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ABSTRACT

Titanium dioxide (TiO,) nano particles are successfully synthesized by the green synthesis with simple solvothermal
method using a domestic microwave oven, for the first time, the prepared samples were annealed at 400 °C for 3 hr
to improve the ordering. Grain sizes and nano particles structure are confirmed by carrying out X-ray powder
diffraction measurements. The photoconductivity measurement exhibits the positive photoconductive nature of the
systems studied. AC and DC electrical measurements are done on pelletised samples at various temperatures
ranging from 308 K- 368 K. The electrical parameters increase with the increase in temperature. Results of the
present study reveal that the space charge contribution plays a significant role in the charge transport process and
polarizability in the nano particles studied. The present study indicates the possible occurrence of nano-confined
statesin the TiO, nano particles studied.

INTRODUCTION

The nano structured metal oxides have receive@asing consideration due to their unique physindl @hemical
properties and in particular, the functional metaides have emerged as strong candidates for yadft
applications [1]. Among them, enormous efforts h&veen devoted to the research of Titanium dioxiTi©)
material, which has led to many promising applmadi such as dye sensitized solar cells, photoys#alself-
cleaning material, photonic crystals, gas sensiagicgs, and biomaterials [2-7]. Titanium dioxideid@J) is
considered very close to an ideal semiconductopfmtocatalysis because of its high stability, lovet and safety
toward both humans and the environment. Howevestqguiic or photoelectrochemical applications of Ti@ing
solar light are generally hampered by the wide-gapdsemiconductor (3.2 eV) that allows only forse of approx.
7% of the solar light. Therefore, a large body edaarch works target band-gap engineering of, TiQorder to
access also the visible light range, in particédamphotocatalytic applications [8]. Synthesis a0 nanostructures
may be achieved by various routes including sol+gethods, template-assisted methods, hydro/solkotde
approaches, and by electrochemical methods. Adgestaf these methods manifest themselves througghupt
quality, environmentally acceptable processing #mel manipulation of process conditions to controbdoict
characteristics. Significantly, Solvothermal treatmis useful because it can control the grain, dtze particle
morphology, the crystalline phases, and the surfdeamistry by regulating the sol composition, tleaation
temperature, pressures, solvents, additives, aimp agne [9-11]. Recently, an eco friendly green diated
synthesis method of nano material is a fast growespearch in the limb of nanotechnology. The bitsgsis
method employing plant extracts have drawn attenéie a simple and viable alternative to chemicatgdures
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physical methods [12]. Therefore, it is necessargdopt proficient modified methods to enhancepthetocatalytic
performance of Tig In the present work, Tinanoparticle have been prepared by using some grgehesis with
simple solvothermal methods and characterize thpgred samples, for the first time. There is n@nteavailable
on the electrical properties of Ti@ano particles.

MATERIALSAND METHODS

2.1 Preparation of plant extracts
Fresh plant leaves ofnisomeles Malabarica were collected from Thirumalai Engineering Collegampus,
Kilambi, Kancheepuram .The collected plant leaveden experimentation were washed thrice with tapewand
double distilled water and kept in the room temperafor air dry. After drying the known amountle&f samples
were grained into fine powder.

2.2 Preparation |eaves extract Anisomeles Malabarica
The powderednisomeles malabarica leaves(3g) were dissolved in distilled water (25 ml) wéathanol (25 ml) and
stirred magnetically at room temperature for 1rut then filtered.

2.3 Green synthesis of TiO, nano Particle

Analytical Reagent (AR) grade titanium tetra isq@wide (TTIP) and urea in 1:3 molecular ratio waged and
dissolved in mixed solvent of ethanol and wated)lwith continuous stirring at 30 mints until homogeuns

solutions were obtainedlhen the finely leaf extract cdnisomeles malabarica (25ml) was added t@recursor
solutions and kept in a domestic microwave ove#5 ZHz microwave irradiation was carried out tiletsolvent
was evaporated completely. The semi-colloidal ipiete formed was cooled and washed several timés

distilled water and then with acetone to removediganic impurities present, if any. The samples ween dried in
open atmosphere and collected as yield. Findily,resulting fine powder was annealed at ZD@one for 2 hr to
improve the ordering. Characterization studies weasele on the annealed samples. The mass of theginodno
particles was measured accurately and used forestimation of yield percentage. The yield percgatavas
obtained by using the relation

Mass of the product
Yield percentage = x 100.
Sum of the masses of the reactants

The reactions were found to be within 14 min arghhi yielding.

