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ABSTRACT

We have synthesized dye sensitizg(lBi,Sg); and without dye sensitized,8ie;,Sg); thin films by APT on both
regular and fluorine tin—oxide (FTO) coated glassstrate. These films were characterized by X-ridfyadtion
(XRD), optical absorption, SEM, EDAX, AFM, XPS ahettro chemical photovoltaical (ECPV) techniqguéRD
study revealed that the films were nanocrystalimenature with rhobohedral phase. ECPV of(Bg;Sg)s thin
films without dye were measured. Further thesesfimre loaded with Ru (Il) dye and their ECPV pitipe were
measured. The dye sensitized( B _,S8)s,Bix(Te,Sg)s without dye act as an working electrodatinum coated
FTO as a counter electrode and lodide / triiodide an electrolyte, with illumination intensity 28nfewf were
used. Our results revels that the performance dP¥Cell recorded for dye sensitized Bie,, Sg)s thin films was
found to be maximum as compared tg(B3.,S6)s thin films without dye, due to maximum light alpsimn by dye
sensitized photo electrodes

Keywords: APT, Metal Chalcogenides, X-ray diffraction, PEGHV. Dye sensitized cell, FTO.

INTRODUCTION

The search for new semiconducting material forrsefeergy conversion has been the subject of intensisearch.
When the photosensitive n-type solar cell electrisdanmersed in an electrolyte solution containaguitable
redox system where the Fermi level of the soldr ieinore negative than that of the redox elegteo{the chemical
potential of electrons in the solar cell and eldgte is given by the Fermi level and the redoxeptitl,

respectively), the equilibration of two chemicaltgmtials occurs by the transfer of electrons frwa $olar cell to
the electrolyte and it leads to a positive spacargdh layer in the semiconductor i.e. electronsnitype

semiconductors. As a result, the conduction andnea band edges are bent upwards in n-type semictand,

forming a potential barrier against further elenttoansfer to the electrolyte. This process seaumunter field
under open circuit conductions. The counter fisldtiits maximum and is the open circuit voltage¢ V6 given by
the equation-

Voc = (NKT/e)log [Igc+1/15] (1)

On the other hand, the counter electrode is beirthe same electrolyte, the photo voltage actsdass/img force for
the electrons to move under the short- circuit @k from the semiconductor electrode to the ¢eurlectrode
and a regenerative cell is formed .The short- dimurent is given by the equation-

=lolexp 8V oo /MKT) ] @
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The electrons promoted to the conduction band thiftards the interior, while the holes, the minoitarriers,
come to the surface of the semiconductor. Here ¢éinepunter the reduced form of the redox couptbénsolution.
The component is oxidized by the holes, transpottethe counter electrode and therefore gets retiuthis
reduction is driven by the external connection fritwe semiconductor.

MATERIALSAND METHODS

In the construction of a practical Electro-ChemiBabto-Voltaic (ECPV) cell for the conversionsafnlight into

electricity (or chemical energy), the most impottéact is the long-term stability of cells that she@easonable
conversion efficiencies. Thus, an increasing nunabetudies on photoelectrodes are concerned Wiin stability.

Here ECPV cell consists of a semiconductor phottelde, a redox electrolyte and a counter electrédleparts

play an important role in the ECPV cell. The disgametween photoelectrode and counter electrodelism. The
counter electrode is of graphite for ECPV cell #nd pre-treated by etching with dilute HCI. Theegireatment to
graphite electrode is required to activate it.

The fabrication of ECPV cells has the following figaration
FTO | Bi2(Te1l-xSex)3| 0 .1 M (Na2Sx -NaOH) Cathode

The water filter was interposed between the lantpthe cell to avoid the heating of the cell. Thetohanode area
exposed to light was 1 cm2. The area of the serdiotting thin film other than that in contact witleerolyte was
covered by insulating tape.

e Selection of suitable electrolyte

A suitable electrolyte was selected by determinkmgax of various electrolytes e.g. Ferricynide/Feyrode
(Fe"'IFeY)couple, iodide and polyiodide couple as well dghide and polysulphide (&%) solution. The.max of
polysulphide solution was found to be suitable &nshows maximum absorption in visible (~390 nm)ga of
spectra.

The formal redox potentials of the various elegt®miwere studied and with reference to that theability of the
electrolytes was checked and the sulphide /polysdépcouple with formal redox potential -0.71 VSEE +0.005
V was found suitable for constructing a ECPV célimaterial under investigations.

