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ABSTRACT

The TiO, thin films were successfully coated by spin coating technique using Ti(OH), as a precursor. The
precursor was prepared by sol-gel synthesis. The TiO, thin films were dye-sensitized with Lawsone dye
extracted from Lawsonia Inermis. The as-synthesized TiO, thin films were subjected to X-ray Diffraction
(XRD), Fourier Transform Infrared Spectroscopy (FT-IR), UV-Vis spectrophotometer, Scanning Electron
Microscope (SEM), Field dependent dark and photo conductivity and temperature dependent conductivity
studies. From XRD, it was confirmed that the compound synthesized is TiO,. Fourier Transform Infrared
Foectroscopy (FTIR) confirms that a TiO, phase has been formed. The field dependent conductivity showed an
insignificant rise in photocurrent for TiO, which was in conformity with its wide band gap nature. The
temperature dependent conductivity studies confirmed the semiconducting nature of the film. The surface
properties of the thin films were analyzed using Scanning Electron Microscopy. The Lawsone dye-sensitized
TiO, thin film showed a significant rise of photocurrent over the dark current.
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INTRODUCTION

The conversion of solar radiation to electricalrgggphotovoltaic) has become more and more impof@cause
sunlight is a clean and limitless energy sourcepamed to the traditional fossil energy sources.ttJpow, solid
state junction devices based on crystalline sili¢sm called the first generation solar cell withrked share more
than 80%) needs high purity (i.e., impurity levelparts per million or billion rangejequired in a form of a thin
wafer (200 micron thick or lower); and hence a éagmount of energy is required for purification agstal
growth. Dye sensitized Solar Cell (DSSC) based emaporous Tiglorganometallic dye molecule junction appears
to be very promising due to its low cost fabricat{@olution based printing) together with otheraattive features
like flexibility [1-5]. Nanostructured Ti@ has attracted greater interest because it is wideed for various
applications like dye sensitized solar cells, getal, fuel cells, optical coatings etc. The prapsrare influenced by
many factors such as crystallinity, particle sigetface area and preparation [6-8]. Ti® the most extensively
studied oxide because of its optical and electpcaperties. Dye-sensitization has provided a sssfoésolution to
extending the absorption range of the cell to lowrgy light with effective result. This approachegents
advantages over the direct band to band excitai@onventional solar cells, since the attachedrdyieer than the
semiconductor itself are the absorbing speciest@dgrocesses of the light absorption and chargaragon are
separated by the semiconductor/sensitizer interfagxenting electron hole recombination [9, 10].enHa,
Lawsonia inermis produces a red orange dye molecule, “lawsoned, latown as “hennotannic acid”. This molecule
has an affinity for bonding with protein and hagb&sed to dye skin, fingernails, hair, leathdk,and wool [11].

In this present work, Ti@thin films were coated on glass substrate by spiating technique with Ti(OH)as
precursor and their structural, optical, electrigatl surface properties were studied. The as-syizéed TiQ thin
films were sensitized with Natural dye Lawsone a&otted fromLawsonia Inermis and its photo response was
studied.
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MATERIALSAND METHODS

2.1 Synthesisof TiO, Thin films

Titanium dioxide (TiQ) powder and thin films were synthesized by solfgethod using Ti(OH)as precursors. 1:
10 ratio of Titanium tetrachloride (Tig)lis added drop wise at room temperature. A ligitoyv solution is evolved
with the evolution of HCI gas. The resultant salativas allowed to gelatinize for four days. Duringajglizing
process, TiIGIOCH,CHs),« Species absorbed water from atmosphere to for@H)i precursor. The precursor gel
was coated onto glass slides which were cleanestbione using spin coating with a spinning spee86d rpm

for 30 sec. Then the film was dried naturally infar 24 hours. It was then heated in a mufflemée to 45%C at

the heating rate of°’&/min and maintained at the maximum temperatur&@minutes to form anatase phase. The
TiO, powders were also obtained by heating the precgation in muffle furnace by similar procedure.

