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B gaHHOI pa6oTe 6b1I0 NOATOTOBNEHO HECKOMBKO XUAKUX 31eKTponnToB (LE). 3nekTponuTsl
cofepxart conb ogupa TeTpanponunammonnsa (TPAI) ¢ pasfnMyHbIM COAEpXXaHWeM COMw,
nponuneHkap6oHat (PC), aTuneHkap6oHar (EC), NoNN3TUNEHOKCU] (PEO),
anvetungopmamng (DMF) u (1/13) OKUCANTENbHO-BOCCTAHOBMTENbHYKO napy. LE 6bin
ncnonb3osaH B DSSC. bbiny nsrotosneHbl DSSC 1 M3MepeHbl XapakKTepucTUKM MAOTHOCTU
Toka (J-V). Camas BbicOKas 3(h(eKTMBHOCTb MpeobpasoBaHMsa nagarowmx (otoHoB (IPCE)
npu 520 Hm coctaensetr 45.5% pgna DSSC c¢ 0.25 r TPAILE. B AM1,5 DSSC ¢ LE
feMoHcTpupyeT apdekTUBHOCTL 6,61% c J=18,69MA cm-2 ~<;=0,68B 1 KO3ahPpuLMeHTOM
3anonHeHusa (FF)=0,52.

KnioyeBble €n0Ba: MOHHAA NPOBOAMMOCTb; YXUAKNIA 3NEKTPONNT; CEHCMBUN3MPOBAHHBIN KpacuTenem
conHeYHbIli anemeHT (DSSC); TeTpanponunammoHuii nogug, (TPAI).

In this work, several liquid electrolytes (LE) have been prepared. The electrolytes contain
tetrapropylammonium iodide (TPAI) salt with different salt content, propylene carbonate (PC),
ethylene carbonate (EC), polyethylene oxide (PEO), dimethylformamide (DMF) and (F/13-)
redox couple LE was used in the Dye-Sensitized Solar Cell (DSSC). DSSCs were fabricated
and current density-voltage (J-V) characteristics measured. The highest incident photon con-
version efficiency (IPCE) at 520 nm is 45.5% for DSSC with 0.25 g TPAI LE. At AM 1.5,
DSSC with LE exhibits efficiency of 6.61% with Jsc= 18.69 mA cm-2 Vo= 0.68V and fill fac-
tor (FFj = 0.52.

Keywords: lonic conductivity; liquid electrolyte; dye-sensitized solar cell (DSSC); tetrapropylammo-
nium iodide (TPAI).

I. Introduction

Dye-sensitized solar cells (DSSC), being one of
the topmost popular and fast growing solar renewable
energy, are flexible, low in cost and simple to fabri-
cate [1]. Moreover, they can be operated under dif-
fused light condition and used for indoor applications
[2]. A DSSC primarily consists of three elements i.e.
redox mediator-containing electrolyte sandwiched
between dyed photo anode and counter electrode. The

electrolyte is one crucial constituent in restoring the
dye rejuvenation by means of oxidation [3]. A typical
electrolyte for DSSC is in liquid form. The redox
couple is a key component of the DSC. The reduced
part of the couple regenerates the photo-oxidized
dye.The formed oxidized species diffuses to the
counter electrode, where it is reduced. The photovol-
tage of the device depends on the redox couple be-
cause it sets the electrochemical potential at the coun-
ter electrode. The redox couple also affects the elec-
trochemical potential of the TiO2 electrode through
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the recombination kinetics between electrons in TiO2
and oxidized redox species [4]. Using liquid electro-
Iyte (LE), the highest photo conversion efficiency of
14.3% has been attained owing to its excellent ionic
conductivity [5].

In this work, we have prepared LE varying
amount and the influence of this type of electrolyte
on the performance of DSSCs will be presented. The
polymer chosen here is polyethylene oxide (PEO)
which is a synthetic polymer with monomer unit -
CH2CH20-PEO was first used as polymer host for
electrolyte in solid form by Prof. P.V. Wright in 1975
[6]. Since then, it has become one of the most popular
polymer matrices as it is capable of solvating many
types of salts in high concentration. The LE contain
the same ingredients, i.e. tetrapropylammonium
iodide (TPAI) salt, ethylene carbonate (EC), propyl-
ene carbonate (PC) and iodine (12 crystals. Addition-
ally for LE, dimethylformamide (DMF) is used to
dissolve PEO. TPAI salt is preferred here as it is
deemed as the best performing salt following the
work of Bandara et al. [6].

