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Abstract: Conventionally, a film of TiO2 particles of ~300 nm size is employed in DSCs as the back reflector film to enhance
the light harvesting. In this study, two electrolytes with different transparencies, iodide-based and cobalt-based electrolytes, were
used to investigate the transparency effect of electrolytes on light back-scattering from back scattering layer and also to study its
effect on the performance of DSCs. The use of cobalt-based electrolyte is recommended from the view point of optical properties
as due to the light absorption in electrolytes, the current density losses are 2.9mA/cm2 and 4.2 mA/cm2 in cobalt- and iodide-based
electrolytes, respectively, and the transmission of 100% is observed for cobalt-based electrolyte in 500-600 nm in spite of iodide-
based electrolyte. Use of light back-scattering layer, unlike iodide-based cell, causes external quantum efficiency in cobalt-base
cell to increase for the wavelengths lower than 350 nm since cobalt-base electrolyte has transparency in this region. In addition,
optical calculations demonstrate that in the range 400-500 nm, in which dye has a noticeable absorption, absorption loss is 40%
and 30% for iodide- and cobalt-based electrolytes, respectively.
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Ḻ ṓṓ Ḻṣṓṓ Ḻ =ṚṂṅ ṓṓ=Ḻ= ṓṓ =Ṃṛ ṓṓ = ṓṓṓṓṗ ṓṓ =ḿ ṓṓ

ṚṂṛ =ṄṂ=ṛ=Ṃṣṗ= ṓ=Ḻ Ṅ= ṓ===ḟṂṄḺṂ=ḻ ṓ = ṓ
Ḻ ḺḺ =ṚṂṅ =ṄṂ==ṚṂ=K=Ḻ ṓṝ=ṗ ṓ=== ṓ = ṓ
ṛ Ḻ==Ḻ ṓ =ḟ =ṣṄ=Ḻ ṓ Ḻṣ== ṓ Ḻ =ṚṂṅ ṓ=ṄṂ
ṗṣḿROM== ṓ =ṗ = = =F= =ṙṛ ṓ=ṓ= ṓṝ

Ṛ ṡ ṡ ḺṝṄ=E== ṓ = ḺNV=BḺ=ṛ=ṓ=Ḻ ṓ Ḻ==ṗ ṓ =ṄṂ==ḿ ṓ
SRMḺ == =PM=BḺ=K=Ḻ ṓṝ=ṗ ṓ== ṛ Ḻ= ṓ = ṓ=ṓ=

== ṓ=ṓḺ=ḟ=ṓ=Ḻ ṓ Ḻ==ṗ ṓ =ṄṂ===ḿ ṓROM== ṓ Ḻ = ṓ
=NV=Bṗ =ṄṂ=ṛ=ḿSRM= = Ḻ =OU=B===ṙ ṓ = ṓ = Ḻ

Ḻ=ṄṂ= Ṃ=ṓ=ṚṂṛ ṓ == ṓ= ṓṛ Ḻ=ṛṂ==ṓ=ṄṂ==ṓṙḺ
Ḻ= =ḽṛ =ṄṝḺ==ṓṂ==ṓ ṄḺ = ṓ=K
=ṅḺ=ṅḺ=ṚṂ Ḻ=== ṓ =Ṛ ṓ Ḻ=ṓ==ṗ ṓ =ṄṂ=Ṃ ṓ

ḿṝ=ḻ = Ḻ Ṅ= =ṝ=ḟṂṄḺṂṄḵṄ



SQ=ṗ =ḟ =ṄṂ= =ṂḺPQ=ḼṄ =ḟP=ḟNPVQ

=QJṣ=ṙ =�ṗ =ṣẮ ṛḺ Ṅ=ṝ Ṅ =ṝṝḺ=WḺ=Eḻ=ḟ = = = ṛ Ḻ=ṝṛ=E= Ḻ=ṝṛ ṓ==== ṓ = ṓ = ṓ = ṓ ṛ=K
=Ṅ = Ḻ =ṚṂṅṣṗṄ =ṝṓṝ=ḟḿ=EṂ=ṛ= = = = ṛ Ḻ=ṝṛ=E= ṛ Ḻ=ṝṛṓ= ṓ = =F=K= ṓ= ṓW=ṓṓṣṗ

