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Fig.3 Apparent flow velocity profile of standard latex samples
at various pH values (1 x 10~? M KCI, 25°C}.

in which an electrical field arises in colloidal suspension
when a sound wave passes through the dispersion (i.e.,
ultrasconic vibration causes the difference in movement
between charged core particles and countercharges arcund
themn, which induces oscillating dipole moments and hence
the potential drop in the sample cell);™ and 2) electroki-
netic sonic amplitnde (ESA), the reciprocal effect of the
above phenomena, in which an alternating electrical field
is applied to a suspension and a sound wave arises as a
result of the inertia of the particles, caused by their time-
alternating electrophoresis (ie., high-frequency electrical
waves cause a difference in movement between the core
particles and the countercharges, which generates an ul-
trasonic waves in the sample celt).'>!!

A very important advantage of these electroacoustical
techniques is their ability to provide accurate measure-
ments of the {-potential in concentrated colloid systems.
In this section, two of the typical data obtained by these
methods are shown.

Surface Characterization of Concentrated
Latex Suspensions

In this section, the CVP technique is demonstrated for zeta
potential measurements of concentrated suspensions of
latex particles with different surface groups.!'? Three
types of polystyrene lattices with different surface groups
were synthesized in emulsifier-free systems. The usual
polystyrene (PSt) lattices were prepared by the method of
Kotera et al.,['¥ and the two others (PSm and PStn) were
synthesized by incorporating small amounts of ionic

Table 2 Characterization of colloid particles

Surface charge density

uC/em?)
Diameter
Sample (nm} Strong acid  Weak acid  Total
PSt 480 53 25 73
PStn 610 18 0 18
PStn 530 5 33 38

comonomer, methacrylic acid, and sodium poly-
vinylphenylsulfonate (NaSS) into a polystyrene chain,
respectively, as in Juang and Krieger.'™ To increase
the particle size, PStn was prepared in a system with
1 x 10~ * mol/dm® MgSO,. These latex samples were
sufficiently dialyzed with distilled water and were then
brought into contact with an ion exchange resin to remove
ionic impurities. The samples were all composed of highly
monodispersed spherical particles with D, /D,=1.02, and
the surface charge densities of the latex particles were
measured by potentiometric and conductometric titration,
as in Van den Hul and Vanderhoff. ™! The characteriza-
tion data of all the samples are summarized in Table 2.
To compare the CVP with the conventional ¢lectroki-
netic technique, first, the zeta potential of each sample in a
dilute state was determined ina 1 x 10~ * mol/dm® KCl
solution at different pH values using the microelectropho-
retic technique. The resulting data for four samples are
shown in Fig. 4. The {-potential of the latex samples,
especially the PStn sample, appears to be essentially in-
dependent of the medium pH. The zeta potential of PSt
increases gradually from acidic to neutral pH. This be-
havior is probably dependent on the existence of car
boxyl groups on the surface (with pK, values between
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Fig.4 pH dependence of zeta potential in dilute state measured
by the microelectrophoretic technique in 1 x 107 mol/dm®
KCI at 25°C.
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Fig. 5 Concentration dependence of zeta potential for poly-
styrene latex suspensions in 1 x 10~% molidm® KCI at 25°C
and pH 5.

about 4 and 5), which are produced by the hydrolysis and
subsequent oxidation of the 0803~ groups that come from
the radical fragments used as an initiator (K,S,0¢).¢¥

