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ABSTRACT

Anatase phase of Titanium dioxide nanoparticle©fTips) was prepared by new route using ultrasoursiséed
sol-gel method with operating conditions (40 kHz0Q 3V). The crystal phase, morphology, surface atieasmal
properties, and optical properties of THDpswere characterized by X-ray diffraction (XRB},IR spectroscopy,
Raman spectroscopy, scanning electron microscopijStransmission electron microscopy (TEM), atofisice
microscopy (AFM), BET & BJH surface analysis, thegmavimetric analysis (TGA), and UV-Vis absorption
spectroscopy. The synthesized nanoparticles hasepuees-micropores surface with pure anatase phasesmall
crystal size (approximately 11nm).The sphericalpghaf TiQ-npscan be examined through the SEM, TEM, and
AFM images. The synthesized Tips have highly thermal stability (mass les8 until 542°C), the surface area
and band gab values of Ti@ps were calculated to be64.04%/gnand 3.2 eV respectively.
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INTRODUCTION

Titanium dioxide is one of the most important sesniductors have a wide range of applications like,
superhydrophilic coatings, solar cell and sonogatslor photocatalysis for water purification[1/hong different
types of photocatalysts, Tias unique properties such as, photoactivitystasi to chemical corrosion, resistant
to poisoning, and deactivation [4-6]. TMdth nanostructures show a remarkable physiochdnpcaperties,
significantly different from bulky structure, likarge specific surface area, extremely small sizpasticles, and
guantum size effect [7]. Recently, there’s a comsille interest in the synthesis of titanium diexithnoparticles
with pure anatase phase[8]. As reported, the amatagse is the more favorable structure than tbeptlymorphs
(rutile, and brookite) due to its high photoact\i®,10].

Various methods have been used to synthesis nado3it, such as sol-gel, hydrothermal, solvothermal, and
sonochemical [11-14]. The sol-gel method is the tnfiasious and flexible route for the production ahn metal
oxide via inorganic precursor (i.e.TiElor organometallic precursor (i.e. Ti(O-alky]15,16]. Additionally, the
particle size and shape of nanoparticles can bensixtely varied in a controlled manner by selectiiféerent sol-
gel process parameters, including pH nature, anidmnatio of water/alkoxide, type of additives, atid solvent
nature [17,18]. In spite of a simplicity of sol-gelchnique, some drawback limit its performanc@amoparticles
synthesis such as spontaneous aggregation of primarticles, and small surface area of synthesized
TiOznanoparticles [19]. In addition, one of the chaggstic property of titanium dioxide its ability sggregate into
large particle size via chemical bounds [20].Ulnasd is the most effective method for preventingragation and
powerful tool for dispersing of particles in hetgemeous systems [21].The extreme conditions dwargcation

620



Saja S. Al-Taweel and Haider R. Saud J. Chem. Pharm. Res., 2016, 8(2):620-626

process lead to highly mixing, the particles sizsdaid present in sonochemical reactor decreasdketlaa reactive
surface area becomes greeter [22]. There is twasalhic Effects on synthesis of nanomaterials dedy the
ultrasonic effect on nucleation and growth of sqlatticles that generated from liquid phase [28Y ahe effect of
ultrasonic on synthesis involving dissolution-regipéation process [24].

In this work we investigate a new route to synthespure anatase Ti@anoparticlesfrom suitable precursor
titanium tetraisopropoxide. The synthesis was peréal under ultrasound irradiation at low tempemturhe
choice of ultrasound assisted sol-gel as a metbodsynthesis of Ti@ nanoparticles is motivated by both size
reduction of particles and production purely anafBi©, phase.

EXPERIMENTAL SECTION

Materials

Isopropyl alcohol ((CH),CHOH, 99.5%), hydrochloric acid (HCI, 37%), were¢hased from BDH. Titanium (V)
isopropoxide (Ti[OCH(CH),]4, 97%) was purchased from Sigma-Aldrich. All cheascwere used without further
purification.

Synthesis of anatase TiO, nanoparticles

10 mLof the Titanium isopropoxide (TTIP) as a pmscu was mixed with 40 mL isopropyl alcohol andrstil for
30 min. Then 10 mL of a mixture (1:1) of deionizedter and isopropyl alcohol was added drop wisety the
TTIP mixture to form colloidal solution under vigars stirrer. The pH of the obtained colloidal siantwas
adjusted to 3 and irradiated by ultrasound usirtgagbnic water bath (Hwasin Technology Powersofls, &orea,
40 kHz, 350 W) for 30 min. the colloidal solutiorasvdried in an oven at 110°C for 3 h, and the abthixerogel
was calcinated at 450C° for 3h.

Characterization of TiO, nanoparticles

The crystalline phase of titania nanoparticlesghips) was characterized by XRD using (BrukerAXS ®&mb
Germany/D2 Phaser) with CyKadiation (0.15040nm), the XRD pattern was recarffem 20 to 70°. Raman
spectra of Ti@-nps was performed using Brucker micro-Raman (semt&ermany) with wavelength of irradiation
785nm.To determine the functional groups of JiNR(Shimadzu FTIR 8400s, Japan) analysis was dotiei
range 4000-400 chusing KBr disc. Scanning electron microscope (SEilgsis was carried out onTi@ps by
KYKY (EM3200, China) electron microscope with aaeiting voltage of 25kV.The morphology of Li@ps was
observed by Transmission electron microscope imstni(Philips,CM-200,Netherlands) with acceleratindtage
of 200kVand using Field Emission Gun (FEG). Thegtmess of surface was obtained using angstrom AFRM-
AA3000, USA). The surface area measurements anel giameter were obtained with Quantachrome Instnisne
(Nova 2200e, USA). The thermal stability of Li®ps was performed using thermogravimetric Netzschlyzer
(TG 209 F1, Germany) in the temperature range 8€4%89.2°C. UV-Vis spectrophotometer (UV-1800, Sadnu,
Japan) was utilized to record the spectra of pexp@iO,-npsin range from 300 to 600 nm.