Ḻ Ṅ=ṝ Ṅ=ṙṛ = =ṝḺ=ṝ ṄṄ =Ṛ Ḻ=ḟ=W= =Ṛ =Ṁ Ḻ=ṝ Ṅ =ṗṚ ḺṝṂ=ḺE

=ṗṛNJṗ = ṛ =ṝṗ =ṛ= =ṝ Ṅ =ṝ= =Ṛ =Ṁ Ḻ=ṝ Ṅ =ṝṝṂ= =Ṛ ṡ ṡ ḺḺ

ṣṗ= = = ṛ Ḻ=ṝṛ =ṝ Ṅṣṗ= = = ṛ Ḻ=ṝṛ =ṝ Ṅ=ṝ
ṛ= = =Ṛ =Ṁ Ḻ=Ṛ ḺṝṂḺ = = =Ṛ =Ṁ Ḻ=Ṛ ḺṝṂḺ

QTLP UTLO SOLO MSLO Jsc (mA/cm2)

UPO URP TSN TVM Voc (mV)

TNLM TOLM TOLM TRLM NP
FF

MQLO TRLN QQLN OOLN (%)

ṣṄṂṛṝ= =ḺṄṣṙḺ==Kṗṝṛṝ
ṛ Ḻṣṗ =ṄṂ=ḟḿṝ=ṅḺ=QMM== Ṃ= ṓ = ṓ=ṓṣ
ṣḻṣ===ṓ ṛ= ṓ =Ṅ ṓṛ Ḻ=ṓṣ=ṓṝF=ṓ=PJḻE=ḟ
Ḻ ḺḺ =ṚṂṅ =ṄḺ =ṄṂṄ=ṓ =ṙ =Ṃ== ṓ Ṃ
=ṄṂḺ =ṚṂṅ =ṄṂ=Ṅṛ =ṗṝṛ Ḻ=

Ḻ =ṝ=ṗ ṓ=ḿ ṓ= ṓṝ= ṓ==ṅḺ= ṓPRM=Ḻ Ḻ=ḟ ṓ=ṓ
=Ṛ= =ṂṄ =ṅḺṝṛ Ḻ= = Ḻ=ṓ= ṓ =
Ḻ=ṄṂṓṓ=ṓṓ=ṂṄḺṂ=Fṓṓ=PJḻE.ṓṓṂ=ḽṛ ṓṓ =ṓṓ= ṓṓ

Ṅ =ṗ = =Ṃṝ==ṗ ṓ = = = =
Ṅṝ=Ḻ=K

FE

FEFE

FE



=ṄṂ= =ṂḺḟ=ṗPQ=ḼṄ =ḟP=ḟ=NPVQSR

=RJ=== ṓ =ḻ ṓ ṅ =ṛ=Ṅ ṓ ====ṓ =ṣ ṓ =ṝ ṓṓṣṗ
=ṝḺ =ṝ Ṅ=ṝ= ṓ =ṄṂ= =ṝṂṛ =ṣṙ = ṄṂ==ṗ ṓ
=ḿ= Ṅ=ṛ=Ṕ = = ṛFFTOE =ḟṝṂṝ=ṣ Ḻ

= Ḻ ṓ Ṅ= =Ṛ =ṆFTiO2-dyeEḟ=ḻ = =ṛ= ṛ Ḻ
ṂK

PJQJ= ṓ =ṣḻ==Ṃṛ ṓ =ṙ ṓṝ=Ḻ ṓ Ḻ=ṄṂṝ=ṓṣ
ṗṝṄṝ==== ṓ =Ṛ ṓ =Ṁ ṓ Ḻ= ṓ= ṓ=Ṛ ṓ ṡ ṡ Ḻ
ṚṄṃḺṝṂ=ṝḺ

