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ABSTRACT 
Novel CdSe quantum dot (QD)-sensitized Au/TiO2 hybrid mesoporous films have been designed, fabricated, and 

evaluated for photoelectrochemical (PEC) applications. The Au/TiO2 hybrid structures were made by assembly 

of Au and TiO2 nanoparticles (NPs). A chemical bath deposition method was applied to deposit CdSe QDs on 

TiO2 NP films with and without Au NPs embedded. We observed significant enhancements in photocurrent for 

the film with Au NPs, in the entire spectral region we studied (350–600 nm). Incident-photon-to-current efficiency 

(IPCE) data revealed an average enhancement of 50%, and the enhancement was more significant at short 

wavelength. This substantially improved PEC performance is tentatively attributed to the increased light 

absorption of CdSe QDs due to light scattering by Au NPs. Interestingly, without QD sensitization, the Au NPs 

quenched the photocurrent of TiO2 films, due to the dominance of electron trapping over light scattering by Au 

NPs. The results suggest that metal NPs are potentially useful for improving the photoresponse in PEC cells 

and possibly in other devices such as solar cells based on QD-sensitized metal oxide nanostructured films. This 

work demonstrates that metal NPs can serve as light scattering centers, besides functioning as photo-sensitizers 

and electron traps. The function of metal NPs in a particular nanocomposite film is strongly dependent on their 

structure and morphology. 
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1. Introduction 

Solar hydrogen generation from water splitting using 

photoelectrochemical (PEC) cells and photovoltaic 

(PV) cells has attracted much attention in the past 

decade, as it is one of the most promising approaches 

for energy production [1–3]. Since the initial report of 

photocatalytic splitting of water on TiO2 electrodes in 

1972 [1], much effort has been made to improve the 

solar-to-hydrogen efficiency of PEC cells [4–7]. 

Semiconductor metal oxides, such as TiO2, ZnO, and 

WO3, with various film morphologies have been inves-  

tigated for PEC water splitting [8–12].  

Despite the fact that these metal oxides are inex- 

pensive and chemically stable, most of them have large 

bandgaps and thus, limited visible light absorption. 

In order to enhance their visible light absorption   

for solar energy conversion, various approaches have 
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been taken, including dye and quantum dot (QD) 

sensitization as well as elemental doping. For instance, 

transition metals as well as nitrogen and carbon have 

been used as dopants to reduce their bandgap energy 

for enhancing visible light absorption [10, 13–17]. 

Alternatively, organic dyes and inorganic QDs have 

been utilized as visible light absorbers to sensitize the  

metal oxides [18, 19]. 

It has been reported that metal nanoparticles (NPs), 

such as Au and Ag, can enhance the photoresponse 

of semiconductors. For example, Au and Ag NPs 

deposited on polycrystalline Si thin films have been 

found to significantly increase the light absorption of 

the Si film and raise solar the electricity conversion 

efficiency of the Si solar cells [20, 21]. It was suggested 

that the metal NPs can act as a light trapping agent 

inside the Si film. Similar enhancement of PEC 

performance has been reported for nanostructured 

semiconductor–metal composite films [22–25], although 

the mechanism responsible for the observed enhan- 

cement is not yet fully understood. Tatsuma et al. 

suggested that the Au or Ag NPs serve as light 

sensitizers, similar to organic dyes, since the photo- 

response of these TiO2–metal composite films is con- 

sistent with the absorption spectra of Au or Ag NPs 

[25, 26]. Chen et al. also observed similar enhancement 

in photocurrent in ZnO nanowires incorporating Au 

NPs [18]. It was believed that the Au NPs act as 

photosensitizers and photogenerated electrons can be 

transferred from Au NPs to the connected ZnO nano- 

wires by the force of the Schottky Au–ZnO contact. 

However, no incident-photon-to-current efficiency 

(IPCE) data were presented to directly confirm the 

photoactivity of the Au/ZnO composite film in the 

visible region. Very recently, Nishijima et al. reported 

plasmon-assisted photocurrent generation from a  

Au nanorods/TiO2 electrode using visible to near 

infrared light [27]. In this case, the Au nanorods are 

elaborately arrayed on the surface of a TiO2 single  

crystal. 