The CVP measurements of polystyrene lattices give
reliable data only in high-volume fraction (¢) systems
above ¢=0.1 because the density of the latex particles is
small (p,=1.05 g/cm®) and significant differences of CVP
against the background signal can be detected only at high
concentration ranges. Figs. 5 and 6 are graphs of the zeta
potentials determined by CVP measurements for three
kinds of polystyrene lattices at pH 5 and 9, as a function
of the ¢ value of each latex. It is apparent that the zeta
potentials for PSt and PStm at pH 5 and for PSt at pH 9
have nearly constant values over the entire concentration
range of particles, and that the cell model theory is nearly
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Fig. 6 Concentration dependence of zeta potential for
polystyrene latex suspensions in 1 x 10~ ¥ mol/dm* KCI at
25°C and pH 9.
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valid for those systems. However, the zeta potentials for
PStn at pH 5 and for PStn and PStm at both pH values
decrease strongly as the particle concentrations increase.
Furthermore, it was found that those of PStm at pH 9 are
lower than those at pH 5, which is opposite in tendency to
those in Fig. 4, determined directly in dilute states by the
microelectrophoretic technique. It is thought, from a
comparison with Table 2, that this abnormal behavior of
the [-potential is related to the high surface charge den-
sities of the latex samples (i.e., PStn has many sulfonate
groups on the surface brought about by the NaSS com-
ponent), which dissociate completely under both pH con-
ditions, and PStm becomes covered with thick carboxyl
layers coming from the MA molecules, which gradually
dissociate as the pH increases. These high surface charge
densities bring about an expansion of the surface layer
and may cause a double-layer overlapping at moderate
particle concentrations, which results in restrictions for
the prerequisite of the cell model of Levine et al.l'"]

To understand the abnormal behavior of the CVP and
{-potential that appeared in the latex suspensions, in-
cluding the particles with high surface charge densities,
the concentration dependence of conductivity was mea-
sured in the respective systems. The concentration de-
pendence of the conductivity depends largely on the
surface nature of the particles.' The conductivity of
polystyrene latex systems increases as the particle con-
centration increases. This tendency is especially remark-
able in the PStn systems at pH 5 and 9 and in the PStm
system at pH 9. From & comparison with the results of the
CVP, it was realized that this increasing tendency of the
conductivity is closely related to the abnormal behavior of
the CVP. This is explained as follows. On the highly
charged surfaces of PStn or PStm at pH 9, a polyelec-
trolyte-like (“*hairy’”) layer is present. These layers over-
lap each other in this concentrated state, allowing
electrical conduction through the hairy layer; thus the
hairy layer results in interparticle surface conductance.
The degree of interparticle surface conduction is affected
by the particle concentration and the thickness of the
hairy layer, which in turn depend on the surface charge
density of the particle and the pH of the medium.

Application of Electrokinetic Sonic
Amplitude Technique in the Ceramic Industry

The concept of colloidal suspension processing has been
successfully applied to the field of structural ceramic
where inherent properties of dense suspension are used
to transform a fluid suspension to a stiff gel. During col-
loidal processing, the state of dispersion has a signif-
icant influence on the casting behavior and the resulting
green body properties. The good dispersion of particles
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gives optimum packing state (high green density), which
influences the sinterability of the ceramic body and hence
the physical and chemical properties of the final product.
At present, fine-grained and uniform microstructures are
desirable for most ceramic applications in producing
strong and reliable structural parts.

Traditionally in the ceramic industry, polyelectrolytes
have been utilized to prevent the flocculation of par-
ticles. Because of the charged nature of the polyelectro-
yte, they impart stability to the particles via an elec-
trosteric mechanism. Hence the adsorption of these
charged molecules onto a particle surface will alter the
surface charge and hence the zeta potential. Thus using
electroacoustics, it is possible to follow the changes in
the zeta potential with increasing amounts of polyelec-
trolyte. This is extremely useful in determining the
optimum amount of polyelectrolyte required to stabilize
the particles under different conditions.

