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ABSTRACT

TiO, nanoparaticles were prepared by acid modified sol-gel method by varying different mole % of Chromium and
characterized by various advanced techniques such as powder X-ray diffraction, SEM, FESEM, UV-vis, PL and
photovolatage current. Analytical results demonstrated that the pure TiO, and Cr-doped could inhibit the phase
transformation, increase the surface area and decrease the crystallite size. UV-vis DRS spectrum revealed that the
absorption was improved in both the ultra -violet and visible areas. Under simulated solar illumination, a short
circuit current of 9.820mA and an open circuit voltage of 0.714V were attained, which were better than the
absorption of N719 dyes molecules with the photoanode materials.
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INTRODUCTION

TiO, has emerged as one of the most fascinating misténizhe modern era. It has succeeded in captutiag
attention of physical chemists, physicists, matestéentists, and engineers in exploring uniqueisentucting and
catalytic properties. Inertness to chemical envitent and long-term photostability have made ;Té@ important
component in many practical applications and in m@mtial products[1].DSSC usually consists of a dgiserbed
nanocrystalline Ti@ film on a fluorine-doped tin oxide (FTO) substraten iodide/iodine redox electrolyte and
discontinuous platinum nanoparticles on a FTO satest In dye-sensitized solar cell, among the tlinggortant
components, inorganic oxide film should be firstnsidered. This is because photovoltaic performatepends
significantly on kind of inorganic material, morphgy of nanoparticles, band gap and inorganic oXitta
porosity. Among the several candidates for photdanmaterials, Ti® has been usually adapted as adequate
material for DSSC since it has demonstrated bafbiqmeance compared to other oxide materials [2].

However, there are limitations, such as the widedgap and charge recombination between the &i€trode and
the electrolyte. Doping with the proper kind of adeibn could reduce the charge recombination andonathe
band gap of TiQ thus broadening the width of absorption underighth Then, the additional absorbed solar
energy could increase the efficiency of the so#disc Transition metals such as Cr, Mn, V, Fe, have hessd to
improve the photoresponse of Lif3-13]. Among these, Cr seems to be one of the mashising dopant in TiQ
as it shifts the optical absorption spectrum towahe visible range and improves the photocurrensity of TiQ.
However, an excess of chromium leads to the recoation of charge carriers. Thanks to different cofoom dye
molecules and nano-sized inorganic oxide thin fitmlorful and transparent appearance is possibleD®BSC.
Energy payback time of DSSC is analyzed to be alesast than 0.8 year [14], while that of the muitstalline

303
Scholars Research Library



M. Geethaet al Arch. Phy. Res,, 2012, 3 (4):303-308

silicon solar cell is about 3-4 years [15]. Thidizates that DSSC is expected to be a promisiray sell for highly
cost effective solar power system.

In the present work highly pure and stable anafaseloped titanium dioxide nanopowders have beepgred by
means of acid modified sol gel method. The developgnthesis technique were avoids the use of hamard
chemical compounds with large homogeneous condentraand under stoichiometry control [16-20]. The
synthesized powders were structurally, morpholdbiGnd optically characterized and its photovatproperties
were studied.

MATERIALS AND METHODS

Experimental details

Synthesis and Characterization of titanium nanopatricles

The Cr-TiQ nanopowders were prepared by means of acid mddifi-gel method. All the reagents used in the
synthesis experiments were purchased from comnhesmisces and used without further purificationeTdopant
starting materials were chromium nitrate (Cr@®H,0,Himedia). A titanium isopropoxide solution@,s0,.Ti,
Aldrich) was used as the titanium source. Chromnitrate were dissolved in 60 mL of deionized waitroom
temperature, followed by adding 5 mL of glacialtacacid to obtain solution A. 14 mL titanium isopoxide was
dissolved in 40 mL of anhydrous ethanol with cons#irring to form solution B. Then, the solutiBnwas added
drop-wise into the solution A within 60 min undegarous stirring. Subsequently, the obtained so$ wirred
continuously for 2 h and aged for 48 h at room terapure. As-prepared Ti@els was dried for 10h at 8. The
obtained solids were ground and finally calcined%°C for 2 h (heating rate = %/min). The undoped TiQwas
prepared using the same method for comparativeopes

