO2 (3.2 eV).

For the case of OII degradation in CdS suspension, no sig-
ificant difference is observed between UV–vis and visible illu-
ination. Therefore, it is difficult to assess for the contribution

f the sensitization mechanism to the degradation rate. Hence,
hese results demonstrate that the UV part of the light (4%) has
ittle influence on the degradation rate under UV–vis irradia-
ion. Because of both spectral characteristics of the simulator
e use and the optical response of CdS (Fig. 4), the photocat-

lytic process is mainly governed by visible light. Though, the
ye sensitization mechanism cannot be excluded because: (i) the
apacity of CdS for adsorbing OII (4% of the initial concentra-
ion of the solution) and (ii) the oxidation potential of the singlet
tate 1OII* (−1.25 V versus NHE) is more negative than the CB
evel of CdS (−0.95 V versus NHE).

.2. Dye and CdS sensitization

The basic thermodynamic conditions for the occurrence of
nterparticle charge transfer between two semiconductors are
ell documented [7,8,11]. Briefly, for an efficient electron trans-

er, the conduction band of TiO2 (wideband gap semiconductor)
ust be more anodic than that of the sensitizer (narrowband gap

emiconductor) and for an efficient hole transfer from TiO2 to
he sensitizer, the valence band of the sensitizer must be more
athodic than that of TiO2. In addition to the flat band potential
f the components, the photocatalytic performance of the cou-
le is also related to the geometry of the particles, the surface
ontact between particles and the particles size [7]. As shown in
ig. 6, the conduction bands of TiO2 and CdS are suitably dis-
osed for electrons transfer may occur from the CB of CdS to

hat of TiO2 when CdS is excited by visible light. It appears also
rom the SEM micrographs (Fig. 3) and the EDS analysis that the
ay we synthesize the couples leads to a rather homogeneous
istribution of CdS among the TiO2 particles. Therefore, the

5
T
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ntrinsic properties of the components as well as the method used
or coupling the semiconductors fulfil the main conditions that
llow interparticle charge transfer. The electron transfer between
dS and TiO2 particles is clearly demonstrated in Fig. 5B. The
egradation of OII in CdS(x%)/TiO2 suspension with x = 5 and
0 under visible illumination is found to be six and two times
aster than the isolated components, i.e. TiO2 and CdS, respec-
ively. This result is in good agreement with earlier work reported
y Serpone et al. [7] in which the occurrence of interparticles
lectrons transfer in CdS/TiO2 was verified for the oxidation of
henol-based compounds. Furthermore, the suitable positions of
he redox level of the 1OIIads

* molecule legitimates the process
f charge transfer that leads to degradation of OII. The poten-
ial difference between the redox levels of 1OII* (Eq. (1)) and
he CB of CdS (see Fig. 6) as well as the capacity of CdS to
dsorb OII allow charge injection into the CdS conduction band
s described in the former section.

OIIads
∗ + CdS → 1OIIads

•+ + CdS(e−) (6)

nd thus, the electrons injected in the CB of CdS (Eq. (6))
nd those coming from CdS direct excitation (Eq. (7)) may be
ransferred into the CB level of TiO2 as described by Eqs. (8)
nd (9). The molecules degradation occurs according to Eqs.
3)–(5).

dS + hν → CdS(h+, e−) (7)

dS(e−) + TiO2 → CdS + TiO2(e−) (8)

dS(h+, e−) + TiO2 → CdS(h+) + TiO2(e−) (9)

The observed slow degradation of OII in pure TiO2 suspen-
ion under visible light strongly suggests that the mechanism
escribed by Eqs. (6)–(9) prevails on the direct charge transfer
rom excited 1OII* molecule to TiO2. As commented for pure
dS, the sensitization mechanism is thermodynamically possi-
le but it is difficult to compare its contribution to the mechanism
nvolving direct excitation of CdS nanoparticles.

The low efficiency of CdS-rich couples (x = 30 and 50% CdS)
ay have different reasons. It could be that with increasing

mount of CdS, the contact surface between CdS particles and
iO2 particles becomes less good. On the other hand, increasing

he CdS amount could increase the mean path of the electron
hrough the CdS particles. This could favour the recombination
f the electrons with the holes generated in the CdS particles.
he results shown in Fig. 5A and B also reveal that when the CdS
roportion is increased, the couple tends to behave like pure CdS.
n other words, above a critical CdS amount that lies between 10
nd 30%, the photocatalytic process is mainly govern by CdS
hat show a poor photocatalytic activity.

. Conclusion

Coupled CdS/TiO2 with CdS percentage (w/w) varied from

to 50% have been prepared by precipitating TiO2 on CdS.

he photocatalytic efficiency of the CdS/TiO2 couples strongly
epends on the proportion of CdS. Under UV–vis light,
dS/TiO2 couples containing a low proportion of CdS (5 and
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0%) and pure TiO2 show the best photocatalytic activity. Under
isible illumination, these formers exhibit a faster degradation
ate than both isolated components evidencing an interparticle
lectron transfer. The fact that the dye adsorbs much more on
dS than TiO2 and the suitable level of its singlet excited state

uggest that electron transfer from the dye to CdS contribute
o the degradation mechanism. Finally, the loss of Cd2+ in the
olution upon illumination of the sol–gel product is compara-
le to that of a simple mixture of both components in the same
roportion.
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