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Photovoltaic Properties of Dye-Sensitized Solar Cells
Using Glycerol-Modified PEDOT:PSS

Jin-Kook Lee, Sung-il Jang, Bo-Hwa Jung, Hyong-Ju Choi,
Su-Bin Lee, Sung-Hae Park, and Mi-Ra Kim

Department of Polymer Science and Engineering, Pusan National
University, Busan, Korea

In this study, we fabricated Dye-Sensitized Solar Cell (DSSC) device using
poly(3,4-ethylenedioxythiophene):poly(styrenesulphonic acid) (PEDOT:PSS) or
glycerol-modified PEDOT:PSS (G-PEDOT':PSS) as hole conducting materials.

In SnOy:F/TiOs/Dye/PEDOT:PSS (or G-PEDOT:PSS) /Pt device system, in order
to increase the ionic conductivity, the addition of ionic liquid into PEDOT:PSS
solution resulted in the increase of power conversion efficiency of devices. We inves-
tigated photovoltaic characteristics of three type devices of SnOg2:F/TiOs/Dye/
G-PEDOT:PSS /Pt system according to glycerol concentration in PEDOT:PSS.
The SnO:F/TiOs/Dye/G-PEDOT:PSS /Pt device with 6wt% glycerol in PEDOT:
PSS showed the best result on 2.62% of the power conversion efficiency. The
open-circuit voltage (V,.) of this device was 0.82V, the short-circuit current density
(Js) was 5.48 mA /em?, and fill factor (FF) was 0.59.

Keywords: dye-sensitized solar cells (DSSCs); glycerol-modified PEDOT:PSS; hole
conducting material; photovoltaic properties; poly(3,4-ethylenedioxythiophene): poly
(styrene sulphonic acid) (PEDOT:PSS)

1. INTRODUCTION

Recently, DSSC has been widely investigated as a new type of solar
cell because of its low production cost, simple structure, easy produc-
tion, and higher power conversion efficiency (10%) [1,2]. However,
the presence of traditional liquid electrolytes in these cells has some
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problems such as a less long-term stability and a need for hermetic
sealing. To overcome these problems, several studies of solid-state
charge transport materials (i.e., electron or hole conducting materials)
and quasi-solid-state electrolyte with ionic conducting polymer were
attempted [3,4].

Poly(3,4-ethylenedioxythiophene) (PEDOT) is one of the
best-known conducting polymers, and has attracted considerable com-
mercial and scientific interest owing to its excellent conducting and
electro-optical properties. PEDOT is an insoluble polymer that exhi-
bits several desirable properties in its oxidized state: high conductivity
(ca. 550 Sem ™ 1); good thin-film transparency; and high stability [5-8].
The low solubility of pure PEDOT may be circumvented by using a
water-soluble polyelectrolyte, poly(styrene sulfonic acid) (PSS) as a
charge-balancing dopant during polymerization in water to yield a
PEDOT:PSS composite [9]. PEDOT:PSS also has high transparency
in visible range, high conductivity and remarkable stability at room
temperature [9], so that PEDOT:PSS could work as a stable hole
transport material [5] and utilize in a wide range of electrochemical
devices such as polymer light-emitting diodes (PLED) [10], organic
solar cells [11], and ink jet printing technology [12].

Donal D. C. Bradley has shown that the resistivity of PEDOT:PSS
can be decreased without any loss in its optical characteristics
through addition a small amount of a polyalcohol such as glycerol [13].
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FIGURE 1 The chemical structures of (a) PEDOT:PSS and (b) Glycerol.
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This conductivity gain and optic transparency maintenance are
potential characteristics of glycerol-modified PEDOT:PSS (G-PEDOT:
PSS) to improve organic devices efficiency [10,14]. Figure 1 shows the
chemical structures of PEDOT:PSS and glycerol.

In this study, we report the fabrications and photovoltaic properties
of SnOy:F/TiO3/Dye/PEDOT:PSS or G-PEDOT:PSS/Pt devices using
PEDOT:PSS or G-PEDOT:PSS as hole conducting materials. In addi-
tion, the influence on the surface morphology of PEDOT:PSS and
G-PEDOT:PSS layers on devices by the addition of the glycerol was
investigated.

2. EXPERIMENTAL
2.1. Materials

TiO; paste (Ti-Nanoxide HT/SP), -cis-bis(isothiocyanato)bis(2,2’-
bipyridyl-4,4'-dicarboxylato)-ruthenium(II) dye (N3 dye), F-doped
SnO, glass (FTO glass, 15Q/square), Pt paste (Pt catalyst T/SP) were
purchased from Solaronix Co. The PEDOT:PSS and glycerol were
purchased from H. C. Starck (Germany) and Aldrich Co, respectively.

