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ABSTRACT
1DQRVL]HGWLWDQLXPGLR[LGH7L2SRZGHUZDVVXFFHVVIXOO\SUHSDUHGIURPLWVSUHFXUVRUWLWDQLXP ,9 FKORULGHE\D
VLPSOHDQGQHZZHWFKHPLFDOPHWKRG7L&OZHUHXVHGDVSUHFXUVRULQK\GURJHQSHUR[LGH+2DQGHWKDQRO7KLV
VROXWLRQZDVWKHQSHSWL]HGXVLQJQLWULFDFLGDQGKHDWHGXQGHUUHÀX[DW&7KHLUSK\VLFRFKHPLFDOSURSHUWLHV
ZHUH WKHQ FKDUDFWHUL]HG E\ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0  VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0  DQG
;5D\GLIIUDFWLRQ ;5' 7KH7(0UHVXOWVVKRZHGWKDWWKHVL]HRIDVV\QWKHVL]HG7L2QDQRSDUWLFOHVZHUHLQWKH
UDQJH RI  QP 7KH 6(0 LPDJHV VKRZHG WKDW WKH VL]H RI QDQRSDUWLFOHV LQFUHDVHG ZKHQ WKH QDQRSDUWLFOHV
SUHSDUHG LQ SUHVHQFH RI QLWULF DFLG 7KH 6(0 LPDJHV VKRZHG WKDW WKH TXDOLW\ RI DQQHDOHG 7L2 QDQRDSUWLFOHV
LQFUHDVHGZKHQWKHQDQRSDUWLFOHVV\QWKHVL]HGZLWKRXWQLWULFDFLG7KHFU\VWDOVWUXFWXUHRIWKHQDQRSDUWLFOHVEHIRUH
DQGDIWHUDQQHDOLQJZDVGRQHE\;5'DQDO\VLV,WZDVUHDOL]HGWKDWWKHUXWLOHSKDVHZDVIRUPHGDIWHUKHDWWUHDWPHQW
DW&;5'SDWWHUQDOVRVKRZHGWKDWWKHVL]HRIDQQHDOHG7L2QDQRSDUWLFOHVLQFUHDVHGIURPWRQPZKHQ
WKHQDQRSDUWLFOHVSUHSDUHGZLWKQLWULFDFLG
Keyword:7LWDQLXPGLR[LGH1DQRSDUWLFOHV&KHPLFDOV\QWKHVLV&U\VWDOVWUXFWXUH5XWLOHSKDVH$QDWDVHSKDVH
&KDUDFWHUL]DWLRQ

1. INTRODUCTION
1DQRFU\VWDOOLQH VHPLFRQGXFWRU 7L22 particles are of
interest due to their unique properties and several potential technological applications such as photocatalyVLVVHQVRUVVRODUFHOOVDQGPHPRU\GHYLFHV>@7L22
exists in three polymorphic phases: rutile (tetragonal
GHQVLW\ JFP3 DQDWDVH WHWUDJRQDOJFP3)
DQGEURRNLWH RUWKRUKRPELFJFP3). Both anatase
and rutile have tetragonal crystal structures but belong
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to different space groups. Anatase has the space group
,1/amd with four formula units in one unit cell and ruWLOHKDVWKHVSDFHJURXS32PQPZLWKWZR7L22 formuODXQLWVLQRQHXQLWFHOO>@7KHORZGHQVLW\VROLG
phases are less stable and undergo transition rutile in
the solid state. Among the three above mentioned crysWDOVWUXFWXUHVRI7L22, anatase owing to its higher photocatalytic activity is commonly used for photocataly-
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sis [11]. This higher photocatalytic activity is related
to its lattice structure. Each Ti atom is coordinated to
six oxygen atoms in anatase tetragonal unit cell. The
RFWDKHGURQLQDQDWDVHLVVLJQL¿FDQWO\GLVWRUWHGVRWKDW
its symmetry is lower than orthorhombic. The Ti-Ti
GLVWDQFH LQ DQDWDVH LV JUHDWHU ZKHUHDV WKH 7L2 GLVtances are shorter than in rutile. In the rutile structures
HDFKRFWDKHGURQLVLQFRQWDFWZLWKQHLJKERURFWDKHdrons, while in the anatase structure each octahedron
is in contact with eight neighbors. These differences
in lattice structures cause different mass densities and
electronic band structures between the two forms of
7L22. The low-density solid phases are less stable and
undergo transition rutile in the solid state. The transformation is accelerated by heat treatment and occurs
DW WHPSHUDWXUHV EHWZHHQ  DQG & >@ 7KLV
transformation is dependent on several parameters
such as initial particle size, initial phase, dopant concentration, reaction atmosphere and annealing temSHUDWXUHHWF>@
7L22 nanoparticles can be synthesized using variRXV PHWKRGV VXFK DV VXOIDWH SURFHVV >@ FKORULGH
SURFHVV>@LPSUHJQDWLRQ>@FRSUHFLSLWDWLRQ>@
hydrothermal method [18, 19], direct oxidation of
TiCl >@ PHWDO RUJDQLF FKHPLFDO YDSRU GHSRVLWLRQ
method, etc. [1, 21]. Wet chemical method has novel
features which are of considerable interest due to its
low cost, easy preparation and industrial viability.
Anatase phase are commonly obtained by hydrolysis
of titanium compounds, such as titanium tetrachloride
(TiCl) [22]. In this study, we report the synthesis of
7L22 nanoparticles system by wet chemical route. AnDWDVHDQGUXWLOHSKDVHVRI7L22 are obtained by TiCl
precursor. The morphology of the nanoparticles has
EHHQFKDUDFWHUL]HGE\;5'7(0DQG6(0DQDO\VHV