3. Characterization

The X-ray diffraction analysis was done using RIGHIFER with monochromatic nickel filtered Cuk=1.5461

A) radiation to identify the structural and phasenposition. The grain sizes were determined bygutie Scherrer
formula [13]. The TiQ nano particles were pelletised using a hydraulgsg (with a pressure of about 4 tons) and
used for the electrical measurements. The flatased of the cylindrical pellet were coated with gjapiality
graphite to obtain a good conductive surface lagetraveling microscope (Least count = 0.001 cmpwaed to
measure the dimensions of the pellets. The diétenieasurements were carried out for the pelleti@f, nano
particles at different temperatures in the presamdy using the conventional parallel plate capacitethod using
HIOKI 3532-50 LCR HITESTER instrument from 50 Hz%oMHz at different temperatures (308 K- 368 K)eTh
measurements of dark current and photo current med®e using a picoammeter (Keithley 485).

RESULTSAND DISCUSSION

The samples prepared in the present study arellmiwggh green in colour. The yield percentage anairgsize
obtained in the present study are provided in tlabld.1l. Moreover, the yield percentage is obsenwede
significantly high and the results obtained indéc#ttat the microwave assisted solvothermal methibd green
synthesis is a considerable one for the preparafidmO, nano particles.

The powder XRD pattern of the green synthesizeti®f nanoparticles are shown in Fig. 1. The peak mostand
their relative intensities in sample are consisteittt the standard powder diffraction pattern o®JiThe peaks are
observed in the diffractrogram around?@t= 24.95, 37.44, 47.70, 53.60 and 62.41 corresponding plandg 0 1)
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(112)(200) (1 05)and (2 0 dgspectively. TheseBvalues could be well indexed to anatase with getnal
crystal structure (JCPDS no. 21-1272). The prodaspure in phases with the calculated latticest@ons, a = b =
3.77 A and ¢ = 9.53 A. These parameters are in gmpdement with the values given in literature [TPhe
presence of sharp diffraction peaks in the XRD rord that the products are highly crystalline. Theadening of
the peaks was attributed to the nanoscale sizeeohanocrystals. Using half maxima width and thetfm of the
diffraction peaks, the grain size of Ti@anoparticles can be precisely estimated fronptiveder XRD spectrum.
The size of crystallite Ti@ nanoparticle samples was calculated using the ®&&ugoherrer formula [13]. The
broadening of Ti@peaks is due to the small particle size. The aljt& size of the TiQnanoparticle calculated by
applying the Scherrarequation yielded a value of about 18 nm.

Table. 1. Reaction time, yield per centage, and grain size

Sample Name TiO,
Reaction Time (mir 16
Yield Percentage %| 35
Grain Size (nm) 18.6
300
250 4
200 +
=
8
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£ 1004
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Fig. 1. The PXRD pattern for TiOznano particles

The frequency variation studies are carried oututalerstand the electrical homogeneity of the mealtdoy
identifying the relaxation mechanism as well asrhture of electrical conduction. These studies Aklp to find
out the dielectric parameters of the material. &itic properties are associated with electro-optaperty of the
materials. Microelectronics industry needs low eliglic constante() materials as an interlayer dielectric [15-16].
The electrical parameters, vigy, €, tard andag,. observed in the present study are shown in Fig<.2 Thee,
values obtained for the Tp(g2.702 for Hz) are very small when compared td thserved for bulk crystals of the
same (8.325 for Hz) [17]. Thgvalue observed in the present study (at 308 K wiffrequency of 1 kHz) is only
13.028 which is high when compared to that repdicedhe bulk crystal.
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Fig. 2. Variation of dielectric constant with log frequency at different temperaturesfor TiO, nano particles (pelletised)
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Fig. 3. Variation of dielectriclosswith log frequency at different temperaturesfor TiO, nano particles (pelletised)
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Fig. 4. Temperature dependence of dielectric constant for TiO, nano particles (pelletised)
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Fig. 5. Temperature dependence of dielectricloss for TiO, nano particles (pelletised)