2.2. Fabrication of DSSC Devices

The dye-sensitized solar cells (DSSCs) were constructed by a
dye-adsorbed nanoporous titanium oxide (TiOy) electrode as a working
electrode, a Pt-counter electrode, and an electrolyte filled with
between two electrodes. The working electrode was prepared as
follows. The TiO, paste with 9nm particle size was placed on an
FTO glass by doctor blade method, followed by sintering at 120°C
for about 30 min and at 450°C for about 30 min in air to give a TiO,
electrode with an effective area of 0.25 cm?. The nanoporous TiO, elec-
trode was dipped in N3 dye solution that dye was dissolved in a con-
centration of 10 mg of N3 dye per 50ml of absolute ethanol solution
at room temperature over night. The dye adsorbed TiO, electrode
was dipped in electrolyte solution at room temperature for 24 hours.
The electrolytes are contained of 72 mg of tetrabutylammonium iodide
(TBAI), 80 mg of 1-ethyl-3-methyl imidazolium iodide (EMImI) as an
ionic liquid, 80 ml of PEDOT:PSS, or G-PEDOT:PSS as hole conduct-
ing materials, and 0.32ml of ethylene carbonate (EC)/0.08 ml of
propylene carbonate (PC) (EC: PC=4:1v/v). In order to fabricate an
all-solid state DSSC and improve the problem by the evaporation of
I,, I, was not used. After that, the electrolyte was casted onto
dye-adsorbed nonporous TiOs electrode and was dried at about
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FIGURE 2 The structure of the SnO5:F/TiOy/Dye/G-EDOT:PSS /Pt device.

100°C for 2 hours. The counter electrode was also prepared by the
similar method to TiO, electrode. Pt paste was placed on an FTO glass
by doctor blade method, followed by sintering to at 450°C for 30 min
with 5°C/min of heating rate.

In assembling of devices, the working electrode and the counting
electrode were clamped together and the intervening space between
two electrodes was filled the polymer electrolyte. The structure of
SnOy:F/TiO3/Dye/Electrolyte/Pt device was shown in Figure 2.

2.3. Measurements

The surface morphology of the electrolyte layers was measured in air
with a Scanning Probe Microscope (SPM, NITECH Models SPA-400).

Measurement of the I-V characteristics of devices was carried out
using a Solar Simulator (300 W simulator, models 81150) under simu-
lated solar light with ARC Lamp power supply (AM 1.5, 100 mW /cm?).

3. RESULTS AND DISCUSSION

We have made of solid-state-DSSC devices, SnOq:F/TiOy/Dye/
Electrolyte /Pt devices using PEDOT:PSS or G-PEDOT:PSS as hole
conducting materials. The thicknesses of the devices were about
10 um of nanoporous TiO5 layer and 3 um of electrolyte layer.

The ionic liquid addition to the cell with PEDOT also improved
significantly the dark current property of the cells, which result in
the increase of open-circuit voltages (V,.) (0.75 — 0.81) and fill factor
(FF) (0.34 — 0.49) in photocurrent characteristics [5]. In addition, Lu
et al. reported that the addition of ionic liquids was improved the phy-
sical properties of conducting polymers [15]. The ionic liquid could
form the electrical double layer at SnOy:F/PEDOT:PSS or TiOg/
PEDOT:PSS interface, preventing the unfavorable contact of the
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FIGURE 3 The photovoltaic characteristics of SnOy:F/TiOs/Dye/PEDOT:
PSS/Pt devices under AM 1.5; e = PEDOT:PSS without EMImI, o =PEDOT:
PSS with EMImI; light intensity: 100 mW/cmz; active area: 0.25 cm?.

PEDOT:PSS at these interfaces which cause electron recombination
in the cells. As shown in Figure 3, the power conversion efficiency
of SnOq:F/TiOy/Dye/PEDOT:PSS/Pt devices with ionic liquid was
higher than that of device without ionic liquid. Consequently, the
power conversion efficiency of the device by the introduction of ionic
liquid such as EMImI was improved.

The influence on the photovoltaic effects of SnOy:F/TiOy/Dye/
G-PEDOT:PSS/Pt devices using PEDOT:PSS by the addition of the
glycerol is shown in Figure 4 and photovoltaic characteristics of
devices are summarized in Table 1.

In Table 1, the results of V,. were obtained the high values of
0.78 ~0.82V on SnO4:F/TiOy/Dye/PEDOT:PSS or G-PEDOT:PSS/Pt
devices system regardless of glycerol concentration [16].