2. EXPERIMENTAL DETAIL
The titania nanoparticles were synthesized by drop
wise addition of titanium tetrachloride: TiCl P/ LQ
HWKDQROVROXWLRQ P/ 7KHUHDFWLRQZDVSHUIRUPHG
at room temperature while stirring under a fume hood
due to the large amount of Cl2 and HCl gases evolved
in this reaction. The resulting yellow solution was allowed to rest and cool back to room temperature as the
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gas evolution ceased. The suspensions obtained were
GULHGLQDQRYHQIRUVHYHUDOKRXUVDW&XQWLODPRUSKRXV DQG GULHG 7L22 particles were obtained. After
WKDWP/K\GURJHQSHUR[LGH+222 was added to the
solution. The light yellow colored solution changed
to red colored. The total volume of the solution was
DGMXVWHGWRP/E\DGGLQJHWKDQROVROXWLRQ7KLV
VROXWLRQZDVWKHQSHSWL]HGXVLQJQLWULFDFLG P/ 
DQGKHDWHGXQGHUUHÀX[DW&IRUKRXULQDFORVHG
vessel. The obtained powder samples were calcined
IRUKRXUVLQDER[IXUQDFHDWWHPSHUDWXUH&LQ
an ambient atmosphere. The morphology of the asV\QWKHVLVDQGDQQHDOHG7L22 nanoparticles were done.
;5D\GLIIUDFWRPHWHU ;5' ZDVXVHGWRLGHQWLI\WKH
crystalline phase and to estimate the crystalline size.
7KH;5'SDWWHUQZHUHUHFRUGHGZLWKșLQWKHUDQJH
RIZLWKW\SH;3HUW3UR03'&X.ĮȜ 
c7KHPRUSKRORJ\ZDVFKDUDFWHUL]HGE\¿HOGHPLVsion scanning electron microscopy (SEM) with type
.<.<(0N9DQGWUDQVPLVVLRQHOHFWURQPLFURVFRS\ 7(0 ZLWKW\SH=HLVV(0N9

3. RESULTS AND DISCUSSION
;5D\GLIIUDFWLRQ ;5' DW.YZDVXVHGWRLGHQWLI\
crystalline phases and to estimate the crystalline sizHV)LJXUH D VKRZVWKH;5'PRUSKRORJ\RI7L22
nanoparticles and indicates the structure of tetragonal
DQDWDVHSKDVH7KH;5'SDWWHUQVVKRZHGWKLVVDPSOH
KDYH IRXU VKDUS SHDNV ș DQJOH DW WKH SHDN SRVLWLRQ
DW       DQG 
ZLWK           DQG  
diffraction planes, respectively are in accordance with
WKH7L22 anatase phase. It can be seen the peak posiWLRQDWRFRUUHVSRQGVWRWKHSODQH  RIUXWLOH
IRUP7KHPHDQVL]HRIWKHRUGHUHG7L22 nanoparticles
has been estimated from full width at half maximum
(FWHM) and Debye-Sherrer formula according to
equation the following:
D

