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ABSTRACT

We investigated the optical and photovoltaic parfance of a nanocrystalline TiGensitized with chlorin dye.
Chlorin is a natural dye extracted from bahama grashe chlorin-stained titanium dioxide was foundhave a
reduced band gap energy and could absorb light beybe ultraviolet region. Avaspec 2.1 spectrophuwiter was
used to obtain the optical absorption spectrum,levttie well-known Tauc model was employed to déterthe
optical band gap. A dye sensitized solar cell fedted with the chlorin-doped TiGhowed a photo-conversion
efficiency of 1.008%.
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INTRODUCTION

Titanium dioxide occurs in nature as well-known eras rutile, anatase and brookite, and additigresd!two high
pressure forms, a monoclinic baddeleyite-like fand an orthorhombia-PbQ-like form, both found recently at
the Ries crater in Bavaria [1-4].

Table 1. Properties of thethree crystal structuresin TiO,[1,2,5]

Form | Crystal system | Band gap (eV)
rutile tetragonal 3.02
anatas | tetragone 3.2C
brookite | orthorhombit 2.9¢

Titanium dioxide, particularly in the anatase folima photocatalyst under ultraviolet (UV) light§f Recently it
has been found that titanium dioxide, when spiketh witrogen ions or doped with metal oxide likengsten

trioxide, is also a photocatalyst under eitherblesior UV light. The strong oxidative potential thie positive holes
oxidizes water to create hydroxyl radicals. It esp oxidize oxygen or organic materials direclliganium dioxide

is thus added to paints, cements, windows, tilesjtieer products for its sterilizing, deodorizingdaanti-fouling

properties and is used as a hydrolysis cataly&t.diso used in the fabrication of dye-sensitizeldr cells.

Dye-sensitized solar cell (DSSC) which was invenibgdGratzel in 1991 is expected to be one of thet-ne
generation photovoltaics because of its environmii@ndly properties, low manufacturing cost andwvlo
manufacturing energy consumption [7-12]. The céritiea in DSSC fabrication is to separate the ligisorption
process from the charge collection process, mimgkiatural light harvesting procedures in photdsgsis, by
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combining dye sensitizers with semiconductors [34,%]. This enables the use of wide-gap but cheddeo
semiconductors such as LiGarly DSSC designs involved transition metal domated compounds (e.g. ruthenium
polypyridyl complexes) as sensitizers because efr thtrong visible absorption, long excitation tifiee, and
efficient metal to ligand charge transfer [11,14}18Ithough highly effective, with current maximuefficiency of
11% [7,10,12,14], the costly synthesis and undésievironmental impact of those prototypes call dbeaper,
simpler, and safer dyes as alternatives. Natughents, including chlorophyll, carotene, and cyamire freely
available in plant leaves, flowers, and fruits &méll these requirements [14,15,17].

Undoped TiQ is active only under ultraviolet (UV) light becausf its wide band gap rendering it inactive under
visible light (Figure 1) [2,14], which causes madtthe solar spectrum to go unutilized [3,4,18]tdfxding the
optical absorption of titanium dioxide to the visibregion, therefore, is one of the important scigjefor its
increased utility in the fields of photocatalydimpurities doping induces substantial modificatiomelectrical and
optical properties of semiconductor materials.
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Figure1(a). UV-vis spectra of nanopor oustitanium dioxide [2]

In this research work, the blade method was usekposit a sol-gel derived nanocrystalline F{®-TiO,) onto an
FTO glass substrate. The titanium (iv) oxide fillmsasubjected to annealing treatment to enablevieses a photo-
electrode for DSSC [11,16,19,20]he film was then doped witthlorin dye which is a natural dye extracted from
bahama grass. Optical characterization of the seedi TiO, film was carried out. The current-voltage
characteristics of a dye-sensitized solar celli€ated with the doped electrode are presentedsmitbrk.
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Figure 1(b). Optical absor ption spectra of a finite segment of titanium dioxide
nanowire [14]

MATERIALSAND METHODS

The chlorin local dye was extracted from the popular baharaasyrThe grass was blended and the green pigment
extracted with 90% ethanol. The extract was putifizy column chromatography and some copper iong wer
introduced into the extract [21].

1.2Electrode deposition

A sol-gel derived nanocrystalline titanium (iv) dei (Ti-nanoxide T/sp, Solaronix SA, Rue deleriette 128) was
deposited onto an FTO glass substrate through [dae method. The active area of a 2.5cm x 2.5cm WBS
identified and covered on each of the two paralties with a double layer of masking tape to cotteothickness
of the TiQ film. Before deposition, the glass substrate waareed with acetone, then methanol and etchedghrou
plasma treatment for 1min. The n-TLi@as applied at one of the edges of the condugfiags and distributed with
a squeegee sliding over the tape-covered edgek716,21].