= ṄṂ= =ṄṣṙṂṛṝ=ṗ ṓ = =ṄṂ==== ṓ =ḿ ṓ
=ṓ ṛ===== ṓ Ṅ=ṛ=Ṕ ṓ = ṓFFTOE=ḟ= ṓ= ṓṂṝ=ṓ Ḻṣ

== ṓṓ Ḻ Ṅ= ṓṓ =Ṛ ṓṓ =Ṇ ṓFTiO2-dyeEṛ Ḻ=ḟṓṓṓṓ =ṛ==
=ḻ=ṅḺ=ṚṂ Ḻ= =ḟṂ=ṓ= ṓ=ḟ=ṓ= ṓ= ṓ

=ṅḺ=Ṅ =ṄḺṄḺṂ=ṝ== ṓ ṄFTglassEṛ Ḻ=ḟ=ṓ== ṓ
FTElectrolyteE=ḟṓṓṂṝṓṓ Ḻ==Ṅ= ṓṓ =Ṛ ṓṓ =Ṇ ṓṓ =ṓṓ Ḻ
FTTiO2-Dye=E=ṛ=FTPtEḟṅṣḻ=FRglass=E=ḻ ṅ =ṛ

=Ṛ ṡ ṡṡ ḺFRRLEṚṂṛ =ṄṂ=ḟPRM=UMMṚṅḺ Ḻ=ṝ
=Kṙḵ=ṅḺ==ṣ= ṓṣṘ==ṓ ḺṂ=ṂḺ ṓṣ==ṗ ṓ
=ṞṙḺḻ ṅ =ḟṝNQṛṄṝ=ṓ==ṅḺ=ṛ= ṓ Ṃ
ḺṔ = Ḻ=Ḻ=Ṛ ==KḽṄ =Ṇ Ḻ=== ṓ =ṝ

ṚṄ=ṄṂ=Ṛ = =ṝ== ṓ = ṓ = ḵ = =ṅḺ=Ṅ = = Ḻ=ṗ
ṓṓ =ṂṄḺṛ=ṓṓ =ṛ=Ṃ ṓṓṄ ṓṓ =ṅḺṓṓṓṓ=ṄṂ=FTO=ḟṓṓ
Ṃ=ṝḺṛ Ḻ=ḟ Ḻ Ṅ= =Ṛ =Ṇ ==ṓ =ḟ=ṛ=

FTO=ḻṛ=Ṃ=== ṓ =Ṛ ṓ =ṚṂḺṂ= ṓ =Ṅ ==ṓ ṛ=
= ṓ =ḟṚ Ḻ=ṓ ṛṝFTO=ṓ =ḟṛ Ḻ=ḟ=ṓ=ḟ= ṓ

ṓṓṂṝṓṓ Ḻ==ṛ= ṓṓ Ḻ Ṅ= ṓṓ =Ṛ ṓṓ =Ṇ ṓṓ =FTO=ḻ ṓṓ

=ṂF=REK
ṣṤṣḻḺṝṂṛ =ṙṝ=ṓ ṛṝ=Ḻ ṓ Ḻṝ
ṣṗṄ =ṣṝḺṝṗṛ Ḻ=ṛṂ= ==ṓṣ=ṓ
= ṓṓṓṓṓṓ =ṛ=ṓṓ =ṄṂ=ṛ= ṓṓ = ṓṓṣṄṓṓṓṓ=Ṛ ṓṓ ṡ ṡ Ḻ
ṂṝḺ=ṄṂ==S= ṓ=====ṙ ṓ = ṓ = ṓ Ḻ=Ṛ ṓ =ṚṂḺṂ=

ṗ = =ṄṂ= ṂṄṂ= =ḟḿṝṂṛ =ṣ =ṅḺṝ= ṓ=ṓ ṛ=
= Ṅ=ṛ=Ṕ =FFTOE=ḟṝṂṝḺ==Ṇ ṓ =
= ṓṓ Ḻ Ṅ= ṓṓ =Ṛ ṓṓFTiO2-dyeEṛ Ḻ=ḟṓṓṓṓ =ṛ=ḻ ṓṓ =