Alternatively, Kamat et al. have proposed that 

another role of noble metal NPs in semiconductor– 

metal composite films, e.g., Au/TiO2 NPs, is to help 

separate the photogenerated charges and, thus, im- 

prove the interfacial charge transfer kinetics [24, 28, 29]. 

The noble metal NPs act as electron sinks or traps to 

accumulate the photogenerated electrons, which can 

minimize charge recombination in the semiconductor 

films. A 40% improvement in hole transfer efficiency 

from the semiconductor film to the electrolyte was 

observed [28]. The IPCE data showed that there is  

no photoresponse in the absorption region of Au  

NPs. In this case, the Au NPs did not act as a light 

sensitizer, and increasing amount of Au NPs led to  

a gradual decrease of the photocurrent in the PEC  

cells [18, 29]. 

Besides acting as photosensitizers for charge injection 

or as electron traps for facilitating charge separation, 

noble metal NPs can also act as the light trapping or 

scattering agent in semiconductor–metal structures 

[20, 30–33]. Ag and Au NPs have strong absorption in 

the visible region due to surface plasmon resonance 

(SPR) absorption as a consequence of collective electron 

oscillation in response to electromagnetic field 

radiation [34]. Metal NPs can exhibit significant 

Rayleigh scattering, especially when their size is 

comparable to, or larger than, the wavelength of light. 

While the scattering can occur at any wavelength for 

a given sized particle, one may expect enhanced  

scattering as well as absorption, in the SPR region. 

Here we report, for the first time, a synergistic effect 

observed in CdSe QD-sensitized Au/TiO2 hybrid 

structures. Figure 1 shows a schematic diagram of this 

three-component nanocomposite structure. In the 

Au/TiO2 hybrid structure, the Au NPs were embedded 

into TiO2 nanoparticle clusters by assembling them 

together [35, 36], which ensured that the Au NPs 

have good contact with the TiO2 NPs, and the CdSe 

QDs were deposited on the Au/TiO2 films through a 

chemical bath deposition (CBD) process [37]. This 

synergistic enhancement is proportional to the amount 

of Au NPs embedded in the range of 0–5 wt.%, which 

cannot be simply explained by the Au NPs acting as 

photosensitizers or electron traps. Instead, we 

tentatively suggest that the synergistic enhancement 

is due to increased light absorption of the CdSe QDs 

as sensitizers for TiO2, resulting from enhanced light 

scattering caused by Au NPs. This explanation is 

consistent with all of our experimental observations. 

The specific function of the metal NPs is believed to 

depend strongly on the structural or morphological  

details of the nanocomposite films and devices. 
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Figure 1 Schematic illustration of a CdSe QD-sensitized Au/TiO2 

film. When the film is irradiated by light, enhanced scattering by 

Au NPs is suggested to increase the effective light absorption of 

the CdSe QDs as sensitizers for TiO2, and thereby the overall 

photoresponse of the nanocomposite film 

2. Experimental 

2.1 Synthesis of TiO2 nanoparticles, Au nano- 

particles and Au/TiO2 hybrid mesoporous spheres 

TiO2 and Au NPs were synthesized followed the 

procedure reported in our previous work [38, 39]. To 

synthesize the TiO2 NPs, NH4HCO3 (1 g), cyclohexane 

(5 mL), oleic acid (15 mL), and triethylamine (5 mL) 

were mixed together at room temperature with stirring, 

followed by addition of 1 mL of titanium tetraiso- 

propoxide (Ti(OPr)4) dropwise into the solution and 

stirring for 2 min. The solution was then transferred 

to an autoclave at 150 °C for 24 h. The TiO2 NPs 

deposited at the bottom of the autoclave could be re- 

dissolved in cyclohexane. For the synthesis of Au NPs, 

2 mL of oleylamine that contained 20 mg HAuCl4 was 

dissolved in 20 mL of hexane. The solution was then 

transferred to an autoclave and put in an oven at the 

temperature of 70 °C for 8 h. After the reaction, the Au 

NPs were precipitated from the reaction solution by  

adding ethanol, and then re-dissolved in cyclohexane. 

