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Dye-Sensitized Solar Cells (DSSCs) are prominent alternative devices to conventional p-n junction silicon based solar cells because of
their low fabrication cost and high-power conversion efficiency, good cost/efficiency ratio. In the present work, DSSC devices were
made-up with fluorine doped tin oxide (FTO) glass substrate, a TiO2 compact layer was deposited on FTO, Ruthenium (IT) dye (N719),
an iodide - triiodide electrolyte and a platinum (Pt) counter electrode. Photo anode with thin film layers of TiO2 and Pt counter electrode
(photo-cathode) were prepared. Field emission electron microscope (FESEM) was employed to investigate the surface morphology of
TiOz layers. The DSSC device efficiency was evaluated by J-V characteristics. Fabricated devices were exhibited high power
conversion efficiencies. The electrochemical impedance characteristics were analyzed by fitting the experimental results to the
corresponding electrical equivalent circuit simulated data.

KEYWORDS: Solar cell, Nanocrystalline TiO2, Surface Morphology, Performance Parameters, Ruthenium Dye, impedance
spectroscopy

State-of-the-art, the existing solar technologies are based on materials such as crystalline silicon, cadmium telluride
materials. All of these materials have different problems and issues associated with the current technology. At present
over 90% of the photovoltaic’s (PVs) are silicon-based solar cells [1]. Which offer relatively high power conversion
efficiencies (about 27%) and about of 15-20 years operational lifetime. However, none of these approaches can address
the key issue facing the PV market-the “cost to electricity output ratio” of solar generated electricity [2]. Also, the high
energy cost to produce some of these PV negates the environmental benefits that can be gained. This clearly leaves the
door ajar for a more economically viable material system to be produced to deliver the necessary infrastructure to
harvest solar energy [3].We believe that an ideal system suited to deliver such a solution is TiO» based dye-sensitized
solar cells. The combination of very low material cost, combined with solution-processable cheap production facilities
lends itself to easy fabrication methods and low environmental costs on both energy for production and green materials,
hugely support the claim that PVs offer the ideal material system to deliver a suitable mechanism for large area solar
harvesting [4,5].

DSSCs are often regarded as a third generation photovoltaic (PV) technology or an “emerging technology”, that
are promising alternative energy conversion devices for low cost energy conversion. Substantial progress has been
made in fundamental research and technological application of DSSCs during the last two decades [6]. The
combination of very low material cost, combined with solution-processable cheap production facilities lends itself to
easy fabrication methods and low environmental costs on both energy for production and green materials, hugely
support the claim that PVs offer the ideal material system to deliver a suitable mechanism for large area solar
harvesting. The long term reliability parameters can be achieved by the incorporation of suitable Nanomaterial which
provide enough mechanical strength and flexibility for roll-to-roll process of flexible device [7].

The concept of DSSCs originated from the photosynthesis phenomenon in the plants, where chlorophyll, an
organic compound, absorbs the sunlight and initiates photosynthesis process. The photovoltaic effect in DSSCs was
first demonstrated in the early 1970s, but instability was their biggest problem. Though the efficiency improved in
subsequent years but poor stability remained a big problem [8,9]. In 1991, O’Regan and Gratzel presented the modern
version of is composed of porous layer of titanium dioxide nanoparticles, covered with a molecular dye that absorbs
sunlight, like the chlorophyll in green leaves. The titanium dioxide is immersed under an electrolyte solution, above
which is a platinum- based catalyst [10]. As in a conventional alkaline battery an anode (the titanium dioxide) and a
cathode (the platinum) are placed on either side of a liquid conductor (the electrolyte). The sunlight passes through the
transparent electrode into the dye layer, where it can stimulate the electrons floating in titanium dioxide. The electrons
flow toward the transparent electrode, where they are collected to give the power to the load [11]. After flowing through
the outer circuit, they are presented again in the cell on the metal electrode on the back flowing in electrolyte [12,13].
The electrolyte then transports the electrons back to the dye molecules [14].