Ṃ=Kṝ==== ṓ =ḟ ṓ ṄḺ =Ṅ ṓ = ṓ =Ṛṣ= ṓṣṄ
=Ṛ =ḻṛḺ Ḻ=ṝṣ= ṓṣṗ=ṓ Ṅṝ= ṓ Ḻ=K
= ṛṄṣḻ=ṙṛṂṝḺṆ === ṓ =Ṛ

= = Ḻ ṄṝḺ =ṚṂṅṄ=Ḻ= ṓ = Ḻ=ṓ=
=ḽṛṂ=ṝ=ṙ =ḺṄṂ=KḺḺ= =ḽṛ ==ṓ=
Ṃ= = Ḻ==ṄṂ=Ṛ =ḻ =Ṅ=ṣṙ Ḻ=ṓ

== ==ṓ = Ḻ= ṓ =ṅḺ== ṓ =ṚṂṅ ṓ =ṄṂṄṛḵṝ
ṛ Ḻ=ṄṂ=ṙṛ ḺṣṂ=Ṅ ṓṝ== ṓF== ṓ =ṚṂṅ ṓṄṛḵṝ==ḟṙṛ ṓ Ḻ
Ḻ= Ḻṛ=ṅḺ==KEḺ= = == =ṝ=
=ṄṂ=Ṛ =ṚṂḺṂ=SḺṝ=ṗ ṓ= ṓṝ== ṓN===Ṛ ṓ = ṓ
ṓṓ = ṓṓ = ṓṓ ḺṣṄṂṛ ṓṓṝ=ṅḺ= ṓṓ =ṛṂṓṓṓṓ =ṗ ṓṓ =ṙ=ḟṂṄ ṓṓ
=Ṛ=ṓ Ṅ = = =Ṃ==== ṓ =ḻ ṓ = ṓ =Ṅ ṓ =ṅḺ=ṓ ṛ=
ṛ Ḻ= =ḟ=Ṃ ṓ=K= ṓṛ=ṓ=Ṛṅ ṓ =ṄṂ=ṚQMMJRMM= ṓ

= Ḻ Ṅ=ṣḻḺṝṛ =ḟṂṄḺṂṣṂQM=B=ṛPM=B==Ṅ ṓ
ṛ Ḻ=ṄṂ==ṝ =ṛ===ṓ = ṓ =ṛ=ḻ ṓ=Ṃ ṓK

Ṛ = =ṄṂ= =ṄṂ=Ṅ =ṣṔ Ḻ=ṙḺṗ= ṓ === ṓ
ṗḿ=ḻ = =Ṛ =ṝ===ḟ ṓ Ḻ= ṓ = ṛ Ḻ= ṛ
=ṂṛNR=BḺ=KFTO==ṂṛOM=B=Ṛ ṓ =ṄṂ=ḺṄ=Ṅ==ṗ ṓ

= =ṛ=ḻ =ḟṚ =ṚṂḺṂ= =K

PJRJṗ ṓṓ = ṓṓ ṅ = ṓṓ Ḻṝṛ ṓṓ =ṝ ṓṓ Ṅ =ṝ ṓṓ
ṛ Ḻ= = =ṛ= = = =ṝ

= ṓṓTJ===ṗ ṓṓ =ṣ ṓṓ ṅ =ṣ ṓṓ ṛ = ṓṓ Ḻ==ṝṛ ṓṓ =ṝ ṓṓ
ṛ Ḻ=ṝ==== ṓ =ṅḺ= ṓ = Ṃ ṓ =ṝḺ =ḺṄ= =ṛ=