1.3Thermal Treatment

The n-TiQ electrode was allowed to dry naturally for abo&triinutes before removing the adhesive tapes. The
edges were cleaned with ethanol. Using an elebtiglate, the film was subjected to thermal aringait 206C

for 10 minutes. Immediately after annealing, thecebde was sintered for about 30 minutes at 4DQsing
carbolite 201 tubular furnace [17,19,22].

1.4Sensitizer Impregnation

The thermally treated electrode was immersed oghtrinto a solution of thehlorin dye [15,21]. The electrode
was preheated at 8 for 15 minutes before it was dipped into the dydution. This process helps in the
prevention of rehydration of the Tj@urface or capillary condensation of water vapén® ambient air inside the
nanopores of the film [16]. The presence of watethie pores decreases the injection efficiencyhefdye. After
dye sensitization, the dye-coated film was ringedthanol, then dried using hot-air blower and kepdark in an
air tight case till solar cell assembly.
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Figure 2. Optical absor ption spectrum of chlorin-dyed n-TiO,

1.50ptical Measurements

Avaspec 2.1 spectrophotometer was used to obtaioptical absorption spectrum for the dyed worlétgrtrode
This measurement was carried out at room tempe before storing the dyed-TiO, electrode. The
spectrophotometer was computerized and so measnrenas taken with the help of experts. The resus
displayed as graph of optical absorbance (arbitaig) versus wavelength (ni

To have a quantitaté estimate of the optical band gap of the filne, Tmuc equation is employed [4-28].
ahv = A(hv — E)" )

wherea is the absorption coefficierhvis the photon energ¥, is the optical bandap,A is a constant which does
not depend on photon energy aras four numeric vaIue% for allowed direct transitions, 2 for allowed inefit, 3
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for forbidden direct an§ for forbidden indirect optical transitions. Inghivork, the direct transition band gap of the

doped TiQ electrode was determined by plottindi()? versushv curve with the extrapolation of the linear region
to (@hv)? = 0[1,23,28,29].

RESULTSAND DISCUSSION

The optical absorption spectrum (Figure 2) showat the chlorin-dyed n-TiQ working electrode noticeably
absorbs light beyond the UV region. Hence, the nahtilye greatly improved the absorbance of the voigled gag
titanium (iv) oxide which alone cannot absorb Misilight.

Figure 3 illustrates the plot ofifv)? vs. hv for the doped Ti@film. The optical band gap estimated from the
intercept of the tangent to the plot is 2.16eV wahis lower than band gaps for the three crystalcttires in
titanium dioxide (see Table 1). This implies thia¢ fprocess of dye sensitization has led to bandngamwing
which is necessary for the doped 7O respond to the visible light as representeigire 2 [4].
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Figure3. Optical band gap for chlorin-dopedtitanium dioxide

Figure 4 represents the photocurrent-voltage cheniatics of a DSSC based on t@&lorin-dyed electrode under
solar illumination of 100 mW/cfn The energy conversion efficiency) (and fill factor (FF) were evaluated using
the following relations:

n= maximum power output = IV
maximum power input XBE (2)
FF = bV
zc X ISC (3)
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A is the active surface area of the solar cell e/Hilis the illumination intensity. The short citcphotocurrent (),

the open circuit voltage (), FF, andn for thechlorin-stained solar cell were found to be 3.9 mAfct44 V, 0.59
and 1.008% respectively.
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Figure4. Thel-V curvefor solar cell sensitized with chlorin dye

CONCLUSION

Thin film of sol-gel derived n-Ti@was successfully deposited on an FTO substrateighrthe blade method. The
film was subjected to thermal treatment and thepedowith a natural dye extracted from bahama gi@psical
characterization using Avaspec 2.1 spectrophotansttews that the sensitized titanium dioxide etedr could
absorb light both in the ultraviolet and visiblgi@n. Using the Tauc model, the optical band gathefdyed TiQ
was found to be 2.16eV which is lower than the bgap of the three crystal structures in TiGence, thehlorin
dye can be used as photo-sensitizer for wide-bapdsgmiconductors such as Ji®hich alone cannot absorb
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visible light. The photo-conversion efficiency oflge sensitized solar cell fabricated with the dbpanocrystalline
titanium (iv) oxide was 1.008%.

