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Ö Z

Son yıllarda teorik olarak %44’e kadar enerji dönüşüm verimliliğine sahip olabileceği kanıtlanan Kuantum nokta duyarlı 
güneş hücrelerine (QDSSC) olan ilgi hızla artmaktadır. Teorik olarak yüksek olan verim değerine sahip olmasına karşın 

QDSSC’ler ile yapılan çalışmalarda elde edilen PCE bu değerlerden oldukça uzaktadır. Bu durum QDSSC teknolojisinde çözül-
mesi gereken birçok zorluk olduğunu göstermektedir. QDSSC teknolojisinde ki başlıca zorluklardan bir tanesi QDSSC’de mey-
dana gelen ışınımsız yük rekombinasyonlarıdır.  Bu sebeple bu çalışmada TiO2 yüzey ile elektrolit ve QD yüzeyleri arasında 
meydana gelen yük rekombinasyonlarını baskılayabilmek için TiO2 yüzeyinin literatürde en çok kullanılan CdS QD’lara alter-
natif olarak CdSeS QD’ların kullanılması üzerinedir. Yapılan çalışmada CdS ve CdSeS QD’ların TiO2 yüzeyine SILAR metoduyla 
kaplanırken, önceden sentezlenmiş olan CdSe QD kimyasal banyo birikimi metoduyla kaplanmıştır. Yüzeyler son olarak ZnS 
QD’lar ile tedavi edilmiştir. QDSSC’ler için en ideal CdSeS kaplama sayısını tespit edebilmek için optimizasyon çalışması ya-
pılmıştır. Sonuç olarak TiO2/CdSeS4/CdSe/ZnS QDSSC’ler için Jsc ve Voc değerleri sırasıyla 8.799 mA/cm2 ve 0.795 V iken PCE 
değeri %4.452’e yükseltilmiştir.
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A B S T R A C T

The interest in quantum dot sensitized solar cells (QDSSC), which has theoretically proved to have up to 44% energy con-
version efficiency in recent years, is growing rapidly. Although it has theoretically high efficiency value, PCE obtained in 

studies with QDSSCs is far from these values. This situation shows that there are many difficulties to be solved in QDSSC 
technology. One of the main challenges in QDSSC technology is irradiated load recombination occurring in QDSSC. For this 
reason, in this study, it is about using CdSeS QDs as an alternative to the most used CdS QDs in the literature in order to supp-
ress the load recombination between TiO2 surface and electrolyte and QD surfaces. In the study, while CdS and CdSeS QDs 
were coated on the TiO2 surface with SILAR method, the previously synthesized CdSe QD was coated with chemical deep 
deposition method. Surfaces were last treated with ZnS QDs. An optimization study was carried out to determine the ideal 
number of CdSeS coatings for QDSSCs. As a result, the Jsc and Voc values for TiO2/CdSeS4/CdSe/ZnS QDSSCs were 8.799 mA/
cm2 and 0.795 V, respectively, while the PCE value increased to 4.452%.
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INTRODUCTION

The unique optical and electrical properties of quan-
tum dots (QD) proven theoretically and experimen-

tally make them superior to bulk semiconductor mate-
rials. QDs are under the influence of quantum confine-
ment effect in all three dimensions, and this is one of 
the main reasons for this fundamental difference in the 
electrical properties of QDs [1]. QDs have adjustable 
absorbance and emission characteristics according to 
their sizes [2]. They have multiple excitons generation 
(MEG) potential [3,4] narrow full with half maxımum 
(FWHM) [5], high photo-luminescence quantum yield 
(PLQY) [6]. In fact, QDs find application areas on a wide 
scale ranging from biological imaging [7] to LED techno-
logy [8], energy sector [9] and textile industry [10].

