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Preparation and Characterization of Advanced Organic Polymer - Inorganic

Composite Gel Electrolyte for Dye-sensitized Solar Cells
*M. Shaheer Akhtar, Jung Guen Park, Ui-Yeon Kim, Hyun-Choel Lee and **O-Bong Yang

Abstract : In this work, polymer - inorganic composites have prepared using polymer such as
polyethylene glycol (PEG)/poly (methyl methacrylate, PMMA) and inorganic nanofillers materials
such as Ti02 nanotubes (TiNTs)/carbon nanotubes (CNTs). The extensive structural, morphological
and ionic properties revealed that the high surface area and tubular feature of nanofillers
improved the interaction and cross—linking to polymer matrix which is significantly enhanced the
ionic conductivity and electrical properties of composite electrolytes. Comparably high
conversion efficiency ~4.5% has been observed by using the newly prepared PEG-TiNTs composite
solid electrolyte as compared with PMMA-CNTs electrolyte based DSSCs (~ 3%). The detailed
comparative properties would be discussed in term of their structural, morphology, ionic and

photovoltaic properties.
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works have been made to substitute the liquid
1. Introduction electrolyte with the room temperature molten salts,
inorganic ptype semiconductors, ionic conducting

polymers, polymer gel electrolytes and organic hole

Dye-sensitized solar cells (DSSCs) have been transport materials [3-6]. Among them, the use of
investigated intensively because of its lower cost polymer gel electrolytes is most promising
and potential alternatives to traditional photovoltaic materials to solve these problems because it has
device. Light to- electrical energy conversion high ionic conductivities at ambient temperature
efficiencies of DSSC have reached 10-11% with and its trapping of liquid into polymer cages in a

liquid electrolytes using organic compound, such as

acetonitrile, propylene carbonate and ethylene DS | of Semiconductor and Chemical Engineer ing,
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redox couple [1,2] under irradiation of AM 1.5. E-mail : shaheerakh@yahoo.com
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However, the use of liquidjunction cell remains 2) School of Semiconductor and Chemical Engineering
has some problems such as organic solvent Chonbuk National University,Jeonju
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evaporation, leakage of liquid electrolytes and low Tel : (063)270-3939 Fax : (063)270-3939

long-term  stability which are due to high 3) School of Semiconductor and Chemical Engineering,
Chonbuk National University,Jeonju

. E-mail :uiyeon@nate.com
the devices. To overcome these problems, many Tel : (063)270-3939 Fax : (063)270-3939

temperature instability and difficulties in sealing
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host matrix. Presently, several types
different kind of

polymers have already reported in quasi-solid state

of gel

electrolytes based on the

dye sensitized solar cells [7-11]. In this work,
solid electrolytes are prepared by using PEG and
PMMA with TiNTs and CNTs as inorganic filler
with Lil, I, and organic solvent. The system has
achieve drelatively high conductivity. Further a
quasi-solid state dyes ensitized solar cell was
fabricated by

sandwiching the polymer gel

electrolyte.

2. Experimental

The polymer composite electrolytes were prepared
using 10% polyethylene glycol (PEG) gel solution
with different amount of titania nanotubes (TiNTs).
In 3 ml of 10% PEG solution, amount of TiNTs
10wt%, 0.5 M Lil, 0.05 M I, and finally, 0.2M
tert - butyl pyridine wasadded. Then, whole
mixture was continuously stirred for 18 handagel
composite obtained. Thus
samples were denoted by TiNT10 - PEG as a
function of the TiNTs amount. Similarly, thermally
CNT-PMMA

swereusing Lil, I, and TBP inacetonitrile.

