Available online at www.sciencedirect.com
JOURNAL OF

S(:IENQ:E(&DIFIE(‘.‘T° PHWEH

www.elsevier.com/locate /jpowsour

ELSEVI

ER Journal of Power Sources 149 (2005) 112-116

Short communication

Photovoltaic performance of dye-sensitized solar cell assembled
with gel polymer electrolyte

Dong-Won Kim?*, Yeon-Bok Jeong, Sang-Hern Kind, Dong-Yoon Le&, Jae-Sung Sorfy

2 Department of Applied Chemistry, Hanbat National University, San 16-1, Dukmyung-Dong, Yusung-Gu, Daejon 305-719, South Korea
b Electric & Magnetic Devices Research Group, Korea Electrotechnology Research Institute (KERI), Changwon 641-600, South Korea

Received 14 October 2004; received in revised form 25 January 2005; accepted 27 January 2005
Available online 23 March 2005

Abstract

A gel polymer electrolyte is prepared by soaking a porous membrane in an organic electrolyte solution contaigirig trelbx couple.
The ionic conductivity of the gel polymer electrolyte is %20-2 S cnt* at room temperature, and encapsulates the electrolyte solution well
without solvent leakage. A dye-sensitized solar cell (DSSC) employing the gel polymer electrolyte gives an open-circuit voltage of 0.72V
and a short-circuit current of 6.27 mA crhat an incident light intensity of 100 mW cra This yields a conversion efficiency of 2.4%. The
DSSC employing the gel polymer electrolyte shows a more stable photovoltaic performance than a DSSC assembled with liquid electrolyte
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction conductivities that range betweenfoand 10°Scnt? at
room temperaturgl1,12] This performance is not sufficient
Photoelectrochemical solar cells based on dye-sensitizedfor practical application at ambient temperature. In this
TiO2 are considered to be promising alternatives to con- respect, most of the recent studies have been directed to the
ventional silicon solar cells because of their low ddst3]. preparation and characterization of gel polymer electrolytes
Such cells consist of a dye-sensitized nanoparticulate TiO that have higher ionic conductivity at ambient temperature.
electrode, an electrolyte containing a redox couple and aGel polymer electrolytes are prepared by incorporating liquid
Pt coated counter electrode. It has been clairf#dthat electrolyte into a matrix polymer such as polyacrylonitrile
dye-sensitised solar cells (DSSCs) can give conversion(PAN), poly(vinylidene fluoride) (PVdF) and poly(methyl
efficiencies of up to 10%. The electrolyte commonly used is methacrylate) (PMMA]13]. Some of these systems have an
a I”/13~ redox couple in an organic solvent. The long-term jonic conductivity in excess of I¢ S cnt L. Such gel poly-
durability of DSSCs is limited by leakage or evaporation mer electrolytes do, however, suffer from poor mechanical
of the liquid electrolyte. Therefore, efforts have been made strength that makes cell assembly difficult and increases the
to replace the liquid electrolyte with a polymer electrolyte, incidence of shorting between electrodes. The latter disad-
molten salt, inorganic p-type semiconductors or organic hole yantage arises because impregnation of liquid electrolyte into
transport materialfs—10]. Among these approaches, use of a polar polymer results in softening of the polymer. To over-
polymer electrolyte appears to give rise to successful resultscome this problem, an activation process in which a porous
interms of conversion efficiency. Conventional poly(ethylene polymer membrane is soaked in an electrolyte solution has
oxide) (PEO)-based solid polymer electrolytes exhibit ionic heeninvestigatefd4—17] Unlike conventional methods such
as solution casting and direct dissolution of the polymer in the
* Corresponding author. Tel.: +82 42 821 1550; fax: +82 42 822 1562.  €lectrolyte solution, this procedure handles the mechanically
E-mail addressdwkim@hanbat.ac.kr (D.-W. Kim). robust porous film until the liquid electrolyte is finally added.
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In this study, a highly conductive gel polymer electrolyte 2.3. Cell assembly and testing

is prepared by using a porous membrane based on acryloni-

trile (AN)—methyl methacrylate (MMA) co-polymer. MMA A dye-sensitized solar cell was fabricated by sandwich-

is useful as a co-monomer due to its ability to be gelled eas-ing a porous membrane between a dye-coated nanoporous

ily by polar solvents. To our knowledge, this is the first re- TiO, electrode and a platinum counter electrode, and then

ported attemptto assemble, and evaluate the performance of aealing the perimeter of the cell under an applied pressure.