One of the usage areas of QDs is solar energy systems. 
Quantum dot sensitized solar cells (QDSSC) is one of the 
sub-categories of third generation solar panels that are 
studied alternatively to the first and second generation 
solar panels [11]. The power conversion efficiency (PCE) 
of the solar panels produced with Bulk semiconductor 
materials, especially Si-based materials, is limited to a 
maximum of 33.3% with the Shockley-Queisser limit [12]. 
In contrast, solar panels designed with QDs have proven 
to be up to 44% theoretically due to the ability of QDs 
to produce MEG from a single photon [13]. This has re-
cently increased interest in QDSSC. However, in the cur-
rent literature, PCE of QDSSC remains low compared to 
other solar panels. There are many challenges that must 
be overcome and overcome to improve the performan-
ce of QDSSCs. One of these difficulties is non-radiative 
charge recombination, which consists of QD structure 
[14]. In order to suppress non-radiative charge recombi-
nation occurring in QDs, the surface ligands of the QDs 
are changed, or another QD in the form of shells is co-
ated in the core QDs [6,15]. It has been observed that 
both of these methods give successful results. However, 
another basic charge recombination within the QDSSC 
structure takes place between the TiO2 surface and QD 
and the electrolyte. Coating TiO2 surfaces with CdS QDs 
is one of the most widely used methods to reduce or 
suppress this load recombination [16]. Another coating 
method used as an alternative is ZnS QDs [17]. Although 
both methods give successful results, the energy con-
version efficiency of QDSSCs is still very low.

CdSe QDs are the most used QDs in QDSSC studies. 
Chen et al coated the TiO2 surface with CdSe QDs in dif-

ferent sizes and hybrids of different sizes and designed 
QDSSCs. In their study, it was found that the hybrid use 
of two different sizes of CdSe QDs outperformed the-
ir individual use and increased PCE to 1.26% [18]. Lee 
and Lo reported that the conductivity band edges and 
energy band spacing of CdS QDs are higher than CdSe 
QDs and that the CdS/CdSe QDSSC design is more ef-
ficient than CdS QDSSC and CdSe QDSSC. So much so 
that in the CdS/CdSe QDSSC study that they used Au 
collecting electrodes, PCE increased up to 4.22% [19]. 
Yu et al coated the surface of CdSe QDs with CdS QDs in 
order to reduce charge recombination occurring on the 
surface of CdSe QDs. As a result of their work, the PCE 
of CdSe QDSSC increased to 4.21% [20]. Liu and ark zinc 
made extra ZnS/SiO2 coating as surface passivation in 
CdS/CdSe QDSSCs, which they built on titanium mixed 
metal oxides base. In the study, it was determined that 
the ZnS/SiO2 layer had a success in suppressing char-
ge recombination and increased the PCE of QDSSC to 
4.91% [21] (QD.

In this study, CdSeS QDs were used as an alternative to 
the most preferred CdS QDs in the literature to supp-
ress charge recombination between TiO2 surfaces and 
CdSe QD and electrolyte surfaces. In the study, MPA 
coated CdSe QDs were synthesized, and CdS and CdSeS 
QDs coated on TiO2 surface were coated with SILAR 
method. Coating of CdSe QDs on TiO2/CdS (CdSeS) sur-
faces was carried out by chemical bath deposition (CBD) 
method. Absorbent, emission and XRD measurements 
were performed to show that the synthesized CdSe QDs 
are compatible with the literature. I-V measurements 
were made for the designed QDSSCs and an optimizati-
on study was carried out on how many cycles the CdSeS 
QDs should be covered.

MATERIALS and METHODS

Preparation of TiO2 surface
Before coating the TiO2 surfaces to the FTO surface, the 
FTO surfaces need to be cleaned. For this reason, FTO 
surfaces washed with detergent and distilled water are 
then washed in an ultrasonic bath with HCI and etha-
nol for 15 min respectively, and dried and stored with 
nitrogen gas (N2). Then, the conductive surface is deter-
mined and TiO2 coating process is started. In this study, 
TiO2 surface; Transparent, active and reflective surfaces 
were coated on 3 layers in FTO surface. Surfaces were 
covered with doctor blade method and sintering was 
performed at 450°C for 30 min after coating each layer. 
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After the surface layer had cooled down, the other layer 
was covered with the Doctor Blade method and a simi-
lar sintering process was followed.