electrolyte prepared

prepared composite  electrolyte
For the preparation of TiO, thin film, TiO,
(P-25,Degussa)
incremental addition of aqueous poly ethyleneglycol
(Fluka,averageMWof20,000) solution as binder to

prevent cracking offilm and control the porosity

slurry was prepared by the

during preparation of film. Thus prepared uniform
slurry was coated on FTO glass(FTO glass,
Hartford,8()/sq, 80%

doctorblade technique. After natural drying at room

transmittance) by a

temperature, the thinfilm was calcined in staticair
at 450°C for 30min. After calcination, the TiO,
electrode was immersed in ethanolicsolution of
3.0x10"M cis - (SCN), bis (2,2° -bipyridyl- 4,4’
-dicorboxylate) Rutheniumdye (535 bis - TBA,
Solaronix) at room temperature for 24h in the
dark. The electrode was then rinsed with ethanol
and dried under N, stream. Pt -electrodes as
counterelectrodes were prepared by electronbeam
deposition of Pt (60nm thickness) on TCO glass.

There sulting dye adsorbed film was sealed with a
Pt - coated conducting glass, and then a gel
electrolyte  solution was introduced into the
mesoporous TiO2 film through one of two small
holes drilled in the counter electrode by capillary
action. TiNTs - PEG and CNT - PMMA gel
electrolytes were characterized by field emission
scanning electron microscope (FE-SEM,

S - 4700 , Hitachi ) , differential scanning
calorimetry (DSC), electronic characterization of
dye - sensitized solar cells in cluding photocurrent,
and IV - curve were measured by using a
scanning potentiostat ( EG & G273 ) and
conductivity of electrolyte were measured by
digital conductometer. The device was connected in
a two - electrode configuration: the dye adsorbed
TiO, film on TCO glass was connected as the
working electrode and the Pt - coated TCO glass
was use dasthepseudo - reference (circuited with

the counterelectrode).

3. Results and discussion

In general, the penetration and filling of gel
electrolyte into the pores of the TiO, layer allows
good interfacial contact between the dye absorbed
TiO, layer and electrolyte [12]. Fig.l1 shows the
cross - sectional and surface FESEM images of
TiO, electrode saft erfilling of gel TiNT - PEG

electrolytes.

FESEM
images of TiO, electrolyte after filling of (a)
TiNT5- PEG and (b) TiNT 10- PEG gel
electrolyte. (c) and (d) shows the high and low
magnification FESEM images of CNT - PMMA.

Fig. 1. Cross-sectional and surface
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These images explain the degree of penetration
and filling of gel electrolytes The penetration of
the composite electrolyte into the mesoporous TiO»
film. TINT 10- PEG exhibited high penetration and
complete filling of the electrolyte in to the pores
of TiO, film (Fig.1b). The filling and penetration
of electrolytes resulted from the good gelation of
TiNT swith the polymer. On other hand, the lower
concentration of TiNTs is not able to make proper
gelation with PEG and well filling of TiNT - PEG
gelelectrolytes, as shown in Fig.l a.
penetration and pore filling of the TiNT10 - PEG

Hence,

composite electrolytes in to the TiO, are crucial
for the determination of photovoltaic properties.
Similarly, after polymerization of MMA t o CNT -
PMMA composite, the CNTs are aggregated to
each other an dincreased the diameter from or
iginalsize of CNTs by about ~ 17 - 20nm, as in
Fig.1(c,d). This result reveal sthat CNTs were
completely covered or coated by PMMA molecules
(Fig.1d).

Fig. 2 shows the HR-TEM images of bare TiNT
and PEG-TIiNT composite electrolytes as a function
of TiNTs wt%. Bare TiNTs (Fig. 2a) has shown
typical fringes well grown to [101] direction with
the dimension of 5 nm (ID) x 8 nm (OD) and
700 - 800 nm length. The introduction of TiNTs
into the polymer electrolyte matrix appeared the
dark spots on the surface of TiNTs. As increasing
the amount of TiNTs into composite electrolytes,

the dark spots increased on the pore of TiNTs.

