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ABSTRACT

TiO, is the potential candidate as semiconductor begadists high photochemical stability and low cgsbperties
are size dependent and when the particle sizedisaed to the nano-meter scales it shows some posgérties. in
this paper we have prepared nanocrystalline sTiOwder using sol-gel technique. In this experinvemthave used
TiO, powder and acetic acid to prepare sol of Ji@dth DI water and gel was prepared using nitriddacThere are
many reports on nanocrystalline TiQising solutions of titanium isopropoxide, but heve are reporting the
formation of nanocrystalline TiOfrom the TiQ micro size powder reagent. The uniqueness ofrégert is the
synthesis of nanocrystalline Ti@owder by sol gel technique using micro size,TpOwder reagent as starting
material.
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INTRODUCTION

Tianium dioxide (TiQ) or known as titania has been reported widely itsr numerous applications from
optoelectronics to cosmetics [1-3]. BiMas excellent photocatalytic oxidative propertihat depend on the
crystallinity and crystal form [4]. Due to the pboatalytic activity, TiQ has been used in water and air pollution
treatments [5]. It also exhibits unique electrieald chemical properties that can be utilized inowes techno-
logical and engineering applications such as huggknsor, gas sensor and membrane [6,7]. In addiliiO, is
also proposed for solar cells and laser diodegddrigh refractive index and stability [8].

In view of the synthetic methods developed forpheparation of nanostructure TiGa wide variety of approaches
including flame synthesis, ultrasonic irradiatiashemical vapor deposition, sol-gel method has tespted.
Among them, Compared to other methods, sol-gekrutegarded as a good method to synthesis nkrafietallic
oxide and has been widely employed for preparitapitim dioxide (TiQ) particles [9, 10]. Sol-gel process is a
convenient and versatile method for preparing parent thin film at low temperature [11]. The sel-grocess
involved many complex processes for both chemiaodl structural nature. Before gel formation (polyination),
two stages are indentified: i) hydrolysis of thegamo-metallic group precursor, and ii) poly- corsiion. The
physical, chemical and mechanical properties arehntiependant on the properties of the precursatisol[12].

In the recent years, scaling optical and electrpniperties of nanomaterials, which become stroagly dependant
focused attention on the preparation of nanoparte@mi-conductors [13]. TiOis the promising material as
semiconductor having high photochemical stabilitgd éow cost. Well-dispersed titania hanoparticléthwery fine
sizes are promising in many applications such gments, adsorbents and catalytic supports [14ih5Imost all
of these cases, when the particle size is reduoegtly, especially to several nanometer scales,tdube large
surface-to-volume ratio, some novel optical prapsrtan be expected [16].
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MATERIALSAND METHODS

TiO, Powder 99.9% pure (Merck), Acetic acid, and HN@re used as the starting materials. First prapuate
amount of TiQ was added with Acetic acid under continuousistirrfor 45 minutes and then DI water was added
slowly drop wise with continuous stirring in a magjo stirrer for almost 1hour for the formationgafl., after that
0.1M HNO; was added to the sol and was subjected to contstirring for 6 hours at 200 and finally the gel
was prepared. The prepared gel was dried in albt# @t a temperature of 3Wfor 30 minutes. Then the powder
was grounded in an agate mortar for 2 hours for fiowder. Fine powder was calcined at a temperatiu®00C

for 3 hours in a programmable furnace. The calcip@dder was once again grounded using mortar asitiepend
was structurally characterized by an x-ray diffoaceter (Shimandzu-6100). The x-ray powder diffiaciprofiles

of the samples were recorded using graphite filt€®a Ko radiation from a highly stabilized and automatehyx
generator operated at 30kV and 20 mA. For this exm@t, 0.3divergence slit, 1mm receiving slit were used. The
step scan data of step size 020l step scan 0.6s were recorded for the ancaiger20-70

Theory:

The powder diffraction profile shape was fittedReeudo-Voigt usindgProFit software [17]. The softwarBroFit
was developed to study crystallite size, microega@nd other structural imperfections. The prdfiting program,
ProFit, has been used to decompose a powder diffractitterp into its constituent Bragg reflections buirig
analytical profile functions to obtain various paeters, which define the intensity, positions, dtband shape of
each reflection [18].

