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ABSTRACT

Effects of different particle sizes of titanium dioxide on electrophoretic
mobility were investigated. Methodology to synthesize different sizes of
titanium dioxide were carried out with varying molar ratio, w ~[H,O]/[Sur-
factant] values, which later hydrolyzed by Tetrapropyl orthotitanate (TPOT)
based with sol-gel microemulsions techniques. Synthesized TiO, demon-
strated the increase in sizes as the molar ratio of water over surfactant
increased. Electrophoretic mobility of TiO, with different sizes was mea-
sured indifferent pH rangefrom 4 to 10, temperaturesfrom 15°C to 60°C and
applied voltagesvaried from 10V to 60 V. Results showed that the optimum
electrophoretic mobility was observed at pH 6 for al the particles sizes.
Buffer for pH 6 with lesshydrogenion increased the el ectrophoretic mobil-
ity. Meanwhile, el ectrophotic mobility of TiO, at temperatures below 60°C
did not show any significant changesfor all sizesof particles, unless 60°C.
Thisindicated that higher temperaturesincreased kinetic energy of charged
particleswhichled to arandom movement of particlesand reduced electro-
phoretic mobility. In different applied voltages, the electrophoretic mobil-
ity of the biggest size of TiO, increased propotionally asincrease in volt-
ages. The higher applied voltage provided a greater electrostatic force to
the particles. The smallest size of TiO, recorded higher €lectrophoretic
mobility. Thisindicated that the smallest TiO, possessed denser negative
charges on its surface and experienced lesser frictional force contributed
to greater mobility. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Titanium dioxide has been used in many applica-
tionssuch as specid optic propertiesand high cataytic
activity!. A promising method to synthesize TiO, isto
use sol-gel process?®, which sol based with micro
emuls on generaesnanoparticlesto provideamicrohetero

genous medium™. Thisisimportant to preparethe ho-
mogenous powder of TiO,®l. Study showed that for-
mation of TiO, by controllingthehydrolysisof TiCl,,in
an agueous cores concluded that the preparation of the
microemulsionwith theratio of[water]/[ Surfactant] is
strongly influence the physical properties of these
nanoparticles®. Someinvestigationsreported that wa-
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ter-in-oil (w/0) microemulsions can be employed to
obtaintheultrafine particles”. Furthermore, detail un-
derstanding on thesurface charge of TiO, leadsto bet-
ter applicationsof it inthefuture. For instance, themo-
bility of particlesin solutions can bemonitored by to
avoid agglomeration with appropriate conditions. The
information on surface charge propertiesof TiO, can
also beaguide on clearing the bacteriafrom the stor-
ageof waste, food, and medical tools.
Surfacechargeof synthesized TiO, isstudied with
electrophoresissystem. When externd eectricfiedis
supplied, charged particleswould migratetoward the
electrode. Thissystemisfamousin plenty of investiga-
tionson studying surface chargesof rigid colloidd par-
ticlesand even bacterid®?. It isessential to gain more
information on surfacechargeof colloida particlesand
also bacteria. Thisencourages more usage on them.
Thetheory of tthed ectrophoreticmobility isknownasa
movement of particlewith chargesunder theinfluence of
anexternd dectricfield, pisdefined asfollowed.
u=v/E
where the v is the rate of migration (m/s) and E is external
voltage on separation distance (V/m). Besides, the mobility
also depends on other physical properties such as particle

size and the surface charges and the properties of electrolyte
solution which might involve pH, ionic strength and permittiv-

ity. The equation is given by Smoluchowski*¥,

p= 85 _ o

n n
which the ¢ is dielectric constant, € is permittivity of the free
space, & is zeta potential and n is viscosity of the solution.
This is followed by o, charge density of the surface charge
and y is effectiveness of ionic double layer surrounding the

surface.

Thisresearchisto study how the size properties of
TiQ, influencethesurface chargeindifferent conditions
such as pH (4-10), temperature (10°C - 60°C)and
applied voltages(10V-60V). Therearethreedifferent
sizesof TiQ, isinvestigated. These particlesweresyn-
thesized with microemulsion of asequenceincreasein
molar rétio.

MATERIALSAND METHODS

Chemicals
Cyclohexanewas purchased from Sigma-Aldrich
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which was used as an organi ¢ ol vent and surfactant of
Triton X-45 (Sigma-Aldrich) was selected. Tetrapropyl
orthotitanate (Ti(OC,H.),) from Flukaand sodium hy-
droxide (HmbG chemica) were used. Buffer at pH 7
was prepared with Sodium Phosphate M onobasic Di-
hydrate (H,NaO,P2H,0) from Fluka, assay >>99.0%
and Sodium Phosphate Dibasic Dihydrate
(HNa,0,P.2H,0) with a purity up to 98% was also
purchased from Fluka

Instrument

Thewater content of the cyclohexaneand Triton
X-45 aremeasured withtitrator (Mettler Toledo DL 38,
Karl Fisher Titrator). The particle size and el ectro-
phoretic mobility ismeasured with zetas zer seriesnano-
ZSwhich purchased from Mavern Instrument. Thedtir-
rer isused which hasthelabeled of HTS-1003LMS.

Prepation of TiO,

Thecd culaion of molar ratio, concentration of water
over concentration of surfactant (w_=[H,O]/[ Surfac-
tant]) which varied the sizes of the synthesized TiO,
was determined. Nanosized TiO, particleswere pre-
pared by controlled the hydrolysis Tetrapropyl
orthotitanate (TPOT) with 0.5 M of sodium hydroxide
indeionized water. Triton X-45wasmixed with cyclo-
hexaneasitisdissolvablein organic solvent. The solu-
tion of microemulsionwaskept stirring for ten minutes
and the size of the microemulsion was measured with
zetasi zer, nano-ZS. On the other hand, the TPOT was
mixed in cyclohexane and was added dropwiseto the
microemulsion. Thesolutionwastirred throughout the
processfor overnight. Ethanol (95%) wasadded into
thesolutionintheratio of 3:2 (Ti(OH),: ethanol) and
stirred for another 30 minutesto damagetheemulsion
and solubilizethe surfactant. The solutionwasdried at
60°C for 24 hoursand followed by ca cination at 550°C
for 4 hours. Sizes of thedried fine powder of the syn-
thesized TiO, werethen examined.