Following the coating of FTO/TiO2 surfaces, TiCl4 treat-
ment was applied [22]. It was previously experimentally 
proven that TiCl4 treatment is an effective treatment of 
electron transfer of QDs with TiO2 surface, TiCl4 treat-
ment has been shown to increase the adhesion rate of 
QDs to the TiO2 surface [22]

Coating of CdS QDs on TiO2 surface
CdS QDs are one of the most commonly used surface 
layers to suppress load recombination occurring on the 
TiO2 surface. In this study, CdS QD coating was applied 
to compare CdSeS QDs. Successive ionic layer adsorp-
tion and reaction (SILAR) method was used to coat the 
CdS QDs on the TiO2 surface [23]. For CdS QD coating, 
0.1 M Cd (OAc)2 was dissolved in methanol and used for 
Cd2+ load solution while for the S2- load solution, 0.1 M 

Na2S was dissolved in methanol/pure water mixture (v:v, 
1:1). After the preparation of the Cd and S precursors, 
the FTO/TiO2 surface desired to be coated with CdS 
QD was immersed in the prepared Cd2+ and S2- soluti-
ons, respectively. Firstly, the surface immersed in Cd2+ 
solution for 1 min after then it washed with methanol/
ultra-pure water mixture and immersed in S2- solution 
for and other 1 min. At the end the surface last time 
washed with methanol/ultra-pure water mixture and 1 
SILAR cycle of CdS QD was finished. These SILAR met-
hod steps are shown in Figure 1. The 4 cycles coating 
recommended in the literature was used to coat the 
CdS QDs.

Coating of CdSeS QDs on TiO2 surface
Se powder was added to the Na2S solution used in the 
SILAR method of CdS QDs to coat the CdSeS QDs on the 
TiO2 surface. While adding Se amount, Se:S ratio was 
set as 1:4. The Cd2+ precursor solution was adjusted to 
be the same as the previous one. After the precursor 

Figure 1. Schematic representation of the steps applied in the coating of CdS QDs on TiO2 surfaces by SILAR method.

Figure 2. Schematic representation of the steps applied in the coating of CdSeS QDs on TiO2 surfaces by SILAR method.
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solutions were ready, TiO2 was first immersed in the 
Cd precursor 1 min, respectively, and at the end of this 
period it was washed with the methanol/ultra-pure wa-
ter mixture. Then, the surface immersed in Se:S precur-
sor solution for 1 min and then it was washed in the 
methanol / ultra-pure water mixture and a SILAR cycle 
was completed. The SILAR method applied for coating 
the CdSeS QDs on the TiO2 surface was tried to be op-
timized in this study. For this reason, CdSeS QD coating 
process was performed between 1-7 cycles. One SILAR 
cycle of coating CdSeS is schematicly shown at Figure 2.

Synthesis of CdSe QDs and coating on surface
In this study, CdSe QDs were pre-synthesized and coa-
ted on the surfaces. CdSe QD synthesis was performed 
by the method proposed by Chen et al. Partial changes 
were made in the method [24]. In order to synthesize 
CdSe QDs, first prepare sodium selenosulphate solution, 
mix 1g sodium sulphite, 0.1 g selenium powder and 66 
ml ultra-distilled water. The mixture was kept in an inert 
environment at 80°C for 4 hours and stored at room 
temperature. As a Cd precursor, 0.128 g of Cd (Ac)2 · 
2H2O and 100.4 µL of 3-MPA were mixed in 98 mL of ult-
rapure water. Then the pH of the mixture was adjusted 
to 10 with 1 M NaOH and the mixture was taken to the 
inert medium and left in the mixture. When both pre-
cursors were ready, sodium seleosulphate was injected 
into the Cd precursor and CdSe QDs were grown at 100 

°C. Then the temperature of the mixture was lowered to 
room temperature. To prepare CdSe QDs for use, they 
were first washed with methanol, centrifuged and re-
dissolved with ultrapure water. Finally, adjust the pH to 
10 with 0.2 M NaOH and made it ready for use.

