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ABSTRACT 

Photo-activities at Inorganic/Organic/Interfaces (IOI) consisting of CdS/Polyterthiophine (PTTh) assemblies were in-
vestigated in nanoparticle suspension and in thin solid film forms. The effects PTTh modifier cause on the photoelec-
trochemical behavior of the IOI were investigated using [Fe(CN)6]

4– as photoactive hydrated electron donor agent. Re-
sults show that the adsorption process of [Fe(CN)6]

3– (photolysis product) control the photoactivity outcome of IOI as-
semblies. CdS/PTTh shows lower heterogeneous photochemical response than native CdS. Native CdS amorphous na-
noparticles adsorb more [Fe(CN)6]

3– with very steady adsorption/desorption process than the modified ones. The inter-
face activities were explained by analyzing the IOI junctions’ characteristics, such as electron affinity, work function 
and hole/electrons barrier heights. The aqueous nano-systems retained moderate stability as indicated by the reproduci-
bility of their photocatalytic activities. Both [Fe(CN)6]

4– and PTTh contributed to the stability of native CdS surfaces. 
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1. Introduction 

Modification of native semiconductor (SC) surfaces can 
cause noticeable changes of the behavior of the modified 
surfaces. In general, unlike doping, surface modification 
can affect the band bending and the charge densities at 
the modified interfaces. Assemblies consisting of inor-
ganicorganic interfaces (IOI) and organic-inorganic in-
terfaces (OII) possessing great photo-conversion effi-
ciency and high photo-corrosion resistance have been the 
focus of attention of several investigations in the field of 
solar energy. A number of semiconductor systems in the 
form of thin film-electrodes or colloidal systems which 
might be used in solid or liquid photovoltaic cells have 
been investigated [1-10], including metal chalcogenides 
modified with poly aniline, poly-payroll, or other organic 
semiconductors to name but few [11-19]. But in these 
studies, low conversion efficiencies were reported. Or-
dered assemblies of narrow band gap (Eg) semiconductor 
nanostructures can be convenient systems to harvest vis-
ible light energy. Metal/chalcogenides/oxide semicon- 
ductors absorb only solar radiation that matches their 
band gaps. However, the range of the radiation spectrum 
can be widened if the surfaces of the semiconductor sur-
face are modified with agent/s that can absorb or become 
excited by greater radiation energies, such as UV. Some 

conjugated organic semiconductors absorb UV radiations 
and then re-emit radiation at longer wave lengths. If an 
inorganic semiconductor absorbs photons emitted from 
adsorbed organic agent, then this IOI assembly produces 
a widened solar radiation absorption range. 

Modified CdS with poly RuvbPy, was investigated 
[20,21] in the form of thin solid films. 

Thin films generally offer very limited surface area, 
which consequently limits the amount of radiation that 
can be absorbed. The poor resistance to photo corrosion 
reported [22,23] adds another disadvantage of using ma-
crostructures such as thin sold films. 

The interest in the hybrid Inorganic/Organic interfaces 
or (IOI) was driven by the search for improving the solar 
energy conversion efficiencies in photovoltaic assemblies. 
The hetero-junction at the IOI assembly can affect its 
chemical, electrochemical, optical, magnetic and me-
chanical properties. Creating effective IOI requires en-
ergy coordination between the organic and inorganic 
interfaces for efficient charge transfer and separation as 
in p - n junction-type assemblies. Information about phy-
siccal quantities such as electronegativity (EA), Electron 
affinity (EA), work function (Ф), barrier height (φ) and 
band gap (Eg) for components of the IOI will help 
achieving p - n junction assemblies. In this paper, we 
record a creation of a hybrid IOI assembly of CdS and 
PTTh, and the effects that PTTh has as surface modifiers  *Corresponding author. 
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on the photo-activities of CdS nanoparticles during the 
photolysis process were investigated. The CdS/PTTh as- 
semblies were either in forms of aqueous suspensions of 
these SC, or in the form of thin solid films. Photoactive 
buffered solution of [Fe(CN)6]

4– as an electron donor was 
used to track the expected changes at the studied IOI 
assemblies. The recorded photocurrent produced during 
the photolysis process will be used in drawing conclu-
sions about the type of effect/s and its magnitude that 
may be caused by these modifiers. Special emphasis will 
be given to the effectiveness in harvesting UV-VIS ra-
diation when these CdS particles are integrated into IOI. 

