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ABSTRACT

The effect of an applied magnetic field on suspended particleswasinves
tigated in order to understand the particles response towards the applied
field. Two typesof particleswere studied, namely titanium dioxide (TiO,)
sols and caprate-capric acid liposome. The electrophoretic mobility of
both types of particles under various conditions was examined through
zetasi zer which uses principles of laser doppler velocimetry. To elucidate
the effects of different temperature, voltages, and the different time lapse,
meanwhiletheionic strength medium isfixed at pH 7. Theoretically, higher
temperature would increase the kinetic energy of the particles, thus in-
creasing the electrophoretic mobility. Both the el ectrophoretic mobility of
particles demonstrated a proportional relation with temperature. The com-
parison between TiO, and liposomeindicatesthat liposome elicited agreater
electrophoretic mobility at higher temperature but had alower migration
rate as the applied voltage increased. For time lapse more than 10 s be-
tween measurements of the surface charge changes on the particles showed
that TiO, migrated fastest at the longest timelapse of 120 swhich might be
due to the aggregation of TiO,in solution. Meanwhile, the greatest zeta
potential distribution of liposome was achieved at time lapse of 10s.
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INTRODUCTION

Surface charge study on suspended colloidal par-
ticleshasbeen receiving agresat attention duetoitsap-
plicationsin biotechnol ogy. It has been used asmodes
for biologica membranes because someof the colloi-
dal particlespropertiesaresimilar to biological cellgY-
Thus, detailsof the characteristicsof theseparticlesare

in great interest for many researchers. For example,
result obtained from conductivity of the particleshad
increased the efficiency of processing of coating and
adhesion on other materids. By having abetter under-
standing onitssurfacecharge, reactionsof thecolloida
particleinweakening the activities of bacteriacan be
optimized. Amongall colloidal particles, thesolid formof
TiO, isthe most commonly used for industrial appli
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cdions.

Titaniumdioxide(TiO,) isawhite pigment powder
which has ahigh refractive index, leading to awide
usage of TiO, as catalyst support!># semiconductor
photocatalyst™, paints, antimicrobia coating®, oxygen
sensorsand as UV filtersfor cosmetic products™. The
extensive usage of TiO, in consumer products has at-
tracted concernsfrom many researcherstoinvestigate
the effects of TiO, in human body. Moreover, it has
been reported that TiO, could damagebiol ogical target
through oxidative stress®. Another study had demon-
strated that TiO, when used as photocatalys, gener-
ated damaging reactive speciesincdl structuré”. Hence,
themeasurement of theel ectrophoretic mobility of TiO,
to study the surface chargein varied conditionswould
not only helpinthediscovery of further gpplicationsin
different fieldsbut also in preventing potentia hazards
tolivingbeings.

Moving to cons der the second particles, liposome
isformed from salf-assembling phospholipid molecules
into bilayer structuresthat aresmilar tothebasic sruc-
ture of abiological membranewhich consstsof phos-
pholipid bilayer matrix™®. Thisspecid characteristic of
liposome has supported applicationsin drug deliver-
ies™. Inaddition, liposomeadso hepsinimproving the
medica treetmentsfor varioushealth problems. For in-
stance, it has been observed that cancer cellsaccumu-
latedectrons, leadingto unit celsbeing highin negetive
charged*?, thus given the potentialities of liposome.
Thus, itisessentid toinvestigatetheeffectsof liposome
compositionson theabsorption and transport processes
based onthecdl membranecharges™. Itisworth noth-
ing that the surface charge of liposome has been dem-
onstrated to have adeterminant effect onthereaction
rateinthe e ectromagnetic field. Hence, amethod has
been devel oped to measure the e ectrophoretic mobil -
ity of liposomewhich can provideestimation of thezeta
potentia distribution.