Deep coating method was used to coat previously 
synthesized CdSe QDs on TiO2, TiO2/CdS and TiO2/CdSeS 
surfaces. For this reason, the surfaces were immersed 
in CdSe QD aqueous solutions and kept in solution for 
12 hours.

ZnS Coating on surface
It has been previously reported that coating the ZnS 
QDs as the passivation surface that prompts CdSe QDs 
to be coated on the surfaces gives positive results in 
the QDSSC performance. ZnS QDs act as a barrier layer, 
both helping to passivation the surfaces and effective 
in suppressing charge recombination [25]. For this rea-
son, ZnS QDs were used as a barrier layer in this study. 
ZnS QD coating process was carried out by SILAR met-
hod and 0.1 M Zn(NO3)2 and 0.1 M Na2S solutions were 

prepared in the ultra-pure water as Zn2+ and S2- precur-
sors, respectively [26]. The QD coated surfaces are im-
mersed in Zn2+, ultrapure water and S2- precursors for 1 
min respectively and 1 SILAR cycle was completed by 
washing with ultrapure water again. In the study, 2 SI-
LAR loops were applied to the surfaces.

Preparation of Counter electrode and electrolyte
In the study, Pt was used as the collecting electrode, 
and the coating of Pt on FTO surfaces was performed 
using the electrochemical deposition technique [27]. Io-
dine / iodide redox pair was used as electrolyte.

Characterization
In the study, absorbance and emission measurements 
were made for the CdSe QDs that were previously 
synthesized. In order to determine the crystal structu-
re, X-Ray Diffraction (XRD) analysis was performed. In 
addition, 5 repeated measurements were made with 
the designed solar cells and I-V characterizations were 
removed.

RESULTS and DISCUSSION
Optical and Structured Analyses of pre-synthesised 
CdSe QD

In the study, firstly, absorbance and emission studies 
were performed for the previously synthesized CdSe 
QDs. The absorbance characterization of CdSe QDs was 
performed using the UV-1800 Shimadzu UV-vis Spect-
rometer device. Absorbance spectrum scanning was 
performed on a scale of 300-700 nm and is shown in 
Figure 3. The primary peak wavelength for CdSe QDs 
was measured as 474 nm. Equation 1  [28] was used to 
determine the size of CdSe QDs and it was found that 
the size of CdSe QDs synthesized and used in solar cell 
design were 2.08 nm. The absorbance characterization 
for the synthesized CdSe QDs is compatible with studies 
in the literature [29,30].

Emission characterization studies for synthesized CdSe 
QDs were carried out using the Model TM-2/2005 Li-
fetime Spectrofluorometer device. While 380 nm was 
used in the excitation of CdSe QDs, 300-700 nm was 
preferred as the measurement range. The emission re-
sults obtained are shown in Figure 3. The emission ma-
ximum peak for CdSe QDs was determined to be 493 
nm. The emission graph has been normalized to bet-
ter interpret the results. When Figure 3 is examined, it 
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has been determined that there is a 19 nm stock shift 
in absorbance and emission peaks, which is consistent 
with the results obtained in the literature. In the analy-
sis made with Origin Pro8 for the emission peak, the 
FWHM value was found to be 32 nm, in which case the 
size distribution in the solution is a clear indication that 
it can be kept under control.

In order to detect the crystal structure for pre-
synthesized CdSe QDs, XRD analyzes were performed 
with the RIGAKU smartlab device and the results obtai-
ned are normalized and shown in Figure 4. The diffracti-
on peaks for CdSe QDs were detected at 26.3, 42.2 and 
48.9 respectively. When the XRD pattern was examined, 
it was found that the peaks (111), (220) and (311) rep-
resent the cubic zinc blended crystal door and that the 
synthesized CdSe QDs are compatible with the crystal 
structures defined in the literature [24]. This is impor-
tant to determine that the synthesized CdSe QDs can 
be used in QDSSC designs and have the desired crystal 
properties.