Il. Experimental

I11.1. Electrochemical Impedance Spectroscopy
of Liquid Electrolyte

The electrolyte was placed between two stainless
steel electrodes of 2 cm diameter. Impedance mea-
surement was carried out using the HIOKI 3531 Z
Hi-Tester at room temperature (RT) from 50 Hz to
100 kHz [7, 8]. The bulk resistance (p) of the electro-
lyte was obtained at the point of intersection of the
impedance data with the real impedance axis of the
Nyquist plot. The ionic conductivity (o) for every
sample was calculated following the equation [9, 10,
11

o_l/ps,

where | and s are the thickness of the electrolyte sam-
ple and the electrolyte/electrode contact area, respec-
tively.
11.2. TiO2Photoelectrode and Pt Counter Elec-
trode Preparation

P90 TiO2powder of 0.5 g mass was mixed with
2mL nitric acid, HNO3 (pH=1) and ground for 30 min
in a mortar. The slurry obtained was spin-coated for
60s on a cleaned fluorine doped tin oxide (FTO) glass
at 2350 rpm to form the compact layer. The electrode
was annealed at 450°C for 30 min. A second TiO2
layer was prepared by mixing and grinding 0.5 g P25
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TiO2powder in 2 mL HNO3. For homogeneity, 0.1 g
carbowax and a few drops of Triton X-100 surfactant
were added and by the doctor blade method was de-
posited on the compact layer [8]. The electrode was
again annealed for 30min at 450°C. The Pt counter
electrode (CE) was prepared using drop cast method
on bare FTO glass and sintered as for the TiO2 pho-
toelectrode. The photoanode TiO2 layer was soaked
in 10mL solution of ethanol and N3 dye for 24 h in a
dark environment at RT [12,13].

11.3. Fabrication of Dye-Sensitized Solar Cell

The LE were used as electrolyte in DSSC fabri-
cation following the configuration of
FTO/(TiO2dye/LE/Pt/FTO.

The photocurrent density (J) and voltage (V)
were measured using the Keithley 2400 electrometer
under irradiation intensity of 1000 Wm-2 The active
area of the DSSC was 0.20 cm2 The fill factor (FF)
was calculated following the equation [14, 15, 16]:

FF Jnavha
JV

where Jnaxand Max are the maximum current density
and maximum voltage, respectively. J< is the short-
circuit current density and Vocis open-circuit voltage.
Power conversion efficiency (n) was calculated fol-
lowing:

REN

where P.nis incident light power density [9].

The incident photon to current conversion effi-
ciency (IPCE) measurements were obtained using a
Newport Model 70528 Oriel Monochromator IHlumi-
nator [8-9]. IPCE value demonstrates how much cur-
rent was produced by the cell as it was illuminated by
photons of a given frequency.

I11.1. Conductivity of Liquid Electrolyte

Table 1 lists the bulk resistance and conductivity
values of LEs having different salt content. Bulk re-
sistance decreased with salt content and the conduc-
tivity showed an opposite trend. Conductivity has
been incremented with the addition of more salt that
provided more conducting ions. The RT ionic con-
ductivity increased with TPAI content for LEs.

It can be clearly seen that the conductivity shows
increment with increasing TPAI salt concentration up
to 0.25 g TPAI. TPAI consists of (CHICH2ZCH2*N +

Result and discussion
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cations and I- anions, which formed a crystal salt
by ionic bonding between the two.

When TPAI was dissolved in EC, PC and DMF,
the cations and anion ions were separated and created
free charges in the PEO- and PMMA-based LE where
conduction can be occurred when a potential is ap-
plied[17, 18]. Hence, the number of free ions is de-
pendent on the TPAI salt concentration.

Therefore, the increment in conductivity with in-
creasing TPAI content shown in Table 1 was due to
increasing number density of free ions in PEO and
PMMA-based LE.