The synthesis of the Au/TiO2 hybrid colloidal spheres 

utilized an emulsion-based bottom-up self-assembly 

(EBS) method [35, 39]. A mixture of 5 mL of TiO2 NP 

solution (10 mg/mL) and 0.5 mL of Au NP solution  

(2 mg/mL) was added to 40 mL of an aqueous solution 

containing sodium dodecyl sulfate (SDS) surfactant 

(0.2 g). The mixture was emulsified by ultrasonic treat- 

ment together with strong stirring. The cyclohexane 

was evaporated by heating at about 70 °C with 

constant stirring for 3 h to assemble the NPs into 

colloidal spheres, which were then separated from the  

aqueous solution by centrifugation. 

2.2 Fabrication of CdSe QD-sensitized Au/TiO2 

nanocomposite films 

100 mg of Au/TiO2 colloidal spheres were dissolved 

in 1 mL of water, and mixed with 80 mg of 

poly(ethylene glycol) (PEG, Mw = 3350) to form a 

viscous solution. A film was made by spin-coating 

100 μL of Au/TiO2 sol–gel NP solution at 500 r/min for 

1 min on fluorine-doped tin oxide (FTO) glass, followed 

by drying at 100 °C for 30 min and calcining at 550 °C 

for 1 h in air. Pristine TiO2 mesoporous films were made 

using the same EBS method under similar conditions. 

CdSe QDs were deposited on the Au/TiO2 film and TiO2 

film using a CBD method. Cadmium acetate Cd(Ac)2 

was used as Cd source and sodium selenosulfate 

(Na2SeSO3) was the Se source. The Na2SeSO3 aqueous 

solution was prepared by refluxing Se powder in 

Na2SO3 solution for 24 h. 10 mL of a solution containing 

0.1 mol/L Cd(Ac)2 and 0.25 mol/L sodium citrate was 

mixed with 10 mL of 0.15 mol/L Na2SeSO3 solution. 

Then, the films were vertically immersed into this 

solution at 50 °C for 20 min, and then washed with 

water to remove the loosely attached CdSe QDs. The 

above process was then repeated in another cycle in 

order to increase the loading of CdSe QDs. Finally, the  

films were allowed to dry in air.  

2.3 Characterization 

Ultraviolet-visible (UV–Vis) absorption spectra were 

measured using a Hewlett–Packard 8452A diode array 

spectrophotometer. Powder X-ray diffraction (PXRD) 

analysis was conducted on a MINIFLEX diffractometer 

operating at 30 kV/15 mA using Cu Kα radiation.   

A JEOL model JEM-1200EX transmission electron 

microscope (TEM) was used for the low-resolution  

TEM studies.  

PEC studies (linear sweep voltammetry and IPCE) 
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were carried out on a Solartron 1280B (Oakridge, TN) 

with CorrWare 2, CorrView 2 and ZView 2 software. 

An Ag/AgCl (+0.198 V versus a standard hydrogen 

electrode) and Pt wire coil were used as the reference 

and counter electrodes, respectively. A 1000 W Xe lamp 

was utilized as a white-light source. The electrolyte used 

was a mixture of 0.2 mol/L Na2S and 0.3 mol/L Na2SO3 

aqueous solution, where Na2S in solution acts as a 

hole scavenger and is oxidized into S2
2– to prevent the 

photocorrosion of CdSe. Linear sweep voltammograms 

were measured at a scan rate of 10 mV/s at applied 

potentials from –0.6 V to 0.5 V in the dark and 100 

mW/cm2 illumination (AM 1.5). IPCE action spectra 

were measured at various wavelengths from 350 nm to  

600 nm at an applied potential of 0.1 V (vs. Ag/AgCl). 