In semiconductors a fundamental optical absorpficocess may occur if the photon energy is largan tthe
bandgap thus creating an electron and a hole. élaitron hole (e-h) pair can move independentlgra another
resulting in electrical conductivity. The separatiof the electron and the hole usually is largeughoso that there
is no coulombic attraction between them. Suchrijesan of non-interacting electrons and holes esponds to the
so called single particle presentation. If the apson occurs at point (k = 0) and with a photorergy slightly
below the bandgap, electrons and holes do intefactoulomb potential and form quasiparticle thatresponds to
a hydrogen-like bound state of an e-h pair whiateferred to as an exciton.
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The binding energy of the exciton is strongly iefticed by the presence of other electrons in thé wablich screen

the hole. In a continuum approximation the scregrian be described by the dielectric constanhefrhaterial.

The binding energies of the exciton are generadiysmall (large excitonic radius), i.e. they aretbe scale of a
few meV [18]. The excitonic states in solids axpeximentally observable only at low temperaturesanise of the
dissociation of the exciton into free carriers bg tivailable thermal energy at room temperatureoitrast, in case
of molecules the e-h pair is localized at the malecesulting in a strong coulomb interaction. Thigre is very
little screening which leads to a strong excitaisorption.

It is seen from the plot that the dielectric consthas high values in the low frequency regions tfa@ TiO,
nanoparticles and then it decreases with incredsaggiency. In high frequency region both dielectonstant and
dielectric loss are fairly remaining constant. Tigh dielectric constant at low frequency is du¢hte existence of
different types of polarization mechanisms likeclenic, ionic, orientation and space-charge poédion [19-21].
At lower frequencies at which all four types of gdtations contribute, the rapid increase in dieleconstant is
mainly due to space charge and dipolar polarizatiamich are strongly temperature dependent [22183he case
of space charge polarizations, which is due to mcdation of charge at the grain boundary, an irseem
polarization results as more and more charges adetenat the grain boundary with the increase mperature.
From the Figs. 2 -5, it is found that the valuegliglectric constant and dielectric loss increa#é the increase in
temperature and decrease with the increase of drexyu This may be due to the term contributing iededtric
constant from ion—dipole interactions being compteds by the thermal energy leading to the relaratio
polarization. The low value observed fpiindicates that the polarization mechanism in theacrystals considered
is mainly due to the space charge polarization. Buthe application of an electric field, the spaterges are
moved and dipole moments are created which areccat space-charge polarization. In addition ts, tthiese
dipole moments are rotated by the field appliediltesy in rotation polarization which is also cdbtrting to the
high values. At high frequencies, the very low eattic loss exhibited may be associated to thetywrdi the
nanomaterial. So, it can be understood that theeens the occurrence of nano-confined states itdbe of TiQ
nanocrystals considered in the present study wimal substantially contribute to the electrical mtigs. Thus,
the space charge contribution plays an importalet iro charge transport process and polarizabitityhie case of
TiO, nanocrystals considered in the present studygéneral trend is that dielectric losses increaske intreasing
temperatures as shown in Figs. 4-5. To clearlyes#édtout this semi-conduction behavior which appedéth
increasing processing temperatures.