* Measurementsof propertiesof ECPV cell

An ECPV is the liquid junction analogue of a sdtdte Schottky cell. In its simplest configuratiargemiconductor
with ohmic contact is dipped in an electrolyte andnected via a load to a graphite second coulgetrede. When
light is incident on the semiconductor createstede¢hole pairs that are separated by the elefitrid formed by

the contact between the semiconductor and therelgiet. Hole or electron is injected in to the étetyte. The hole
oxidizes some electrolyte species, while the edestrare extracted through the ohmic contact and flwough an
external circuit to the counter electrode, wherduotion occurs. If the same species is both oxdlig the

semiconductor electrode) and reduced (at the cowieztrode), no net change occurs in the eledtofnd

electrical energy is generated in the externaldifd-4].

The performances of ECPV cell can be improved tsjrdble properties of the semiconductors are agahettrode
that has high surface area to increase the intatfaaction sites. An optically thicker and eféiot photoelectrode
to enable total absorption of solar light, morplyital features (shape, size, interconnection ofigles, grain
boundary) that define energetics and kinetics ateflectrode interface, and hence influence the EEfitiency of
the solar cell and an electrode comprising dengsabked array of grains can enhance ECPV performaynegrtue
of the improvement in carrier transport mechanisml aninimizing surface trap states. The unique $tinec
combining high crystalline and high surface areal$eto higher ECPV efficiencies [5-8].

In dark and under illumination current-voltage (}¥haracteristics of “Glass/FTO/ Brle;,Sg); mixed metal
chalcogenide /SCE” cells were measured. The filda(FF) was calculated by equation ,

I Vi
FE = .max 'max 3)

ISCVOC
where, Isc is the short circuit current densityc\f® open circuit voltage, Imax is the maximum euatrdensity and
V max is the maximum voltage across the junctiohe Jpower conversion efficiencyy)( of solar cells was
calculated using equation,
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lscV,
n == xFFx100 4)
Pin

where P is incident power

RESULTSAND DISCUSSION

A) ECPV characteristics of dye sensitized Bi,(Te,Se,)s thin films photoelectrode
From experimental evidences Figure 1 shows theogghotent-voltage (I-V) curves for Rire;,Sg)s for few
samples in dark and under illumination (with inignef 30mwW/cm2). For all the films under visibkuimination in

terms of open circuit voltage (Voc), short circaitrrent density (Isc), fill factor (ff) and electraconversion
efficiency are compared in Table 1
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Figure 1. The photocurrent-voltage (1-V) curvesfor Bix(Tew.xSey)s thin films

Table 1 Spectral propertiesof Bix(TewxSe)sthin film photoelectrode

32?;]%%?232 Grain Sizeinnm | Isc(mA/cm?) | Voc (mV) ( m,la\n}?;me) (\r/Tij) Fill factor % Conversr?r; /oeffluency

F.Bi,Tes 405 0.266 182 0.144 91 0.28 0.05
F, . BixTe:Se.2)s 375 0.254 323 0.164 167 0.33 0.09
F3. Bix(TeySe .4)s 341 1.36 238 0.386 115 0.20 0.215
F4:Bix(T€y55€05)3 325 1.65 178 0.948 101 0.33 0.32

Fs. Bi(Ten sS& )3 390 0.934 330 0.432 149 0.20 0.22
Fe. Bio(Tey :S& 4)3 442 1.31 199 0.651 92 0.23 0.20
F.Bi,Se 560 0.325 346 0.176 222 0.35 0.13

These (I-V) curves in dark indicate good junctrectification property. From the |-V measurements iobserved
that the total conversion efficiency increases f@65% to 0.33 % for F1 to F4 fTe;,Sg)s thin films. And again
it decreases up to F7. The improvement in the E@Rerties of the B{Te;,Sg); mixed metal chalcogenide thin
films is due to morphological modifications thatieases active surface area and quenching of fleetdevels
responsible for recombination losses [9-11]. Als® densely-packed spherical grains of B¢, ,Sg)s of mixed

Metal chalcogenide thin films can absorb maximughtlii This appreciable change into fill factor amhwersion
efficiency is due to increase in surface area fame ratio with grain size. From above discussi@aliserved that
the spherical grain morphology of films have foeisg impingement on the performance of the soléls.c€he
morphology of the films has less grain boundanigsich associate with traps or/and barriers for gharansport
.So it gives faster conduction path and the eladiransfer time from the point of carrier genenatio the collection
electrode is significantly reduced [12].

