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Abstract

Titanium  dioxide (TiOz2)

synthesized by cost effective hydrothermal method.

nanopowder  was

The sample was subjected to X-ray diffraction
analysis (XRD) and the average crystallite size was
estimated from Debye Scherrer's formula and was
found to be 30nm. XRD pattern measures the micro
strain, bond length, volume, and dislocation density.
The instrumental broadening analysis reveals the
size and micro strain by Williamson-Hall Plot
method. The result revealed that the morphology
index is interrelated with particle size and specific

surface area.

XRD, Particle
Index, Specific Surface Area

Keywords: Size, Morphology

Introduction
TiO:2 is a most popular material with a large scale
production. Several articles are reporting that
anatase, brookite, and rutile are the most common
Each and every

attributes particular physical properties, band gap,

phases. crystalline structure
surface morphology and so on [1,2]. With the most
noteworthy refractive index, rutile phase is used in
artworks, paintings and inks [3].The Catalysis and
photo catalysis applications were effective in anatase
nanoparticles [4-6]. It is additionally considered as
the best contender for photovoltaic and electro
chromic devices [7]. Brookite has not been used in
the commercial product, but rather a dye sensitized
solar cell as of recently reported with empowering
out comes [8]. An essential effect on the surface

properties of particle size was investigated and

reported by a number of researchers [9-11]. It is for
the most part used as a photo-catalyst material on
account of its lesser monetary value and chemical
stability. It owns many applications in several
industries like aerospace, medicine, paint, and
cosmetics.

The present work is a report on synthesis of TiO2
nanoparticles by cost effective co precipitation method.
The synthesized material was investigated by
X-Ray diffraction (XRD) analysis. Particle size,
Microstrain, Dislocation density, Morphology index
and specific surface area were estimated from the

powder x-ray diffraction data.

Experimental
Synthesis of TiO2 nanoparticles
TiO2

hydrothermal method using 10 ml of titanium tetra

nanoparticles have been synthesized by
isopropoxide (TTIP) in a mixture of 50 ml ethanol
and 50 ml double distilled water. All procedures of
synthesis of TiO: nanoparticles were proclaimed in
this literature [12]. The final gel was dried at 80°C
for 4 hour. Finally, a white powder was conflagrated at
500°C and the activities of TiO: samples were
investigated.

The synthesized TiO: nanoparticles were subjected to
powder X-Ray diffraction analysis using JEOL JDX
Powder X-Ray diffractometer equipped with Cu-K*
radiation of wavelength (1)=1.5406 A and the data
were taken within the rangeof10° to 70° with the
step scan of 0.04.
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Results and Discussion

The XRD pattern Figure 1 affirms the presence of
TiO2 nanoparticles. The prominent peaks were
compared with JCPDS data (PDF No: 21-1272) and
the peaks obtained in the pattern coincides well with
the literature. The intensity of the peak is high and
the width of (101) plane at 26=25.313° becomes
narrow [13]. The sharpness of the peak uncovers that
the samples possess a good crystalline nature. The
strong diffraction peak around 25.313° and 48.089°
indicates TiO: is in anatase phase [14]. The spacious

diffraction peak is not found in the pattern.

35

30+

(101)

Intensity (a.u)

10 2.0 3'0 4.0 5'0 6.0 70
2theta (deg)

Figure 1. XRD Pattern of TiO2 Nanoparticles

Particle Size
Average crystallite size of TiO2 was estimated from
the Scherrer's equation as follows [20]

KA
Pcosb

where, D is the crystallite size, K is the Scherer
constant (0.89), A is the X-ray wavelength (1.54 nm),
the peak width of half maximum, and 0 is the Bragg

D=

diffraction angle. From the XRD result, grain sizes
were calculated by X-Ray line broadening method
using Scherrer equation and the plots were drawn
with 1/B on X-axis and cos0 along the Y-axis
as shown in Figure 2. By fitting the data, crystalline

size (D) was extracted from the slope.

Instrumental Broadening

At a point when the particle size is under 100 nm,
appreciable broadening will occur in x-ray
diffraction pattern because of particle size and strain.
The average particles size is evaluated by the
observed peak broadening. The total broadening of the
diffraction peak is because of the material and

instrument. The sample broadening is calculated by

KA .
FW (S)xcos =——+4x strainxsin @
size

The total broadening Pt equation is described by

2
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Figure 2. Scherrer Equation Plot of TiO2 Nanoparticles
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Figure 3. Typical Instrumental Broadening of TiO2

nanoparticles

where D is average particle size,€ is strain andf o is
instrumental broadening. The size and strain were
experimentally observed. The broadening of several
peaks was estimated using least squares method and
presented in Figure 3. When, particle size becomes

smaller, due to size effect, the peaks become broad
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and widths larger. The broadening of peak may
likewise happen because of micro strains of the
structure

crystal emerging from defects like

dislocation and twinning [16].
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Figure 4. Williamson Hall Plot - TiO2 Nanoparticles

Williamson and Hall proposed a method for
deconvoluting size and strain broadening by looking
at the peak width as a function of 20 which is called
as W-H method. The graph plotted is known as W-
H plot and it is shown in Figure 4. It is plotted with
sin O on the x-axis and B cos O on the y-axis (in
radians). A linear fit gives the y-intercept and
slope of which the particle size and strain are

estimated respectively.