2. Experimental 

2.1. Reagents 

All the reagents were of analytical grade. All of the solu-
tions were prepared using de-ionized water, unless oth-
erwise stated. CdS/, CdS/PTTh were either in nanoparti-
cles form or thin solid films. 

2.2. Preparation of CdS/PTTh/Interface 

1) Colloidal suspensions of CdS/PTTh interface 
were prepared following procedures similar to those pre-
viously reported [24,25]. Briefly, the photopolymeriza-
tion syntheses of CdS/PTTh were carried out in an open 
Petri dish, where a suspension of CdS in a solution of 
terthiophine in 1.0 M of HNO3 was irradiated with 
UV-VIS source overnight. The reaction temperature was 
kept at around 30˚C, after which the solution was centri-
fuged and the precipitated material washed with water 
and acetonitrile until the remaining solution became 
clear. 

2) Electrodeposition of thin solid films form: Sus-
pensions of CdS nanoparticles and terthiophine monomer 
in acetonitrile solutions containing 0.2 M LiClO4 were 
used as electrodeposition bath. FTO (Fluorinated tin ox-
ide, 1 cm × 6 cm), were used as substrate electrodes for 
the deposited CdS/PTTh/interface film. The oxidative 
electropolymerization process took place by repetitive 
cycling of FTO potential between –0.5 V to 1.60 V vs 
Ag/AgCl electrode. Films generated in this way were 
very thin, smooth, and evenly spread over the surface, 
but also give small photo response. 

3) Deposition of thin solid films: Electrodes of thin 
solid films of CdS particles modified with PTTh pre-
pared as described in 1, were suspended in polyethylene 
oxide solution. The suspension was homogenously 
spread over an FTO slide (12.5 mm × 75 mm) and dried 
at 120˚C for 6 hours. The assembled electrode was 
transferred to a three electrode cell with Ag/AgCl and Pt 
electrode as a reference and counter electrodes respec-
tively in chosen buffer for electrolyte. 

2.3. Instrumentation 

All electrochemical experiments were carried out using a 
conventional three electrode cell consisting of Pt wire as 
a counter electrode, a Ag/AgCl as a reference electrode, 
and Pt Gauze as an electron collector. A BAS 100 W 
electrochemical analyzer (Bioanalytical Co.) was used to 
perform the electrochemical studies. Steady state reflec-
tance spectra were performed using Shimadzu UV-2101 
PC. Irradiation was performed with a solar simulator 300 
watt xenon lamp (Newport) with an IR filter. 

2.4. Fluorescence Lifetime Measurements 

Fluorescence lifetime measurements were performed 
using a Chronos (ISS, Champaign, IL) with a laser diode 
as the excitation source [26]. 

2.5. Photolysis Cell 

The electrolysis cell was a one compartment Pyrex cell 
with a quartz window facing the irradiation source [27]. 
The working electrode, a 10.0 cm2 platinum gauze cyl-
inder had a solution volume of 100 mL. Suspensions 
were stirred with a magnetic stirrer during the measure-
ments. A Ag/AgCl/Cl– reference electrode was also fitted 
into this compartment. A 10 cm2 platinum counter elec-
trode was housed in a glass cylinder sealed in one end 
with a fine porosity glass frit. 

Photolysis of [Fe(CN)6]
4– will generate hydrated elec-

trons and [Fe(CN)6]
3–. The potential of the working elec-

trode was fixed at 100 mV more negative than the reduc-
tion potential of [Fe(CN)6]

3– to guarantee full reduction 
of ferricyanide. The current due to the reduction of 
[Fe(CN)6]

3– collected by the working electrode during 
the photolysis process is a measure of photocurrent. 
Measured photocurrent was normalized considering two 
photons per one hydrogen molecule, and was used to 
calculate the number of moles of hydrogen generated per 
square meter per hour of illumination. The experimental 
work unless otherwise stated took place at room tem-
perature 25˚C. 

