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ABSTRACT

In this paper, we report the comparison between TiO, hanoparticles prepared via two different routes; i) via sol-gel
route and ii) by hydrothermal method. It was found that when prepared under the same ambient conditions viz
temperature, pressure etc. and keeping all the parameters same viz precursors, mole ratio, solvent etc; the
nanoparticles prepared via sol-gel route were highly crystalline and had smaller crystallite size (~ 7 nm) as
compared to the one prepared by hydrothermal method (~ 17 nm). The crystallinity and the crystallite size were
examined by XRD and TEM. The band gap values of the TiO, nanoparticles were calculated to be 3.54 and 3.43 eV.
Photoluminescence (PL) was also recorded for the two types of particles and results have been analyzed.
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INTRODUCTION

In the recent years, scaling optical and electrpniperties of nanomaterials, which become strosgly dependant
focused attention on the preparation of nanoparsemi-conductors [1]. TiOs the promising material as semi-
conductor having high photochemical stability aonds Icost. Well-dispersed titania nanoparticles wigry fine
sizes are promising in many applications such gsipints, adsorbents and catalytic supports [2-4&lrmost all of
these cases, when the particle size is reducedhgreapecially to several nanometer scales, duthé¢olarge
surface-to-volume ratio, some novel optical prdpsrtan be expected [5]. It is not surprising; ¢fere, that much
research has been focused upon the reduction @tlpasize. It was usually found that different tesi often
produce different results [6-8]. So it is necesstmy us to investigate in detail the methods whiohy have
important effect upon the particle size.

In the present work, we have synthesized,fi@nopatrticles via two different routes (sol-gelteoand hydrothermal
method) and tried to analyze the two on the bakitheir crystallinity, crystallite size, band gapdastructural
properties. X-ray diffraction (XRD) is used to aalate crystallite size. Transmission electron ngcaph (TEM)
and Scanning electron micrograph (SEM) images amvs to clearly see the particle size and graire siz
respectively.
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MATERIALSAND METHODS

Experimental Procedure

Sol-gel route
All the reagents used were of analytical grade aodfurther purification was done before use. Thegsbd

synthesized TiQwas obtained from Titanium (IV) isopropoxide (TTIRgs dissolved in absolute ethanol and
distilled water was added to the solution in teoha molar ratio of Ti: HO=1:4. Nitric acid was used to adjust the
pH and for restrain the hydrolysis process of Wlatfon. The solution was vigorously stirred for 8n in order to
form sols. After aging for 24 hrs, the sols weansformed into gels. In order to obtain nanopatsicthe gels were
dried under 1T for 2 hr to evaporate water and organic matéoiaghe maximum extent. Then the dry gel was
sintered at 451 for 2hrs were subsequently carried out to oldaisired TiQ nanocrystalline.

Hydrothermal method

Analytical grade titanium tetrachloride was adopasdhe source material and sodium hydroxide agnalizer. An
aqueous solution of titanium was obtained by miximg molar stoichiometric ratio of TTIP in 50 ml diktilled
water. The solution 2-3 mol of NaOH with stirringseveral minutes, resulting in a white colloidal. sThe final
volume was adjusted to 90 ml using distilled waldrerefore, 90ml sol was transferred to a 100 nilofielined
auto clave vessel. The sealed vessel was hea®RG for 12 hrs and the resultant precipitate wasddaie456C
for 2 hrs to obtain Ti@nanoparticles.

The XRD pattern of TiQ was obtained using a X-ray diffractometer Schinnadmdel: XRD 6000 with Cul
radiation in the range of 20-7(.=0.154nm). Transmission Electron Microscope (TEMi&s were carried out on
the sample using a model JEOL-2010 microscope avitaccelerating voltage of 100kV. The surface molqafies

of TiO, samples were studied using the Hitachi S-4500 r8ogrElectron Microscope (SEM). UV-Vis absorption
spectra TiQ were recorded using a Varian Cary 5E spectrophetenmat room temperature in the range of 200-
700nm.The photoluminescence (PL) spectra of ,TMdere recorded by the Perkin-Elmer lambda 900
spectrophotometer with a Xe lamp as the excitdigir source.
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Fig.1 (@) XRD pattern of TiO, hanoparticles synthesized via sol-gel route
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Fig.1 (b) XRD pattern of TiO, nanoparticles synthesized via hydrother mal method.
RESULTSAND DISCUSSION

The XRD patterns of the nanoparticles obtained diygsl route and hydrothermal method are shownign Ha)
and 1(b) respectively. The nanopatrticles synthddigeboth methods showed crystalline nature wilp@aks lying
at 2=25.25 (101), H=37.8 (004), B=47.9 (200), B=53.59 (105) and B=62.36 (204). The preferred
orientation corresponding to the plane (101) iseob=d in both the samples. All the peaks in the XRifierns can
be indexed as anatase phases of, Bl the diffraction data were in good agreemett MCPDS files # 21-1272
[9]. Crystallite size was obtained by Debye-Sch&sriarmula given by equation

D=KM (Bcod)

where D is the crystal sizg;is the wavelength of the X-ray radiation=0.15406 nm) for Cul§; K is usually taken
as 0.89; ang is the line width at half-maximum height [10]. Tbeystallite size obtained using this formula isri
for sol-gel derived particles and 17 nm in caskyafrothermal method derived patrticles.

