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ABSTRACT 

 
     Ultra-fine CdS quantum dots modified TiO2 nanotube arrays (TiO2-NTs) with 
enhanced visible-light activity were fabricated via cathodic electro-deposition combined 
with ion-exchange route. The as-formed CdS quantum dots were highly dispersed both 
outside and inside the TiO2-NTs. The proposed strategy resulted in the strong 
combination and heterojunctions between CdS and TiO2 through Cd-O bonds. The 
crystal phases, chemical compositions and physicochemical properties of as-obtained 
CdS/TiO2-NTs have been investigated based on various characterizations. Compared 
to CdS/TiO2-NTs prepared via sequential chemical bath deposition method, the 
as-synthesized samples exhibited stronger visible-light absorption capability, higher 
photocurrent density, and greatly enhanced photoelectrocatalytic (PEC) activity toward 
degradation of methyl orange (MO) aqueous solutions under visible light irradiation (λ > 
400 nm). Such enhanced PEC activity may be ascribed to the strong combination and 
heterojunctions between CdS and TiO2, favorable for visible-light response and charge 
separation of TiO2-NTs. 
 
 
1. INTRODUCTION 
 
     Photocatalytic degradation of organic pollutants in waste water using 
semiconductors has attracted much attention1. Due to its superior photocatalytic activity, 
high chemical stability, non-toxicity and low cost, titanium dioxide (TiO2) has been 
regarded as one of the most promising photocatalysts. To date, various nanostructures 
of TiO2, including nanoparticles, nanospheres, nanorods, nanowires, and nanotubes, 
have been fabricated for their special physicochemical properties. Among different 
geometric shapes, the aligned TiO2 nanotube array (TiO2-NTs) obtained from the 
anodization of Ti sheet has generated considerable scientific interest2-3 because of the 
remarkable properties. TiO2-NTs can offer a large internal surface area, supplying lots of 
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reaction active sites. Furthermore, the precisely oriented nature of the nanotube arrays 
makes them excellent electron percolation pathways for vectorial charge transfer 
between interfaces, thereby reducing the losses incurred by charge-hopping across 
nanoparticle grain boundaries4. In addition, the aligned nanotube structure allows the 
absorption of radiation by reducing the loss of light reflection, since photons that enter 
the nanotubes are less likely to escape due to multiple radiations scattering by the 
walls5. 
     However, the practical application of pure TiO2-NTs is still limited by its large band 
gap (3.2 eV for anatase) and a fast recombination rate of photo-generated electron-hole 
pairs. Many routes have been explored to overcome such an impediment, one of which 
is coupling TiO2 with narrow band gap semiconductors, such as CdS6-8, Cu2O9-10 BiOI11, 
ZnFe2O4

12-13 and CuInS14. In particular, the band gap of CdS (Eg = 2.4 eV) and its 
relatively high absorption coefficient in the visible region make it highly desirable for the 
utilization in photovoltaics and photoelectrochemistry in comparison with other 
semiconductors15. CdS nanoparticles, usually, are deposited onto the TiO2-NTs surface 
by S-CBD method16-20 through immersing TiO2-NTs in Cd2+ solution and S2- solution. 
Although such method is convenient and simple, it shows poor repeatability and weak 
bonding force between semiconductors. It should further be noted that the as-obtained 
CdS grains prefer to aggregate on the surface of TiO2-NTs. Such aggregation of the 
CdS nanoparticles generally results in a significant decrease of the contact between 
CdS and TiO2, leading to weak visible-light absorption capability and low charge 
separation and transfer rate. The aggregated island-like of CdS may also block the tube 
of the TiO2-NTs. Thus, both the dispersion of CdS nanoparticles and the combination 
between CdS and TiO2-NTs will significantly affect the visible-light-driven photocatalytic 
activity of the hybrid photocatalysts. It is highly required to modify TiO2-NTs via ultrafine 
CdS quantum dots with high dispersion degree and strong combination between CdS 
and TiO2-NTs for extending the photo-response to longer wavelength region and 
accelerating the electron transfer from CdS to TiO2-NTs, while keeping the 
physicochemical properties of TiO2-NTs unchanged. 
     Herein, we reported a novel efficient and stable visible light driven TiO2-NTs based 
photocatalyst, in which highly dispersed ultrafine CdS quantum dots are incorporated 
within the pore wall of the TiO2 nanotubes. This is realized by two processes: 1) planting 
ultrafine CdO quantum dots as seeds into the pore wall of TiO2-NTs via Cd metal 
cathodic electrodeposition followed by calcination in air condition for converting Cd 
metal to CdO; 2) converting CdO to CdS via ion-exchanging in Na2S solution. The 
electrodeposition route could allow homogeneously deposition of cadmium metal 
quantum dots with ultrafine size on the pore wall of the TiO2-NTs, supplying the seeds 
for the growth of CdO quantum dots. Based on ion-exchange, the as-formed CdS 
quantum dots were highly dispersed both outside and inside the TiO2-NTs. The 
proposed strategy resulted in the strong combination and heterojunctions between CdS 
and TiO2 through Cd-O bonds. The photo-response of TiO2-NTs was extended to the 
visible-light region and the electron transfer between CdS and TiO2-NTs was also 
accelerated without destroying the ordered porous structures. Therefore, enhanced 
visible-light photocatalytic performance is expected. 
     Recently, photoelectrocatalysis was proved as a feasible route to solving the tough 
problem of the recombination of photo-generated electron-hole pairs.21 In this process, 