In this work, DSSCs were fabricated using TiO; electrode as a photoanode and Pt electrode as a Photocathode,
here photoanode was used with the TiO, paste and solar cell performance was analyzed. We have examined the
development of the device performance like short circuit current density (Jsc), open circuit voltage (Voc) and solar
energy to conversion efficiency (1). We also excluded TiO2 film morphology with the help of FESEM technique and
some electrical parameters by impedance technique.
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EXPERIMENTAL SECTION

Titanium dioxide (TiO,), Fluorine —doped tin oxide (FTO) coated glass substrate (sheet resistance ~ 8-12 Q/cm?),
Dye (N719), Platinum paste, Lithium iodide (Lil), Iodine (1), 1butyle-3methyle inidazolium iodide (BMIT), 4-tert butyl
pyridine, Acetonitrile and valeronitrile . All chemicals purchased from sigma Aldrich and used without any purification.

Synthesis of Dye precursor solution. Dye solution was prepared by dissolving 36 mg N7;9 dye in 100 ml absolute
ethanol. Shake well until the solution dissolved properly.

Synthesis of Electrolyte precursor solution. Electrolyte solution was prepared by dissolving 0.1M Lil, 0.05M
iodine, 0.6 BMIT, 0.5 4-tert butyl pyridine in (17:3) ml ratio of Acetonitrile — Valeronitrile by stirring at room temperature
until obtain uniform solution.

Device Fabrication and characterization. A Systematic DSSCs consists of several majors parts like Photoanode,
Dye, Electrolyte, and Photocathode which is mentioned in the diagrammatic structure of DSSC shown below as Figure 1.
Firstly, for the synthesis of photoanode, FTO glass substrate was cleaned with DI water acetone and iso-propanol by
ultrasonic bath process [15]. A scotch tape was paste on the conducting side of FTO then, TiO, films were applied with
the help of Doctor Blade technique.
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Figure 1. (a) Reveals the structure of device and (b) associated energy level diagram.

The deposited films were annealed at 470°C for 45 minutes in high temperature furnace. The TiO, films were
deposited immersed in a dye solution for 24 hours in dark. The Pt also deposited on FTO substrate by using doctor
blade method as a counter electrode and for 30 minutes annealed at 500°C. The TiO; films were formed as dye loaded
photoanode and counter electrode as Pt deposited substrate [16,17]. Each sandwich cell was held in place with the help
of two heavy duty clips on both opposites’ sides of electrode. Liquid electrolyte was introduced between both [18].
Along with basic electron transfer processes in DSSC prospects of a state-of-art device based on dye adsorbed on TiO,
and I/I> in the form of redox pairs electrolyte is shown in Figure 1(a). On illumination, an electron photo generated
by dye molecules as like in photosynthesis [19]. By photon (hv) absorption a dye molecule is excited whereas electron
is excited from HOMO into LUMO subsequently, the free electron is injected into the TiO, conduction band and left
the oxidized dye molecule. Then, the electron reach the Pt catalyst layer where redox reactions occur by the
recombination with holes with in the electrolyte by reducing tri iodide (I*") to iodide ion (I'). However, the negative
charge of I, in the final step, diffuses back to the dye molecules and it will react with the oxidized molecule. Thus, it
completes the electrical cycle and repeats again. Besides this process some recombination happened like recombination
of injected electron in the TiO, with either acceptors or oxidized dyes, which degrade the performance of the cell
[20,21].

RESULTS AND DISCUSSION

The surface microstructure features of the film were characterized using Field Emission Scanning Electron
Microscope (FESEM) as shown in the Figure 2. FESEM image of the TiO, film sample annealed at 470° C for 45 min.
The image reveals a film that was crack-free, uniform and smooth on the surface. It also shows that the TiO, thin film
possesses a nanocrystalline and nonporous structure which consists of nanoparticles.

The photovoltaic performance of the DSSCs based on Titanium Dioxide thin film photoanode were investigate under
a simulated solar irradiation of 100mW c¢cm (AM 1.5G) [22,23]. Figure 3(a) display the measured J-V characteristics of
solar cell based on TiO, films and 3(b) shows different efficiencies of DSSC based on wavelength. The corresponding
photovoltaic parameters short circuit current (Jg), fill factor (FF), open circuit voltage (V,), and conversion efficiency
(n) for DSSCs for the TiO; films has been calculated. We have found the values of cell parameters such as; Vo, Js, FF,
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Inaxs Vinax, Pmax and efficiency are of 0.60V, 3.337mA/cm?, 56.13%, 0.00289A, 0.4704V, 1.36 and 1.13%. The
performance of cell is considerable at low cost DSSC technology available today [24]. On other hand we have found
different values of efficiency at different range of wave length as mentioned in figure 3(b), and are continuously increase.
From all the parameters we have measured overall highest efficiency of fabricated cell is 1.5% at 900-1100 nm range of
wavelength. Photovoltaic performances are influenced by the dye adsorption solvent [25].
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Figure 2. FESEM image of TiO: thin film deposited on glass substrate