3. Results and discussion 

TEM images show that the as-prepared TiO2 and Au 

NPs have uniform shape with an average diameter  

of 9 nm and 6 nm, respectively (Figs. 2(a) and 2(b)). 

Figure 2(c) shows the Au/TiO2 hybrid colloidal spheres 

assembled from the TiO2 and Au NPs using the EBS 

method. The average diameter of these colloidal 

spheres is about 50 nm. In the EBS process, the Au 

and TiO2 NPs were thoroughly mixed and assembled 

into the spheres non-discriminately. Since the number 

of Au NPs was much less than that of TiO2 NPs, it 

was expected that most of the Au NPs would be 

dispersed in the TiO2 colloidal spheres as isolated 

units. The Au/TiO2 films were calcined to ensure a 

good contact between Au and TiO2 NPs. UV–Vis 

absorption spectra collected from TiO2 NPs, Au NPs, 

and Au/TiO2 colloid spheres are illustrated in 

Fig. 2(d). We observed an absorption peak of Au/TiO2 

colloid spheres centered at ~520 nm, which is 

consistent with the SPR absorption of Au NPs in  

solution. 

During the synthesis of Au/TiO2 colloidal spheres, 

organic oleic acid (OA) ligands were used to cap the 

constituent Au and TiO2 NPs. To achieve strong 

interfacial interaction between all the NPs and avoid 

any adverse effects of OA capping ligands on PEC 

performance, we calcined the hybrid colloidal spheres 

in air to remove the ligands and generate mesoporous 

structures [36]. PXRD was used to characterize the  

 

Figure 2 TEM images of (a) TiO2 NPs, (b) Au NPs, and (c) 

Au/TiO2 colloidal spheres. (d) UV–Vis spectra of TiO2 NPs 

(solution), Au NPs (solution), and Au/TiO2 colloidal spheres 

(solution) 

calcined Au/TiO2 films (Fig. 3). The dominant peaks 

can be indexed to the anatase TiO2 pattern (JCPDS 

Card No: 21-1272). Although it is difficult to 

distinguish the Au (111) diffraction peak from the 

(004) peak of anatase TiO2 due to peak broadening 

for the NPs, we clearly identified the secondary 

diffraction peaks of (200) and (220) crystal planes for 

Au in the PXRD pattern. The results confirmed the 

existence of Au NPs in the mesoporous structures, 

and that the Au NPs have a cubic structure. Moreover, 

no other impurity-related diffraction peaks were 

detected, indicating the sample has high purity. 

Figure 4(a) shows the UV–Vis spectra of the TiO2 

and Au/TiO2 films with different amounts of Au NPs. 

The pristine TiO2 film was made from TiO2 colloidal 

spheres as a control experiment. The apparent peaks 

near 320 nm are due to the FTO glass substrate as a 

background, that resulted in unreliable measurements 

at wavelengths near to, and shorter than, 300 nm. In 

general, the absorption is expected to continue to 

increase towards shorter wavelength in the UV and  
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Figure 3 XRD pattern of Au/TiO2 spheres after calcinations 

 
Figure 4 (a) UV–Vis spectra (samples are solid) of pristine 

TiO2 film (A) and Au/TiO2 films with different amount of Au NPs: 

(B) 0.5 wt.%, (C) 1.5 wt.%, (D) 2.5 wt.%, (E) 5 wt.%. (b) Linear 

sweep voltammograms, collected at a scan rate of 10 mV/s at 

applied potential from –0.6 V to +0.5 V (vs. Ag/AgCl) from the 

corresponding TiO2 film and Au/TiO2 films in (a) in the dark and 

with light illumination of 100 mW/cm2 

near UV regions for most samples. For the pristine 

TiO2 film sample, the absorption onset is around 

360 nm, with minimal visible light absorption. In 

contrast, the Au/TiO2 film showed strong absorption 

in the visible region due to the SPR of Au NPs, and 

the absorption increases with increasing Au NPs 

loading. In comparison to the Au/TiO2 spheres in 

solution, the absorption peak of the Au/TiO2 films 

was slightly red-shifted to about 580–590 nm after the 

calcination. The red-shift is likely due to the change 

in effective refractive index of the surrounding  

medium of Au NPs. 