The ProFit mainly based on Pseudo-Voigt profile functi®¥ (x) which is defined as
PV(X)=1(x) = 15 [L(X) + G(X)] (€N

where functionXis the peak positiorL,(x) and G(x) are Lorentzian and Gaussian components respectiveim
above Eq. (1), the Lorentzian (Cauchy) componedefsied as

1
L(xX)= 2
(x) T14C, (=% )? ©)
1
with C, =7
Tw)’
and the Gaussian component is defined as
G(x)=(L-n)-exp[-Cs (x-X,)*] @3)
In2
with C, =7
(S

where X, is the peak positiong is the mixing parameter, \® and 2w are theFWHM's of L(X) and G(X),

respectively. In the Pseudo-Voigt functiopis the “mixing parameter”, which lies in the rarf@e <1, and
determines the shape of the profile, with pure htzian (Cauchy) and pure Gaussian as the limiteges. The
intensityl , of theky, peak of the X-ray powder diffraction pattern isegi by,

l,=SM, L, R|R[ 4)

Sis the scale factor (used to adjust the interwfitthe calculated pattern to fit the observed dad) multiplicity

of the ky, reflection, ka Lorentz-polarisation factorﬂ( effect of preferred orientatiori,:k structure factor ok,
reflection, The Lorentz-polarisation factorlgf reflection and can be calculated as

141
Pelagia Research Library



ManasR. Panigrahi et al Adv. Appl. Sci. Res., 2014, 5(3):140-145

_ 1 1+ cos 26, cos 26
P 2cosfsin’d  1+cos 20,

(®)

where@ is the Bragg angles for diffraction aftlis the monochromator angle. Again, the preferrédntation
(PO) correction factor can be calculated using Malistribution function [19, 20], and is defined as

P (@) =[r?cos’ g+ (sin® )/ r]*'? (6)

whereg is the acute angle between the scattering vectdrtla® normal to the nominated PO plane ands a
refinable parameter.

The calculated intensity{, ) at each pointi) in the pattern for a single phase

Yo =Yp + ZGik Iy (7)

Y,, is the intensity of the background at thgoint in the patternGik is the normalized peak profile functioh, is
the intensity of thek;, Bragg reflectionk;-k, are reflections contributing to point The peak profile (width and
shape) functiorGik , is modeled using Voigt-function as

C1/2
Gy = :

- H 72 Re[w (Clllzxik +iC3HLk] (8)
Gk

WhereC, =4In2, C, =27%? H_, is the FWHM of Gaussian componentd, , is the FWHM of Lorentzian
component, & is the complex error function and Re is the reartpX, = (26, —=260,)/ 5 and B (
=Hg, + H,) is the FWHM ofk;, Bragg reflection.

RESULTSAND DISCUSSION

The diffracted intensity is generally expressedtieé to the strongest peak in the diffraction gratt The intensity |
of a diffracted beam can be expressed in termstrofctsre factor, multiplicity, Lorentz—Polarisatiofactor,
absorption factor and temperature factor as,

I =|F|2mL — P A(6)e™*M (10)

where F is the structure factor, m is multiplicityP is Lorentz polarization factod,(6) is absorption factor and
e~?M is the temperature factor.

Addition of impure atoms to the parent materialsses the peak shifting due to stacking fault. Tkgression for
change imd,;,; due to stacking fault can be measured by notimgctiange i,,; and the wavelength by the
following equation,

A

dpig = 25inOnm (11)
Differentiatingd,,;; w.r.t.8,,, we can have,
Ad
A(Ze)hkl = —Zd_tanghkl (12)
hkl

where the symbols have their usual meaningss the change in plane spacing with respect tovitggn sample.

The termdA—d is the strain due to the substitution of dopara, (@g and Sr) ions.
hkl

142
Pelagia Research Library



ManasR. Panigrahi et al Adv. Appl. Sci. Res., 2014, 5(3):140-145

The term crystallite in crystallography usuallyaes to a coherently diffracting crystallite domaiie, the volume
from which all waves that are diffracted are in ghaThe dimensions of this domain may be smallem those of
grains or particles. Crystallite will be one factehich affects the repeatability and hence theabdity of results.
The crystallite size of the identified crystallippase is calculated using the corrected form of kredwn Scherrer
formula as[21]

KA
Dy =B coso (13)

wheref "= (B — b) is the FWHM (full width at half maximum); B is thkne width; b is the instrumental
broadening; K is the shape factor (=08)ijs the Bragg angle ardis the wave length of CKI,xl(zl.5406A°).