2.2 Extraction of Lawsone dye from Lawsonia I nermisleaves

The leaves of plantawsonia Inermis (commonly known as Marudhani or Mehendi) were exitd from Loyola
College campus, Chennai. The collected leaves thereughly washed with water to remove the adhepiagicles
and dust from the surface. The leaves were them dini an oven at 4G for 24 hours and finely powdered. 100g of
dried powder sample was soaked in 100 ml distilleder, shaken well and left undisturbed for 24 Bodrhe
solution turns reddish orange colour [11, 12]. T¢otution was then filtered and used as dye saiufline sol-gel
synthesized Ti@thin films were soaked in the dye solution for aiag. The resultant dye-sensitized thin films were
dried naturally and used for studies.

1.Characterization

The phase evolution of the as-synthesized sampdee examined by the Rigaku Il Cudi{(X-ray Diffractometer
using a Cu & radiation { = 0.154nm). The mean crystallite size of Tilas calculated by Scherrer's formula D =
0.9\/Bcod. Where D is the particle sizk,be the wave length, be the angle of diffractiorf is the FWHM [13,
14]. The Fourier transform infrared spectra of tk@mples were studiedsing Perkin — Elmer infrared
spectrophotometer. The spectrum was recorded inrgahge of wavenumber 400 — 4000 tithe absorbing
wavelength of the dye was found by UV- Vis spectrdrhe UV-Vis spectra were obtained using UV-Vis-NIR
spectrophotometer. The spectra were recordedoat temperature in the range 200-1000 nm. Thel Eiependent
dark and photoconductivity studies were studiedgi¥ieithley Picoammeter to study the increase aitgpdurrent
over the dark current [15]. The experimental sdtmthe field dependent conductivity studyshown in Fig. 1.
Temperature dependent conductivity studies weréopraed using Keithley Picoammeter to find the aatiion
energy of the as-synthesized samples [15]. Thaiitidiagram for temperature dependent conductistiydy is
shown in Fig. 2. The activation energies of thesgsthesized samples were calculated using theioalat

I =l,exp (-B/kT) + C
where | is the resultant curreng,the current at initial thermal equilibrium, k tB®ltzmann constant, Bhe

activation Energy and C the constant due to leakageent [16]. The microstructures of the as-sysitted
samples were analyzed by JEOL JSM 6360 scannicty@emicroscope (SEM).
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Fig. 1: Experimental setup for field dependent conductivity
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Fig. 2: Experimental setup for Temperature dependent conductivity

RESULTSAND DISCUSSION

The XRD patterns of as-synthesized Jithin film and powder sintered at 4%D areshown in Fig. 3 and
Fig. 4 respectively. Both the patterns confirm tfoemation of anatase phase of Li@nd are in good
agreement with the reference pattern (JCPDS nd.2ZP). It should be noted that only anatase phaséd de

detected and the rutile or brookite phase couldbeaibserved, which can be attributed to the contributf the
low concentration of oxygen vacancies due to tresgmce of high concentration of atmospheric oxydigning

particle growth [17]. The diffraction peaks of asihesized TiQ nanoparticles were found to lvery sharp,
indicating high crystallinity. The crystallite sipé TiO, nanoparticle was calculated from line broadenihgnatase
(101) diffraction peak using Scherrer's formula ,[1131] and the results are tabulated in Table 1.e Ppleak
positions around 25 38, 48, and 55 corresponds to the h k | values (1 0 1), (1 1(2)0 0) & (2 1 1) of
standard anatase Ti@rystal and hence it could be concluded the sysitteel sample is Ti©

Tablel: Crystallitesizeof TiO,

Sample (TiQ) | Crystallite Size (nm)

Thin Film 17.41
Powder 17.99

Fig. 5 shows the Fourier Transform Infrared (FT-$pectrum of as-synthesized TLi@owder. It indicates
the occurrence of strong Ti=O vibrations around 88V [17]. The absorption peaks around 3640'dm 2500
cm® may be related to the presence of O-H stretchibgation (monomer, intermolecular, intramoleculada
polymeric) [18]. The absorption band at 1629 'cimdicates the presence of O-H bending vibratidg. B shows
the Fourier Transform Infrared (FT-IR) spectrumastsynthesized TiOthin films. In the case of film, the
peak centered around 650 cm-1 is attributed to O stretching vibrations [17]. The FT-IR spectra
confirm the presence of Ti=O vibrations in bothesas
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Fig. 3: XRD pattern of as-synthesized TiO; thin films sintered at 450°C
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Fig. 4: XRD pattern of as-synthesized TiO, powder sintered at 450°C