Characterization of QDSSCs
In order to be able to perform J-V characterization ope-
rations in QDSSC designs and to show that the results 
obtained are reproducible, 5 of each type of QDSSC 
were designed. The average values of the results ob-
tained for these 5 replicate QDSSCs, all parameters of 
which were equal, were shared in the study. The results 
were given step by step in order to categorize the J-V 
characterization studies.

In the first stage, CdSe, CdS/CdSe and CdSeS/CdSe QDs 
were coated on the TiO2 surface, respectively. 5 cycles 
of SILAR cycles were repeated in coating the CdS QDs. 
In the closing of CdSeS QDs, the results of which were 
given at this stage, were coated with 2 cycles of SILAR. 
In order to provide a standard for all designed QDSSCs, 
CdSe QDs are coated with deep coating method for 12 
hours. In these 3 different QDSSC designs, ZnS QD bar-
rier surface was not used. While the J-V characteristic 
curves obtained are shown in Figure 5, detailed para-
meter results for QDSSCs are given in Table 1.

Figure 3. Absorbance and emission characterization of pre-Synthesised CdSe QDs.

(1)
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When Figure 5 and Table 1 are examined in detail, it is 
seen that the PCE values of the QDSSCs with only CdSe 
QDs on TiO2 surface remain at 0.539%. In their study, 
Pawar et al calculated the PCE of TiO2/CdSe QDSSC as 
1.11%. In this study, they used TiO2 nanorods surface 
and showed that the use of TiO2 in nanorods form inc-
reased performance. In this study, TiO2 surfaces were 
used in 3 different layers in a porous way and lower re-
sults were obtained from Pawar et al [26]. In contrast, in 
CdS/CdSe QDSSC designs, PCE increased up to 2.162%. 
This shows that CdS QDs are effective in load recombi-
nation and cause QDSSC to increase about 4 times in 
PCE value. Studies similar to this increase of CdS QD la-
yer in PCE are also found. Also in their study, Pawar et al 
found PCE as 1.53% for CdS/CdSe QDSSC. In the study 
of Pawar et al, Pt was used as the collecting electrode, 
while sulphate/polysulfide was used as the electrolyte 
[26]. It is known that Pt and sulphate/polysulfide pair 
cause decreases in Jsc value of QDSSC. It is known that 
Pt and iodine/iodine redox couple are more compatible 
and increase Voc value [31]. Lee et al reported PCE as 
2.86% for CdS/CdSe QDSSCs. Unlike this study, Lee et al 
performed coating of CdSe QDs with the SILAR method 
[23]. In this study, the reason why PCE was lower than 
the study by Lee et al is thought to be due to using pre-
synthesized CdSe QDs with SILAR method. In the SILAR 
method, the adhesion rate of QDs on the surface is hig-
her.

CdSeS QDs, which were used as an alternative to CdS 
QDs specifically for this study, were coated on the TiO2 
surface as 2 SILAR cycles at this stage. Jsc, Voc and PCE 
values   for CdSeS/CdSe QDSSCs were 7.486 mA/cm2, 
0.783 V and 3.366%, respectively. Coating of TiO2 surfa-
ce with CdSeS QDs increased PCE 1.55 times compared 
to CdS QDs. An increase in both Jsc value and Voc va-
lue of CdSe QDSSC was observed. The main reason for 
the increase of these parameter values   is thought to be 
due to the fact that CdSeS QDs have a wider band gap 
than CdS QDs and have more suitable band edge levels 
for electron transfer with TiO2. Yang and Zong showed 
in their study that CdTe/CdSeS QDSSCs are effective 
in electron transfer because CdSeS QDs have a wider 
bandwidth than CdTe QDs [32]. Although Yang and Zong 
used the CdSeS QDs to inactivate the CdTe QDs, rather 
than to prevent load recombination occurring on the 
TiO2 surface, the results are consistent.