As deposited with varied metallo chalcogenide caositian based ECPV cell shows good performance. déie
properties under illumination suggest that additddrselenium from Fto Fin Biy(Te;,Sg)s thin films has been
increasing cell performance fog 6 F, compositions as compared to other thin film cosijgan. This is might be

due to decrease in grain size. A reduction in gs&a provides large surface area of photoelectamdemaximizes
optical absorption.

B) ECPV characteristics of dye sensitized Bix(Te.,Se)s thin films photoelectr ode
Improvement in the cell performance and conversiffficiency has been studied by loading Rutheniura dy all
the samples (Ro ) for Bix(Te;.,S&)s thin films for 12 h.
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» Optical propertiesof dye

For dye sensitized ECPV cell a suitable redox sdgde was selected by determinihgax of I-/13- redox couple
electrolytes. It has been the preferred redox @sipice the beginning of DSC development andyitiltls the most
stable and efficient DSCs. Overall, the iodidegttide couple has good solubility, does not absodbnuch light,
has a suitable redox potential and provides rapé&rdgeneration. In solution, iodine will bind wittdide to form
triiodide. If the iodine concentration is high, pioldide species like 15-, I7-, and 19- may alsofbemed, but in
practice only triiodide seems to be of importaneediSC electrolytes. Themax of triiodide electrolytes solution
was found suitable showing maximum absorption giblé range at 450 and 600 nm.

The formal redox potentials of 0.05 M lithium iodidn acetonitrile was found to be 0.335 (V) is abi¢ for
constructing a dye sensitized ECPV cell of matariaer investigations that is mixed metal chalcidgeBi(Te;.
xS86)s thin films photoanode.

Figure 2 gives the photo response of dye sensiigde;.,Sg)s thin film electrodes prepared by APT method. It
shows absorption spectrum of pure (NE&IL, dye in ethanol solution and semiconductor filmthvair without Ru
dye .

254 absorbance for pure dye
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Figure 2. UV/Vis spectra of pure (NCS),RuL ; dyein ethanol solution and of semiconductor filmswith or without Ru dye

Ruthenium-based dyes exhibit ligand-centered chizegesfer (LCCT) transitionst(—n*) as well as metal-to-ligand
charge transfer (MLCT) transitions (49F)- n*). The absorption bands at lower energies reptetden MLCT
transitions X1 andA2) whereas the more energetically demanding tiansit.3 and24) correspond to LCCT
transitions. Absorption spectrum shows broad atehse visible bands between 400 to 450 and 528QmB. The
band at 422 nm is assigned to tha* transition of the ligand-centered transition daelcbpy units. The absorption
band at 560 nm corresponds to the MLCT caused by Nfands [13-14].

* Mechanism in dye sensitized injection ECPV cells

In dye-sensitized ECPV cells a photocurrent is geiee when a photon excites a dye molecule, whieh tnjects
an electron into the mixed metal chalcogenide fhim. The oxidized dye molecule is subsequentlyyoted by

electron transfer from a redox species in an @édé solution surrounding the sensitized metalagenide thin
film. In this ECPV cell, trapping of electrons inet metal chalcogenide thin film will be affect tblearge transfer
processes at the film/dye/electrolyte interfacavalf as the electron transport process throughndme structured
network to the external circuit.

Mechanism of dye sensitized ECPV cell is as gi®&in(Te;,Sg)s being used as negative polarity and platinised
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platinum as the positive polarity end. In theseicks; short-circuit conditions require the electmjection from

the excited dye molecule into the conduction bahthe chalcogenide semiconductor thin film and $fan of the
hole to the platinum electrode. The excited staergy level of the dye should be located abovectireduction
band of the chalcogenide semiconductor thin filrd e ground state must be below the upper edgeeofalence
band of the electrolyte material. This scenariessential for electron transfer from the excited tholecule to the
conduction band of chalcogenide semiconductor filim and hole transfer to the valence band of tleeteolyte

material. Thus for the cell all charge transfer gmsses are favored and current should be geneusteer

illumination.