The UV-Vis spectra of as-synthesized }iPowder, Lawsone dye powder, TGO Lawsone composite
powder, as-synthesized TiGilm and Lawsone dye-sensitized film are shown in Figs. 79810 and 11

respectively. The absence of any absorption peathénspectra of as-synthesized FiPowder and as-
synthesized Ti@film is in good agreement with the wide band gapune of the material and its inability to
absorb in the visible range.

The electronic spectrum of Lawsone dye exhibited ppvominent peaks one around 400 nm and another
around 660 nm which could be attributed to-nrt and Tt - T transitions respectively [19]. Thus the
absorption wavelength maximum of the dye Lawsonéhim visible range was observed to @0nm. The
TiO,-Lawsone composite shows a boarder absorption petie range 500 to 700 nm astilarly the dye-
sensitized film also exhibits a broad peak withire tsame range. This is a characteristic featurehafge
transfer transitions due to the transfer of eletsrbetween the dye and Ti@olecules. This behavior could
be correlated to the enhanced photo response itolevigght, exhibited by the dye-sensitized Bi€im.
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Fig. 5: FTIR pattern of as-synthesized TiO, powder
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Fig. 6: FT-IR pattern of as-synthesized TiO, Thin film

2126
Scholars Research Library



J. Merline Shyla et al Arch. Appl. Sci. Res., 2012, 4 (5):2122-2132

40 -

35 |

w
=1
1

Absorbance

| \
20+ ~

] v L v ¥ v L] M 1
200 400 600 800 1000
Wavelength(nm)
Fig. 7: UV-Visible spectrum of as-synthesized TiO, powder
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Fig. 8: UV-Visible spectrum of Lawsone dye powder
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Fig. 9: UV-Visible spectrum of L awsone dye-sensitized TiO, powder
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Fig. 10: UV-Visible spectrum of as-synthesized TiO, thin films

L

-]

Abs
o

200 400 600 800 1000
Wavelength (nm)

Fig. 11: UV-Visible spectrum of Lawsone dye-sensitized TiO, thin films

The variation of dark and photo (UV and Vis) contiltity of as-synthesized TiDthin film with applied electric
field is shown in Fig. 12. The plots indicate linéacrease of current with increase in applieddfigi the dark,
visible light illuminated and UV light illuminatedamplesdepicting the ohmic nature of the contacts [18, Z0k
low values of dark current and an insignificaners photo current upon visible light illuminatiane as expected.
Owing to the wide band gap of TiQt is capable of absorbing light below wavelemsgtti 400 nm only. This is the
reason for the insignificant rise in photocurrepbn illumination with visible light using 100V Hajen lamp [19,
21]. However it is observed that whtde sample is illuminated with UV lamp whose wawgih is below 400 nm,
there is considerable increase in the photocurfidns. is the direct consequence of the capabifityi®, sample to
absorb UV light.

The Fig. 13 exhibits the field dependent dark ahdtpcurrent plots for Lawsone dye-sensitized 5Tikin films.
The plots indicate linear increase of current i dlark and visible light illuminated samples. Thisra significant
rise of photocurrent over the dark current whengample is illuminated with visible light. The emlcament of
photocurrent is attributed to the presence of Lamsdye which improves the spectral response of, TiCthe
visible region. For example, for a fixed applieeldi of 1500 V/cm, the photo current value of astisgsized TiQis
0.1517uA whereas the photo current of Lawsone dye-semsitiiO, is 1.2245uA. The onset of a charge transfer
process where in the photon absorbed by a dye mlelgives rise to electron injection into the coctiten band of
the TiG, semiconductor is responsible for the increasehotgrurrent. The Lawsone dye has thus made thg TiO
photosensitive to visible range of light.