O
Bcos T

(1)

ZKHUHLVWKHVKDSHIDFWRUȜLVWKH;5D\ZDYHlength, B is the line broadening at half the maximum
LQWHQVLW\ ):+0 LQUDGLDQVDQGșLVWKH%UDJJDQ-
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Figure 1: XRD pattern of TiO2 nanoparticles (a) as-prepared
(red line) (b) annealed at 600°C without nitric acid (blue line)
(c) annealed at 600°C with nitric acid (green line).

JOH7KHPHDQVL]HRIDVSUHSDUHG7L22 nanoparticles
was 7 nm from this Debye-Sherrer equation.
The crystal structure of the nanoparticles before (red
OLQH DQGDIWHU EOXHOLQH DQQHDOLQJZDVGRQHE\;5'
analysis. It is realized that in the rutile phase the size
RIDQQHDOHG7L22QDQRSDUWLFOHVLQFUHDVHIURPWR
nm when the nanoparticles prepared with nitric acid
(green line).
Scanning electron microscope (SEM) was used for

WKH PRUSKRORJLFDO VWXG\ RI QDQRSDUWLFOHV RI 7L22.
These Figures show that high homogeneity emerged
in the samples surface by increasing annealing temperature. The results show that with increasing annealing temperature the morphology of the particles
changes to the spherical shape and nanopowders are
less agglomerated. Figure 2(a) shows the SEM images
RI WKH DVSUHSDUHG 7L22 nanoparticles with spherelike shaped prepared by wet chemical method. FigXUH E VKRZVWKH6(0LPDJHVRIWKHDQQHDOHG7L22
nanoparticles prepared in presence of nitric acid at
& IRU  KRXUV )LJXUH  F  VKRZV WKH DQQHDOHG
7L22 nanoparticles prepared in absence of nitric acid.
,WFDQEHVHHQWKDWWKH7L22 nanoparticles are not agglomerated. In this Figure, the spherical shaped particles with clumped distributions are visible through the
SEM analysis. The average crystallite size of annealed
QDQRFU\VWDOVLQFUHDVHGIURPQPZKHQWKHSDUticles synthesized in presence of nitric acid.
The transmission electron microscopic (TEM) anal\VLVZDVFDUULHGRXWWRFRQ¿UPWKHJURZWKSDWWHUQRI
the particles. Figure 3 shows the as-synthesized TEM
image of titanium dioxide prepared by wet synthesis.

(b)

(a)

(c)

Figure 2: SEM images of the TiO2 nanoparticles (a) as-prepared (b) annealed at 600°C in presence of nitric acid
(c) annealed at 600°C in absence of nitric acid.
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Figure 3: TEM images of the as-prepared TiO2 nanoparticles.

7KHVL]HRIDVSUHSDUHGDQDWDVH7L22 nanoparticles is
about 7 nm in diameter.

4. CONCLUSIONS
,QVXPPDU\DQDWDVHDQGUXWLOH7L22 nanoparticles were
successfully synthesized via a simple and new wet
FKHPLFDOV\QWKHVLVURXWH$QDWDVH7L22 was obtained
from wet synthesis method. TEM results showed that
WKHVL]HRIDVV\QWKHVL]HG7L22 nanoparticles was deWHUPLQHGLQWKHUDQJHRIQP6(0LPDJHVVKRZHG
WKDWWKHVL]HRIDQQHDOHG7L22 nanoparticles increased
IURPQPZKHQWKHQDQRSDUWLFOHVSUHSDUHGZLWK
QLWULFDFLG;5'SDWWHUQRI7L22 nanoparticles indicated the structure of rutile phase with annealing process
DW&;5'SDWWHUQDOVRFRQ¿UPHGWKHLQFUHDVLQJ
VL]HRI7L22 nanoparticles in presence of nitric acid.
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