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Abstract. The mixture between the difference semiconductor quantum dot sensitizer which is cadmium 
selenide(CdSe) and zinc sulfide (ZnS) into the Dye-synthesis solar cell (DSSCs) can affect the value of 
resistance and capacity photoanode in the system.In this experiment, each sample consists difference weight 
percent of Zinc sulfide and the constant weight percent of CdSe. Docter blade technique is used to stick and 
spread evenly the mixture CdSe/ZnS QD on the surface of the thin film. To prove the assembled of CdSe/ZnS 
on the thin film were observed using Scanning Electron Microscopy (SEM). The resistance and capacity of 
the photoanode were characterized by using impedance spectroscopy(EIS). The smallest resistance is 37.1kΩ 
produce by CdSe/ZnS(20 wt%) and the largest resistance 825KΩ produce by CdSe/ZnS(50 wt%) while the 
highest capacity is 12 μF in the CdSe/ZnS(40 wt%) and the lowest capacity is CdSe/ZnS(20 wt%) which is 
538 nF. The most suitable composition to be used as photoanode is CdSe/ZnS(40 wt%) because it has high 
capacity and low resistance.  

1 Introduction 
Nowadays the world is facing the energy crisis, attracted 
attention of many researchers to study an alternative 
sources. Solar energy is an abundant energy and one of 
the most suitable renewables that could replace the 
hydrocarbon. DSSCs consist four main part which is an 
anode, cathode, sensitizing dye, and electrolyte. Anode 
electrode basically contains Indium tin oxide(ITO)glass, 
covers by titanium dioxide (TiO2) on the conductive 
surface of the ITO glass[1]. 

The use of semiconductor as quantum dots as 
photoanode in Dye-sensitized solar cells(DSSCs) devices 
may reduce pollution and low cost-effective in converting 
solar energy to electric energy[2,3]. The nanoparticle of 
quantum dot can gives high photostability, wider 
absorbance spectrum and resistance to photobleaching 
and make it suitable to be a synthesizer in a photoanode 
of DSSCs[4]. The function of photoanode is to produce 
the current by emitting the electron from their valence 
shell into the conducting band[5]. 

CdSe/ZnS is the one of the QDs, has a very small band 
gap that can absorb a very wide absorbance spectrum to 
excited electron producing the hole on the surface on the 
sample[3].This process is called the recombination 
process. CdSe QDs alone can be  toxic toward the 
biological environment. However, by doping ZnS with 
CdSe it can lower down the toxicity in CdSe[6].  

TiO2 with injection of dye is a medium to absorb light 
and excite electrons at below than visible light at 3.2 
eV[7]. The converted energy will be used by the electron 
to release from the valence band into the conducting band. 
The flow of the electron will produce current in the circuit. 
On the other hand, the amount of light absorption is still 
low and this is the reason why combination of 
semiconductor quantum dot QDs into photoanode were 
introduced[8].  

Resistance is the factor that slow down the flow of 
electron in the sample, if the sample have the low value of 
resistance it will produce a high current. Capacity is the 
ability of sample to store energy , more energy can be 
store in the sample that have high capacity[10]. 

2 Methodology 
The conductivity of CdSe/ZnS QDs will be determined 
through the methodology of preparation of the material. 
Optimum wt% of the combination can give more number 
of hole in the structure which can increase the 
conductivity of the photoanode[9, 5]. 

2.1 Preparation of CdSe/ZnS solution 
A control mass of ruthenium-based dye (N719) at 0.045 g 
was added into 9ml of ethanol and stirred using magnetic 
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stirrer for 24 hours The mass of CdSe/ZnS was calculated 
to make it as 10 - 50  wt% using the Eq 1. Detail mass was 
tabulated in Table1. These samples were prepared in a 
dark environment. 

Wcdse/zns=((wt%)(wn719))/(1-(wt%))   Eq. 1 

Table 1. Composition of the sample prepared with different 
percentage of CdSe/ZnS QD. 

Sample CdSe/Zns 
QDs 

compositio
n(wt%) 

Mass of 
N719dye 
powder 

Mass of 
CdSe/ ZnS 

QDs powder 
(g) 

A 10 0.045 0.005 

B 20 0.045 0.011 

C 30 0.045 0.019 

D 40 0.045 0.030 

E 50 0.045 0.045 

2.2 preparation of photoanode 

The ITO glass was clean using an ultrasonic bath. The 
TiO2 paste was coated onto conductive ITO glass using 
the doctor blade technique. This ITO’s coated glass then 
left to dry for 1 day in the room temperature. 
The dry coated glass with TiO2 was immersed in the 
mixture solution of N719/CdSe-ZnS in dark environment 
for 24 hours. Then, the sample was clean using ethanol to 
remove the residue and dried in the oven at 60 oC. 

2.3 Characterization ITO/TiO2/N719/CdSe 
photoanode 

2.3.1 Scanning electron microscope (SEM) 

Scanning electron microscope (SEM) used to analyze the 
appearance of ZnS QDs and CdSe QDs as glowing 
materials on the surface of the TiO2 glass. This 
photoanode was analyzed using Energy Dispersive X-ray 
(SEM/EDX) spectroscopy to see the existence of 
CdSe/ZnS QDs on the surface of the photoanode [10]. 

2.3.2 Electrochemical Impedance Spectroscopy  

The Electrochemical Impedance Spectroscopy(EIS) 
method using Potentiostat Galvanostat will produce Cole-
Cole plot to each sample.This plot shows the information 
about the capacity and resistance in the sample[9].The 
electrical impedance spectroscopy, EIS is an instrument to 
measure the resistance and capacity analysis of co-
sensitized [11]. The QDs (ITO/TiO2/N719-CdSe/ZnS) 
were used as a working electrode (We), a platinum 
electrode is act as counter electrode (Ce) and 
Ag/AgCI/3MKCI is be the reference electrode. The model 
was used iodide/iodine as electrolyte of the cell. The 
characterization was used the frequency range of 0.009 - 
100000 Hz for 50 readings. The Cole-Cole plot were 
analyzed using equivalent circuit by Nova software. 