In the second stage, ZnS coating was made in the form 
of 2 SILAR cycles in order to examine the effects of ZnS 
barrier surface on PCE in QDSSC design. In this way, 3 
different QDSSCs are designed as CdSe/ZnS, CdS/CdSe/
ZnS and CdSeS/CdSe/ZnS. As stated in the previous sec-
tion, the parameter values are exactly the same with 
5 replicates from each QDSSC. In these QDSSC designs, 
3 layers of TiO2 surface were used and TiCl4 treatment 

Figure 4. XRD analyses of pre-synthesised CdSe QDs.
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was not applied to TiO2 surfaces. Pt was used as each 
QDSSC collector electrode, and iodine/iodide redox pair 
was used as electrolyte. The characteristic curve obta-
ined as a result of J-V measurements for these QDSSCs 
is shown in Figure 6. As can be seen in Figure 6, CdS/ 
CdSe/ZnS QDSSCs have the highest Voc value, whereas 
Jsc values remain low to CdSeS/CdSe/ZnS QDSSCs. For 
CdSe/ZnS QDSSCs, both Voc and Isc values remained 
low compared to the other two QDSSC types. Detailed 
parameter results obtained as a result of J-V measure-
ments are shown in Table 2.

Using ZnS barrier layer compared to CdSe QDSSCs with 
PCE value 0.539% increased PCE value to 0.643%. It has 
been previously reported that the coating of ZnS until it 
reaches a certain thickness value due to the wide band-
widths they have compared to CdSe QDs, increases 
the PCE value of the QDSSC [33]. In this study, the ZnS 
barrier layer caused an increase in the performance of 
QDSSC in line with the studies in the literature [34]. As 
can be seen in Table 2, PCE value for CdSeS/CdSe/ZnS 
QDSCCs increased up to 3.637%. This increased the PCE 
of the CdSeS/CdSe QDSSC of the ZnS layer by 8%. The 
main reason for the increase in PCE of CdSeS/CdSe/ZnS 
QDSSCs is the increase in Jsc value. So much so that the 

Figure 5. J-V characterization of 3 different CdSe QDSSCs.

Jsc (mA/m2) Voc (V) Jmax (mA/m2) Vmax (V) FF (%) PCE (%)

CdSe 1.673 0.750 1.189 0.454 42.979 0.539±0.081

CdS/CdSe 3.690 0.849 3.159 0.684 68.999 2.162±0.101

CdSeS/CdSe 7.486 0.783 6.461 0.521 57.428 3.366±0.123

Table 1. J-V characterization parameters of 3 different CdSe QDSSCs.
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Jsc value, which is 7.486 mA/cm2 without the ZnS layer, 
has increased up to 8.006 mA/cm2 with the ZnS layer. 
This indicates that the ZnS layer with broadband spacing 
causes an increase in the contour electron transfer bet-
ween the layers of the QDSSC.

In the first two stages, it was determined that CdSeS 
QDs can be used to suppress charge recombination of 
CdSe QDSSCs, and ZnS barrier layer has positive contri-
butions for electron transfer. 3. As a step, optimization 
studies of SILAR cycle number of CdSeS QDs used in this 
study were performed. For this reason, TiO2 surfaces 
prepared in 3 layers and treated with TiCl4 were coated 
with CdSeS QDs in 1 to 7 SILAR cycles and J-V characteri-
zations of the obtained QDSSCs were examined. At this 
stage, 5 repetitions were also worked for the QDSSCs 
designed. J-V characteristic curves obtained at the end 
of the study are shown in Figure 7. Similarly, detailed 
parameter values are given in Table 3.