3. Results and Discussion 

3.1. Electrodeposition of Thin Solid Film 

Oxidative electropolymerization of terthiophine mono-
mers took place by repetitive cycling of the FTO elec-
trode potential between –0.5 to 1.5 V vs Ag/AgCl. The 
results are displayed in Figure 1. Cyclic voltammetry of 
formed polymer in supporting electrolyte only is similar 
to that displayed in Figure 1. It can be noticed that the 
both anodic and catholic peak current decreases by re-
petitive cycling of the potential. The value of ΔEp is 
greater than that expected to be for surface wave. This  
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Figure 1. Repetitive CV of ITO electrode in suspension of 
CdS nanoparticles and 10 mMter-Thiophine monomer in 
acetonitrile solutions containing 0.2 M LiClO4. Scan rate 50 
mV/sec. 
 
can be attributed to the semiconducting nature of the po-
lymer film. Furthermore, onset oxidation potential oxE  
of PTTh. can be detected at 1.20 V vs Ag/AgCl. This 
value will be used to calculate the Ionization potential of 
the PTTh. 

3.2. Absorption Spectra of PTTh Film 

Absorption spectra of PTTh thin films deposited over 
ITO are displayed in Figure 2. In this figure we can 
identify a broad absorption peak in the wavelength range 
of 430 to 490 nm. This broad absorption peak corre-
sponds to an Eg range from 2.95 to 2.48 eV. This is also 
an indication of energy intervals with high density states 
that represent HOMO (higher occupied molecular orbi-
tals) and LUMO (lower unoccupied molecular orbitals). 
The absorbed photons are consumed in generating charge 
carriers, probably by an extrinsic mechanism. The calcu-
lated molar absorptivity for this compound was found to 
be in the range of 105 M–1cm–1. This value is consistent 
with the measured 2.88 ns as life time of terthiophine 
excited state. 

3.3. Energy Map of Poly Terthiophine 

In order to draw the energy map of PTTh, along with the 
band gap (Eg), parameters such as IP and EA are required.  
Furthermore, these parameters are needed to explain the 
electrical and optical properties of the film. Relating 
electrochemical data, such as the onset oxidation poten-
tial ( ox ), the onset reduction potential , and the 
band gap leads to an understanding of the integrated en-
ergy diagram of the film. Onset potentials can be esti- 

E  RedE

 

Figure 2. Absorption spectra of PTTh film of FTO. 
 
mated from the intersection of the two tangents drawn at 
the rising oxidation current and the background current 
in the CV using the following formula [28]: 

ox ox reference electrode vacE E E E 4.6 eV         (1) 

As Ag/AgCl was used as a reference electrode (E0 = 
0.197 V vs NHE), and Evac ≈ 0, the above equation can 
be written as follows: 

oxIP E 4.4 eV                 (2) 

Considering the energy gap between HOMO (valence 
band) and LUMO (conduction band) to be the band gap 
(Eg), and the energy gap between the LUMO and vacuum 
level to be the electron affinity (EA), we can write the 
following equation: 

IP = EA + Eg                (3) 

Table 1 list of photo-electrochemical data for CdS and 
PTTh. 

The reported EA of 3.12 eV for PTTh that is lower 
than that of CdS (EA = 4.45 eV) reflecting an electron 
donor or a p-type semiconductor with φ (hole barrier 
height) of 0.9 eV. 

3.4. Photoelectrochemical Behavior of 
CdS/PTTh Aqueous Suspensions 

3.4.1. Theory 
Photolysis of [Fe(CN)6]

4– generating hydrated electrons 
( aqe  ). These electrons can play an important role in 
photo-dissociation of water through these reactions: 

   4 3

6 6
Fe CN Fe CN + aqhv e

 

             (4) 

2+ H 2OHaq aqe e 
                      (5) 

If the reaction in Equation 4 is reversed by reducing 
[Fe(CN)6]

3– back to [Fe(CN)6]
4–, generation of hydrated 

electrons will continue. Reversing reaction 1 is possible 
by using a SC that emits electrons upon illumination ac-
cording to the following reaction: 
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Table 1. Photo-electrochemical data at CdS/PTThInterface. 