 

an additional bias voltage between working electrode (photocatalytic material) and 
counter electrode (Pt) was applied to promote photoelectrons migrate to the counter 
electrode through the outer circuit, thereby preventing the combination of electrons and 
holes and improving the efficiency of the photocatalytic reaction. Thus, the as-formed 
CdS quantum dots modified TiO2-NTs film was utilized as the working electrode for the 
photoelectrocatalytic degradation of organic pollutants. Such as-prepared CdS/TiO2-NTs 
electrode exhibited excellent photocatalytic activity and photostability toward the 
degradation of methyl orange under visible light irradiation by applying a small bias 
voltage (0. 8V) owing to the strong combination and heterojunctions between CdS and 
TiO2-NTs. 
 
 
2. EXPERIMENTAL SECTION 
 
     2.1 Materials 
     Titanium sheets (0.3 mm thick, 99.5%) were purchased from Shanghai Right 
Titanium Industry Co., Ltd. Cadmium chloride, sodium sulfide, methyl orange, acetone 
and ethanol of analytical grade were obtained from Aladdin Company without further 
purification. All solutions were prepared with deionized water. 
 
     2.2 Preparation of CdS-modified TiO2 nanotube array electrode 
     Pure TiO2 nanotues electrode was fabricated by electrochemical anodic oxidation 
technique. Prior to anodization, the titanium sheets were rinsed in an ultrasonic bath of 
acetone, ethanol and distilled water for 10 min successively. Then the cleaned titanium 
sheets were soaked in a mixture of 0.2 M NH4F and 0.1 M H3PO4 for 7 h at 20 V (Fig. 1) 
The as-anodized samples were crystallized by ambient annealing (500 °C) with a 
heating and cooling rate of 2 °C/min. 

 
Fig. 1 Diagram (left) and photograph (right) of the anodization two electrodes set-up 
 
     CdS-modified TiO2 nanotubes were prepared by using a novel cathodic 
electrodeposition followed by annealing and ion-exchange. A three-electrode set-up 
was used for deposition by using TiO2-NTs electrode as the working electrode, Pt sheet 
as the counter electrode, and a saturated calomel electrode (SCE) as the reference 
electrode. The TiO2-NTs electrode was immersed in CdCl2 solution for 6 min under 
ultrasonication. Then, the potentiostatic DC electrodeposition was carried out with a 



 

potential of 0.9 V for different time at room temperature. Upon electrodeposition, highly 
dispersed Cd metal quantum dots were homogeneously deposited onto the pore walls 
of the TiO2-NTs. The as-obtained films were further calcined at 500 °C in atmosphere for 
1 h for oxidizing Cd metal to CdO. Finally, CdO/TiO2-NTs films were kept at 140 °C for 
10 h in autoclave containing 50 mL Na2S aqueous solution (0.2 M) for ion-exchange 
(Scheme 1). For comparison, CdS/TiO2–NTs were also prepared by a conventional 
S-CBD route.22 Briefly, TiO2-NTs film was immersed in 0.2 M CdCl2 solution for 5 min. 
Upon being rinsed with DI water, the obtained film was further immersed in 0.2 M Na2S 
solution for 5 min and rinsed again with DI water. Repeating the above process for two 
times resulted in the formation of CdS crystallites on the TiO2-Nts. 