Crystallographic observations of the specimens weade using an X-ray diffractometer (Model 6000r%ddizu X-
ray diffractometer)with monochromatized Cul1.5406 A) radiation and measured under the camditof 40 kV
and 30 mA. The UV-vis spectra were recorded inrémge 200-800 nm odP338 uv-vis The morphology and size
were observed by field emission scanning electriecragraphs (Model: FEI QUANTA 200F). The photovaita
properties were measured with a computer-controliiggital source meter (Keithley, model 2400) under
illumination with a Newport solar simulator (AM1.500 mW/cr).

DSSC preparation

The TiG, and Cr—TiQ sols were individually mixed with ethanol, acetgletone, Triton-X and PEG-600 giving
different pastes. Each paste (pure Jp@aste and Cr-TiOpaste) was coated onto an FTO ((Flurine doped, ShD
Q/sq) substrate using a doctor blade, followed bndiat 450 °C for 30 min. In addition, the Cr-}ifaste was
also coated onto one of the sintered Jiins and calcined again under the heating cooulitiescribed above. To
control film thickness, we used 3M Scotch Magic &ap the doctor blade process, and it was fountttiekness
depended on how many folds of tape were used régplgc After the resultant films were cooled, thexere
immersed in a 0.5 mM ethanolic N719 solution fort4ind the dye adsorbed films (photoanodes) viesed with
absolute ethanol. Thermally treated platinum couriectrodes were applied to the photoanodes. rédex
electrolyte solution was introduced into the poronasocrystalline Ti@film by capillary action [21].

A digital multimeter (Keithley 2000) was utilizea tmeasure the open-circuit photovoltage and shartit
photocurrent of the DSSC. A solar stimulator with@ W halogen lamp and a light intensity of 100rolV/were
employed to illuminate the dye solar cells. In &iddi the power conversion efficiency of the solaill avas
determined by

B x100%
in (1)

In eg.(1) Vo |« Pin represent the open-circuit photovoltage, the stioctit photocurrent and the incident light
power respectively. Furthermore the fill factogisen by
FF - Vmax X J max
VOC X ‘]3:

_V xJ_ XxFF
/7_—

)

In eqg. (2)Vmax andl o represents the voltage and the current at thermarioutput power point respectively.
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RESULTS AND DISCUSSION

XRD analysis

The XRD patterns for the pure Tij@nd different concentration of chromium doped J@wders are shown in
Fig.1. In XRD patterns of pure and Cr-doped nantiges the peaks at 25.32, 37.80, 48.11, 54.02,8%2.72° are
assigned to the (101), (004), (200), (211) and ) 24thice planes, which are attributed to the sigmd the anatase
phase. There is no diffraction peaks in the XRBcs@, the doped elements diffuse in titania withigh degree
form. It can be calculated that the average crys¢akize of pure and Cr-doped were 8.62 nm, 8/mM5 &23nm,
7.21 nm respectively by Scherrer formula. Thesellte indicate doping Cr elements can significairtlyibit the
growth and increase the specific surface aredafii grains, which is supportive for the absomptid dyes in both
cases.
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Figure 1. XRD powder diffraction patterns for (a) Pure TiO,and Cr-TiO, nanopatrticles

FE-SEM analysis

Fig. 2 shows the FE-SEM images of the pure and dped TiQ nanoparticles. It has been observed that the
samples were almost the spherical particles. For ptania the surface with large agglorametesetptesented and
for Cr doped Ti@nanoparticles the surface is smoother and itsaitiysty is better with high porous nature.
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Figure 2. FE-SEM micrographs of the undoped(a) an€r-doped TiO, ((b)0.01, (¢)0.03, (d)0.05 mol%),
nanoparticles( === 500 nm)

UV-vis absorption spectra analysis
The UV-vis spectra of Cr-doped Ti®vith different concentration, together with pur#&3, are shown in Fig. 3.