The power conversion efficiencies of devices were changed by the
introduced glycerol into the PEDOT:PSS for different ratios of
1wt%, 6 wt%, and 10 wt%. These results were caused by changes in
the conductivity and the morphology of PEDOT:PSS layers. The con-
ductivities of G-PEDOT:PSS layers increase with the concentration
of added glycerol [13]. Significant improvements in conductivity are
observed even for low concentration of added glycerol. These increased
conductivities of the films in the presence of the glycerol are believed
to arise from the rearrangement of the PEDOT:PSS morphology.
Also, by the drying process at 100°C, the solvent such as water in
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FIGURE 4 The photovoltaic characteristics of SnOs:F/TiOs/Dye/PEDOT:
PSS (or G-PEDOT:PSS)/Pt devices (a) in the dark (b) under AM 1.5; light
density: 100 mW/cm?; active area: 0.25 cm?.

PEDOT:PSS or G-PEDOT:PSS solution can be evaporated sufficiently.
The morphological and physical changes during G-PEDOT:PSS film
formation by this drying process are considered more likely to account
for the improved conductivity. These changes cause that the overall
connectivity between PEDOT grains in G-PEDOT:PSS films was
improved. This should create better pathways for charge transport
perpendicular to the film. In general, J,. values of DSSC device was
influenced by the ionic conductivity of polymer electrolyte. Figure 5

TABLE 1 The Photovoltaic Characteristics of SnO5:F/TiO3/Dye/PEDOT:PSS
(or G-PEDOT:PSS)/Pt Devices Using PEDOT:PSS or G-PEDOT:PSS as Hole
Conducting Materials Under AM 1.5 Illumination. 1-Ethyl-3-metyl Imidazolium
Iodide (EMImI) as an Ionic Liquid was Added into Electrolytes of All Devices

Vol (V) J2(mA/em?) FF°¢ Efficiency (%)
PEDOT:PSS 0.81 5.46 0.49 2.14
G-PEDOT:PSS (1 wt%) 0.78 6.04 0.43 2.03
G-PEDOT:PSS (6 wt%) 0.82 5.48 0.59 2.62
G-PEDOT:PSS (10 wt%) 0.79 2.35 0.45 0.82

“Voo(V): Open circuit voltage.
bJsc(mA/cmZ): Short circuit current density.
°FF: Fill factor.
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FIGURE 5 The dependence of photovoltaic performances of SnOg:F/TiOy/
Dye/PEDOT:PSS (or G-PEDOT:PSS)/Pt devices on the different glycerol
concentration (wt%); (a) V. and Eff.; (b) J.. and Eff.; (¢) Surface roughness
and FF. Also shown for comparison is the characteristics of the devices using
the PEDOT:PSS layer as separating point.

shows the dependence of device properties on glycerol concentration. It
is found that J. decreases with the increase of glycerol concentration.

In order to investigate the relationships between the morphology of
PEDOT:PSS or G-PEDOT:PSS films on the device and the power
conversion efficiency of the device, we measured the surface morphol-
ogy of PEDOT:PSS and G-PEDOT:PSS films by Scanning Probe
Microscope (SPM).

The changes in the morphology of PEDOT:PSS layer and
G-PEDOT:PSS layers with different glycerol concentration are illu-
strated in the AFM surface images at Figure 6. The surface roughness
of PEDOT:PSS layers was remarkably decreased by the addition of the
ionic liquid such as EMImI. Also, the surface roughness of layers
varied with the glycerol concentration. As Figure 5 shows, this
improvement of surface morphology on G-PEDOT:PSS layers results
in the increase of fill factor. The surface morphology of G-PEDOT:PSS
layers was remarkably increased by the addition of 6 wt% glycerol.



Downloaded by [University of California, San Diego] at 14:34 08 August 2012

182/[420] J.-K. Lee et al.

FIGURE 6 The AFM images of (a) PEDOT:PSS layer without EMImI;
(b) PEDOT:PSS layer containing EMImI; (¢) G-PEDOT:PSS layer (1wt%)
containing EMImI; (d) G-PEDOT:PSS layer (6wt%) containing EMImI;
(e) G-PEDOT:PSS layer (10wt%) containing EMImI; image sizes are
4 pum x 4 pm.

Considering both the J . value from conductivity and layer unifor-
mity, 6 wt% of glycerol concentration is considered optimum. As a
result, the DSSC device using G-PEDOT:PSS (6 wt%) exhibited the
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highest value of power conversion efficiency, n of 2.62% among all the
devices.

4. CONCLUSIONS

We have successfully prepared the solid-state-DSSC devices using
PEDOT:PSS or G-PEDOT:PSS as hole conducting materials.
The EMImI addition to the cell with PEDOT:PSS results in the
increase of power conversion efficiency of DSSC devices. Moreover,
AFM results showed that the morphology of layers was improved by
the introduction of EMImI.

The photocurrent of the device decreased with the increase of
glycerol concentrations, although the open-circuit voltages of the device
little changed. Considering both the J. value from conductivity and FF
from surface roughness of layer, glycerol concentration of 6 wt% is
considered optimum on SnOq:F/TiOy/Dye/G-PEDOT:PSS/Pt device.
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