Table 1: The bulk resistance and conductivity values of
LEs at different TPAI amounts,

A.A. Abdukarimov, R.G. lkramov, O.0. Mamatkarimov, A.K. Arof

I11.2. J-V Characteristics of Dye-sensitized so-
lar cells

The J-V characteristics of the fabricated DSSCs
are shown in Figure 1. All LEs have been used to fa-
bricate DSSCs. The J-V characteristics of correspond-
ing parameters are tabulated in Table 2.

Figure 1. J-V characteristics of DSSC for LEs:
1- 025 g TPAI, 2 - 01 g TPAI, 3 - 0.15 g TPAI,
4 - 0.05 g TPAI, 5- 0.20 g TPAL.

Table 2. Dye-sensitized solar cells parameters of cells using Les.

TPAI (g) P (Q) > (mS cm-])
0.05 31.1 4.00
0.10 19.8 6.34
0.15 15.5 8.06
0.20 14.8 8.47
0.25 14.2 8.98
Designation 0.05 g TPAI 0.1 g TPAI
J(mA cm-2 16.85 17.28
Voc(V) 0.62 0.66
FF 0.48 0.53
Efficiency (%) 5.01 6.04

Since all the other components of DSSC except
the electrolyte is same for all fabricated cells, the
electrolytes’ conductivity is very crucial to DSSC
performance.

111.3. Incident Photon Conversion Efficiency
(IPCE)

Figure 2. IPCE plots of DSSCs using the highest
conducting liquid electrolytes with 0.25 g TPAL.
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0.15 g TPAI 0.20 g TPAI 0.25 g TPAI
15.76 18.12 18.69
0.67 0.7 0.68

0.6 0.52 0.52
6.33 6.59 6.61

The IPCE graphs of DSSCs using the highest
conducting LE wunder illumination at different
wavelengths of light are shown in Fig. 2. As can be
observed, the highest value of IPCE for DSSC is
shown at the wavelength around 520 nm which is in
agreement with the optical properties of the N3 dye.
The most efficient DSSC in the LE system exhibits
the highest IPCE value 0f45.5 %.

IV. Conclusion

LE containing TPAI, EC, PC, DMF and 12 have
been prepared and tested in DSSCs.The higher con-
ductivity of LE efficiency of 6.61 %. The most effi-
cient DSSC in the LE system exhibits the highest
IPCE value 0f 45.5 %.
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FOxkopu ce3rup 6yéxan KY€l sjieMeHTIapu
XapaKTePHCTHKATAPUHUHT TETPONPONUI-aMMOHHIA
Aoaua MUKAOpPUTa OOFTHKIUIT

A.A. AGaykapnmos', P.I". Ukpamos', O.0. Mamar-
xapumon', A.K. Apod’

! HamaHraH MyXaHAWIHK TEXHOIOTHS HHCTUTYTH, KocoHcol
7,160115, Hamanran, V36ekucron
2 Manas yauBepcuteTd, 50603, Kyana Jlymmnyp, Manaiizus

Ymby mmaa 6up Hedta CyIOK JICKTPONHTIAp Tanép-
TaHAH. DIEKTPOIUTIAP TAPKHOHIA TYPIH MUKIOPAATH
terpanpormiammonnii oaua (TPAI) tysu, npomnuieH-
kap6oHart (PC), stunenkap6onat (EC), monmusTHICHOK-
cun (PEO), aumetundopmamun (DMF) sa (I/I*) mas-
Kxyn. Onektpornt DSSC rtafi€épnampaa WmiaTuign Ba
VHHHT BOJT-aMIep XapakTepuctukacu omuHmn. do-
TOHJIAPHUHT (POTOTOKKA AailflaHHUII caMapamopiuri-
HUHT 3Hr IoKopu Kmitmatu 0.25 v TPAI smextponut
yuyH 520 HM TYIKHH y3yHIukAa 45.5% HH TallKud 3T-
au. DSSC wHmEr camapamopmurun 6.61%, J =18.69
MA-cM 2, V_=0.68 B Ba Tyngupum ko3pdHEeHTH
(FF)=0.52.

Kaant cy3nap: MoH ¥TKa3yBUAHTHK, CYIOK 3JIEKTPOINT,
foKopH cesrup 6Y€rmu Kyém snementu (DSSC), TeTpanporu-
mamMoHnuit fomun (TPAT).
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