The experiment would be conducted with laser
doppler velocimetryt4. The d ectrophoretic mobility(p)
isthemigrationrate of thecharged particlestothee ec-
trodewhen ectricfiddisapplied. Thedectrophoretic
mobility isdefined asequation 1.
p=v/E (@)
where the v is the rate of migration (m/s) and E is externa
voltage on separation distance (V/m).
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Themobility of the charged particlesisasoinflu-
enced by some other factor. For example, theel ectro-
lytewith different pH va ue, ionic strength and conduc-
tivity. Thishasprovenin Smoluchowski®*® Equation 2,

_ &G _0ox @
n n
which the ¢ is dielectric constant, g, is permittivity of the free
space, & is zeta potential and n is viscosity of the solution.
Thisisfollowed by o is charge density of the surface charge
and y is effectiveness of the ionic double layer surrounding

the surface.

Inthis paper, the el ectrophoretic mobility of TiO,
and liposomewould be carried out in different combi-
nation of conditionssuch asarangeof temperatureand
voltageswereinvestigated. Resultsof thered timemea-
surement intherange of 0.5 smeasurementswould be
collected. Besides, by giving higher dectricfieldtothe
particleswouldinduceagreater attractionforceonthe
charged particlesto movetowardsthe e ectrode. Study
was carried out on thisportion to achieve better under-
standing on the particlesresponseat arange of applied
voltagesfrom 10V to 100V. Ontheother hand, inves-
tigationsweredoneinto thesurface chargechangeswhen
particleswere exposed to therepetitiveeectricfield
was conducted. Rest time between the measurements
fromlessthan 10sto 120swould be studied. Compari-
sons between thesetwo colloida particlesinresponse
to different conditionswill be discussed later inthis

paper.

MATERIALSAND METHODS

Chemicals

Cyclohexanewas purchased from Sigma-Aldrich
which was used as an organic solvent and surfactant of
Triton X-45(Sigma-Aldrich) was selected. Tetrapropyl
orthotitanate (Ti(OC,H.),) from Flukaand sodium hy-
droxide (HmMbG chemical) were used. Buffer at pH 7
was prepared with Sodium Phosphate M onobasic Di-
hydrate (H,NaO,P.2H,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. Liposome was formed with
CapricAcid (CH.0,) (Fuka) and assay ismorethan
98%. Sodium hydroxide (HmbG) whichisinsolublein
H,O was used.
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1. Preparationof TiO,

Thecalculation of molar ratio(w_=[H,O]/[Surf])
which varied thesizes of the synthesized TiO, was de-
termined. Nanosized TiO, particleswere prepared by
controlled the hydrolysis tetrapropyl orthotitanate
(TPOT) with0.5M of sodium hydroxideindeionized
water. Triton X-45was mixed with cyclohexaneasitis
dissolvable in organic solvent. The solution of
microemulsionwaskept stirring for ten minutesand the
szeof themicroemuls onwas measured with zetasi zer,
nano-ZS. Ontheother hand, the TPOT wasmixedin
cyclohexane and was added dropwise to the
microemulsion. The solution wasstirred 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 cal cination at 550°C
for 4 hours. Sizes of thedried fine powder of the syn-
thesized TiO, werethen examined.

Preparation of fatty acid liposome

Liposomewithfinal concentration of 20mM at pH
7 wasprepared with capric acid and sodium hydroxide
in 50mM as stock. 50mL of solution was mixed with
approximately ten drops of hydrochloricacidwith 1
M. A milky solution was observed, thusliposomewas
formed. The pH level of the solutionwas checked and
fixeda pH 7 whiletheremaining volumewasfilled with
deionized water up to 50mL.

2. Instrument

The percentages of water content in cyclohexane
and Triton X-45 were measured withtitrator (M ettler
Toledo DL 38, Karl Fisher Titrator). Theparticlesize
and e ectrophoretic mobility weredetermined by using
zetas zer seriesnano-ZSfrom malverninstrument. Stir-
rer of HTS-1003 LM Swasused. Polarizing microscope
from Leicawasused to view theimageof liposome.