dye-sensitized solar cell constructed with such a gel polymer The porous membrane was gelled by filling liquid electrolyte

electrolyte using porous membrane. into the cell through the holes in the counter electrode. When
gelation occurs, the liquid electrolyte is completely trapped
in the gelled membrane. The electrolyte-injecting holes in

2. Experimental the counter electrode were then sealed with a Surlyn sheet
and a thin glass cover by heating. Cell performance was eval-

2.1. Preparation of porous membrane and gel polymer uated using a xenon light source and an AM 1.5 filter. The

electrolyte active area of the cell was 0.25 érand the power of the in-

cident white light from the Xenon lamp was 100 mWtfn

The co-polymer used in preparing the porous membrane Photocurrent—voltagd-{V) measurements were performed
was acrylonitrile—methyl methacrylate co-polymer (hereafter with a potentiostat/galvanostat at room temperature. Each
called the AM co-polymer). The AM co-polymer was syn- value of phothovoltaic performances was taken as the aver-
thesized by emulsion polymerization with a small amount of age of at least three samples.
potassium persulfate as an initiator, as previously reported
[18]. From'H NMR spectroscopy, the molar composition
of AN and MMA was determined to be 86:14. The AM 3. Results and discussion
co-polymer was dissolved at a concentration of 5wt.% in
dimethylformamide (DMF). After complete dissolution, the A typical scanning electron microscopic image of the
resulting viscous solution was cast with a doctor blade on a cross-section of the porous membrane prepared with AM
glass plate, and the film was immersed in a water bath in or- Co-p0|ymer by the phase inversion method is presented in
der to induce phase inversion. The resulting membrane wasfig. 1. Microporous morphology is observed. Pores formed
washed with running water, and then vacuum dried a0  in the membrane result from an exchange between the or-
for 24 h. The water content in the membranes was confirmedganic solvent and water during immersion precipitation. The
to be less than 50 ppm. The gel polymer electrolyte was pre- pore volume in this membrane is 51%, and the thickness of
pared by immersing the porous membrane in organic liquid the membrane is in the range 50+60. The presence of
electrolyte. The latter was composed of 0.5M lithium io- pores in the membrane can lead to an efficient uptake of the
dide (Lil), 0.05M k and 0.05M 4tert-butylpyridine (TBP)  |iquid electrolyte when it is immersed in an electrolyte solu-
in acetonitrile (ACN). The ionic conductivity was measured tjon. The porous membrane has an opaque appearance. After
by means of an ac impedance analyzer over the frequencyimmersing the porous membrane in electrolyte solution, the

range 100-100 kHz with amplitude of 10 mV. pores in the membrane are barely noticeable. This suggests
_ that an uptake of electrolyte solution into the porous mem-
2.2. Preparation of electrodes brane causes complete gelation of the membrane that results

TiO; colloidal paste that consisted of Ti@owder (De-
gussa P25), ethylene glycol and Triton X-100 was cast on to
a previously cleaned, fluorine-doped tin oxide (FTO) glass
substrate by means of a glass rod. After drying in air for §
15min at room temperature, the electrode was heated t
450°C at a rate of 5C min~!, and then left at 450C for
30 min. The TiQ film formed on the FTO was 1,0m thick
and 5mmx 5mm in size. The morphology of the TjO
electrode was examined with a scanning electron micro-
scope. In order to sensitize the Bi@m, the TiO, electrode
was immersed in a 1.5 10~* M solution of the sensitizer
dye, namelycis-bis(isothiocyanato) bis(2,Dipyridyl-4,4-
dicarboxylato)-ruthenium(ll) (ruthenium-535, Solaronix) in
anhydrous ethanol, for 24 h at room temperature, and then
rinsed with ethanol and dried. The counter electrode was pre- -
pared by sputtering Pt, which acts as a catalyst for the redoXrig. 1. Scanning electron micrograph of cross-sectional view of porous
reaction on to glass that was coated with indium tin oxide. membrane.
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Fig. 2. lonic conductivities of gel polymer electrolyte as function of storage Fig. 3. Scanning electron micrograph of Filectrode used in dye-