XRD - Specific Surface Area

Specific surface area (SSA) is a material property. It
is an inferred scientific value that can be utilized to
determine the type and properties of a material. It
has a specific significance if there should arise an
occurrence of adsorption, heterogeneous catalysis

and responses on surfaces.

SA art
SSY =Pt
V xD

part ensity

where SSA is the SA per mass, SSA & S are the

specific surface area, Vpar is particle volume and

SApare is Surface Area of particle and density of TiO2

(4.23 g.cm3).
g 6x10°
D,xp

where S is the specific surface area, Dy is the size of the

particles, and p is the density of particle [17,18].

Dislocation Density
The dislocation density is the length of dislocation
lines per unit volume of the crystal [19]. A
dislocation is a crystallographic deformity, or
irregularity, within a crystal structure. The presence
of dislocation will change the properties of materials.
Scientifically, it is a kind of topological imperfection.
It increases with plastic deformation; an instrument
for the making of dislocations must be initiated in
the material. Dislocation has three mechanisms
which is homogeneous nucleation, grain boundary
initiation, and interface, the lattice and the surface.
It is well known that above a certain grain size limit
(730 nm).The material strength will increase with
decreasing grain size [20,21]. The X-ray diffraction
analysis has been used to evaluate the intrinsic stress
and dislocation density [22,23]. The dislocation
density (8) in the sample has been determined using
expressions.

-

where, o-dislocation density, B-diffraction

broadening - measured at half of its maximum
intensity (radian), O-diffraction angle (degree),

o- lattice constant (nm) and D-particle size (nm).
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Table 1. Cell Parameters estimated from X-ray

diffraction
. Mor
Dislocat hol » SA ¢
Dsize| ion | D 0| "¢ ssa °
densi ogy | earea| Vol
ensi -
nm 5 v inde | (nm)? me Ratio
X
1.96E | 2.593E+| 2.309| 1.211 | 1.239 | 5.237E
-08 15 4 E-15 | E+15 | +15
437E | 5.226E+| 1.250| 6.012 | 4.253 | 1.795E
-06 15 0 E-11 | E+19 | +20
1.58E | 3.991E+| 1.805| 7.836 | 5.223 | 2.302E
-08 15 0 E-16 | E+14 | +15
2.94FE | 1.157E+| 3.344| 2.712 | 1.824 | 7.775E
-08 15 4 E-15 | E+15 | +15
1.51E | 4.405E+| 1.658| 7.142 | 3.978 | 1.657E
-08 15 3 E-16 | E+14 | +15
1.77E | 3.182E+| 1.904| 9.815 | 4.871 | 2.063E
-08 15 7 E-16 | E+14 +15
1.7E- | 3.481E+| 1.811| 9.228 | 4.317 | 1.849E
08 15 5 E-16 | E+14 +15
3.02E | 1.096E+| 3.115| 2.577 | 1.244 | 5.245E
-08 15 2 E-15 | E+15 +15
2.07E| 2.328E+| 2.132| 1.924 | 5.797 | 2.452E
-08 15 6 E-15 | E+14 +15
1.26E | 2.779E+| 6.136| 1.986 | 4.749 | 2.023E
-08 14 9 E-14 | E+15 +16
3.05E | 1.077E+| 3.030| 2.605 | 1.153 | 4.889E
-08 15 3 E-15 | E+15 +15

It is observed from the tabulated details and from
Figure 5 dislocation density of the material is indirectly

proportional to particle size. It implies that the

prepared TiO:2 nanoparticles have more strength and

hardness than their bulk (TiO2) counterpart.
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Figure 5. Particle Size Vs Dislocation Density of TiO2

Nanoparticles

Morphology Index (MI)

The TiO2 nanopowder is broadly utilized in many
industries. Such uses are derived from its unique
structural, physical and chemical properties, which
are reflected by its surface properties, particle size,
and morphology. The specific surface area of TiO2
nanopowder depends on the interrelationships of
particle size and morphology. MI is ascertained from
FWHM of XRD, to investigate this relationship
based on the literature reported [24].

MI is obtained using equation,

FWHM,

MI =
FWHM, + FWHM ,

0.000004 4

cle size

0.000002 4

part

0.000000+
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Figure 6. MI Vs Particle Size of TiO2 Nanoparticles
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where, MI is morphology index, FWHM: highest
FWHM value obtained from peaks and FWHM; is
particular peak’s FWHM for which MI is to be
calculated. MI TiO:

nanopowder is from 1.8 to 6.1 and the details are

range of experimental

presented in Tablel.
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Figure 7. MI Vs Specific Surface Area of TiO2

Nanoparticles

It is correlated with the particle size (range from 15
to 45 nm) and specific surface area (range from 11.3
to 57.9 m?g!). It is observed that MI is directly
proportional to particle size and inversely
proportional to the specific surface area with a small
deviation. The results are shown in Figure 6 & 7.
Linear fit in the figures demonstrates the deviations
and relationships between them. The observed
results of MI affirm the uniformity and fineness of

the synthesized nanoparticles.

Conclusion

TiO2 nanoparticles were synthesized employing a
flexible, non-toxic and bio-safe approach, at room
temperature. This method is a single source, catalyst
free, simple, conservative and environmentally benign
which will make it suitable for various applications.

XRD investigations have affirmed that the synthesized

particles are tetragonal anatase phase TiO2 and their
nano size. The different characters like Instrumental
broadening, specific surface area, dislocation density
and morphology index were investigated by using
XRD analysis.
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