RESULT AND DISCUSSIONS

Theparticlesizedistributionsfor both TiO, and li-
posome, with an average size of 255nm and 164nm
respectively, aredepictedinfigure 1. Polydispersity of
TiO, paticlewasmuch lessthanliposomewhereasthe
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Figure1: Diameter sizesof theliposomeand TiO,
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Figure2: (a) Micrograph of TiO, (b) Micrograph of ca-
prate-capricacid liposome

sizedistribution of liposomewaswider than TiO,. A
micrograph of TiO,was captured with TEM while
micrograph of liposome was taken with polarizing
microscope.

The changesof electrophoretic mobility of the par-
ticlesinbuffer pH 7 dueto theincrease of temperature
wereinvestigated. As can be seen from figure 3, the
el ectrophoretic mobility of both TiO, and liposomein-
creased linearly. Results provided a99% best fitting of
the practical result to the mean values. The electro-
phoretic mobility of the particleselevated gradudlly as
theinternal energy of the particlesincreased asaresult
of theincreasing temperature. Thehighinternal energy
of particlesinthesolution had led to agreater kinetic
motion of the suspended particlesandionswhich then
causingthedoublediffusonlayersaround theparticles
to bethicken. Asaresult, screening effects of theions
on thecharged particleswerereduced, increasing the
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Figure3: Electrophor etic mohility of TiO2 and liposomein varied temper atur e (15-60°C)
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FigureA:: Theelectrophor etic mobility of TiO, and liposomewith different voltages

Speed of particlesmoving towardsthee ectrode. Mean-
while, the heating process had reduced the viscosity of
the solution, thusenhancing the e ectrophoretic mobil-
ity of the particles.

Liposome appeared to provide agreater electro-
phoretic mobility asanoveral compared with TiO,. It
has been demonstrated that the negative surface charge
of theliposomeis more profound than TiO,. In addi-
tion, the density of liposome was |ower than that of
TiO, thusrequiring alower amount of heat energy to
increasethekinetic energy of the particlesmigrating
towardsthe €l ectrode as compared to TiO,,

The higher the supplied voltageinduced agreater
attraction force on the charged particles and the
counterionsto movetowardsthe el ectrodes. In conse-
guence of the stronger magnetic field, causing the
counterionsaround the particlesasthepolarizing force
increased. The shearing ions could havereduced the

viscousdrag of the charged particleswhich allowed a
faster mobility of the particlestowardsthe el ectrode.
Movingto consider the surface chargein conditions
that supplied voltagesvaried & arangeincreasesin elec-
trophoretic mobility was observed for both TiO, and
liposome. Ascan beseenfromfigure4, TiO, thedenser
particle, TiO, demonstrated an obviouslinear increase
of eectrophoretic mobility ascompared to liposome.
However, the el ectrophortic mobility for liposomewas
erratic a ong the changes of supplied voltages, but in-
creased linearly again after 80 V. Thiscould bedueto
thelow dengity inliposomeleadingto ad ower response
tothemagnetic attraction. Thelinear increasein elec-
trophoretic mobility after 80V observedin liposome
suggeststhat liposomeresponses greetly towardshigher
voltages. Themagnetic attraction forces acted on the
particlewereincreased proportionaly with the density
of the particle. Hence, electrophoretic mobility was
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Figure5: (a) Zetapotential distribution for different time
duration between each measurement for TiO,
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Figure5: (b) Zetapotential distribution for different time
dur ation between each measurement for liposome
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Figure®6: (a) Zetapotential distribution for different time
duration between each measurement for TiO,

greater in TiO, compared to liposome for thewhole
range of voltages.

