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Abstract

Titanium oxide thin films have been deposited binsmating technique and then have been
analyzed in order to study structural, microstreadtuoptical and electrical properties In
particular their spectrophotometric and condudtiniieasurements have been performed in order
to determine the optical and electrical propertiesitanium oxide thin films. The structure and
the morphology of such material have been invesiydby SEM, high resolution electron
microscopy and small area electron diffraction, AFM
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Introduction

In recent years, applications of semiconductor metade nanoparticles are getting more
extensive covering different fields such as optdetmics, catalysis, medicine, and sensor
devices. Besides, the quantum size effects, thenpsters such as structure; size, shape, and
elemental composition are considered to be highigortant for promising applications of the
nanomaterials. Among the metal oxide nanostructur&3, has extensively been explored for
several technological applications such as caglgsis sensing, cancer treatment, dye-sensitized
solar cells and photonic crystal [1-3]. Such agtians of titania have been found to depend
strongly on the crystalline structure, morphologyd particle size [4, 5]. On the other hand, the
theoretical study and experimental results havevahiihat the photocatalytic and photovoltaic
properties of TiQ nanoparticles with two different polymorphic pheiganatase and rutile) are
better than pure anatase titanium nanoparticle$ZpMixed-phase Ti@ material has recently
been fabricated by chemical and physical methodsjuding a sol-gel, hydrothermal,
solvothermal, and reactive DC magnetron sputtenmegghod, and has demonstrated excellent
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photocatalytic activities [13—15]. As usual, theeparation of titanium nanomaterial with two
different polymorphs by sol-gel method needs tstatlize the as-prepared titanium hydroxide
at high temperature>f0°C). This heat treatment leads to change in thetalliys size as well
as morphology of the sol—gel derived titanium oXt, 17].Therefore; the preparation of mixed
phase titanium oxide at lower temperature will I3eful both in saving energy and in getting
better properties. There is no study, known towlsch attempted to prepare Ti®iphase by
sol-gel method at lower temperatugesQFC).

This paper reports on the investigation of thecstmal, microstructural, optical and electrical
properties of nanocrystalline TiOnix phase (Anatase and Rutile) films prepared dlygsl
method deposited by spin coating.

Materials and Methods

Experimental

The preparation of Ti@nanoparticles by sol-gel method has been carngdnoseveral steps
and it needs to mix two different solutions. Théa® solutions are called as precursor and
hydrolysis solutions. In our procedure, the presursolution is a mixture of 5 ml titanium
isopropoxide, TTIP (97%, and supplied by Aldriche@hcal) and 20 ml Methanol (99%,
supplied by Merck). The hydrolysis solution is axtare of distilled water and methanol. In
order to control the sol—gel reactions (hydrolyamnsl condensation), different molar ratios of
water—methanol have been used as hydrolysis sofutithe pH of hydrolysis solution must be
adjusted by HN®@acid. Here, we have to emphasize that the preparat these two solutions is
very important and the final results depend higitythe preparation conditions of these starting
materials. The gel preparation process was stavtexh the precursor and hydrolysis solutions
were mixed together under vigorous stirring al@O0After mixing for several minutes, the
stirring rate was reduced in order to minimize egagon of the titanium oxide particles during
the sol—gel reactions. The prepared titanium hyideowas then washed with methanol, dried for
several hours at 180, and annealed at different temperatures (408&0f@®r 1 h. Powder X-
ray diffraction (Philips PW-3710, Holland) instruntenvas used for crystal phase identification
and estimation of the average crystallite size. (Th@ 1) peak of anatase has been considered for
crystallite size estimation. High resolution Tramssion electron microscopy (HRTEM) and
small area electron diffraction (SAED) were obtaie order to investigate the morphology and
structure of titanium oxide thin films. The image®re taken with a Hitachi Model H-800
transmission electron microscope. In order to deitez the particle size and morphology of
nanopowder, the calcined samples were dispersditiled water and sonicated ultrasonically
by using a Cole-Parmer 8851 apparatus, to separ#tandividual particles. The size and
morphology of the powder were then observed onigghXL 30 scanning electron microscope
(SEM). Roughness of the film was determined from Atomic force microscopy (AFM) using
(Digital Instruments) Nanoscope llla. Room tempe optical measurements were carried out
with a double beam UV-VIS-NIR spectrophotometerngsiunpolarized light at normal
incidence. An integrating sphere was used for cedlece measurements. The resistivity,
mobility and carrier concentration of the films wefurthermore determined by Hall-effect
measurements carried out by the four-point dc MarR&uw method [18] in a Biorad system.
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Results and Discussion