 
Scheme 1 Schematic illustration of the synthesis steps of CdS/TiO2-NTs 

      
     2.3 Characterization 
     Wide-angle X-ray diffraction measurements were carried out in a parallel mode (ω 
= 0.5°, 2θ varied from 20° to 80°) using a Rigacu Dmax-3C Advance X-ray 
diffractometer (Cu Kα radiation, λ = 1.5406 Å). The morphologies of the products were 
observed and analyzed by a field emission scanning electron microscopy (FESEM, 
S-4800). Transmission electronic micrograph (TEM) were recorded on a JEM-2010. The 
surface electronic states were analyzed by X-ray photoelectron spectroscopy (XPS, 
Perkin-Elmer PHI 5000). All the binding energy values were calibrated by using C1s = 
284.6 eV as a reference. The photoluminescent (PL) spectra were recorded on a Varian 
Cary-Eclipse 500. The diffuse reflectance spectra of the samples over a range of 
200-800 nm were recorded by a Varian Cary 500 UV-Vis-NIR system equipped with a 
Labsphere diffuse reflectance accessory using BaSO4 as a reference. 
 
     2.4 Photoelectrochemical measurements 
     Photoelectrochemical measurements were carried out in a conventional 
three-electrode, single-compartment quartz cell on an electrochemical station (CHI 
660D). The CdS/TiO2-NTs electrode and TiO2-NTs electrode with an active area of ca. 4 
cm2 were served as working electrode. The counter electrode and the reference 
electrode were platinum sheet and saturated calomel electrode (SCE), respectively. A 
bias voltage of 0.8 V was utilized for driven the photo-generated electrons transfer from 
working electrode to platinum electrode. A 300 W Xe lamp with an ultraviolet filter (λ > 
400 nm) was used as visible light source and positioned 10 cm away from the 
photoelectrochemical cell. A 0.2 M Na2S aqueous solution was used as the electrolyte 
(Fig. 2). 



 

 
Fig. 2 Diagram of photoelectrochemical measurements set-up 

 
     2.5 Photoelectrocatalytic performance testing 
     The liquid-phase photoelectrocatalytic degradation of methyl orange was carried 
out at 303 K in an 80 mL self-designed quartz photochemical reactor containing 50 mL 
aqueous solution (10 mg.L-1) under visible light (λ > 400 nm) irradiation. Other reaction 
conditions are same to those of the photoelectrochemical measurements. Upon being 
vigorously stirred for 1 h for reaching the adsorption-desorption equilibrium of MO on the 
catalyst, the photoelectrocatalytic reaction was initiated by irradiating the system with 
300 W xenon lamp with an ultraviolet filter (λ > 400 nm) located at 10 cm away from the 
photoelectrochemical reaction cell. At given irradiation time intervals, ca. 3 mL of 
reaction solution was sampled, and the residual MO concentration was analyzed using 
a UV spectrophotometer(UV 7504/PC) at its characteristic wavelength (λMO = 467 nm). 
Preliminary tests exhibit a good linear relationship between the light absorbance and the 
pollutants concentration. No more than 2 % pollutants degraded after reaction for 2 h 
under the same condition in the absence of either the working electrode or the light 
irradiation and, thus, could be neglected in comparison with the MO degraded via 
photoelectrocatalysis. The reproducibility is checked by repeating the results at least 3 
three times, and was found to be within acceptable limits (± 5%). 
 
 
3. RESULTS AND DISCUSSION 
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Fig. 1 XRD patterns of the CdS/TiO2-NTs: (a) 2 s-CdS/TiO2-NTs, (b) 5 s-CdS/TiO2-NTs, 
(c) 15 s-CdS/TiO2-NTs, (d) 30 s-CdS/TiO2-NTs, and (e) 60s-CdS/TiO2-NTs 
 
     In order to identify the crystal phase of TiO2-NTs and CdS/TiO2-NTs, the X-ray 
diffraction (XRD) measurement was used with the results shown in Fig. 1. For pure 
TiO2-NTs, all diffraction peaks can be indexed to the TiO2 anatase phase (JCPDS file 
No: 21-1272) and the Ti metal phase (JCPDS file No: 44-1294), respectively. There are 
no obvious difference between 2 s, 5 s 15 s and 30 s-CdS/TiO2-NTs and pure TiO2-NTs, 
indicating that no CdS diffraction peak appearance, perhaps owing to its ultrafine size, 
high dispersity and low concentration. To the case of 60 s-CdS/TiO2-NTs sample, there 
are two additional diffraction peaks at 2θ of 26.5 and 43.7, which could be attributed to 
(002) and (110) crystal planes of hexagonal CdS phase (JCPDF 41-1049). It should be 
pointed out the other diffraction peaks of CdS were not clearly distinguished because 
they overlapped with those of anatase TiO2 and pure Ti metal. 