3 Results and Discussions 

Figure1 shows the scanning electron microscope (SEM) 
at the resolution of 128x128 pixels,  using the Energy 
Dispersive X-ray (SEM/EDX)spectroscopy, proved that 
the assembly of CdSe/ZnS QDs onto TiO2. This finding is 
important to improve the efficiency of DQs ZnS/CdSe 
Photoanode in the QDSSCs. 
 
 
 

 
Fig. 1: The image of QDs (CdSe/ZnS) on the surface of 
Photoanode 

The Figure 1b, 1c, 1d, 1e shows the different color 
which is represented the different type of material. Figure 
1b shows the location of blue color represented the 
location of zinc and green spot in the figure 1c represent 
the location of sulfur and CdSe trace in figure 1d and 
1e.Figure 1d show the presence of Cd(cadmium) and 
figure 1e show the presence of Se (selenide).The pattern 
dot color in each figure proves the element are 
interconnected each other, for example, figure1b and 1c 
have the same pattern this meant that this material is 
bonding each other and form ZnS. 

-100000 0 100000 200000 300000 400000 500000 600000 700000 800000
-50000

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

-z
im

 (
oh

m
)

zr (ohm)

 CdSe/ZnS(10%)
 CdSe/ZnS(20%)
 CdSe/ZnS(30%)
 CdSe/ZnS(40%)
 CdSe/ZnS(50%)

 

Fig. 2: The EIS graph of CdSe/ZnS QDs with different weight 
percent (Wt%) 

The semicircle shown in graph 1 shows the difference 
value of resistance between the sample. The resistance 
value of each sample can be analyzed from the graph by 

 
a) Cut out of map 
(resolution: 128x128 
pixels)of  thin film 
CdSe/ZnS QDs 

 
b)sulfur 

 
c)zinc 

 
d)cadmium 

 
e)selenium 
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measuring the diameter of the semicircle. The value of 
real impendence(Zr) represents the value of the resistance 
in the sample. The imaginary impendence shows the 
capacitance of the sample. This capacitance importance to 
analyze the ability of the sample to store the energy of 
electric charge.  This graph proves that all sample produce 
the parallel resistance and capacity to each other and have 
single circuits, this single circuit represents the reaction of 
current flow in the photoanode and electrolyte. The 
resistance was calculated automatically by  EIS device, by 
using the fitting and simulation setting on the device, it 
can create the circuit that is associated with our sample. 
This study used R(RC) meant single circuits. 
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Fig. 3: The fitting EIS graph of CdSe/ZnS QDs with different 
weight percent (Wt%) 

The fitting EIS graph for Figure 3 was drawn using the 
EIS fitting simulation. This simulation helps to find the 
magnitude of resistance in the sample. In Figure3 each of 
the samples shows the difference semicircle size, from 
observation it clearly found that the largest semicircle is 
produced by the combination between CdSe/ZnS (50 
wt%). The curve of CdSe/ZnS(10 wt%),  CdSe/ZnS(20 
wt%) is bigger compared to the CdSe/ZnS(30 wt%) , 
CdSe/ZnS(40 wt%), from this result  it show that 
50%,10%and 20 wt% of ZnS in the photoanode produce 
the higher resistance compared to the 30 wt% and 40 wt% 
ZnS. The higher resistance in the material will slow down 
the movement of the electron, as the result, this will lower 
down the current produced by the system. 

Resistance is the factor that can reduce the flow of 
electron as the result it will lower down the value of 
current. The factor that increases the value resistance is 
the structure of the material. In Dye-synthesis solar cell 
the structure that is needed to increase the flow of electron 
is the hole. The hole is the place for an electron to jump 
from one atom to another until it reaches anode terminal. 
The value of resistance in table 2 clearly show that the 
highest resistance is CdSe/ZnS(50 wt%).The value of 
resistance in the CdSe/ZnS(50 wt%) is 825kΩ,.Photo 
anode with 10% ZnS produces a second larger value of 
resistance compared to the first one. The lowest resistance 
is 20 wt%ZnS with 37.1kΩ. From the graph in figure 3, 20 

wt%ZnS produce two semicircles 37.1kΩ is the value of 
resistance of the small semicircles. 

Table 2. Value of resistance and capacity in CdSe/ZnS QDs 
with different weight percent (Wt%) 

Note: Adapted from potentiostat galvanostat (Auto Lab), using 
Nova software single circuit  

 
Capacity is the ability of a system to store an electric 

charge. Table 2 show the highest capacity is CdSe/ZnS 40 
wt% with the 12 F. The second large capacity produce is 
CdSe/ZnS(10 wt% ) and the value of capacitance is 11.8 
μF. The capacity in CdSe/ZnS(20 wt%) is 538 nF, this is 
the lowest capacity produce compared to another sample.  

4. Conclusions 
The ZnS QDs combine with the CdSe QDs dissolve in the 
N719 effect the value of resistance and capacity. 
Electrochemical Impedance Spectroscopy (EIS) of 
varying the wt% of ZnS, found that the 40 wt% of ZnS is 
the most suitable to be added to the dye of photoanode 
because it produces the low resistant of 183kΩ and high 
capacitance which is 12 F compared to another sample. 
Furthermore, The SEM of ZnS / CdSe/N719 showed the 
existence of CdSe and Zinc sulfide and interconnected 
each other on the surface of ITO glass. 
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