RESULTS AND DISCUSSION

Fig.1 shows the XRD pattern of Ti@ps. All diffraction peaks were well indexed torely anatase phase according
to standard JCPDS card No. 21-1272. No charadtepstks were detected for rutile phase, brooMitesp, or any
impurities. The crystalline size and the averagdiga size (D) of TiQ-npswas estimated from the width of
diffraction peak at 25.4° using Debye-Scherrer &§qnd15]:

D= kA @)
pcosd

Where k is the shape factor (0.9%)is the wavelength of X-ray irradiation (0.15040em€uk,), B is full width at
half maximum (FWHM)$ is the Bragg’s diffraction angle at maximum peak.

The Raman spectrum (Fig. 2) of self-synthesized, Ti@hoparticles shows anatase bands 144, 194, 397533,
639 cm" without any band for rutile or brookite phase. ek located at 639 CJn'(Eg) for Ti-O stretching mode,
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the peak at 517 c'r1n(A1g +B,y) refer to Ti-O stretching mode, and the peak apgkat 397 cm (Eg) assigned to
the O-Ti-O bending mode [25].
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Fig. 1. X-ray diffraction (XRD) pattern of synthesized TiO,-nps
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Fig. 2. Raman spectrum of anatase titania

The FTIR spectrum of TiOnanoparticles was shown in Fig. 3. The broad lw@miered at 500-600 chis assigned
to the bending vibration (Ti-O-Ti) bonds in the Tifattice. The broad band centered at3600-3400 assigned to
the intermolecular interaction of hydroxyl group feater molecule with Ti@surface. The peak at 1650 ¢refer
to characteristic bending vibration of -OH group].2

The surface morphology of prepared Tid@pswas characterized by SEM analysis as shownidn 4 The
synthesized particles havea spherical shape witld glispersion. Less agglomeration of nanopartiglas also
appeared, this may be due to aggregation of prinfa@, particles at high calcination temperature which is
necessary to accelerate the crystal growth ofititardioxide. [27]
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Fig.3. FTIR spectrum of TiOx-nps
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Fig. 4. SEM image of TiQpowder

Fig. 5. TEM typical image of TiO,-nps
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The crystalline, particles size and the distributadTiO,-npswas shown in TEM image (Fig. 5).TEM image shows
the spherical shape with different particle sizee ggregation was shown in TEM image due to thiering of
crystals which is formed through the calcinaticepstThe small particle size is approximately eqadll+ 5 nm.

The surface morphology of Tghpswas also examined by AFM. Fig.6 shows the 3Rgenof TiQ-npsusing
tapping mode. The AFM image shows high uniformritistion of particles with spherical shape. Thatistical
roughness analysis (CSPM) shows that the obtaimeghness average is 0.422nm, root mean squarerressg)is
0.513nm, surface skewness is - 0.0806, and theculfurtosis is equal to 2.47.The AFM results shioat the
surface of TiQis bumpy and the valleys are more than the pebksréace [28].

Fig. 6.AFM-3D image of TiO-nps

The specific surface area of Ti@psthat calculated from multi-point BET plot is .641nf/g. The
adsorption/desorption isotherms of titania nanaglad and the pore size distributions (inset) wasas in Fig.7.
The isotherms show the type IV curve with a H1 égesis loop (0.4<P/P0.95), this mean that the surface includes
a geometrical cylindrical pore with a high degrégaore size uniformity. The result indicated thatface has two
different type of pores, mesopores (diameter 2-50m micropores (diameter <2) [29].
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Fig. 7.The nitrogen adsorption/desorption isothermsnd the pore size distribution (inset) of TiG-nps
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Thermal behavior of synthesized Bi@anoparticles was analyzed through TGA and DTQyaisa From Fig. 8,
TGA of TiO, was found to have a 0.00 weight loss in range 4%0°642 °C. This may be due to the very high
thermal stability and highly purity of TiOnanoparticles without any organic or water thayrha attach on the
surface of the sample. The significantly weighsl¢®.1%) was observed at 558C°, the rate of weagstincreased
after 560C° until the last degree measured 69¢ tdatal weight loss of TiPnanopatrticles after completely TGA
analysis was (3.44%).
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Fig. 8. TG and DTG curves of titania hanoparticles

UV-Vis absorbance spectrum of Ti@ shown in Fig.9. The synthesized Fi€hows a strong absorption in UV
region. The absorbance on set value for,M@s estimated by extrapolating the absorbance, &dgas found to be
388 nm. The band gab of synthesized ;€& be calculated by Tauc’s plot which is expressefibllows [30]:

(ahw)’" =Cx(tv - E)) @)

Where a is the absorption coefficient, h is Planck’'s canstv is frequency = c/A, ¢ light speed) is the
wavelength). n= %2, and 2 for direct and indirediag bandgab, respectively. C is proportionalionstant, and &
is bandgab. The band gab of synthesized, id@hoparticles was equal to 3.2 eV.
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Fig. 9. UV-Vis absorbance spectrum and Tauc’s pldinset) of TiO, nanoparticles
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CONCLUSION

A new route of sol gel method is performed for bgsis pure anatase Ti@anoparticles with high quality
production. The synthesis conditions was carrigdusing ultrasound through sol-gel technique at temperature

and acidic media. This procedure is mild, time sgyand produce pure anatase phase of Wit low particle size

and less aggregation.
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