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Abstract: Titanium dioxide (TiQ) nanocrystals were synthesized by simple sol-gethod at room
temperature. Titanium iso prophoxide and absoltiiar®m| were used as precursors to prepare th&lselpH

of the solution was adjusted by adding nitric aeid sodium hydroxide solution. The prepared ;TiO
nanocrystals are annealed at 525°C. The effecHafmpthe surface morphology, structural propertgt photo
catalytic activity of TiQ nanocrystals was analyzed and it was comparedogittimercial TiQ nanocrystals.
Key words: TiO,nanocrystals, sol-gel method, pH value, surfacepimapgy, photo catalytic activity.

1. Introduction

Nowadays the degradation of dissolved organic camgs in water using photocatalysis has attracted
much attention because it is easy to handle, inestpe, stable and effective method [1-3]. Among\vh&gous
metal oxide semiconductors available, Titanium @lex(TiO,) has received prime importance due to its
chemical stability and adoptable electronic strigtlow cost, environmental friendliness and optiand gap
[2,4,5]. On excitation, electrons are promoted #&mluce and oxidize many species adsorbed on the
semiconductor particles and induces the oxidatiestrdction of organics up to their mineralizati@9].
However, this process has limited surface area thighdeclined efficiency of photocatalytic reactmmpared
to using TiQ powder in aqueous suspension. Therefore, syntbéstse TiQ nanocrystals as thin film with
larger surface area and a better structure is astegyfor its practical. The photocatalytic perfarmoe of TiQ
mainly depends on the preparation method. Amongattalable methods, doctor blade method is ondef t
attractive method [6]. This process offers manyaatizges like, excellent control of the stoichiomesf
precursor solutions, ease of compositional modifics, customizable microstructure, requires reddgi low
annealing temperatures and ease of introducingusifunctional groups. In recent years most ofrésearch
is focused to improve the photocatalytic propestyarying the surface morphology of the materianthil et
al [7] have prepared and reported anatase, Ti@hocrystalline films using sol-gel spin coatingtihod for
different concentrations of ethanol and acetic .a8itt up to this there is no reports related tortiie of pH on
the surface morphology, structural property andigloatalytic applications. In the present work toke of pH
on the surface morphology and photocatalytic agtief TiO, nanocrystals has been studied in detail. The
Methylene Blue (MB) degradation by commercial Ti@nocrystals and synthesized Ti@nocrystals in UV
radiation is taken in to account.
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2. Experimental

Titanium iso propoxide (Alfa Aaser 99.9%) is usedtitanium precursor; the matrix sol was prepared
by mixing titanium iso propoxide (2 ml) with 10 rabsolute ethanol (Hayman 99.9%) and dilute nitcid at
room temperature. The molar ratio of the titanigm propoxide and ethanol is 1:5 respectively. dlagid and
sodium hydroxide are used to change the pH of thatisn. The TiQ nanocrystals were synthesized using
different pH conditions (2.6, 7 and 10.6) as regdriby one of our earlier work [8]. The TiGhin films for
photo catalytic applications was prepared as dasdrin one of our earlier works [9]. The structysedperties
of the prepared Tighanocrystals have been studied by using X-rayatiftmeter (PANalytical) with a copper
Ka (L =1.5406A) radiation. The surface morphology aratifees of the nanocrystal are examined by scanning
electron microscopy (Hitachi S-500). Optical ch&edzation of the prepared nanocrystals has beeiedaut
by using UV-VIS—-NIR spectrophotometer (Jasco V-570)

3. Resultsand Discussion

X-ray diffraction (XRD) pattern has been applied itwestigate the phase of the prepared ,TiO
nanocrystals. The X-ray diffraction patterns of Ti@anocrystals prepared using different pH valued an
annealed at 525°C is shown in Fig. 1. Typical peakXRD pattern are observed af 2alues of 25.28°,
37.90°, 47.97°, 53.89°, 55.29°, and 62.61° whiah @ssigned to (101), (004), (200), (105), (211) ¢za#)
planes of anatase TiCand are good agreement with JCPDS data (84-1285)1lt should be noted that for all
the three pH values, the intensity of the diffraictpeaks has been observed to increase with imcafasH
values. This is due to the improvement in the aliise nature of the prepared Ti@anocrystals with increase
of pH values. The patrticle size is calculated gstcherer’s formula [9] and the calculated values18, 20
and 22 nm for pH=2.6, 7 and 10.6 respectivelyldady shows that the particle size increases imithease of
pH values.