Property, eV CdS PTTh 

Onset Oxidation potential  
(vs, Ag/AgCl) 

 1.2 V, vs Ag/AgCl

Measured band gap, Ea 2.2  2.48  

Ionization potential IP  5.6  

Work function Ф 4.7   

Electron Affinity EA 4.45 3.12  

Holes’ Barrier Height, φh at IOI*  0.9 

Electrons ‘Barrier Height, φe at IOI  1.58 

Life-time of excited state, ns  2.88 

ΔEA = EACdS − EAOrg., eV 1.33  

Calculated from φh = Organic IP – Ф (metal oxide). 

 

   

  

3

6

4

6

Fe CN

Fe CN center

hv e h

h ve





    

     

4

        (6) 

where (e/h) is excited SC, however, production of H2 in 
presence of SC particles can also be possible by a differ-
ent route. The 2 4  it acts as a hole scavenger [29] 
and the following reaction can take place: 

H PO

  *
2 4 2H PO from H POh VB             (7) 

The adsorbed [Fe(CN)6]
3– on the particle 

   

 

3-

36 ads

3

26

Fe CN from H O

Fe CN 1 2 H

e VB 



    

    

      (8) 

In the presence of SC, the recorded collector electrode 
reduction current will be less than that recorded in sus-
pension free 10 mM Fe(CN)6]

4– (from now on it will be 
call reference system). This decrease is due to either re-
action 6 or 7 or both. Reaction 6 causes photo-reduction 
of Fe(CN)6]

3–, so less of it be reduced electrochemically 
at the collector electrode. On the other hand the adsorp-
tion of Fe(CN)6]

4– on the particle surface, reduces the 
amount of Fe(CN)6]

3– produced by reaction 4, and con-
sequently less electrochemical reduction current will be 
recorded for collector electrode. 

The photo-reduction of Fe(CN)6]
3– caused by SC is 

calculated as follows: 
Photoreduction current;  

photored

red

I Ired in reference system 

 I in presence of SC




       (9) 

The greater the Iphotored, the better the SC is for the 
photolysis process. 

3.4.2. Photolysis of the Suspension 
Aqueous suspensions of pure and surface modified CdS 

in 0.2 M phosphate buffer at pH 6 containing 0.02 M of 
K4[Fe(CN)6] were subject to the photolysis process. The 
potential of the Pt collector electrode was kept constant 
at 0.000 V vs Ag/AgCl. The results are displayed in 
Figures 3 and 4. The recorded photocurrent in these fig-
ures is due to electrochemical reduction of K3[Fe(CN)6]. 
In the presence of illuminated native or surface modified 
CdS, reduction of K3[Fe(CN)6] can take place by an 
electrochemical and/or by a photochemical process, but 
the collector electrode records only the electrochemical 
process. Figure 3 shows that the recorded electrochemi-
cal-reduction current in homogeneous solutions of 
K4[Fe(CN)6] is greater than that recorded for heteroge-
neous solutions in the presence of native CdS (Figure 
3(c)) and of CdS/PTTh (Figure 3(b)). This also indicates 
that photo-reduction in the presence of the native CdS is 
greater than that for the CdS/PTTh systems. 
 

 

Figure 3. Photolysis of aqueous suspensions of studies IOI 
containing 0.2 M Phosphate buffers and 10 mM of 
[Fe(CN)6]

4– (a) Ref. (10 mM of [Fe(CN)6]
4–); (b) Ref. + 

CdS/PTTh; (c) Ref. + CdS. 
 

 

Figure 4. Photolysis of aqueous suspensions of CdS/PTTh 
containing 0.2 M Phosphate buffers and 10 mM of 
[Fe(CN)6]

4– ((a), (b), (c) are cycles of photolysis ). 
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The smaller electrochemical-reduction current in the 
heterogeneous system than that in homogenous system 
can be explained as follows. When oxide nanoparticles 
are added to [Fe(CN)6]

4– solutions, the following proc-
esses took place: 

1) 
 

  
 

4

6

4

6
s

M solubility equilibrium Fe CN

Fe CN

Z

Z
M

  



   

   
 (10) 

 
 

4

6
s

Fe CN
Z

M


   



 will stabilize [30,31] the sur-  

face against photo-degradation. Calculations based on 
particle size (100-nm radius), CdS, and the stoichiometry 
of reaction 5 indicated that the amount of [Fe(CN)6]

4– 
consumed in reaction 5 is less that 0.06% of its the orig-
inal concentration of 20.0 mM/L. 