Structural properties

Fig. 1 shows the X-ray diffraction (XRD) pattern D, thin film annealed at 78T for 30 min,

it is seen that the elaborated Fithin layer has a nanocrystalline structure antai$ been
observed in two phases, the anatase phase (A)ioghwle preferential orientation of crystallites
is along the [101] direction, and the apparitioraof peaks of rutile phase (R) is &t=2 27.60,
36.18, 39.12.

According to Sabataitytey et al. [19], whom usetigad method and spray pyrolysis technique
for the layer deposition, the obtained structurarstase at 58G. On the other hand, spin

coating [19] technique leads to the formation of #onnections of Ti-O-Ti anatase after
annealing at 45C; and the rutile crystalline structure was obednafter annealing at

temperatures higher than a0
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Fig. 1. X-ray diffraction (XRD) pattern of TiO ,thin film annealed at 700C
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Fig. 2 shows the surface morphology of the Ji@noparticle film, annealed at ?@0for 30
min, has been studied by scanning electron micmps¢SEM). It is clearly observed from the
micrograph that the nanoparticles are fine wittaa@rage grain size of about 60 nm.

1 BEEE SUK-FPHY

Fig.2. Surface morphology of TiQ nanoparticle film annealed at 708C

Microstructural properties

Figure 3 (a) show high resolution image of titamioxide thin film annealed at 780, recorded
from typical regions of films. HRTEM shows a largamber of crystalline grains appear in a
structured matrix and the grains have a diameténerrange 2—3 nm and show lattice spacings
of about 0.35 nm. Figure 3(b) shows the diffractmatterns obtained from the titanium oxide
film annealed at 70C. The different arrangement of dominant diffractieqys indicates a phase
evolution of crystalline grains as a consequendéerimal annealing.

Fig. 3. (a) High resolution TEM image of titanium ide thin film annealed at 706C
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Fig.3. (b) Diffraction patterns recorded on titanium oxide film annealed at 708C

Table | depicts the interplanar spacings determiinech diffraction pattern together with the
corresponding ones of TyQutile and anatase phases reported in the literdtwm comparison. It
is evident that the film consists of grains havbgh the interplanar spacings of i@ the
anatase and rutile structural modifications.

Table I: Interplanar spacings deduced from electrordiffraction patterns reported in Fig.
3(b) together with the corresponding ones obtaineffom literature data. Numbers in
brackets (n) represent the labels of reflections idiffraction patterns

Interplanar determined spacings Interplanar spacings
in this work on titanium oxide reported in literatute
films
(n) d(nm) Rutile Anatase
d (nm)-hkl d (nm)- hkl
(1) 0.3551 0.35126---101
0.3242 0.3246---110
0.25130---101
(2) 0.2371 0.23775---004
0.2187----111
(3) 0.1894 0.18900---200
(4) 0.1665 0.16690---105
0.16643---211
0.14754---204

Joint commission Powder Diffraction File No. (217228 21-1276)
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AFM (tapping mode) was used to record the topograghthe TiQ. In this mode, the probe
cantilever is oscillated at or near its resonaegdiency. The surface morphologies of the
TiO2NPs exhibit notable features. Figures 5 showA M images (20um x 20um) of the
TiO-NPs films. The average surface roughnesses andtpgsak height values are 16, 19 nm
for TIO,NPs. The average patrticle sizes of F&0e found to be in the range of 100 + 50 nm.