The XRD pattern of single phase anatase nanoatiipst TiO, is shown in Fig.1. The structure of the singlagh
anatase nanocrystalline Ti@ identified to be in tetragonal structure wigase group no. 141 and space group
141/a m d. The lattice parameters are found todbe®786 A and c=9.495 A with=p=y=90. Calculated density
of the material is estimated to be 3.90gm/cc witkt gell volume 136.10x1%0m3. All the planes are labelled and
identified. The crystallite size of the planes eafculated and presented in Table-1. Crystallite siaries between
17.3nmfor (01 1) at25.420) to 27.8 nm at 70. 2&20). The lattice strain is calculated to be 0.9385:t21(20)
and 0.223 at 70. 240). For all other planes the data are presenteabitetl. Using the wyckoff. positions of Ti and
O as 4b and 8e and introducing some initial imi@tion the structure of the material is obtainedrestioned
graphically in fig.2. One can clearly see theagtnal structure of the material. The generatedipos of different
atoms are obtained in the crystal co-ordinate fofiaand 8 O atoms and the Bond lengths between taem
represented in table-2. In the twelve quant theddength is between two Ti atoms and is maximurtheénmaterial,
where as in the eighteen and twenty four quanbthrel length between O and Ti atom is almost sameeher, a
small difference of the order of 0.0343 nm exist.
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Fig: 1 XRD spectrum of sol-gel derived nanocrystalline TiO, powder
Table-1: Microstructure of nanocrystalline TiO, powder
Angle(26) in . Crystallite .
S.No Degree FWHM | DinA | Int. Breadth RI Sizein nm Strain
1 25.2097 0.48 3.5298 0.64 100 17.3 0.9B36
2 27.3852 0.48 3.2541 0.64 1.44 17.4 0.859
3 36.8766 0.36 2.435% 0.48 3.89 23.9 0.471
4 37.7160 0.48 2.3832 0.64 14.72 17.9 0.613
5 38.5185 0.36 2.235% 0.48 5.29 24.0 0.4149
6 47.9738 0.48 1.8948 0.64 17.66 18.5 0.471
7 53.7937 0.48 1.7027 0.64 10.65 19.0 0.413
8 55.0016 0.48 1.6682 0.64 10.22 19.1 0.402
9 62.6233 0.36 1.4822 0.48 7.79 26.6 0.258
10 68.6950 0.48 1.3658 0.64 3.05 20.5 0.306
11 70.2434 0.36 1.3389 0.48 3.19 27.8 0.223
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Fig. 2 Simulated Structure of Nano TiO, Powder

Table-2 : Bond lengths between different atoms

S.No | Atom 1 | Atom 2 | Distancein nm | Quant
1 (0] Ti 1.9374 24
2 o Ti 1.9637 18
3 Ti Ti 3.0396 12

PowderCel 2.

Fig. 3 shows the variation of crystallite size im nwith respect to different planes, where as4igays about the
lattice strain of different planes. From fig.3 istseen that crystallite size of 100% RI( relatineense) peak is
smallest and is equal to 17.3 nm. It can alsoclea shat, the average crystallite size of the r#ties between 20
nm for lower reflection angle i.e. up t®=255 °, except at the overlapping reflections at=26.87 and 38.52

However, at the higher reflections the crystabitee increases relatively. As a matter of fabg higher reflections

are less informative and hence not much of impegan
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Fig. 3 Variation of crystallite sizeasfunction of diffraction angle

From Fig. 4 it is seen that, the lattice strainrdases gradually with increasing reflection antiles seen that the
lattice strain is always less than 1 irrespectif/¢he planes. This development of strain may be tduthe lattice
imperfection during the synthesis process and nfiglie been introduced at the grinding process dhattime of
nuclear division during sol-gel process.

Pelagia Research Library

144



ManasR. Panigrahi et al Adv. Appl. Sci. Res., 2014, 5(3):140-145

10— | I L attice strain

0.9—-
0.8—-
0.7
0.6—-

0.5

0.4 4
0.3 -
L T T T T T
40 50 60 70

20 30

Lattice strain

Diffraction Angle (degree)

Fig. 4 Variation of lattice strain asa function of diffraction angle
CONCLUSION

Starting with micro size Ti@powder reagent nanocrystalline single phase amdti®3 powder is synthesized, and
is different from the conventional sol-gel techréqThe crystallite size of the material is estirdafer different
planes along with their lattice strain. Lastly @sithe microstructural parameters and some basicrivdtion of the
nanocrystalline anatase Ti®tructure, one graphical visual structure is geteer which clearly shows the tetragonal
nature of the nanocrystalline anatase ;fpowder with different bond lengths and generatesitpns of different
atoms and their bond angles (nhot mentioned here).
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