2) Adsorption of [Fe(CN)6]
3– (product of reaction 1) 

on the surface of nanoparticles [32-34]. 
Adsorption decreases the amount of [Fe(CN)6]4–  

oxidized in reaction 1, while adsorption of [Fe(CN)6]
3– 

reduces the amount of free [Fe(CN)6]
3– that can reach the 

Pt regenerator electrode. In both cases the recorded re-
duction current will be less than that reported in ho-
mogenous system. However, under illumination all of 
[Fe(CN)6]

4– will be oxidized to [Fe(CN)6]
3– and the sur-

face of nanoparticles will be covered only with 
[Fe(CN)6]

3–. This amount of [Fe(CN)6]
3– will be identi-  

fied from now on as . This adsorbed   3

6
ads

Fe CN


  

ferricyanide will be photochemically reduced at the na-
noparticle surface. The very small amount of 
[Fe(CN)6]

4– consumed in making the insoluble layer 
(<0.05%) suggests that adsorption phenomena are the 
main factors that can explain why the reduction current 
recorded by Pt regenerator electrode in the presence of 
nanoparticles is lower than that in homogenous solution. 
The relatively high concentration of  (0.2 M) in 
comparison with 0.02 M concentration of [Fe(CN)6]

4– 
causes  to be the major adsorbed species on the 
surface of nanoparticles. The following mechanism is 
suggested for the photochemical reduction that causes the 
reversibility of reaction 1: 

1
2 4H PO 

1
2 4H PO 

Step 1    4 3

6 6
Fe CN Fe CN aqhv e

 

        
 

Step 2  

    3 3

6 6
ads

Fe CN SC nanoparticles Fe CN
 

       
1

 

Step 3 2 4  acts as hole scavenger and undergoes 
photo-oxidation to  [29] as follows: 

H PO
*

2 4H PO

  1 *
2 4 2 4SC H PO H PO  conduction bande h e     

where (e) electrons in conduction band, h = hole in va-
lence band (Figure 5). This step is based on the fact that 
the calculated hole barrier heights [35] for the SCs used 

in this study is 0.9 eV and much smaller than e barrier 
heights (1.68 eV). These suggests that the hole transfer is 
to take place first either to oxidize  (because of 
its higher concentration than Ferrocyanide anion), or to 
undergoes electron injection from the excited state of 
PTTh. By either mechanism the hole isneutralized first, 
suggests that reduction of Ferricyanide follow the hole 
consummation as Step 4 shows: 

1
2 4H PO 

Step 4  

       3 4

6 6
ads ads

Fe CN e from CB  Fe CN
 

        . 

Step 5   4

6
ads

Fe CN


    desorbed to give free 

  4

desorb


6

Fe CN . 

Step 6   4

6
desorb

Fe CN


    photo-oxidized in the  

homogenous solution to [Fe(CN)6]
3– and included in re-

peating Step 1. 
The portion of [Fe(CN)6]

3– generated by Step 1 and 
not adsorbed in Step 2 reaches the Pt electrode to be re- 
 

(a)

 

Figure 5. (a) Current-time plot for thin film of CdS/PTTh 
on FTO at 0.400 V vs Ag/AgCl in 0.2 M Phosphate buffers 
and 10 mM of [Fe(CN)6]

4– at different pHs; (b) Current- 
time plot for thin film of CdS/PTTh on FTO at 400 V vs 
Ag/AgCl in 0.2 M Phosphate buffers and 10 mM of 
[Fe(CN)6]

4– at pH 8.82. 
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duced back is represented by areas X in Figure 3. The 
difference in area X in Figure 3(a) and that in Figures 
3(b) and (c) represent the amount of adsorbed 
Fe(CN)6]

3– on the CdS/PTTh (3(b)) or CdS (3(C)) nano-
particle surfaces. It can be concluded that areas X in 
Figures 3 directly reflect the behavior of Pt generator 
electrode in the absence of SC interference. 