The adsorption behavior of dye is significant at this wavelength. Electrochemical impedance spectroscopy (EIS) is
a beneficial technique to investigate the internal impedance of photovoltaic device [26], such as DSSC. Electrochemical
interface of split in three parallel circuits, additionally the equivalent circuit of DSSC is related to the experimental result
of the Nyquist plot as display in Figure 4(a).
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Figure 3. (a) — The J-V curve under illumination of DSSC based on TiO: film. (b) — Efficiency performance based on different range
of wavelength.

In Nyquist plot equivalent circuit in the horizontal axis represent the serial resistance (R;) between wire and
substrate, from the impedance spectra represent resistance (R,) and (R3) at interface between electrolyte and Pt counter
electrode and as well as between electrolyte and TiO, film. On the other side at the interface C; shows the double layer
capacitance between electrolyte and Pt counter electrode and as well as between electrolyte and TiO; film [27,28]. The
values of all the parameters of Nyquist plots of DSSC based on TiO, photoanode with the equivalent circuit are
summarized in Table.
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Figure 4. (a): The Nyquist plots of DSSC based on TiO2 photoanode with the equivalent circuit of DSSC; (b) Bode plot of DSSC

based on TiO:z photoanode.
Table

The resistance and capacitance values of equivalent circuit for DSSC based on TiO, photoanode

Sample R1(Q) Ci1(mF) C2(mF) R2(Q) R3(Q)
TiO, 85.91 0.125 0.149 132.32 494.62

In the bode plot of cell based on photoanode TiO, under the solar irradiation, the frequency was shifted in higher
frequency region with the TiO, photoanode as shows in figure 4(b).According to curve recombination charge transfer
processes at the TiO,/dye/electrolyte interface is low and enhance the electron transmission [29,30]. On the other hand
illumination condition fi,x is inversely proportional to the electron transport time as ts =1/ (27tfiay ), increment in fi,x sShows
the increased rate of charge transport process in DSSC [24]. Hence, with the reduced value 1, of indicates that the electrons
reaches at FTO electrode at a faster rate, so that we can improve the performance of DSSC by further modification.

SUMMARY AND CONCLUSIONS

We have successfully fabricated and characterized Dye sensitized solar cell based on TiO, photoactive layer. Which
shows the PCE of 1.13%, Js of 3.337mA/cm?, Vo of 0.60V and FF of 56.13%, and overall highest PCE is 1.5% on 900
to1100 nm wavelength ranges. The performance of cell is good at simple laboratory condition, but we can improve
photovoltaic performance by using this methodology. The EIS analysis observes that the resistance between electrolyte and
TiO; film increase, which indicates that a larger resistance at the interface between TiO; film and electrolyte is beneficial for
suppression of charge recombination. Hence, we can achieve enhancement in performance of DSSC by modification in TiO»
(like doping and annealing etc) and Dye and electrolyte (natural sources achieved by immediate environment).

ACKNOWLEDGMENTS
The authors would like to great full financial support from DST, India under CURIE program (grant No. SR/CURIE- Phase-
111/01/2015(G)) and the Ministry of Human Resource Development (MHRD) and Department of Science (DST curie) for providing
the financial and instrumental support respectively.

ORCID IDs
Varsha Yadav https://orcid.org/0000-0003-1990-5910; ““'Swati Chaudhary https://orcid.org/0000-0002-8504-3602,
Saral Kumar Gupta https://orcid.org/0000-0002-0446-8984; "~ Ajay Singh Verma https://orcid.org/0000-0001-8223-7658

REFERENCES

[1] O.K. Simya, M. Selvam, A. Karthik, V. Rajendran, Synth. Met. 188, 124-129 (2014), https://doi.org/10.1016/j.synthmet.2013.12.005.