time at 25°C. sensitized solar cell.
8.0

in the formation of a gel polymer electrolyte that is transpar- 7.0 100 MW e
ent. Gelation of the porous membrane is attributed to its high << 49
affinity for the electrolyte solution. The amount of electrolyte -
solution absorbed is about 2.3 times the weight of the poly- g 507
mer. The ability of the porous membrane to accommodate a B 40+
large amount of electrolyte solution is due to the good com- 3 3.0
patibility between the polar functional group —COO&iH o
the methyl methacrylate unit and the liquid electrolyte. 3 207

The time dependence of the ionic conductivity of the 1.0
gel polymer electrolyte is shown iRig. 2 The ionic con- 00
ductivity remains constant over the time measured, which 0.0 0.8
suggests complete gelation of the porous membrane with Voltage(V)

the electrolyte solution. After ac impedance measurements,

no exuding of the solvent from the gel polymer electrolyte Fig.4. Photocurrent-voltage curves for dye-sensitized solar cells assembled
could be observed on the electrodes. From these resultsWith gel polymer electrolytes. Curves obtained at different light intensities.
it is believed that the electrolyte solution is well encapsu-
lated in the matrix polymer by the physical gelation, and
thereby, poses no leakage problems in the system. The ambi-_ . Pmax )
ent ionic conductivity of the gel polymer eI_ec'Frolyte reaches " IscVoc

2.7x 107 3Scnt!, whereas that of the liquid electrolyte

(0.5 M Lil/0.05 M 1,/0.05 M TBP in ACN) used for prepara-  VH€reéPmax is the maximum electrical power obtainddc
tion of gel polymer electrolyte is 2. 102 S cn 2 andVoc are the short-circuit current density and open-circuit

A scanning electron micrograph of a typical Hidiim voltage, respectively. The conversion efficiency of the dye-
deposited on FTO glass is givenfify. 3. The TiO, spherical sensitized solar cell is obtained from the following equation:
nanoparticles are well distributed and the film has a porous _ Pmax _ IscVocFF 5
structure in which the nanoparticles are all bonded together” = 774~ = IA @)

through a sintering Process. Such a porous structure permltswherel is the intensity of incident lightA is the cell area that
not only the adsorption of a greater number of dye molecules,

culated from the following relationship:

but also better wetting of the film by electrolyte. Together, s illuminated.
these features result in a perfect penetration of thiésT Table 1
redox couple into the Tiefilm. Open-circuit voltage \(oc), short-circuit current densitydéc), fill factor

The photocurrent density—voltage curves for a dye- (FF) and conversion efficiency)X of DSSC assembled with gel polymer
sensitized solar cell that employs the gel polymer electrolyte electrolyte at different light intensities

are shown irFig. 4. These curves were measured at light in- Intensity Voc (V) Jsc (MAcm~2) FF 1 (%)

tensities of 10, 50 and 100 mW cth The values ofthe open- ~ (mWenr?)

circuit voltage ¥oc), short-circuit current densityléc), fill 10 066 069 065 29

factor (FF) and conversion efficiency)(©btained from these 50 069 328 054 25
Q72 627 053 24

curves are summarized able 1 The fill factor can be cal-
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Fig. 5. Photocurrent—voltage curves for dye-sensitized solar cells, assem-

bled with gel polymer electrolyte (—) and liquid electrolyte-)( at

b Fig. 6. Variation of short-circuit current density for dye-sensitized solar
100 mW cnt<.