Temperature dependent conductivity studies perfdromethe samples reveal the variation in activagioargy upon
dye sensitization. The temperature was variederrdéimge 303 K to 423 K for@nstant applied field of 600 V/cm.
The variation of current with temperature for asthgsized Ti@ and Lawsone dye-sensitized pi@e shown in
Fig. 14 and Fig. 15 respectively. The plots indicttte exponential behavior of temperature dependement
confirming the semi conducting nature of the saspleraps which are present in the samples maylled ty
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excitation at low temperature and may be emptiedalsing the temperature upon thermal activatid?i.[RJpon
thermal activation the mobility of charge carri@msreases, it is possible that they adopt a hoppieghanism to
cross the potential barrier and hence produce eeldacurrent [15, 19].
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Fig. 12: Field dependent conductivity of as-synthesized TiO, thin films
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Fig. 13: Field dependent conductivity of L awsone dye-sensitized TiO; thin films
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Fig. 14: Temperature dependent dark conductivity of as-synthesized TiO, thin films at constant E = 600 V/cm
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Fig. 15: Temperature dependent dark conductivity of L awsone dye-sensitized TiO; thin film at constant E = 600 V/cm

The In (1) versus 1/KT plots for as-synthesized JJé@d Lawsone dye-sensitized Ti@re shown in Fig. 16 and Fig.
17 respectively. The activation energy of as-sysitteal TiQ and Lawsone dye-sensitized Dihin films was
calculated and tabulated in Table 2. On analysisias found that the activation energy vaesreases upon dye-
sensitization of Ti@Q The decrease in activation energy could be catedlto the observed increase in current with

increasing dye concentration [23].

Table 2: Activation energy of as-synthesized TiO, and L awsone dye-sensitized TiO; thin films

Sample Activation Energy (eV
As-synthesized Ti@ 0.843
Dye-sensitized Ti@ 0.801
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Fig. 16 In (1) vs /KT of as-synthesized TiO; thin films at constant E = 600 V/cm
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Fig. 17: In (1) vs 1/KT of Lawsone dye-sensitized TiO, at constant E=600V/cm

Fig. 18: SEM images of as-synthesized TiO, thin films sintered at 450°C

Surface morphology of as-synthesized JFikin films was investigated using Scanning Electiicroscope (SEM).
Fig. 18 shows the SEM images of as-synthesized i@ films. It could be observed from the micrqgna that the
film was highly mesoporous in nature and contaipedicles of uniform size in aggregated clustensscsiing of
many nanoparticles. The mesopores that are presghe sample surface would increase the dye ati@omgnto it,

which in turn would enhance its photosensitivitystdar radiation [18].

CONCLUSION

TiO, thin films were coated by spin coating method gsii{OH), as precursor. The precursor was prepared by sol-
gel synthesis. Ti@thin films thus prepared were dye- sensitized gidiawsone dye extracted from the plant
Lawsonia Inermis. The UV-Vis spectrum of Ti@Lawsone composite showed a boarder absorption pedke
range 500 to 700 nm. Similarly the Lawsone dye-isieed films also exhibited broad peak within the same range.
The XRD studies confirmed that the compound syiitkeeswas TiQ. It also confirmed the formation of anatase
phase of Ti@ The FT-IR spectra of as-synthesized Jiwder and as-synthesized Fifin films indicate the
occurrence of strong Ti=O vibrations around 687-cfie field dependent conductivity of Lawsone dyesitéred
TiO, showed a significant rise of photocurrent overdhek current when the sample was illuminated wittible
light which could be attributed to the enhanced tpfresponse of Ti@thin film upon dye-sensitization. The
temperature dependent conductivity of as-synthdsii®, thin film and Lawsone dye-sensitized Lilddicated the
exponential behavior of temperature dependent suoc@nfirming the semi conducting nature of the gas From

in (1) vs. 1/kit plots for as-synthesized Ti@nd Lawsone dye-sensitized Bi@hin films, it was found that the
activation energy decreases upon dye sensitizatfomiO, which could be further correlated to the increased
conductivity in the case of dye-sensitized Ti@ is found that the mesoporous nature of the filims could
enhance dye-absorption onto its surface. Thuspithgent investigation suggests that Lawsone dysitszad TiQ
thin film emerges as a photoconductor as well gsa candidate for harvesting solar light for camsion of solar
cell.
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