The |-V characteristics of the films were recordegsing a semiconductor characterization system ($ZI%-
Keithley, Germany) with a two-electrode configuoatiunder a under visible illumination for .B8ie;.,S€)s
sample and halogen lamp (28 mW/cm2). The follovdely configurations were used to record 1-V plots:

Glass /FTQ BiyTe;«S&)s |Ru-dye| iodide tri iodied electrolytd Pt-FTO

The Bi(Te;Sg)s mixed metal chalcogenide thin films (average drean2) deposited on FTO and platinum coated
FTO were employed as the working and counter eldes, respectively. An aqueous 0.05 M iodide tigdd]l-/I3-)
solution was used as the redox electrolyte. Measeings for the power output characteristics and plots were
made at fixed intervals after waiting a sufficiamtount of time for the system to reach equilibrifooth in the dark
and under illumination). When both the electrodessimmersed in the redox electrolyte, the band imendf the
semiconductor photoelectrode may occur. All thesneaments were carried out at room temperaturi.in a

» Measurements of efficiency of dye sensitized ECPV cdlls.

The aim of this present study is to use the abbiefiim semiconductor electrodes in fabricatingye sensitized
ECPV cell with suitable power conversion efficienpgying attention to the role of dye as regardsit$o
sensitization effect for improving maximum effic@n

The power output characteristics of the dye seslitECPV cell were determined from the currentagst (I - V)
plot as shown in Figure 3. Dye loaded(Be;Sg&)s thin film electrodes in iodied triiodied redoxeetrolytes at an
illumination intensity of 28 mW/cfa The dye sensitized EiTe,..Sg); thin film was found to have better optical to
electrical conversion efficiency than found for,Ble;,S€)s thin films without dye. The efficiencies of thellc
using Bi(Te;«Sg)s have been increases from 0.08 to 0.42% fdof sample and again decreases up;to F
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Figure 3. The photocurrent-voltage (1-V) curvesfor Bi, (TewxSe) s (with dye) samples

Table 2 Spectral propertiesof dye sensitised Bix(Te1xSe)sthin film photoelectrode

Film Composition

- lnoe | Ve | FF

With Dye Isc(mAfem’) | Voc (mV) | afen?) | (mv) (cyno)
F. BiTes 0411 205 0191 | 110 025 048
F, Bi(Te:S8s 0.720 104 0342 | 93] 028 041
Fs Bin(Ter58.4)s 0711 343 0401 | 172 026 023
Fo :Bis(TersS80e)s 0.972 314 0708 | 175 | 041 | 042
Fs Bio(Te.S8.0s 1.46 199 0742 | 95| 024 o024
Fe Bio(Te0:58.0)s 0.840 346 0423 | 159 028 023
F, Bi.Se 0.440 266 0306 | 163 048 017
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Table 3 Comparison |-V measurements of thin filmswithout dye loaded and dye loaded of Bi,(Tew.x Se)s

Without Dye | With Dye
Composition Grain Size(nm) FE (Or/l) FE (Or/l)
FuBisTey 405 0.28| 0.05 | 0.25| 0.08
F:Bi (Te Se ). 375 0.33| 0.09 | 0.23]| 0.11
FsBi(Te Se ). 341 0.20| 0.215| 0.29 | 0.23
FaBi(Te Se ). 325 033 | 032 | 041 | 042
FsBi(Te Se ), 390 0.20| 0.22 | 0.24| 0.24
FeBi(Te Se ). 442 0.23| 0.20 | 0.23| 0.23
FBi Se 560 0.35| 0.13 | 0.43| 0.17

Study of injection of dye sensitized electro-chahighoto-voltaic (DS ECPV) cell of KiTe;,S&)s thin films are
carried out. The power output characteristics ef diye sensitized ECPV cell were determined fromctimeent-
voltage (I - V) plot as shown in Figure 3. The dgmsitized Bi(Te;,Sg)s thin film was found to have better optical
to electrical conversion efficiency than dye unleadhin films. The efficiencies of the cell usingedsensitized
Biy(Te;,Se)s thin films have been increases from 0.08 to 0.48f4- to F, sample and again decreases up+o F
due to decrease in grain size as shown in Tablé i2.concluded that B{Te,,S&)s; thin films are suitable for
fabrication of ECPV cell.[15-19]

CONCLUSION

It is concluded that comparison of |-V measuremeaiftthin films without dye loaded and dye loadedBof(Te;.
«S6) shows that the total conversion efficiency insesafor dye loaded thin film have high efficiensycmpared
to without dye loaded thin film. For example samplgwithout dye) is 0.33 % and F4 (with dye) is 0%2 The
results show that, the overall solar to electriergy conversion efficiencyyf was found to be high and it is suitable
for solar cell applications. This is attributedthe fact that the density of charge carriers ireedadue to maximum
light absorption by dye sensitized photoelectrodes.
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