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DSSCs were fabricated with the structure of FTO/TiO2-ZnPc-dye/electrolyte /Pt /FTO. The electrolytes con-
taining (PVP-co-VAc)/PMMA and a mixture of KI and TPAI salts were prepared by solution cast method. The
cell fabricated with an electrolyte containing 30 wt% TPAI exhibited a higher efficiency of 1.32%. However, the cell
with an electrolyte including 25 wt% TPAI/5 wt% KI exhibited the best power conversion efficiency of 1.1% under
1000 W/ m? light intensity. Field emission scanning electron microscopy images show that the TiO2 nanoparticles
were comparatively well dispersed but are irregularly shaped due to agglomeration.
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1. Introduction

The development of gel polymer electrolytes with high
iodide—ion conductivity is necessary to improve the ef-
ficiency [1]. The nature of the cation incorporated with
the host polymer matrix plays a significant role in the ion
transport mechanism in DSSCs [2, 3|. A photosensitizer
should have a high absorption cross-section at the wave-
length suitable for the specific application [3, 4]. Among
the most promising photosensitizers are zinc phthalocya-
nines (ZnPcs), which are planar aromatic molecules with
considerable electron delocalization [5]. The conversion
efficiencies below 1% might be due to the poor solubility
of the macrocycle in organic solvents, and a strong ten-
dency to aggregate on the surface [6, 7]. The goal of this
work is an attempt to enhance the efficiency of a DSSC
with gel electrolyte based on ZnPc.

2. Materials and methods

(PVP-co-VAc) and PMMA, with an average molecu-
lar weight of 50000, and 996000 respectively, were dis-
solved using DMSO, TPAI, and KI with a molecular
weight of 313.26 and 166, respectively. Iodine with a
molecular weight 1:126.9 along with all materials men-
tioned above were purchased from Sigma-Aldrich. GPE
assigned as Cs was prepared by solution cast method with
different weight ratio as tabulated in Table I. TPAI and
KI were dissolved with 5 ml of DMSO in a glass con-
tainer using stirrer and heated to 70°C. Then (PVP-
co-VAc) and PMMA were added one after another with
weight percent 2:1. The mixture was then stirred for 1 h
till it became homogeneous. Then iodine Iy chips were
added. Finally, the mixture was left to cool down to room
temperature.
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In the next step, 0.5 g of Degussa TiOy powder was
grounded well for about 30 min in an agate mortar, and
then HNOj3 (~ 2 ml) was added. About 0.1 g of Car-
bowax and few drops of Triton X 100 were added and
mixed well with the above-obtained TiOy paste solution
and cast using a doctor blade method, followed by sin-
tering at ~ 450°C for 30 min. After that, 5 mg of ZnPc
(Sigma-Aldrich) was dissolved in 10 ml of THF (Merck,
Germany) in a glass bottle. The TiOq coated electrodes
were soaked in ZnPc dye, and then were withdrawn from
the dye solution after 24 h. Alcoholic solution of plat-
inum salt (HyPtClg) was spread on FTO and heated in
an oven at 385°C for ~ 20 min as cathode. Field emis-
sion scanning electron microscopy (FE-SEM) was per-
formed with JSM-7600F. The J-V characteristics have
been measured with a Keithley 2400 source meter under
100 mW cm™2 illumination.

Polymer electrolyte Cs with different salts TABLE I

and Iy weight ratio.

Cs KI | TPAI| KI |TPAI KI TPAI | Total Iy Iy
(%] [%] | lel lg] | [mol] | [mol] | [mol] | [mol] le]

C1l| 0 30 0 0.642 | 0.0000 | 0.0020 | 0.0020 | 0.00020 | 0.0520
C2| 5 25 |0.107 | 0.535 | 0.0006 | 0.0017 | 0.0024 | 0.00024 | 0.0597
C3]| 10 20 |0.214{0.428 [ 0.0013 | 0.0014 | 0.0027 | 0.00027 | 0.0674
C4]| 15 15 |0.321]0.321 {0.0019|0.0010|0.0030 | 0.00030 | 0.0751
C5| 20 10 |0.428]0.214 | 0.0026 | 0.0007 | 0.0033 | 0.00033 | 0.0828
C6| 25 5 0.535| 0.107 | 0.0032 | 0.0003 | 0.0036 | 0.00036 | 0.0905