RESULT AND DISCUSSION

The sizesof microemulsion were prepared by de-
terminingthew_vaue”, whichshowedinfigure 1. TiQ,
wassynthesized with Szeof microemulsonrangefrom
4nmto 21 nm. Thesizesof TiO, wereeffected by the
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TABLE 1: Synthesized TiO, particlesizeand theaccording
molar ratioand thelabd.

Label w,=[H,0O]/[Surfactant]

Synthesized TiO,
particle size (nm)

A 0.556 459
B 1.664 531
C 2.220 615
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Figure 1 : Size of microemulsion with different molar
ratio,w_
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Figure?2: Particle size measurement base on theinten-
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Figure3: TiO,and conductivity of thesolution at pH range
4-10

transferring rate of TPOT to microemulsion solutions
dueto TPOT was easy to hydrolyzeand solidify. Fur-
thermore, oxidation of TPOT a so contributed to the

—= Fyl] Paper

enlargement of particlesizes. From TABLE 1, result
showed that particlesizeof TiO, wasdirectly influenced
by microemulsion which prepared with different molar
ratio. Thiswasalso reported by the same observation
related to the effects of lower water contents on con-
trolling sizesof particles™.

Figure 2 showsparticleszemeasurement. Thein-
tengty distribution for TiO, for threedifferent sizes (A, B,
and C) obtained arather even dispersity. Thiscan be
observed through width of intengity distribution.

Two resultsareshowninfigure 3. The conductivity
of pH increased from low pH to high pH. Thisisbe-
cause of theincreasein hydroxyl ionsin buffer hasin-
creased negativeionswhich contributestoincreasethe
conductivity of pH buffer. Meanwhile, All sizesof TiO,
indicated that thed ectrophoretic mobility increased from
low pH buffer to higher p range but reduced dightly as
pH increased in akalinerange. Buffer pH 4 obtained
thelowest e ectrophoretic mobility for three different
sizesof TiO,. Thisisdueto the excessive hydrogen
ionsinbuffer whichneutrdizing negativechargesof TiO,,
thereby retarded the movement of particles. Ashydro-
genionsreduces, increas ng the e ectrophoretic mobil -
ity. However, therewasanincreasein hydroxyl ionsin
buffer aspH rangeincreasein alkdineregion. Thein-
crease of negativeionsin buffer causedtheeevationin
conductivity but retarded themigrationrateof particles.
Thiswas dueto the share of current of net negative
charges on particleswere overcome by surrounding
ions. Ontheother hand, the el ectrophoretic mobility of
threedifferent sizesof TiO, in pH buffer did not show
any significant difference.

Theélectrophoretic mohility of TiO, showed dlight
increased as temperatures increased. There was an
obvious reduction in the electrophoretic mobility at
60°C for all sizesof TiO, asshowninfigure4. The
increaseintemperatures had provided ahigher therma
energy to charged particlesmoving faster toward elec-
trode. At higher temperatures, diffuse doublelayer was
thickening and decreased net charges on surface of
particles, thereby increased the e ectrophoretic mobil -
ity. Thedecreasein mobility at highest temperaturesfor
thisrange showed TiO, moved randomly asinternal
energy of particlesincreased. Thisenergy hasover-
cometheattraction of forcesto € ectrode, subsequently
adropinmobility of charged particleswererecorded.
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Figure4: Synthesized TiO, in temperaturerangefrom
15-60°C
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Figure5: TiO,inpH 7with voltagerangefrom 10V-60V

For the samerange of temperatures, the smaller sizes
of TiO, obtained ahigher e ectrophoretic mokility. How-
ever, thesmaller particlesize of TiO, obtained lower
electrophoretic mobility. Thiswasdueto smaller par-
ticlesabsorbed morethermal energy and movemore
random in hightemperatures.

Different applied voltageshad increased the el ec-
trophoretic mobility of charged particlesand showed in
figure5. Theincreasein applied voltageshas provided
agrester e ectrostatic force on charged particleswhich
enhancethe mobility of charged particles. Meanwhile,
theincreasein particlesizesof TiO, showed adecrease
ineectrophoretic mobility. Thesmaller particlesize of
TiO, labeled A and B experienced minimal frictiona
forcesacting onit during theapplied voltageswere sup-
plied. Onthe other hand, the biggest particleslabeled
C barely showed any changes throughout theincre-
ment of applied voltages.

CONCLUSON

Theélectrophoretic mobility of TiO, was depended
on pH, temperatures and applied voltages. The opti-
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mum result of el ectrophoretic mobility wasobtained at
pH 6. Different sizesof TiO, werelessinfluenced by
thechangeof pH. Besides, temperaturesincreased the
electrophoretic mobility of particles. Asparticlesab-
sorbed excessivethermal energy, reducing thedectro-
phoretic mobility and temperature at 60°C showed the
drastic decreased. At |l ast, applied voltagesincreased
the el ectrostatic force on particles enhanced the el ec-
trophoretic mobility of charged particles. Sizesof TiO,
were moreinfluenced by different range of tempera-
turesand applied voltages. The smaller particlesre-
corded ahigher dectrophoretic mobility asthefrictiond
forcesonit werelesser.
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