Acknowledgement

The authors are grateful to the management anfl aste8heda Science and Technology Complex (SHESTCO)
Sheda, Kwali, Abuja, especially Dr. Oberafo AnthpBy. Zebaze Kana, Messrs. Noble Alu, Imalerio Thsmand
Obi Daniel. Thanks to Prof. A. J. Njoku and ProfCI' Chineke.

REFERENCES

[1] M.C. Wang, H.J. Lin and T.S. Yang, Alloys and Compoungd2009, 473, 394-400.

[2] Y. Lee and M. KangMat. Chem. Phy2010, 122, 284-289.

[3] K. Kamada, M. Mukai, Y. Matsumotdlectrochimica Acta2002, 47, 3309-3313.

[4] L Mai., C. Huang, D. Wang, Z. Zhang and Y. WaAgpl. Surface Sci255, 9285-9289 2009).

[5] S. Banerjee, J. Gopal, P. Murakedharan, A. Yadi and B. RajCurrent Sci, 2006, 90, 1378-1383.

[6] S. Phadke, J. D. Sorge, S. Hachtmann and BirRie, Thin Solid Films2010, 518, 5467-5470.

[7] M. Adachi, J. Jiu and S. Isodaurrent Nanoscj 2007, 3, 285-295.

[8] H. Arakawa, T. Yamaguchi, K. Okada, H. Matsli,Kitamura and N. Tanab&yjikura Tech. Rey2009, 3, 55-
60.

[9] J. Bisquert, J.G. Canadas, |.M. Sero and EorRales SPIE USE2003, V, 5215-5226.

[10] L. Zhifeng, L. Chengcheng, Y. Jing and E. L®alid State Science009, 12(1), 111-114.

[11] B. O’'Regan and M. Gratzelature 1991, 353, 737-740.

[12] G. Wang, L. Wang, W. Xing and S. Zhldat. Chem. Phy 2010, 123, 690-694.

[13] P. M. Sirimanne and V. P. S. Perdpays. Stat. Sol. (b2008, 245, 1828-1833.

[14] S. Meng, J. Ren and E. Kaxir&ano Letters2008, 8, 3266-3272.

[15] J. O. Ozuomba, A. J. Ekpunobi and P. |. Ek@balcogenide Letter2011, 8, 155 — 161.

[16] S. M. Waita, J. M. Mwabora, B. O. Aduda, G.Miklasson, S. Lindquist and C. Granqviafs. J. of Sci. Tech.
2006, 7, 106-119.

[17] J. O. Ozuomba, A. J. Ekpunobi and P. |. Ekibgyest J. Nanomaterials and Biostructur@d11, 6, 1043 —
1051.

[18] M.J. Pawar and V.B. NimbalkaResearch Journal of Chemical Scien@¥H2, 2(1), 32-37.

[19] L. U. Okoli, A. J. Ekpunobi and J. O. OzuombBdjest Journal of Nanomaterials and Biostructur2gll, 6(4),
1929 — 1934.

[20] P. Suri, M. Panwar and R. M. WehMat. Sci. — Poland2007, 25, 137-144.

[21] J.0. Ozuomba, A.J. Ekpunobi and P.I. EkWigldavial Journal of the Physical Scienc@911, 10(2), 220-
226.

[22] J. O. Ozuomba, L. U. Okoli, A. J. Ekpunobi &d. Ekwo,Moldavian J. Phy. S¢i2012, 11(1-2), 106-111.
[23] M. M. Hasan, A. S. Haseeb, R. Saidur, H. HsM&i and M. HamdiQptical Mat, 2010, 32, 690-695.

[24] N.A. Okereke and A.J. Ekpunolites. J. Chem. ScR011, 1(6), 64-70.

[25] E.Il. Ezema, P.U. Asogwa, A.B.C. Ekwealor, PUgwuoke and R.U. Osujijournal of the University of
Chemical Technology and Metallurdd007, 42(2), 217-222.

[26] T. Ivanova, A. Harizanova, M. Surtchev and\N&nova,Sol. Ener. Mat. Sol. Cell2003, 76, 591-598.

[27] I.E. Ottih, A.J. Ekpunobi and P.l. Ekwo, Thérigan Review of Physic2011, 6:0001, 1-6.

[28] C.O. Ayieko, R.J. Musembi, S.M. Waita, B.O. udth and P. K. Jaininternational Journal of Energy
Engineering 2012, 2(3), 67-72.

[29] M. Yuonesi, M. Izadifard, M.E. Ghazi and F&hodsi,Chinese Journal of Physic2011, 49(4), 941-949.

143
Pelagia Research Library