C7| 30 0 0.642 | 0.000 | 0.0039 | 0.0000 | 0.0039 | 0.00039 | 0.0982

3. Results and discussion

FE-SEM images of the TiOs nanoporous electrode,
shown in Fig. la,b, indicates that nanoparticles are rel-
atively well dispersed but are irregularly shaped due to
agglomeration [8].

From FE-SEM images (Fig. 2a and b) of the surface
of TiOs photoanode immersed in ZnPc, it can be clearly
seen that the dye aggregates due to low solubility, which
affects on the amount of dye adsorbed by non-porous
TiO3. The solar conversion efficiency depends on the
amount of dye loading [9].
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Fig. 1. FE-SEM photograph of nanoporous TiO3 films
showing the surface morphology with a magnification of
(a) 30,000 and (b) 200,000 under 5.0 kV accelerating
voltage of electron beam.
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Fig. 2. FE-SEM images of the surface morphologies of
ZnPc dye-based TiO2 nanoparticles with a magnifica-
tion of (a) 10,000 under 5.0 kV, (b) 3,500 under 5.0 kV,
accelerating voltage of electron beam.
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Fig. 3. The photocurrent—photovoltage (J-V) charac-
teristics of solar cells with electrolytes Cs.

The current density—photovoltage characteristic curves
(J-V) for seven various cells that were fabricated are
shown in Fig. 3. The following equation defines the fill
factor:

i = S, (1
scYoc

where Jpax and Vinax are the photocurrent and photo-

voltage for maximum power output and Js. and V.. are

the short-circuit photocurrent density and open-circuit

photovoltage [7]. The solar conversion efficiency n can

be obtained from the following equation:

’r] — JSCVOCff X 100, (2)
Iy
where Iy is the photon flux (in W m~2), Jy is in
mA /cm?, V,. is in V. The low 7 of ZnPc adsorbed onto
TiOs is due to the solubility, aggregation, and poor elec-
tron injection from the excited state of phthalocyanine
into the conduction band of TiOs [10]. ZnPc without an-
choring groups will result in very low cell performance,
with efficiency < 1% [11, 12]. Also, it could be ascribed
to the fast recombination reaction between the injected
electrons and the parent cations |7, 10]. The factors Js,
Voe, ff, and 7 are listed in Table II. The highest values
of 1 and short-circuit current Js., were obtained for cells
with electrolytes (C1, C2, and C7) (n, 1.324, 1.1, and
0.948) (Jse, 4.17, 3.58, and 3.328) respectively. The rise
in 1 of cell in the presence of TPAY larger cations can be
assigned to the firm interaction between blend and the
positive charges [13].

Photovoltaic parameters of DSSC fabri- TABLE II

cated with ZnPc dye.

Electrolyte | Jsc [mA/cm?] | V,. [V]|Fill factor (ff)| n[%)]
C1 4.17 0.505 0.629 1.324
C2 3.58 0.5 0.619 1.108
C3 2.631 0.465 0.594 0.726
C4 2.12 0.49 0.563 0.585
C5 2.19 0.505 0.575 0.639
C6 2.526 0.48 0.619 0.7516
c7 3.328 0.465 0.613 0.948




Dye-Sensitized Solar Cell Using Gel Polymer Electrolytes Based on Organic Dye 645

4. Conclusion

The effect of electrolyte composition and photoanode
morphology on the performance of DSSCs was studied.
The morphology characterization by FE-SEM confirms
the porous property of the TiOy thin film. The low con-
version efficiency of ZnPc adsorption onto TiOy was due
to the solubility, aggregation, and poor electron injection.
The highest values of n and Js. were obtained for cells
with electrolytes (C1, C2, and C7) (n, 1.324, 1.1, and
0.948) (Js., 4.17, 3.58, and 3.328), respectively.
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