[2] S. Battersby, Proc. Natl. Acad. Sci. 116, 7-10 (2019), https://doi.org/10.1073/pnas.1820406116.

[3] M. Gritzel, J. Photochem. Photobiol. C Photochem. Rev. 4, 145-153 (2003), https://doi.org/10.1016/S1389-5567(03)00026-1.

[4] K. Ebrahim, Sol. Cells - Dye. Devices, InTech. 171-204 (2012), https://doi.org/10.5772/19749.

[5] W.Jarernboon, S. Pimanpang, S. Maensiri, E. Swatsitang, and V. Amornkitbamrung, Thin Solid Films. 517, 46634667 (2009),
https://doi.org/10.1016/j.ts£.2009.02.129.

[6] D. Wei, Int. J. Mol. Sci. 11, 1103-13 (2010), https://doi.org/10.3390/ijms11031103.

[7] S. Bose, V. Soni, and K.R. Genwa, Int. J. Sci. Res. Publ. 5, 2250-3153 (2015), http://www.ijsrp.org/research-paper-
0415.php?rp=P403882.

[81 B.O. Regan, and M. Gratzel, Nature, 353, 737-740 (1991), https://doi.org/10.1038/353737a0.

[9] C. Cavallo, F. Di Pascasio, A. Latinii M. Bonomo, and D. Dini, J. Nanomater. 2017, 1-31 (2017),
https://doi.org/10.1155/2017/5323164.

[10] J. Gong, K. Sumathy, Q. Qiao, and Z. Zhou, Renew. Sustain. Energy Rev. 68, 234-246 (2017),
https://doi.org/10.1016/j.rser.2016.09.097.



133
Synthesis and Characterization of Tio2 Thin Film Electrode Based Dye Sensitized Solar Cell EEJP. 3 (2020)

[11] S. Yun, JN. Freitas, A.F. Nogueira, Y. Wang, S. Ahmad, and Z.S. Wang, Prog. Polym. Sci. 59, 1-40 (2016),
https://doi.org/10.1016/j.progpolymsci.2015.10.004.

[12] M. Eslamian, and J. Newton, Coatings. 4, 85-97 (2014), https://doi.org/10.3390/coatings4010085.

[13] A. Jena, S.P. Mohanty, P. Kumar, J. Naduvath, V. Gondane, P. Lekha, J. Das, H.K. Narula, S. Mallick, and P. Bhargava, Trans.
Indian Ceram. Soc. 71, 1-16 (2012), https://doi.org/10.1080/0371750X.2012.689503.

[14] K. Miettunen, J. Vapaavuori, A. Tithonen, A. Poskela, P. Lahtinen, J. Halme, and P. Lund, Nano Energy. 8, 95-102 (2014),
https://doi.org/10.1016/j.nanoen.2014.05.013.

15] B. Siwach, D. Mohan, S. Sharma, and D. Jyoti, Bull. Mater. Sci. 40, 1371-1377 (2017), https://doi.org/10.1007/s12034-017-1492-z.

[16] T.Phonkhokkong, T. Thongtem, S. Thongtem, A. Phuruangrat, and W. Promnopas, Dig. J. Nanomater. Biostructures. 11, 81-90
(2016), http://www.chalcogen.ro/81 Phonkhokkong.pdf.

[17] T.V. Nguyen, H.C. Lee, and O.B. Yang, Sol. Energy Mater. Sol. Cells. 90, 967-981 (20006),
https://doi.org/10.1016/j.s0lmat.2005.06.001.

[18] S. Xuhui, C. Xinglan, T. Wanquan, W. Dong, and L. Kefei, AIP Adv. 4, 031304 (2014), https://doi.org/10.1063/1.4863295.

[19] S. Widodo, G. Wiranto, and M.N. Hidayat, Energy Procedia. 68, 37-44 (2015), https://doi.org/10.1016/j.egypro.2015.03.230.

[20] A. Karmakar, and J. Ruparelia, in International Conference on Current Trends in Technology, NUiICONE, (IEEE, Piscataway,
2011), pp. 1-6.