The electrical resistivity of nanocrystalline maaeéris higher than that of both conventional coaggained
polycrystalline material and alloys. The magnitadelectrical resistivity and hence the conducyivit composites
can be changed by altering the size of the elatlyiconducting component. The hopping (exchandeh® charge
carriers in the lattice sites (which is responsifide electrical conduction) is thermally activateg increasing
temperature. As a result, dielectric polarizatinaoréases causing an increase in dielectric conataohtdielectric
loss. Electrical conductivity depends on thermahtment of materials. The electrical conductiomiilectrics is
mainly a defect controlled process in the low terapge region. The presence of impurities and wveiean
predominantly determine this region. The energydedeto form the defect is much larger than the ggheeeded
for its drift. Theo, values in the temperature region studied are fdaridcrease with increase in temperature for
TiO, nano particles as shown in Figs. 6-7. Byeando,. values observed in the present study are veryl il
the resistivities are very large). When the ciy@fgain) size is smaller than the electron mease fpath, grain
boundary scattering dominates and hence electragsibtivity is increased. From the graph, the vabfieac
activation energy for ionic migration was estimatexl shown in Fig. 8. The variation d€ conductivity with
temperature is shown in Fig. 9. From the graphs ibbserved that conductivity increases as the ¢eatpre
increases. Thdc activation energy is found to be 0.0437 eV (Fi@). This indicates that Tihanocrystals may be
considered as a low value dielectric material which is gaining morepimntance nowadays in the microelectronics
industry.
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Fig. 6. Theac electrical conductivitiesfor TiO, nano particles (pelletised)
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Fig. 7. Plot of In(0ac) versus 1000/T for TiO, nano particles (pelletised)
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Fig. 8. Freguency dependence of ac activation energy for TiO2 nano particles (pelletised)
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Fig. 10. Plot of In(0qc) versus 1000/T for TiO, nano particles (pelletised)

The dark current as well as the photocurrent measeints on the prepared sample was recorded udfmittdey
480 picoammeter. The applied field was varied fad86-3500 V/cm. The sample was covered with a blackhdot
avoid exposure to any radiation and the correspandalues of the dark current were noted. To meathe photo
current, the sample was illuminated with a halogenp (100W) containing iodine vapour by focusingpet of
light on the sample with the help of a convex Iefise applied field was increased from £3800 V/cm and the
corresponding photo current was recorded.

The photo current and dark current are plotted fametion of the applied field which is shown irgFiL1. Both the
photocurrent and dark current of Ti@ano particles increase linearly with applieddielt is observed from the plot
that the dark current is less than the photo ctrteence it is concluded that Ti®ano particle exhibits positive
photo conducting nature. The centers are probadtiprt (i.e Ti) vacancies and are thus negativeyrgbd even
after capturing holes. They may be a very smalssrection for capturing electron and lifetime bbfp excited
electrons is essentially the same order as thathimmrelease of holes from the trapping centerg Ti©, nano
particle is found to be very photosensitive becanggen anions equally share with Ti vacanciesiafidence the
band gap energy.

In general positive photoconductivity is attributedgeneration of mobile charge carriers causethbyabsorption
of photons [24]. Photoconductivity results if thifeet of light is primarily either to increase tliensity of free
carriers or if the effect of light is to decreake tesistance of barriers in the material. Theoaatif light in this case
is to decrease the height of the barrier, thus fiténgy greater charge carrier flow between différeggions of the
photoconductor [25]. Results obtained in the prestuidy indicate the photo current is higher thiaat tof dark
current it is referred to as positive photoconduitgti
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Fig. 11. Field dependent photoconductivity of TiO, nano particles (pelletised)
CONCLUSION

The TiOG, nano particles were synthesized via a convenieatonvave assisted solvothermal with green synthesis
method using domestic microwave oven and charaetriby PXRD, and electrical (both AC and DC)
measurements. The yield percentage and grain sfieated indicate that the method used in the ptegtady is a
reasonable one for the preparation of Ji@no particles. The positive photoconducting reatefr the sample is
confirmed by photoconductivity study. The dielectgarameters increase with the increase in temperalhe
ac/dc conductivity studies are carried out and the atithn energy is also determined. The present studigates
that the possible occurrence of nano-confined stathe TiQ nano particles studied. The low value of dielectric
constant at higher frequencies is important forféiication of materials for ferroelectric, phoimm@nd electronic
devices.
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