3.5. Dark Current 

The behavior of the Pt regenerator electrode in the ab-
sence of light can be explained by investigation of sec-
tions (Z) in Figures 3 and 4 which represents electro-
chemical reduction current in the absence of light (dark 
current). In both homogenous and heterogeneous systems 
studied in this work, the electrochemical reduction cur-
rents are supposed to instantaneously drop to zero upon 
stopping the illumination. However this drop was not 
observed as Figure 3 illustrates. The reported electro-
chemical reduction current in the dark for the homoge-
neous and heterogeneous phases (areas Z) of the system 
can be attributed to the radial diffusion of [Fe(CN)6]

3– in 
the cylindrical zone of the Pt regenerator electrode. The 
shape of the working electrode disrupts the continuity of 
the stirring effects. This makes the diffusion within the 
cylindrical shape an important factor for the reduction 
current. 

3.6. Electrochemical Behavior of Pt Electrode in 
Presence of CdS/PTTh Nanoparticles 

Areas b, in Figures 3(b) and (c), or the plateaus in Fig-
ure 4(b) and (c) are the representation of the outcome of 
steps 2-6 of the above mechanism, and reflect the behav-
ior of the Pt regenerator electrode in the presence of SC 
nanoparticles, and also explain how the SC nanoparticles 
made the reversibility of reaction 1 possible. It is worth 
noticing that: 

1) Reduction current reported by Pt electrode in pres-
ence of CdS/PTTH (Figure 3(b)) is greater than that in 
the presence of CdS only (Figure 3(c)). This means that 
the amount of [Fe(CN)6]

3– reaches Pt electrode is greater 
in presence of CdS/PTTh than that in presence of CdS. 
Two factors explain this observation: first, due to the 
layer of PTTh on the surface of the CdS, formation of 
KCd[Fe(CN)6] will not take place, and second , the CdS/ 
PTTh withhold (by adsorption) an amount of [Fe(CN)6]

3– 
less than CdS. 

2) The decrease of the reduction current recorded by 
the Pt electrode in presence of CdS/PTTh as represented 
by the line de (Figure 3(b)). 

3) The steady constant reduction current recorded by 
the Pt electrode in presence of CdS only as represented 
by the line de (Figure 3(c)). 

The observations mentioned in items 2 and 3 above 

can be interpreted as follow: This decrease in reduction 
current (Figure 3(b)) can be explained considering par-
tial separation of PTTh from the surface of the CdS na-
noparticles during photolysis process. As more of the 
CdS surfaces are exposed to the solution, more with-
holding of [Fe(CN)6]

3– occurs and therefore less reaches 
Pt electrode to be reduced. The data displayed in Figure 
4 shows that the slope of line ab in Figure 4 decreases 
from cycle (a) to cycle (c), coupled with the fact that the 
current at point b is decreasing going from cycle (a) to 
cycle (c), supports our assumption that the modifier 
PTTh at the interface is gradually separated from the IOI 
assembly. In cycle (c), CdS/PTTh systems produces 
steady state current similar to that observed by native 
CdS (Figure 3(c)). 

The fact that the line ab in Figure 4(c) is almost hori-
zontal suggests that the formation of a layer of 
Cdx[Fe(CN)6]y on CdS surface [20] stabilizes the surface 
and enhances the adsorption of [Fe(CN)6]

3–. The steady, 
constant reduction current at the plateau (Figure 3(c)) 
also reflects an efficient reversible adsorption/desorption 
[30,34] process at the SC nanoparticle surfaces. 

3.7. Photoelectrochemical Behavior of 
CdS/PTTh in Thin Solid Film Assembly 

Cyclic voltammograms (CVs) of CdS/PTTh thin solid 
films loaded over ITO electrodes in dark and under illu-
mination are displayed in Figure 6. They indicate that 
the electrode was photoactive with the [Fe(CN)6]

4–/3– 
redox system. The observed photocurrent within the stu-
died potential ranges indicates that [Fe(CN)6]

4– is immo-
bilized in the IOI assembly and underwent electron ac-
cepting/donating processes. Such immobilization caused 
 

 

Figure 6. CV (dark and under illumination) of Thin film of 
CdS/PTTh on FTO in 0.2 M Phosphate buffers and 10 mM 
of [Fe(CN)6]

4– (inset is microscopic image of CdS/PTTh thin 
solid film. 
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Table 2. Photolysis of 10 mMFe(CN)6]

4– containing particles of studied SC’ suspensions in 0.2 M phosphate buffer, pH 6. 