Photoelectrochemical properties of the fabricated 

nanocomposite films were studied by measuring the 

photocurrent as a function of applied potential. 

Figure 4(b) shows the linear sweep voltammograms 

recorded from TiO2 and Au/TiO2 films in the dark 

and with light illumination of 100 mW/cm2 (A.M. 1.5). 

The Au/TiO2 films have lower photocurrent than the 

pristine TiO2 film, and the photocurrent decreased 

systematically with increasing loading of Au NPs. This 

reduction of photocurrent observed in Au/TiO2 films 

is attributed to trapping of photogenerated electrons 

in TiO2 by Au NPs, which is consistent with the  

observation reported previously by Kamat et al. [29]. 

To have a detailed characterization of the photo- 

response as a function of light wavelength, IPCE 

measurements were performed on these films. The  

IPCE was determined by the following equation 

IPCE = (1240 × I) / (λ × Jlight)          (1) 

where I is the photocurrent density, λ the incident 

light wavelength, and Jlight is the measured irradiance. 

Figure 5 shows the IPCE results for both a TiO2 film 

and a Au/TiO2 film with 5 wt.% Au. The photoresponse 

of the TiO2 film is minimal above 390 nm, and then 

increases dramatically when the photon energy is 

higher than the bandgap energy of TiO2. The Au/TiO2 

film also showed minimal photoresponse above 

390 nm, even though it absorbs visible light. The 

IPCE data clearly indicate that the Au NPs in this 

Au/TiO2 hybrid structure are not functioning as 

photosensitizers for TiO2. In fact, the incorporation  

of Au NPs reduced the IPCE of TiO2. We believe that 

the lack of photoactivity in the visible region, e.g., 
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Figure 5 Measured IPCE spectra of TiO2 film and Au/TiO2 film 

(with 5 wt.% Au) in the region 350 nm to 550 nm at a potential 

of 0.1 V (vs. Ag/AgCl) 

near the SPR region, is because photoexcited electrons 

in Au NPs are very short-lived and thereby unable to 

inject electrons into TiO2 in an effective manner 

[40, 41]. The observed decrease in photocurrent in the 

near UV region is likely a result of trapping of 

photogenerated electrons in TiO2 by Au NPs, as 

suggested previously in similar systems [24, 29, 42, 43]. 

In our case, the photosensitizing effect reported in 

previous studies is apparently weak in comparison to 

the trapping effect. The dominance of each effect may 

be critically dependent on the details of the nano- 

structure or morphology of the film. For instance, 

strong interaction between Au and TiO2 NPs may 

favor the sensitizing effect since electron injection 

from Au NP to TiO2 NP can then compete effectively 

with hot electron relaxation within Au NPs. In this 

study, the Au NPs are expected to be thoroughly 

mixed with TiO2 NPs and embedded as isolated units 

in the metal oxide due to the low loading level, which 

is significantly different from previously reported 

Au/metal oxide nanocomposite structures. The function 

of Au NPs may be determined by the concentration of 

Au NPs and/or the coupling between the Au and 

TiO2 NPs. This is an important issue that should be 

further investigated by using ultrafast dynamic 

studies to distinguish between the various competing  

kinetic processes. 

Although the incorporation of Au NPs reduced 

both the photocurrent and IPCE for the Au/TiO2 films 

compared to pristine TiO2 sample, we observed 

significantly enhanced photocurrent and IPCE for 

CdSe QD-sensitized Au/TiO2 composite films 

compared to CdSe QD-sensitized TiO2 films without 

Au NPs. Figure 6(a) shows the UV–Vis spectra of the 

CdSe QD-sensitized TiO2 film and Au/TiO2 films. 