 

 
Fig. 2 FESEM images of the TiO2-NTs electrode (a, b)before and after CdS deposition 
for different periods: (c, d) 2 s (e) 5 s (f) 15 s (g) 30 s (h) 60 s (i) CdS/TiO2-NTs prepared 
by S-CBD 
 
     The morphologies of TiO2-NTs electrode were characterized by FESEM. Fig. 2(a) 
and b respectively displays typical top-view and side-view FESEM images of the pure 
TiO2-NTs. It can be seen that the pure TiO2-NTs possess highly ordered structure and 
vertical orientation with an average outer pore diameter of ca. 100 nm, wall thickness of 
ca. 10 nm and tube length of ca.1.0 µm. Fig. 2c and d show the FESEM images of 2 
s-CdS/TiO2-NTs, which reveal that obtained ultrafine CdS quantum dots were highly 
dispersed on both outside and inside the TiO2-NTs. It was also observed that the size of 
CdS increased slowly upon prolonging the Cd metal deposition time in the first 
electrodeposition step, while the high dispersity can be maintained well. It is interesting 
that no aggregation of CdS particle can be found to block the tubes for all of the 
as-obtained CdS/TiO2-NTs samples. Nevertheless, the sample of CdS/TiO2-NTs 
fabricated via S-CBD suffered from serious of CdS aggregation on the surface of the 
TiO2 nanotubes and poor interaction between CdS and TiO2 as shown in Fig. 2(i). These 
results suggest that the proposed CdS quantum dots modification route is an excellent 
candidate for homogeneously introducing hybrid semiconductor on TiO2-NTs. The 
chemical composition of the 30s-CdS/TiO2-NTs was further determined by 
energy-dispersive X-ray spectroscopy (EDX) experiment. The EDX results confirm that 
the sample of 30s-CdS/TiO2 is mainly composed of Ti, O, Cd, and S. Quantitative 
analysis shows that the atomic percentage of Cd and S is about 0.60 and 0.74, 
respectively, indicating that the content of CdS is very low. 



 

 
Fig. 3 TEM images and HRTEM images: (a, b) Pure TiO2-NTs (c, d) 30 s-CdS/TiO2-NTs 
 
     The as-prepared pure and CdS modified TiO2-NTs samples were also investigated 
by TEM. Fig. 3(a) shows the TEM image of broken fractals of the pure TiO2-NTs sample 
under ultrasonication. The outer pore diameter is about 100 nm, and the wall thickness 
of the TiO2 tube is about 10 nm (Fig. 3(b)). As shown in Figs. 3(c) and (d), ultrafine CdS 
quantum dots with an average diameter of ca.3 nm are highly dispersed on the wall of 
the TiO2 tubes, with the formation of the heterojunctions between CdS and TiO2. This is 
in agreement with those of the FESEM. These results indicate that the proposed 
fabrication route could avoid the aggregation of CdS nanoparticles and increase the 
intimate and effective contact between the two semiconductors. 
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Fig. 4 High-resolution XPS spectra of 30 s-CdS/TiO2-NTs: (a) Ti2p, (b) O1s, (c) Cd3d, 
and (d) S2p 
 
     X-ray photoelectron spectroscopy (XPS) was employed to investigate the valence 
states and the chemical compositions of obtained samples. As shown in Fig. 4(a), no 
change of the binding energy of Ti2p can be defined after the deposition of CdS on 
TiO2-NTs. However, a positive shift of 0.2 eV for the binding energy of O1s (Fig. 4(b)) 
indicating the strong interaction between the CdS and TiO2 in the sample of 30 
s-CdS/TiO2-NTs. Two peaks for the Cd 3d in Fig. 4(c) were observed at 404.3 eV and 
411.1 e V, assigned to Cd 3d5/2 and Cd 3d3/2, respectively. Fig. 3(d) shows the peaks 
of S 2p obtained from 30 s-CdS/TiO2-NTs has a doublet structure due to the presence of 
S 2p3/2 and S 2p1/2. The XPS data are in accordance with results reported by Li et al. 23 
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Fig. 5 UV-vis diffuse reflectance spectra of the pure TiO2-NTs and CdS/TiO2-NTs 
electrodes 
 