SS=ṗ =ḟ =ṄṂ= =ṂḺPQ=ḼṄ =ḟP=ḟNPVQ

=SJṗ =ṄṂ=ṙ =ḻḺ=ṝṛ =ṝ=Eḻ=ṛ= = = = ṛ Ḻ=E= ṓ =ṄṂ= = = = ṛ ḺṣṄ== ṓ
Ṛ Ḻ=ṙ = =Ṅ =ṝṗ = =ṄṂ= Ṃ==== ṓ =ṝṂṛ ṓ =ṙ ṓ =ṅḺ=ṝ ṓ ṄṂ= =ḿ= ṓ ṛ=ṝ== ṓFTO== ṓ = ṓṝ
ṝṂṆ = Ḻ=ḻ = = =ṛ= ṛ Ḻ= = Ḻ Ṅ= =ṚṂK

=TJḺ=E= ṅ = ṛFRrec=E=ṣṄ=ṄḺ =ṄṂ=Ắ ṛṣ=ṗṂFVECB=Eḻ=ṛ=Eṣṙ
ṗ = Ṅṝ==ṗ Ḻ=Ắ ṛ= = =ṝ =ṛṗ = =Ṛ

ṙṛ Ḻ=ṙ ======= ṓ =ṣ ṓ ṛ Ḻ=ṝṛ ṓ =ṗ ṓ = ṓ = Ṃ
= ṅ =ṣ ṛ=ṝF= ṅ =ṙḺṝ=E== ṓ =ḺṄ
ṛ =ṗ =ṝṛ Ḻ=ṝ=ṙṂ=K==Ḻ= ṓ = ṓ ==ṓ=

ṛ Ḻ=Ṅ =ṣṂṄṝ===ṗ ṓ =Ṍ ṓ =ṛṂ= =ṄṂ===ḟ ṓ Ḻ=ṙ ṓ
ṅṣ=ṄṂ==ṗ=ṅḺ==ṄṂ= ṓ = Ḻ

ṛ Ḻ= ḺṂṣ= ḺḺṝ=ṣṝ== ṓ =
ṝṛ Ḻ=ṝṄṂ=ṄṂṣ===== ṓ =Ṛ ṓ = ṓ =ṙṛ ṓ Ḻ
ṂṝḺ=Fṅ=EṄḺṂ=K
ḺṝṚṅḺ ḺṝṣṙṄḺ= =ḟṣṗ=Ṃṛ =ṄṂ=ṙ

ṗ = = ḵ=ḽ = =Rṛ=ḟṣẮṗ = =ṛṂ=
Ḻ Ḻ== = =ṛ= =ṗ =ṅ =ṄḺ =Ắ ṛ= = =ṣ

= ḵ=ḟṙṣ=====ṓ = ṓ =ṙ ṓ ṅ= ṓ = ṓ =Ắ ṛ=Ṃ ṓ=K
ṣṙṄṣṗ==ṓ =ṙ ==== ṓ = ṓ = ṓ Ṃṣṗ= ṓ

=ṄṂ== ṓ = ṓ =ṣṗ=ṓṝ=ḟ=ṓṄ =ṙ=ṓṣ= ṓ= ṓṝ=ṓ
=F=TJḻ=EḺ= == = ==ṓṣ=ṓṣ
ṙṛ ḺṝṄ= =Ṛ =ṂṝḺḺ=ṅḺ==== ṓ =Ṅ ṓ =
ṛ ḺḟḺṝṛ Ḻṣ= ṛ Ḻ=ṅḺ= ṓ=ṓ==ṓṝ
= Ḻṙṛ Ḻ=ṝṄ=ṓ=== ṓ =Ṛ ṓ= ṓṂṝ=ṓ Ḻ=Ḻ ṓ =ṝ

ṛ Ḻ= ==Ḻ= ṛ ==ṓ=ṓ= ṓṝ
ḺḺ= = ḺṚṂḺṂ=ḟṚ =ṝṛ =ṣṅ=
=ṗ ==ṄṂ==TJ== ṓ = ṓ Ḻ==Ṛ ṓ =ṚṂḺṂ=
=ḺṄ= Ḻ=K

FEFE

FEFE