Compared to the UV–Vis spectra of TiO2 and 

Au/TiO2 samples (Fig. 4(a)), the absorption of these 

sensitized films in the visible region was dominated 

by CdSe QDs, and therefore we did not observe an 

increase in Au SPR absorption with increasing Au NP 

 

Figure 6 (a) UV–Vis spectra of CdSe QD sensitized-TiO2 film 

(A) and CdSe sensitized Au/TiO2 films with different amount of 

Au NPs: (B) 0.5 wt.%, (C) 1.5 wt.%, (D) 2.5 wt.%, (E) 5 wt.% 

(with blanking against FTO glass substrate as background, and 

the thickness of the films are almost the same). (b) Linear sweep 

voltammograms, collected at a scan rate of 10 mV/s at applied 

potential from –0.6 V to +0.5 V (vs. Ag/AgCl) from the 

corresponding CdSe QD-sensitized TiO2 and Au/TiO2 films in 

(a), in the dark and with light illumination of 100 mW/cm2 
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loading. There was no correlation between the overall 

absorption intensity and Au loading. This could be 

due to the possible variations of film thickness or 

CdSe QD density from sample to sample. In any case, 

the variation in sample optical density (OD) does not 

seem to be directly related to the loading of Au NPs. 

However, this small variation in sample OD does not 

affect the key observation of enhanced photoresponse 

resulting from Au NPs incorporation, which will be 

discussed next. What is important for PEC is the 

photocurrent, and the OD can be affected by many  

factors and is less critical than photocurrent for PEC. 

The PEC properties of all these CdSe QD-sensitized 

nanocomposite films were carefully examined. As 

shown in Fig. 6(b), the I–V characteristics revealed 

pronounced photoresponses for all these films under 

light illumination of 100 mW/cm2. As expected, the 

photocurrent of the CdSe QD sensitized nanocomposite 

films increased substantially compared to the non- 

sensitized samples. Since the CdSe QDs were 

deposited on the surface of the TiO2 or Au/TiO2 films, 

the internal structure of the TiO2 or Au/TiO2 films 

should remain essentially unchanged after the QD 

sensitization. Thus, the enhanced photocurrent is 

mostly due to absorption of light by CdSe QDs. More 

importantly, the CdSe QD-sensitized Au/TiO2 films 

showed higher photocurrent than the one without 

Au NPs, and the photocurrent increased with the 

increased loading of Au NPs. The results unam- 

biguously demonstrate the existence of a synergistic 

effect between CdSe QD and Au NPs. Since we have 

shown that the Au NPs cannot work as effective 

photo- sensitizers, but rather as electron traps in the 

Au/TiO2 films, the significantly enhanced photocurrent 

in CdSe QD-sensitized TiO2 in the presence of Au NPs 

must be due to another reason. We suggest that the 

observed synergistic effect of Au NPs and CdSe QDs 

in enhancing photocurrent is a result of increased 

light absorption by CdSe QDs caused by increased 

light scattering by Au NPs. The strong scattering 

from Au NPs can effectively increase the optical path 

of the incident light in the absorber layer [31, 33], as 

shown in Fig. 1, and thus, increase the effective 

absorption of light by CdSe QDs. This explanation  

is strongly supported by IPCE data that will be  

discussed later. 

We noticed that the onset potential varied somewhat 

with Au NP loading but there is no simple or clear 

trend that can be established with regard to increasing 

loading of Au NPs. The change in onset potential has 

been observed in similar metal–metal oxide com- 

posite systems and been attributed to Fermi level 

re-equilibration in the composite nanostructure [22, 24]. 

In the two-component Au/TiO2 system (Fig. 4(b)), the 

onset potential seems to shift towards more positive 

potential with increasing loading of Au NPs, indicating 

that the Fermi level moves downwards in energy. In 

the three-component CdSe QD-Au/TiO2 system, the 

lack of a simple trend could be attributed to the com- 

plications caused by competing factors or the influence  

of the CdSe QDs in addition to Au/TiO2. 