Fig. 2. HR-TEM images of (a)TiNTs and (b)
TiNT5 - PEG. TEM and HR TEM images of (c)
and (d) of CNT-PMMA composite electrolyte

film.

These dark sports may be ascribed the presence of
polymer molecules and embedded on the surface
of TiNTs. From fig. 2 (d), the HR-TEM result
clearly
embedded in the CNTs. Additionally, the fringes
of CNT-PMMA composites are not clear with

indicates that PMMA moieties were

highly damaged outer walls and quite distorted
inner wall of tubes, which increases the fringes
distances.

Table 1 is shown the differential scanning
calorimetry (DSC) and ionic
TiNT-PEG and CNT-PMMA composite electrolytes.

Generally, the addition of nanofillers improves the

conductivity  of

transport properties, recrystallization, enhancement
of ionic conductivity due to the enlargement of the
amorphous phase in polymer network and the
electrode to electrolyte stability [13]. It can be
seen that as increasing the amount of TiNTs in
TmandAH,, (area

peak) decreased to the

polymer matrix, the values
integration of Tn
minimumin TiNT10- PEG .Incase of CNT-PMMA
composite, the T, and AH, are 81.2° Can
d97.8J/g, respectively, which are lowered than that
of bare PMMA[14]. The lower values of T, and
AH;, indicates that the prepared TiNT-PEG and
CNT - PMMA composite electrolytes are have
high amorphicity due to prevention of the
recrystallization of polymer inpresence of TiNTs
and CNTs as nan of illers. It is well known that

the high degree of crystallinity is unfavorable for

Table 1 Summary of DSC, ionic conductivity and

photovoltaic performance results.

Samp DSC Conduct Photovoltaic
les data ivity performance
T A 10°x | Jse(m | V. FF
m X m
! Hm s " oc N (%)
0 (S/em) |A/em’)| (V) | (%)
(7g)

PEG | 49.2 |32.6| 0.81 8.20 | 0.624 | 57.7 2.9

10Ti
NT-P| 402 {199 | 2.44 9.36 | 0.725 | 65.3 4.5
EG

CNT-
PMM| 812978 23 8.9 0.57 | 61.8 3.0
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ion conduction of polymerelectrolyte[15]. These
composites exhibited very high ionic conductivities
of 2.44x10°S/cm in PEG-TiNT10 and 2.3x10°S/cm
inCNT-PMMA.

Table 1 also exhibits summary of the current-voltage
curves of the DSSC fabricated with the TiNT-PEG
and CNT-PMMA composite electrolytes in the
simulated sunlight irradiance of 100 mW/cm’ .DSSC
fabricated with TiNT10 -PEG achieved the maximum
energy of  4.4%,
shortcircuit current density(Jsc) of 9.4 mA/en?, an
opencircuit voltage(Voc) of 0.73V and fillfactor(FF) of
65.3%. Contrary, DSSC fabricated with CNT- PMMA
showed th e improved overall conversion efficiency of
2.94%, short circuit current density(Jsc) of 8.9mA/cr’,

overall conversion  efficiency

an opencircuit voltage (Voc) of 0.567 volt and
fillfactor(FF) of 61.8%. The high Jsc and conversion
efficiency of DSSCs is attributed to the high ionic
conductivities ~ and  amorphicity = of  composite
electrolytes. The high penetraton of gel electrolyte in
to the porous TiO, film is provides good interfacial
contacts between electrolyte layers to TiO, layer,
which is capableto execute advanced photovoltaic

properties and high conversion efficiency of devices.