Zetapotentia sfor timelapsewithin measurement
for different durations such as 10s, 60s, 80sand 120s
aredepictedinfigure5(aand b). Measurementswere
carried out in aduration of morethan 10 seconds. The
differencein zetapotentia distributions between both
particleswas profound. Ascan be seenfromfigure 5(a),
zetapotentid of TiO,gained thehighest intensity a time

lapse of 120sbut reduced accordingly asthetime du-
ration decreased. The higher count of intengity indicates
agreater movement of the particles, thusincreasingthe
strength of the surface charge of these particles. When
the supplied voltage cut of f after one measurement, the
moving particlesstopped but il carried amomentum
which would keep them swirling and vibratinginthe
solution for morethan 10s. Thismotionisconsidered
asaretardant forcewhich could have reduced thefast
responseof particlesto themagnetic fiddwhenthenext
measurement starts. The swirl force of the particles
appeared to be stronger than the net chargeon the sur-
face charge of particleswhich carried themtotheeec-
trode. Thusalower reading of zetapotentia at shorter
timelgpsewasobtained for TiO,. Besides, theheavier
and bigger particles of TiO, tended to aggregate and
sink duetothegravitationd pull astimelapsewas pro-
longed. Asaresult, mgority of thesuspending particles
weresmallerinsize. Thesmaller surfaceareaof the
TiO, wasdenser with counter ion comparedto thelarger
surface area of TiO,, thus higher zeta potential was
obtained fromthesmaller particles.

Resultsof thezetapotentia over thedifferenttime
lapsefor liposome, however appeared to have apat-
ternthat wastotally oppositetothat of TiO,. Ascan be
seeninfigure5(b), zetapotentid of liposomewas ob-
served highest at the shortest timelgpse of 10sbetween
measurements and lowest timelapse of 120s. More-
over, the peaks of theintensity of liposome shifted to
beless negative asthe timelapse between measure-
mentswas extended. Given that liposomeisasemi-
solid and |ess dense particle, the post measurement
momentum of liposome was not as strong as that of
solid particles. During timelapse of 10s between each
running, the negativity characteristic of liposomewas
strong that it el evated the attraction of positiveionsto-
wardsthesurfaceof liposome. Theoppositely charged
ionsthen screened the d ectrostatic interacti on between
theliposome particles, thusreducing thenet chargeson
liposome. Thisscreening effect of liposomewas more
Intensewhen the durati on between measurementswas
prolonged whichwasthen weskeningtherepulsonforce
of liposome. Asaresult, thedistance reduction between
particles of liposome would be closer and cohesive
when thenext measurement started, leadingto alower
level of eectrophoreticmohility of liposome.
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Figure®6: (a) Zetapotential distribution for different time
duration between each measurement for TiO,

Time lapse between measurements of electro-
phoretic mobility inlessthan 10sareshowninfigure 6
(aandb). Thecharged particleswould movetowards
el ectrode when el ectric was applied. Results showed
that thezetapotentid distribution wasgreatest at 5sfor
TiO, and 7sfor liposome and consistent results were
obtained. Asfor thetimelapse lessthan 5s, the par-
ticlesappeared to swirl or move with the momentum
after the voltage supplied was disconnected intermit-
tently. Thus, the chargeson the surface of the particles
had not been redistributing evenly.

CONCLUSION

Theéelectrophoretic mobility of the TiO, and lipo-
someincreased amost linearly dongwiththeraisein
temperature of thesolution which suggestingthat anin-
creasein temperature of the solution could raisethe
internal energy of theionsand thecharged particles. In
addition, alower amount of heat energy wasneeded to
increasethekinetic energy for lessdense particlessuch
asliposome. TiO, and liposome demonstrated acon-
stant increasein €l ectrophoretic mobility dueto thein-
creasein magnetic attraction forceandis proportional
to thedense particles. The study observed that heavier
and bigger particles would settle dueto the gravita-
tional forcewhentimelapse between measurements
was prolonged, suggestinglonger timeduration between
measurementswould reducethe zetapotentia of lipo-
some. Asfor thetimelapselessthan 5s, the particles
still swirled or moved with the post measurement mo-
mentum after the voltage supplied was di sconnected.
Thus, the surface charge on particlesmay not have been

—— Regulor Papser

redistributed evenly, thus a5s duration between mea-
surementsisneeded.
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