[21] D.L. Domtau, J. Simiyu, E.O. Ayieta, L.O. Nyakiti, B. Muthoka, and J.M. Mwabora, Surf. Rev. Lett. 24, 1750065 (2017),
https://doi.org/10.1142/S0218625X17500652.

[22] B. Alfa, M.T. Tsepav, R.L. Njinga, and 1. Abdulrauf, Appl. Phys. Res. 4, 48-56 (2012), https://doi.org/10.5539/apr.v4n1p48.

[23] A.F. Ole, G.N.C. Santos, and R.V Quiroga, Int. JSER, 3, 1-7 (2012).

[24] L. Wei, P. Wang, Y. Yang, Z. Zhan, Y. Dong, W. Song, and R. Fan, Inorg. Chem. Front. 5, 54-62 (2018),
https://doi.org/10.1039/C7QI00503B.

[25] Z.A. Shah, K. Zaib, and A. Khan, J. Fundam Renewable Energy Appl. 7, 4-6 (2017).

[26] H. Yu, S.Zhang, H. Zhao, G. Will, and P. Liu, Electrochim. Acta. 54, 1319-1324 (2009), https://doi.org/10.1016/j.clectacta.2008.09.025.

[27] J.C. Chou, C.M. Chu, Y.H. Liao, C.H. Lai, Y.J. Lin, P.H. You, W.Y. Hsu, C.C. Lu, and Y.H. Nien, IEEE J. Electron Devices
Soc. 5, 32-39 (2017).

[28] A. Upadhyaya, C.M. Singh Negi, A. Yadav, S.K. Gupta, and A.S. Verma, Superlattices Microstruct. 122, 410-418 (2018).

[29] N. Sharma, C.M.S. Negi, A.S. Verma, and S.K. Gupta, J. Electron. Mater. 47, 7023-7033 (2018), https://doi.org/10.1007/s11664-
018-6629-3.

[30] A.S. Verma, A. Upadhyaya, S.K. Gupta, A. Yadav, and C.M.S. Negi, Semicond. Sci. Technol. 33, 065012 (2018),
https://doi.org/10.1088/1361-6641/aac066.

CHUHTE3 I XAPAKTEPUCTUKH COHAYHOI'O EJIEMEHTY 3 TOHKOILIIBKOBUM TiO: EJIEKTPOAOM
CEHCUBIJII30BAHOT'O BAPBHUKOM
Bapma SIxaB, Ceari Yagaxapi, Capan Kymap I'ynra, Ampkaii Cinrx Bepma*
Disuunuii paxyromem, 304022 Padocacman, banacmani Bioanim, Inoia

CencubinizoBani 6apBHuKOM coHsuHI enemeHTH (DSSC) € 3Ha4HOI0 aNbTEepHATUBOIO 3BUYAHHMM COHSYHHM €JIEMEHTaM Ha OCHOBI
KPEMHII0 3 P-N-TIEPEX0Z0M depe3 iX HHU3bKY BapTICTh BHTOTOBJICHHS 1 BHCOKY €()EKTHBHICTh MEPETBOPEHHs €Heprii, TapHOTro
criBBigHOMIEHH IiHa/edexTuBHICTh. Y wiit podoti nmpuctpoi DSSC Oynm BUrOTOBIIEHI 31 CKIISTHOI MiAKIIaJKH, SIKA MICTUTH OKCHI
onoBa JyreroBanoro ¢gropom (FTO), xomnakrHoro mapy TiO: mamecenoro ua FTO, pyrenieBoro (II) 6apermka (N719), Homma-
TPIHOAIAHOTO eNeKTpoiiTy i miatuHoBoro (Pt) mpotuctpymuHHOrO enexrposaa. bymu minrorosieHi ¢poToaHox 3 TOHKOILUTIBKOBUMHU
mapamu 3 TiO2 1 IIIATHHOBHIT IPOTUCTPYMUHHUM enekTpox (poTokarox). [TomboBuii emiciinuii enexrponnuid mikpockon (FESEM)
BHKOPHUCTOBYBABCS 11 JocCiipkeHHs Mopdosorii nmosepxHi mapis 3 TiO2. Edexrusnicts npuctpoiB DSSC (cencubinizoani
0apBHHKOM COHSYHI €JIEMEHTH) OLiHIOBajacs 3a Xapakrepuctikamu J-V. BurorosnieHi npuctpoi mokasann BHUCOKY €()EeKTHBHICTH
MepeTBOpeHHs  eHeprii. XapaKTepUCTHKH eJIEKTPOXIMIYHOrO iMIefaHcy OyliM MpOaHANi30BaHi [UIAXOM  TPHUBEICHHS
EKCTIEPUMEHTAIBHUX PE3yJBTATIB 10 BIAMOBIIHUX JaHHUX, 3MOJICIbOBAHIX HAa OCHOBI €KBIBaJICHTHOI €JIEKTPHYHOI CXEMH.
KJIIOYOBI CJIOBA: consunmii enement, Hanokpuctanigauii TiO2, Mopdoioris moBepxHi, po0odi XapaKTepHCTHKHU, PyTeHIEBHI
0apBHIK, IMIIEJAaHCHA CHIEKTPOCKOIILsS