To better understand the fundamental mechanism 

behind the improved photocurrent in the CdSe 

QD-sensitized Au/TiO2 nanocomposite films, IPCE 

was measured in the region of 350–600 nm. Figure 7 

shows IPCE results for the CdSe QD-sensitized TiO2 

and Au/TiO2 film with 5 wt.% of Au NPs. In 

comparison to non-sensitized samples, the CdSe 

QD-sensitized Au/TiO2 film showed enhanced IPCE 

in the entire wavelength we studied (350–600 nm) as 

the incorporation of small bandgap CdSe QDs 

substantially improved visible light absorption. 

There is no obvious enhancement of IPCE in the SPR 

region of Au NPs (~520 nm), thus, indicating that the 

enhancement is not related to the SPR or electro- 

magnetic enhancement effect of Au NPs. The data 

reveal substantially enhanced IPCE for the CdSe 

QD-sensitized Au/TiO2 film compared to the one 

without Au NPs, which is consistent with the higher 

maximum photocurrent observed with the CdSe 

QD-sensitized Au/TiO2 film. The IPCE increased con- 

sistently and monotonically from the long wavelength 

towards short wavelength (e.g., the percentage 

increased from 30% at 600 nm to 80% at 350 nm). It is 

well known that the light scattering cross section for 

a given particle with a specific size, Au NPs in the 

present case, increases with decreasing wavelength. 

Therefore, this wavelength-dependent IPCE enhance- 

ment, i.e., increased IPCE enhancement with decreasing 

wavelength, strongly suggests that the observed IPCE 

enhancement be related to light scattering by Au NPs. 

As we have discussed in relation to Figs. 4 and 5,   
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Figure 7 Measured IPCE spectra of CdSe QD-sensitized TiO2 

and Au/TiO2 films (with 2.5 wt.% Au and 5 wt.% Au) in the 

region of 350 nm to 600 nm at a potential of 0.1 V (vs. Ag/AgCl) 

the incorporation of Au NPs leads to a reduction in 

the photocurrent and IPCE of the pristine TiO2 film 

due to the trapping or quenching of photogenerated 

electrons from TiO2. Thus, the enhanced photocurrent 

and IPCE in CdSe QD-sensitized Au/TiO2 composite 

films is most likely caused by increasing light 

absorption of CdSe QDs due to enhanced light  

scattering by Au NPs. 

In principle, Au NPs can function as a photo- 

sensitizer to absorb visible light, or as impurity sites 

for electron trapping or light scattering. The dominance 

of a specific role played by the Au NPs is believed  

to strongly depend on the details of structure or 

morphology of the nanocomposite film. In this work, 

the Au NPs acted primarily as both electrons traps and 

light scattering centers. For Au/TiO2 films without 

CdSe QD sensitization, the dominant role of Au NPs 

is to trap or quench photogenerated electrons in TiO2 

via UV and near UV light excitation. Light absorption 

and scattering of Au NPs in the visible region are 

relatively insignificant in contributing to the observed 

photocurrent. In contrast, for CdSe QD-sensitized 

Au/TiO2 composite films, the photocurrent is do- 

minated by the visible light absorption of CdSe QDs.  

Therefore the incorporation of the Au NPs as light 

scattering centers became significant and enhanced 

the photocurrent of the composite film. In this case, 

electron trapping by Au NPs is relatively unimportant. 

The results suggest a promising approach for 

improving the performance of metal oxide photo- 

electrodes in PEC cells and possibly PV device app- 

lications. Other metals, such as Ag, with SPR absorption 

may exhibit similar effects to Au, and further research  

is underway for comparative studies.  

4. Conclusion 

A novel CdSe QD-sensitized Au/TiO2 nanocomposite 

has been designed, synthesized, and studied for  

PEC applications. Au NPs have been found to 

significantly enhance the photocurrent of CdSe QD- 

sensitized TiO2 nanocomposite films. The enhancement 

is synergistic in that it is only occurs when both Au 

NPs and CdSe QDs are present at the same time. This 

effect is attributed to increased absorption of light by 

CdSe QDs as a result of increased light scattering due 

to Au NPs. This observation provides useful funda- 

mental insights for developing new nanostructures 

tailored for PEC cells and possibly other applications  

including PV cells. 
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