The photoabsorption of Cr-doped i@ the visible-light region was stronger than tbapure TiQ. The visible-
light photoabsorption of Cr-doped Ti®@alcined at 450° C was the strongest. The eneagy(lg) is determined by
the formula [22], E= 1239.8/A, wherex(nm) is the wavelength of the absorption edge énsipectrum. The energy
gaps of TiQ doped with Cr-doped(0.01,0.03,0.05 mol %), showesstiy red shift and exhibits distinct synergistic

effects.

Absorbance (a.u)
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Figure 3. UV-visible spectra of pure TiO2 and Cr-TD,(0.01,0.03,0.05 mol %).

Table 1 Band gap and absorption edges of pure andadified TiO, nanopowders

Samples First First band gap Second Second band
absorption energy (eV) absorption | gap energy (eV)
edge (nm) edge (nm)

Pure — TiQ 398 3.2 - -
0.01 mol% Cr-TiQ 431 2.87 664 1.86
0.03 mol% Cr-TiQ 459 2.70 711 1.74
0.05 mol% Cr-TiQ 474 2.61 733 1.69
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PL spectra analysis

PL emission spectra have been extensively usobservethe effectiveness of charge carrier trapping, inmatign,
transfer and the chance of electturles in semiconductor particl[23]. Fig. 4 shows tt PL spectrum of pure TiO
and Cr doped Ti@and thecurve pattern of (-TiO, was similar to that of pure anatase , nanoparticles.
However, the PL intensity decreased significantithvincreasing chromium. The intensity in 0.05 #60CI-TiO,
was the smallest, which is most likely due to @nag playing the role of electronspturers, thereby depressithe
recombination process.
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Figure 4. PL spectra of(a) pure and (b) Cr-TiO,(0.01,0.03,0.05 mol%) nanopatrticle

Photovoltaic characterization of FTO based DSSC

Fig. 4 showghe photoelectric performance of the pure , and Cr-modified TiQelectrodes using N719 dye. T
photocurrent is increased significantly for all tl&SCs after the addition of Chromium. For the pure ,
electrode, thé/oc (0.681)and ff).601) are decreased seriously, However, for then@dified TiO, electrodes, the
conversion efficiency is improved fr02.33% to 5.02%.
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Figure 5. Solar energy conversion efficiency of the DSSQGeqpared by pure TiO, and Cr-TiO»
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Table 2 Photovoltaic parameters of DSSC with Chromim modified TiO,nanopowders

Solar cells Voo (V) | I (mA/cm?) | Fill Factor (FF) | Efficiency
(n in %)
Pure TiQ 0.681 | 5.710 0.601 2.33
Cr-TiO,(0.01 mol%)| 0.720 | 6.416 0.559 2.58
Cr-TiO,(0.03mol%) | 0.670 | 7.541 0.609 3.08
Cr-TiO,(0.05mol%) | 0.714 | 9.820 0.716 5.02
CONCLUSION

In summary, the present results demonstrate theowement in the photoelectric performance of DSSC b
introducing Chromium into the Tiphotoanode. With 0.05 mol% of Cr dopant in the J@ctrode, the light-to-
electric conversion efficiency of the DSSC reach®?2% under a simulated solar light irradiatiorl6®mwWcm?,
which is enhanced by a factor of 2.33 comparetiab af the DSSC without Cr doping. XRD results sagjghat the
amount of impurities added has a great effect erctistallinity and particle size of Tirhe UV-vis results shows
Cr doped titanium nanoparticles extends the abisorgidge to the visible light range (733 nm) andenthe red
shift more distinct.
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