CHUHTE3 U XAPAKTEPUCTUKHU COJTHEYHBIX 3JIEMEHTOB C TOHKOIIJIEHOYHBIM TiO2 JIEKTPOJIOM
CEHCUBWIN3UPOBAHHOI'O KPACUTEJIEM
Bapuma fnas, Catn Yagnxapu, Capaa Kymap I'ynra, Axkaii Cunrx Bepma®
Qusuueckuii paxynomem, 304022 Paoaxcacman, Banacmanu Buoanum, Hnous

CeHcHOMIM3UPOBAaHHBIE KpacuTeneM coHeyHble 3JieMeHTHI (DSSC) sSBISIOTCS CyIeCTBEHHOM allbTEPHATHBON OOBIYHBIM COJIHEUHBIM
JJIEMEHTAaM Ha OCHOBE KPEMHHUS C DP-N-TIEPEeXOAOM H3-3a MX HH3KOH CTOMMOCTH H3TOTOBJICHHS M BBICOKOH 3ddexTHBHOCTH
npeoOpa3oBaHus SHEPrHH, XOPOIIEro COOTHOIIECHUs neHa/sddexTnBHOCT. B Hacrosmeit pabore ycrpoiictBa DSSC 6pun
M3rOTOBJICHBI M3 CTCKIITHHOM MMOJUIOKKH colepxaiieid okcua ojoBa jerupoBanHoro ¢ropom (FTO), kommaktHoro ciost TiO2
nHaneceHnoro Ha FTO, pyrenueroro (II) kpacutenst (N719), HOIUA-TPHUIHOAUIHOTO SIICKTPOINTA U IUIATHHOBOTO (Pt) MpOTHBOTOUHOTO
anekrpoza. I[ToarorosiaeHsl HOTOAHO] € TOHKOIUICHOUYHBIMY ClI0sIMH 13 TiO2 M MIATHHOBBII NPOTUBOTOYHBIH 351eKTpo] (PoTokaron).
[ToneBoit smuccroHHBIH 31eKTpoHHbIH MuKpockon (FESEM) ncrone3oBacs it ucciue1oBaHust MOp(oIOrHy HOBEPXHOCTH CIIOEB U3
TiOz2. DddextuBHOCTS yeTpoiictB DSSC onenuBanack mo xapakrepucTukam J-V. M3roToBneHHbIE yCTPOHCTBA MOKA3ald BBICOKYIO
3¢ dexTHBHOCTE TpeoOdpa3oBaHMs YHEPIUU. XapaKTEPHCTHKN IIEKTPOXUMHIECKOTO HMMITEaHca OBUTH MPOAaHATN3UPOBAHEI MyTEM
MIPUBEJCHUS JKCIICPUMEHTANIBHEIX PE3yJIbTaTOB K COOTBETCTBYIOLIMM JaHHBIM, CMOJICIHPOBAHHBIM Ha OCHOBE SKBUBAJIEHTHOMH
EKTPUIECKON CXEMBL.

KJIIOUEBBIE CJIOBA: conHe4HsIi 5ieMeHT, HaHOKpucTaumndeckuid TiO2, MOpGoorus moBepXHOCTH, pabouue XapaKTepPUCTHKH,
PYTCHHEBBIH KpacUTellb, UMIIEJaHCHAS CIIEKTPOCKOIIHS.