Fig. 5 depicts the UV-vis diffuse reflectance spectra of the pure TiO2-NTs and CdS/ 
TiO2-NTs electrodes. It has been observed that pure TiO2-NTs electrode exhibits 
photo-response in UV region with a wavelength below 380 nm, which was attributed to 
intrinsic band gap absorption of TiO2. The weak absorption of pure TiO2-NTs in visible 
light region can be ascribed to scattering of light caused by pores or cracks in the 
nanotube arrays.1, 24 Compared to the pure TiO2-NTs, all the CdS/TiO2-NT electrodes 
show strong absorption capability in the region ranging from 380 to 500 nm owing to the 



 

contribution of CdS. With increasing the CdS amount via prolonging the 
electro-deposition time, the absorption intensity is increased. These results indicate that 
the photo-response of the TiO2-NTs can be extended the visible light region by 
sensitizing with ultrafine CdS quantum dots. 
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Fig. 6 PLS spectra of TiO2-NTs and 30 s-CdS/TiO2-NTs samples excited by 280 nm 
 
     The photoluminescence (PL) technique is an effective way to investigate the 
efficiency of the charge carrier trapping, migration, and transfer due to the PL signals of 
semiconductor materials, resulting from the recombination of photo-induced charge 
carriers. In general, the lower the PL intensity, the lower the recombination rate of 
photo-induced electron-hole pairs.25 As shown in Fig. 6, both TiO2-NTs and 30 
s-CdS/TiO2-NTs samples display PLS peaks at around 560 nm. The PL intensity of pure 
TiO2-NTs is much higher than that of the CdS modified TiO2-NTs. These results 
demonstrate that the introduction of CdS into the pore wall of the TiO2-NTs samples 
effectively inhibits the charge carrier recombination. 
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Fig. 7 Photocurrent responses in light on-ff process (0.5 V vs. SCE): (a) pure TiO2-NTs, 
(b) 2 s-CdS/TiO2-NTs, (c) 5 s-CdS/TiO2-NTs, (d) 15 s-CdS/TiO2-NTs, (e) 30 



 

s-CdS/TiO2-NTs, (f) 60 s-CdS/TiO2-NTs 
 
     To test the photoelectrochemical response of as-prepared pure TiO2-NTs and 
CdS/TiO2-NTs under visible light irradiation, photocurrent densities were measured in 
light on-off process with a pulse of 10 s by potentiostatic technique. As shown in Fig. 7, 
upon being irradiated with visible light (λ > 400 nm) at an applied potential of 0.5 V vs. 
SCE, all of the CdS/TiO2-NTs samples exhibited strong photocurrents. However, the 
photocurrent of the pure TiO2-NTs can be neglected compared to that of the CdS 
quantum dots modified samples. Upon turning off the light, the photocurrents disappear 
immediately. Such photocurrent response was highly reproducible for numerous on-off 
cycles. The highest photocurrent density was achieved on the 30 s-CdS/TiO2-NTs, with 
a value of ca. 0.8 mA /cm2. 
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Fig. 8 EIS Nynquist plots of pure TiO2-NTs electrode and 30 s-CdS/TiO2-NTs electrode, 
bias potential is 0.5 V, under visible light irradiation (λ > 400 nm) 
 
     The photogenerated charge separations process on CdS/TiO2-NTs could be 
investigated through the electrochemical impedance spectroscopy (EIS). Fig. 8 shows 
EIS response of pure TiO2-NTs electrode and 30 s-CdS/TiO2-NTs electrode under 
visible light (λ > 400 nm) irradiation. The radius of the arc on the EIS Nynquist plot 
reflects the reaction rate occurring at the surface of electrode. The arc radius on the EIS 
Nynquist plot of 30 s-CdS/TiO2-NTs electrode was smaller than that of pure TiO2-NTs 
electrode, which suggested that a more effective separation of photogenerated electron 
hole pairs and faster interfacial charge transfer occurred on the 30 s-CdS/TiO2-NTs 
electrode26-27. These photoelectrochemical characteristics proved that the combination 
of TiO2-NTs and CdS quantum dots via our method was an effective way to improve 
photocatalytic efficiency under visible light irradiation. 
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Fig. 9 Degrading MO by photoelectrocatalysis, photocatalysis, photolysis and 
electrochemical process under visible light illumination (λ > 400 nm, 0.5 V vs. SCE bias 
potential) 
 