cells assembled with gel polymer electrolyte or liquid electrolyte as func-
tion of time. Measurements taken under simulated sun light (AM 1.5,

The best conversion efficiency obtainedrnis 2.9% at 100 mw cnr?).
10 mW cnt2. At an irradiance of 100 mW cn?, which ap-
proximates to the standard AM 1.5 irradiance, the values of decays continuously with time and is lower than that exhib-
Jsc andVoc are increased to 6.27 mW cthand 0.72V, re-  ited by the DSSC prepared with gel polymer electrolyte after
spectively, but the conversion efficiency is reduced to 2.4%. 6 days. This gradual decrease of photocurrent is related to
The reduction in conversion efficiency when the light inten- €evaporation of the highly volatile liquid electrolyte, which
sity is increased may be due to a limitation in mass transportis caused by imperfect sealing of the DSSC. In the DSSC
between the electrodes in the DSSC, since a large currenassembled with gel polymer electrolyte, the organic solvent
passes through the cell at high light intensity. containing the T/I3~ redox couple is well encapsulated in
The photocurrent density—voltage curves of DSSCs with the gel polymer electrolyte. Moreover, the electrolyte can pro-
liquid and gel polymer electrolyte at a light intensity of mote a strong interfacial contact between the dye-adsorbed
100 mW cnt2, are presented iffig. 5. The DSSC assem-  TiO: electrode and the platinum counter electrode. This gives
bled with the gel polymer electrolyte reports a lowkg a more stable performance than that of the DSSC assembled
and higheNMo¢ than the DSSC with a liquid electrolyte. The  with liquid electrolyte. From these findings, it is expected
lower value ofJsc in the DSSC with gel polymer electrolyte  that the solid-state dye-sensitized solar cell constructed with
may originate from its lower ionic conductivity. A higher re-  gel polymer electrolyte is a promising candidate for a prac-
sistance to ion migration reduces the supply £f to the tical solar cell with good durability. Further studies on the
Pt counter-electrode. This causes depletionzofdnd also long-term stability and efforts to improve the cell efficiency
retards the kinetics of dye regeneration, and therefore, de-are currently in progress.
creases thdsc. The slight increase o¥pc for the DSSC
with gel polymer electrolyte is related to the reduction of
the back electron-transfer reaction that decreased/ghe 4. Conclusions
[19]. When a gel polymer electrolyte is used in the DSSC,
the polymer contacted on the surface of T€dppresses the A gel polymer electrolyte based on an acrylonitrile—
back electron-transfer from the conduction band oflé@c- methyl methacrylate co-polymer has been prepared by soak-
trode to the 4~ in the gel polymer electrolyte, which results ing a porous membrane in an organic electrolyte solution that
in high value ofVoc. On comparing the conversion efficiency contains aj—/I~ redox couple. The ambientionic conductiv-
of the two types of DSSC, it is found that the cell with a lig- ity of the gel polymer electrolyte reaches 2203 Scnt 1.
uid electrolyte exhibits a slightly higher efficienay£ 2.8%) The gel polymers encapsulated the electrolyte solution well
than that of the cell assembled with gel polymer electrolyte without solvent leakage and maintains good mechanical
(n=2.4%). properties that allowed application in the dye-sensitized solar
In order to evaluate the durability of the photoelectro- cell. A dye-sensitized solar cell employing the gel polymer
chemical performance of the DSCCs, measurements of theelectrolyte gives an open-circuit voltage of 0.72 V and short-
short-circuit current densityl§c) were recorded withtime, as ~ circuit current of 6.27 mA cm? for an incident light inten-
shown inFig. 6. The short-circuit current density of the DSSC  sity of 100 mW cnt2. This yields a conversion efficiency of
assembled with gel polymer electrolyte remains almost con- 2.4%. Use of the gel polymer electrolyte in the DSSC im-
stant; 99% of the initial value is retained after 6 days. On proves cell stability by suppressing solvent evaporation, but
the other hand, thasc for the liquid electrolyte-based DSSC  gives a slightly lower short-circuit current.
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