Figure 2 shows the SEM image of Li@anocrystals prepared using different pH valuesarmealed
at 525°C. The SEM images clearly show that the cystals are more in dispersed phase and veryrigbg
aggregation at lower pH. The size of the Ji@nocrystal increases with increase of pH valmesisin good
agreement with the XRD results. The crystallizatgmowth usually increases with increase of anngalin
temperature. It is clearly seen from the figure tha nanocrystals prepared at pH=10.6 and annealg?5°C
significantly affects the surface morphology.

Figure 3 shows the absorption spectra of ;Ti@nocrystals prepared using different pH valua$ an
annealed at 525°C. For a particular annealing teayee (525°C), the absorption edge of the UV-Vis
absorption spectra is found to red shifted (towéodger wavelength) with increase of pH valuessTikidue to
the fact that increase of pH values varies thengsaie and the amount of light absorbed on theasarfBy the
extrapolation of the absorption edge onto the s-#xe band gap of the samples have been calcidatéthe
calculated values are 3.609, 3.536 and 3.035 eyHi»2.6, 7 and 10.6 respectively. The estimatedeshre
in agreement with the reported values [10]. Itlsady observed that the band gap value decreadbstive
increase of pH values. Methylene blue is one ofhdmardous organic dyes which exist in the wasteand
causes serious environmental problems [11]. Wethisedye as model sample to evaluate the photdytata
activity of the synthesized TiOnanocrystals. The photo catalytic experiments veargied on the catalysts
sample with definite dye concentration (10 ppmyuré 4 depicts the absorbance spectra of the tyfiica
dependent UV-Vis spectra of methylene blue dyendupihoto irradiation with nanocrystalline Ti@in films
prepared at pH=10.6. The rate of decolourizatios veeorded with respect to the change in the irten$
absorption peak in visible region. The promineatlpis observed atn.x of 615.50 nm which decreased
gradually with increase of irradiation time fromhtur to 3 hour and the percentage of degradatioD)%as
calculated. Figure 5 shows the effect of irradiatimne of the catalyst on the decolourization otimgéene blue.

It can be observed that the initial slopes of tinees representing rate of decolourization incregseatly with
increasing irradiation time. The degradation of mgktne blue by the thin film prepared using comriadisc
available TiQ nanocrystal after three hours is 30%. This poorat#gfion of methylene blue by the film is due
to positive surface charge on the T&0rface. The positive charge on the J$0rface does not pay attention to
attract the methylene blue molecule since it imt@onic dye [12]. The degradation of methylene Hbyethe
TiO, nanocrystals synthesized at pH=10.6 is 50%. Thig Ibeadue to the negative surface charge on the TiO
surface these charge readily attract the methysereemolecule and degrade it. This result revéasthe TiQ
nanocrystals synthesized at higher pH encourage dexolourization.
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Figure.l X-ray diffraction patterns of Ti©Onanocrystals prepared at different pH values

Figure. 2 SEM images of Ti@nanocrystals prepared at different pH values
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Figure 3. Absorption spectra of Ti{hanocrystals prepared at different pH values
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Figure 4. The time dependent UV-Vis absorption spectra ahyiene blue subjected to Ti@anocrystals
prepared at pH = 10.6
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Figure 5. Photocatalytic decolorization of methylene bluadsnction of irradiation time

4. Conclusion

TiO, nanocrystals were synthesized from sol-gel mettdtree different pH values (pH values=2.6,7
& 10.6). The prepared Tinanocrystals were annealed at 525°C. The X-rdyadifon results show that the
pH of the precursor solution affect the particleesof the TiQnanocrystals. Tignanocrystals prepared at pH=
10.6 shows the minimum band gap value of 3.51 é\é degradation of methylene blue by the synthesized
TiO,nanocrystal is greater than that of the commeycaithilable TiQ nanocrystals.
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