     The photoelectrocatalytic (PEC), photocatalytic (PC), electrochemical (EC) 
process and direct photolysis (DP) of MO in aqueous solutions were performed on the 
30 s-CdS/TiO2-NTs electrode under visible light illumination (Fig. 9). The results show 
that 89.8 % of MO removal rate was obtained after 180 min of PEC process, while only 
14.5 % and 1.2 % of MO removal in PC and EC process, respectively, during the same 
illumination time. It is apparent that the PEC process provides the most effective way to 
degrade the MO aqueous solution. Furthermore, the degradation of MO in the PEC 
process was much higher than the summation of PC and PEC process. Such synergetic 
effect between PC and EC has been reported by Zhang et al. 21and Xie et al.28 
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Fig. 10 Effect of the amount of CdS on PEC degradation rate: (a) pure TiO2-NTs, (b) 
CdS/TiO2-NTs prepared by S-CBC, (c) 2 s-CdS/TiO2-NTs, (d) 60 s-CdS/TiO2-NTs, (e) 5 
s-CdS/TiO2-NTs, (f) 15 s-CdS/TiO2-NTs, (g) 30 s-CdS/TiO2-NTs 
 



 

     Fig. 10 demonstrates the kinetic behaviors of MO photoelectrocatalytic (PEC) 
degradation by the synthesized samples under visible light irradiation, applied a bias 
potential of 0.5 V vs, SCE. This process clearly obeyed the first-order reaction kinetics, 
and its kinetics may be expressed as follows: Ln(C0/C) = kt, where k is the apparent rate 
constant, while C0 and C are the initial concentration and the reaction concentration of 
MO, respectively. Evidently, the apparent rate constants of all the CdS/TiO2-NTs 
samples are significantly higher than that of pure TiO2-NTs. Among CdS/TiO2-NTs 
fabricated by our novel methods, the 30 s-CdS/TiO2-NTs sample possesses the highest 
PEC activity. Upon increasing the amount of CdS via prolonging the electro-deposition 
time to 60 s, the degradation rate goes down. The photoelectrochemical testing results 
could also support this conclusion. As a comparison, the apparent rate constant of 
CdS/TiO2-NTs prepared by S-CBC (0.0084 min-1) is much lower than other 
CdS/TiO2-NTs, though the modified CdS amount of the latter can be neglected 
compared to that of the former based on EDS analyzing. From FESEM images, one can 
see that the obtained CdS just aggregate on the surface of TiO2-NTs, which decreases 
the contact between CdS and TiO2 leading to low visible light absorption and poor 
charge separation and transfer. This experiment indicates that the distribution of CdS 
nanoparticles and the combination between CdS and TiO2-NTs is very important factor 
for PEC activity under visible illumination. The preparation way recommended in this 
paper could improve the PEC activity. 
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Fig. 11 (a) The effect of the concentration of electrolyte on PEC degradation rate of 30 
s-CdS/TiO2-NTs sample: (a) 0.02 M Na2S (b) 0.5 M Na2S (c) 0.1 M Na2S (d) 0. 2 M 
Na2S; (b) cycled degradation of MO for 30 s-CdS/TiO2-NTs 
 
     It should be noted that the concentration of the electrolyte can also affect the PEC 
degradation rate. As shown in Fig. 11(a), the apparent rate constant exhibits a volcano 
shape. As known, increasing the concentration of Na2S aqueous solution can enhance 
the conductivity of the reaction solution, which can promote the separation of 
photo-induced electrons and holes. However, excess electrolyte, such as 0.5 M Na2S, is 
not favorable for the enhanced PEC performance. This maybe attributed to the ion 
adsorption on the electrode surface, occupying the reactive sites of the working 
electrode. The stability of the 30 s-CdS/TiO2-NTs electrode was investigated by 
repeating 10 times the photoelectrocatalytic degradation of MO under visible light 
irradiation. As shown in Fig. 11(b), after 10 repeated experiments for PEC degradation 
of MO, the degradation yield can be remained above 87 %, indicating that the as-made 
CdS/TiO2-NTs electrode has an excellent photostability. 
 
 
4. CONCLUSIONS 
 
     In summary, framework embedded CdS quantum dots sensitized TiO2-nanotubes 
was fabricated by via cathodic electro-deposition combined with ion-exchange route. 
The as-obtained CdS/TiO2-NTs composites possess ultrafine CdS quantum dots with 
high dispersity, well crystallized anatase phases, large specific surface area, low band 
gap energy, and a tight contact between CdS and TiO2. The above merits produced both 
excellent visible-light photoelectrocatalytic activities and super strong photostabilities. 
The proposed route can also extended to design other hybrid semiconductor based 
nanotube electrodes. 
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