130nm

.00nm

Fig. 4. 3D AFM image of the TIQNPs film
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Fig.5. Transmission and Reflection spectra of Ti@thin film at 700°C
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Optical properties

The analysis of optical transmission spectra isafrtbe most productive tools for understanding
and developing the band structure and energy bapd g of crystalline structure. Figure 5
shows typical transmission and reflection specttitanium oxide thin films annealed at 760.
The transmittivity of as deposited thin films keemmstant in the investigated range 200-800
nm. A spectrum shows an abrupt decrease in traesmigat high energies indicates the onset of
interband absorption.

Taking into account multiple internal reflectionsdaneglecting effects of the quartz substrate,
the optical absorption coefficientis given by the following equation [20] as a fuaontof the
transmittivity T and reflectivity R:

1} [(1-R)3 ""{1—111}2"\*2 1z
a= ( 3 In 57 + (T +R?| |,

where d is the sample thickness The optical bapdcga be determined from the analysis of the
spectral behavior near the fundamental absorptdge:eFigure 6 shows the variation of the
optical absorption coefficient as a function ofident photon energy of titanium oxide thin film
annealed at 70tC . In this case the absorption coefficierdan be written as [21]

ahv=B(hv—E_)".
£ — @)

whereEg is the optical band gap corresponding to transiti@hcated by the value of. The
factor B depends on the transition probability and can kertaconstant within the investigated
optical frequency range. L&t= ahv andY’ be the first derivative oY with respect to photon
energy, from Eq. (2) one obtains

Y'Y '=(hv—E_)/m.
g - e ©)

Y andY’ are determined from experimental dateand Eg represent the slope and the intercept
of the linear ploty/Y’ versush v. Figure 7 shows the plot dfY’ as a function of photon energies
of titanium oxide thin films annealed at 78D A linear region corresponding to allowed direct
transition is evident. From the data of Fig. 7 ob&ainsm=1/2 and an energy gd&y =3.24 eV.
Our experimental results agree with the ones refart the literature. [22, 23].
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Fig. 6. Variation of the optical absorption coeffitent as a function of incident
photon energy of titanium oxide thin film anneaéd at 706C
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Fig.7. Plot of Y/Y’ as a function of photon energies of titanium ogie thin films
annealed at 708C

Electrical properties
With regard to the electrical properties of titaniuwxide thin films, Table | reports the
experimental data for the electrical resistiyitythe carrier density and the Hall mobility p of
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titanium oxide thin fims annealed at 786G at room temperature . It is worth stressing that
titanium oxide thin films annealed at 768G is n-type semiconductors with a free electron
density of about 7.7x1®cm?.

Table II: Electrical resistivity p, carrier density n and Hall mobility p measured at room
temperature for as deposited and annealed titaniunoxide thin films

Sample p (Qcm) u (cnf V*sh n (cm-)
SGP700 1.4 x 10" 5.92 7.7 x 16°
Conclusion

In summary, TiQ thin films have been deposited on a glass/quantstsate by sol-gel process
and spin -coating method and X—ray diffraction shdhat it is a nanocrystalline structure. The
surface morphology (SEM) of the TiQilm showed that the nanoparticles are fine with a
average grain size of about 60 nm. HRTEM showsgelaumber of crystalline grains appear in
a structured matrix and the grains have a diametdre range 2—-3 nm with lattice spacings of
about 0.35 nm. From electron diffraction pattearmsievident that the film consists of grains
having both the interplanar spacings of 7i® the anatase and rutile structural modifications
AFM image showed that the average particle sizes of, Bf2 in the range of 100 £ 50 nm. An
optical transmittance and reflection spectrum shawsbrupt decrease in transmission at high
energies indicates the onset of inter band absorpfThe electrical study reveled that the
titanium oxide thin films annealed at P@Dis n-type semiconductors with a free electronsitgn
of about 7.7x18 cm®,
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