TEM images of sol-gel derived nanopatrticles arenshim Fig. 2a. Clear spherical and non-homogenstustures
can be seen in the Fig. 2a having diameter ~ 9 Swtected area diffraction is shown in inset of Fig.which
clearly indicates that the TOnanoparticles are highly crystalline in nature.M'Emnage and selected area
diffraction pattern of the hydrothermal derived oparticles are shown in Fig. 2b respectively. Selkcarea
diffraction pattern of the nanoparticles indicatieat the TiQ nanoparticles prepared via hydrothermal method are
crystalline in nature. However, in this case ndrddtion rings are aligned as in the case of sbldgived
nanoparticles. No clear spherical structures caseles in the TEM image. Nanoparticles obtainediis tase are
adhering to one another. Agglomeration of nanoglagiis more in this case than the former one. &sh® seen
from the TEM image that the average particle size-i19 nm, which is in agreement with the crydwlisize
obtained from XRD.
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Fig.2 (b) TEM images of TiO, nanoparticles synthesized and hydrother mal method.

SEM images of the nanoparticles prepared via bahrautes are shown in Fig. 3. Fig. 3a shows thd Biage of
sol-gel derived nanopatrticles. Clear nanostructaegsbe seen having grain size of ~ 30 nm. Thealliys size as
observed from TEM in this case is ~ 8 nm. This shadWwat one grain in sol-gel derived nanoparticles i
approximately equal to three crystallites. So tlesar that the nanoparticles seen by SEM imagsisbaf a number
of crystallites which are seen by TEM image. SEMaga of nanoparticles prepared by hydrothermal ngetho
shown in Fig. 3b. Grain size in this case is ~ @@ Crystallite size as seen from TEM image is ~n&®in this
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case. This shows that one grain in hydrothermalveérmanoparticles consists of approximately fivgstallites.
XRD results are confirmed by the combined studthee SEM and TEM images.
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The optical absorbance coefficiemtof a semiconductor close to the band edge caxpegsed by the following
equation:

a =A(hv—Eg) "/ hu
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Wherea  is the absorption coefficientyis the absorption band gap, A is constant, n dé¢gpen the nature of the
transitions, n may have values Y2, 2, 3/2 and 3esponding to allowed direct, allowed indirect, fdden direct

and forbidden indirect transitions respectivelythis case n=1/2 for direct allowed transition [1Lhe absorption
spectra of TiQ nanoparticles are shown in Fig.4 (a). The absamgieand edges were estimated around 351 and 362
nm (about 3.54 and 3.43eV). The band gap energybeadetermined by extrapolation to the zero coieffits,
which is calculated from the above equation. Theriept of the tangent to the plothu)?versus b (Fig.4b) gives

a good approximation of the band gap energy fardiect band gap material.
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Fig.4 (a) UV-vis absorption spectra of TiO, nanoparticles via different method.
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Fig.4 (b) Band gap obtained by extrapolating thelinear portion of the (Ahu)?versus hu curve

The band gap energies (Eg) of as-prepared medoparticles (3.54 and 3.43eV) which are largantthe value of
3.2 eV for the bulk Ti@ This can be explained because the band gap afetméconductors has been found to be
particle size dependent [12]. The band gap inceeadéh decreasing particle size and the absormige is shifted
to a higher energy (blue shift) with decreasingtipker size. Considering the blue shift of the alption position
from the bulk TiQ, the absorption onset of the present samples eas&igned to the direct transition of electrons
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in the TiG, nanocrystals. The band gap values validates oystallite size results according to which smaller
crystallite size should have larger band gap (7 34 eV for sol-gel derived nanoparticles) andidacrystallite
size should have smaller band gap (17 nm, 3.43eWyfdrothermal derived nanoparticles).
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Fig.5 Photoluminescence of TiO, nanoparticles obtained via different method

Photoluminescence (PL) spectra of the nanopartmtéagined by both the processes are shown in Figh8 first
peak in PL spectra between 320-400 nm correspoodthe direct recombination between electrons in the
conduction band and holes in the valence band [Li&); nanoparticles prepared via sol-gel method show hig
luminescence than hydrothermal derived nanopastidibis could be due to the chemical instabilityszd during
the fabrication process. As can be seen from thegelctrum of sol-gel derived nanopatrticles, therisity peak is
observed at 354 nm. If we calculate the band gdyeviiom this wavelength, it comes out to be 3.5 &ke PL
intensity peak in case of hydrothermal derived panticles is observed at 359 nm. From this valwmdbgap
comes out to be 3.45 eV.

CONCLUSION

TiO, nanoparticles were prepared via sol-gel and hipdratal methods. The Thanoparticles prepared via sol-
gel route were highly crystalline and had smallgrstallite size (~ 7 nm) as compared to the ongamed by
hydrothermal method (~ 17 nm). The band gap ofsymhesized nanoparticles was found to be sizendigpe.
Photoluminescence (PL) study confirms the resudtained by XRD and TEM.
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