In the measurements made, a significant increase was 
observed in the PCE and Jsc values of the CdSeS SI-
LAR cycle number until 4 cycles. For CdSeS/CdSe/ZnS 
QDSSCs created with 1 SILAR cycle, while Jsc and PCE 
were 7.831 mA/cm2 and 3.308% respectively, Jsc and 
PCE increased to 8.799 mA/cm2 and 4.452%, respecti-
vely, with 4 SILAR cycle. It can be mentioned that CdSeS 
QDs coated with 4 SILAR cycles basically suppress char-
ge recombination with the redox pair and electron 
transfer is proportionally increased. The fact that load 
recombination was suppressed naturally increased Jsc 
and PCE. However, with the increasing number of SILAR 
cycles, the performance of QDSSC decreased. In fact, 
Jsc, Voc and PCE values of CdSeS/CdSe/ZnS QDSSCs cre-
ated with 6 SILAR cycles decreased by 8.126 mA/cm2, 
0.702 V and 3.576% respectively. It was observed that 
the increase in the amount of CdSeS QDs on the surfa-
ce started to prevent load transfer after a certain point, 
causing a decrease in the performance of QDSSC.

Figure 6. J-V characterization of ZnS barrier layer coated 3 different CdSe QDSSCs.

Jsc (mA/m2) Voc (V) Jmax (mA/m2) Vmax (V) FF (%) PCE (%)

CdSe/ZnS 1.857 0.765 1.390 0.463 45.248 0.643±0.077

CdS/CdSe/ZnS 4.128 0.832 3.534 0.671 68.999 2.371±0.142

CdSeS/CdSe/ZnS 8.006 0.785 6.980 0.521 57.875 3.637±0.181

Table 2. J-V parameters of ZnS barrier layer coated QDSSC.
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In this study, it was found that CdSeS QDs were used to 
coat TiO2 surface with SILAR method and to suppress 
load recombination as an alternative to CdS QDs, and 
CdSeS QDs achieved higher Jsc values. It is believed that 
the band edges of CdSeS QDs are more compatible with 
CdSe QDs and partially easy to electron transfer. In the 
optimization study, it was determined that coating with 
4 SILAR cycles helps to reach the highest PCE value in 
CdSeS QDs coating with SILAR method.

Conclusion
In the present study, the use of CdSeS QDs proposed as 
an alternative to the most used CdS QDs in the literatu-

re was tested to suppress load recombination occurring 
in CdSe QDSSCs. The results obtained have been found 
to cause reductions in load recombination due to the 
wide bandwidths of CdSeS QDs and the band edges that 
are more compatible with CdSe QDs. In the study, it was 
found that the coating of CdSeS QDs on TiO2 surface 
with 4 SILAR cycles provides the highest Jsc and PCE va-
lues for CdSeS/CdSe/ZnS QDSSCs. In fact, the highest 
PCE value obtained during the study was determined as 
4.452%. The study showed that CdSeS QDs are suitable 
for suppressing load recombination

Figure 7. J-V characterization of QDSCCs depend on SILAR cycles of CdSeS QDs.

Number the 
SILAR cycles of 

CdSeSn
Jsc (mA/m2) Voc (V) Jmax (mA/m2) Vmax (V) FF (%) PCE (%)

1 Cycle 7.831 0.747 6.423 0.515 56.551 3.308±0.157

2 Cycle 8.006 0.785 6.980 0.521 57.875 3.637±0.148

3 Cycle 8.687 0.713 7.568 0.512 62.556 3.874±0.145

4 Cycle 8.799 0.795 8.125 0.548 63.666 4.452±0.156

5 Cycle 8.389 0.775 7.746 0.534 63.666 4.139±0.152

6 Cycle 8.126 0.702 7.079 0.505 0.063 3.576±0.151

Table 3. J-V characteristic parameters of QDSSCs depend on SILAR cycle of CdSeS QD.
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34. K. Zhao, Z. Pan, I. Mora-Seró, E. Cánovas, H. Wang, Y. Song, 
X. Gong, J. Wang, M. Bonn, J. Bisquert, X. Zhong, Boosting 
power conversion efficiencies of quantum-dot-sensitized 
solar cells beyond 8% by recombination control, J. Am. 
Chem. Soc., 137 (2015) 5602-5609.


	_GoBack
	_GoBack
	_GoBack