4. Conclusions
Novel composite gel electrolytes for DSSCs were
prepared by introducing TiNTs and CNTs as the
nano fillers into PEG and PMMA matrixes. The
TiNTs-PEG and CNT-PMMA

electrolyte ~ showed

composite  gel
improved  morphological,
amorphicity and ionic conductivity due to the
highly crystalline nature of TiNTs and CNTs. The
DSSCs fabricated with the optimal composite gel
electrolyte, PEG-TiNT10, showed an improved
efficiency of 4.43%, which was maintained for 30
days without any significant decrease. On the other
hand, DSSCs fabricated with CNTs-PMMA
composite electrolytes achieved relatively high
conversion efficiency of 2.9% with short circuit
current (Jsc) of 8.9mA/cm” and fillfactor of 61.8%,
which is attributed to formation of high amount of
I3, enhanced amorphicity and ionicconductivity due
to the formation of strong bonding between CNT
and PMMA.

References

[1] B. O’Regan et al, “A low-cost, high-efficiency
solar cell based on dye-sensitized colloidal
TiO2 films”, Nature 353, 1991, pp. 737.

[2] M.K. Nazeeruddin et al, “Conversion of light
to electricity by cis- bis (2,2"-bipyridyl-4,4'-
dicarboxylate)ruthenium(II)charge-transfer

I-, CN-, and SCN-)

on nanocrystalline titanium dioxide electrodes”,

J.Am.Chem.Soc. 115, 1993, pp. 6382-6390.

[3] N. Papageorgiou et al, “The Performance and

sensitizers (X = Cl-, Br-,

Stability of Ambient Temperature Molten Salts
for Solar Cell Applications”, J. Electrochem.
Soc. 143, 1996, pp. 3099-3108.

[4] G.R.A. Kumara et al, "Fabrication of Dye-
Sensitized Solar Cells Using Triethylamine
Hydrothiocyanate as a Cul Crystal Growth
Inhibitor”, Langmuir 18, 2003, pp. 10493-10495.

[5] B.O’Regan et al, “Electrodeposited Nanocomposite
n-p  Heterojunctions for Solid- State
Dye-Sensitized Photovoltaics”, Adv. Mater. 12,
2000, pp. 1263-1267.

[6] F. Cao et al, “A Solid State, Dye Sensitized
Photoelectrochemical Cell”, J. Phys. Chem. 99,
1995, pp. 17071-17073.

[71 Y. Ren et al, “A Dye-Sensitized Nanoporous
TiO2 Photoelectrochemical Cell with Novel
Gel Network Polymer Electrolyte”, J. Appl
Electrochem. 31, 2001, pp. 445-447.

[81 Y. Ren et al, “Application of PEO based gel
network polymer electrolytes in dye-sensitized
photoelectrochemical cells”, Sol. Energy Mater.
Sol. Cells, 71, 2002, pp. 253-259.

[91 JH. Kim et al, “poly(butyl acrylate)/Nal/I2
electrolytes for dye sensitized nanocrystalline
TiO2 solar cells” Solid State Ionics, 176,
2005, pp. 576-584.

[10] P.Wang et al, “A stable quasi-solid-state
dyesensitized solar cell with an amphiphilic
ruthenium  sensitizer and polymer  gel
electrolyte”, Nat. Mater., 2, 2003, pp. 402.

[11] M. Matsumoto et al, “A dye sensitized TiO2
photoelectrochemical cell constructed with

polymer solid electrolyte “, Solid State Ionics

- 353 -



89, 1996, pp. 263-267.

[12] AF. Nogueira et al, “Dye-Sensitized Nanocrystalline
Solar Cells Employing a Polymer Electrolyte”,
Adv. Mater. 13, 2001, pp. 826-830.

[13] F. Croce et al,” Nanocomposite polymer
electrolytes for lithium batteries” Nature
(London), 394, 1998, pp. 456-458.

[14] M.F. Yu et al Tensile Loading of Ropes of
Single Wall Carbon Nanotubes and their
Mechanical Properties, Phys. Rev. Lett., 84,
2000, pp. 5552-5555.

[15] B. Scrosati et al “Plenary Address- New
Types of Rechargeable Lithium and Lithium-lon
Polymer Batteries” J. Electrochem. Soc. 1
(26), 2006, pp. 1-5.

- 354 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