System 
Photon due to free 

[Fe(CN)6]
4–c 

Adsorbedb 
Fe(CN)6]

3– % adsorbed  
1000 s photolysis 

of suspensions  
Rate of IOI decay 

Ref. Systema 0.495 C     

CdS + Ref 0.252 C 0.243 C 49.1 0.661 C  

(CdS/PTTh) 
+ Ref. 

0.350 C 0.145 C 29.3  0.705 C 4.1 × 10–5 C/s 

aRef. = 10 mM [Fe(CN)6]
4– in 0.2 M Phosphate buffer; bCalculated as follow: photons (ref.)—photons in suspension system; cIntegrated area/s X in Figure 3. 

 
an adjustment of the flat band potential to accommodate 
these processes. 

The photoelectrochemical response of a thin solid film 
of an FTO electrode modified with CdS/PTTh in 0.2 M 
phosphate containing 10 mM [Fe(CN)6]

4– under a con-
stant potential of 0.40 V vs Ag/AgCl electrode is dis-
played in Figure 5(a). It can be noticed that the photoac-
tivity of the film is greater at pH 6 than at pH 9. Fur-
thermore, thin films did not show the phenomena of dark 
current observed with suspensions, evident by the sharp 
drop in the photocurrent under dark. The effect of pH on 
the photoactivity of this thin solid film assembly can be 
attributed to the fact that pH changes alter the position of 
the CB (conduction band) and VB (valance band) of the 
IOI assembly. On the other hand the results displayed in 
Figure 5(b) show that the photoelectron-chemical re-
sponse of the same assembly in 0.2 M acetate buffer (pH 
8.82) containing 10 mM [Fe(CN)6]4– at 0.40 V vs Ag/ 
AgCl is greater with steady state current for the longer 
period of time than that recorded in phosphate buffer. 
This greater response can be attributed to oxidation of 
acetate under illumination conditions. 

4. Conclusion 

The results obtained in this study represent our attempt to 
establish a data base regarding the photo-electrochemical 
behavior of a CdS/PTTh IOI assembly. The charge injec-
tions within this IOI interface and from/to the redox sys-
tems in contact with these assemblies are controlled by 
four factors: conduction and valence band of the inor-
ganic semiconductor; higher unoccupied/lower occupied 
molecular orbital (HUMO/LOMO) of the organic semi-
conductor; the life-time of the excited state of each sem-
iconductor; and the amount of overlapping between the 
band gaps of these two systems. The recorded photoelec-
trochemical behavior of CdS/PTTh in both suspension 
and thin solid forms indicated that PTTh may reduce the 
activities of the surface states on native CdS, giving less 
photocurrent than native CdS. While the life time of CdS 
nanoparticles (0.1 to 1.07 ns) depends on their size [36], 
it is still shorter than that of PTTh. This allows a charge 
exchange between CdS and PTTh. The charge transfer at 
IOI illuminated interface is controlled by the relative 
barrier heights of electrons and of holes. The mechanism 

of charge transfer can propagate via hole transfer if the 
hole barrier height is very small compare with that of an 
electron. The electron donor nature of PTTh relative to 
CdS with low hole barrier height (Table 2) suggests that 
charge transfer with IOI is dictated by the hole transfer. 
The fact that the band gap of both PTTh and CdS are of 
the similar magnitude, suggests that both CdS and PTTh 
are simultaneously active under illumination. The more 
efficient light harvesting of PTTh in inorganic semicon-
ductors when compared to other IOI was attributed to its 
broader absorption spectrum and more efficient electron 
hopping [37]. Modifying the surface of CdS tangibly 
changes the value of the flat band potential (Efb). The 
reported value of Efb for CdS/PTTh at 0.2V vs Ag/AgCl 
is more positive than that reported for native CdS in 
aqueous solution [21]. This alters the interface dipole 
barriers at the IOI and directly affects the adsorption of 
[Fe(CN)6]

3– process at this interface. 
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