Fig, 7 shows how the zeta potential of an alumina
suspension (background electrolyte, 10 mM KCI) can be
altered by the addition of three commercially available
polyelectrolytes. Initially, the zeta potential of the
suspension is such that the suspension becomes more
stable. The trend for all dispersants is very similar in that,
initially, the zeta potential changes strongly with small
amounts of dispersants and then after a certain concen-
tration, the zeta potential begins to plateau out as no more
dispersant is adsorbed on the surface. However, each
dispersant imparts a different final zeta potential and re-
quires a different amount of dispersants to cover the
particles, Of these, Poly-CA imparts the greatest final zeta
potential, so this would be an excellent dispersant for the
alumina. However, it must be noted that the likely sta-
bilization mechanism for polyelectrolyte dispersants is
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Fig. 7 Effect of three commercial dispersants on alumina
suspension in 1 x 10~ mol/dm? KCI: () Poly-CA; ({) Poly-
PC33; (#) Poly-CE64.
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electrosteric stabilization. Therefore there may well be a
steric contribution to the stabilization mechanism depend-
ing on how the dispersant adsorbs. Poly-CE64 imparts a
final zeta potential of —45 mV and requires approxi-
mately twice as much dispersant to do so, making it a
poor candidate in comparison. The zeta potential from the
suspension stabilized with Poly-PC 33 does not appear to
level out, and further data points would be required to
determine the optimum amount.

ELECTROKINETIC MEASUREMENTS IN
SYNTHESIS OF COMPOSITE PARTICLES

There is a varicty of methods currently used to fabricate a
wide range of stable, composite, and coating particles of
various compositions. These include heterocoagula-
tion,*!? seed polymerization,'* emulsion/phase separa-
tion,* sacrificial core techniques,”” and so on. The
notion of adsorbing particles onto solid substrates in a
layer-by-layer manner was introduced by Her™™ in the
mid-1960s, Decher and Hong®! extended lier’s work to a
combination of linear polycations and polyanions in the
carly 1990s. Decher® later adapted the layer-by-layer
technique to include inorganic nanoparticles, biomole-
cules, clays, and dyes in polyelectrolyte multilayer
assemblies. Very recently, Caruso and Mohwald®® and
Caruso et al.l?®! reported very interesting results, which
included a detailed investigation of the stepwise for-
mation of the silica~-nanoparticle/polymer multilayer
templating of some latex particles. In this chapter, we
demonstrate how we can utilize electrophoretic mea-
surements in synthesis and coating processes of compo-
site particles.

Heterocoagulation Behavior of Polymer
Lattices with Spherical Silica

Gherardi and Matijevic®® have investigated various
behaviors of mixed colleid particles obtained by mixing
differently preformed particles. They showed that the
nature of a mixing system depends on the conditions of
preparations, and concluded that the most important
parameter in controlling the morphology of composite
particles is the surface charge of the component particles,
especially the contrast between surface charges of the two
component particles. A stable system consisting of a
regular composite particle could be prepared only in a
medium controlled at a definite pH, where the two com-
ponents are charged with opposite signs. Typical results
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Fig. 8 [-Potentials of silica () and latex particles (O) as a
function of pH at 5 x 102 mol/dm® KCL

of the electrophoretic mobility for the single silica and the
latex suspension are shown in Fig. 8.

The next important parameter to control morphology is
the particle size ratio of the component particles when
they are mixed in the vessel. Fig. 9 shows schematic
pictures of the morphology of heteroccagulates of
different silica particles and amphoteric lattices. Fig. 10
shows an optical micrograph of the real heterocoagulate
generated from different silica samples and amphoteric
latex systems, where the other conditions (e.g., the
particle number ratio, Ngica/Miatex=1/300; medium pH
5.6) have been kept constant. The microscope used for

Silica-L 1580 nm Silica-M 950 nm
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Siiica~5 460 nm Sillca~-85 240 nm
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Fig. 9 Schematic pictures showing the morphology of hetero-
coagulate particles formed from different silica samples.

D

Fig. 10 Optical micrograph showing the heterocoagulates
prepared from different silica samples: (A) Silica-L; (B)
Silica-M; (C) Silica-S: (D} Silica-SS.

observations was a lateral-type metallurgical microscope
{Axio Mart, Carl Zeiss, Germany). It may be seen that ata
particle size ratio (r=Dgyca/Dhaex) higher than 3, the
suspension is composed of wniform heterocoagulate par-
ticles and each heterocoagulate undergoes Brownian
motion as an isolated unit. The insert of Fig. 10A shows
a scanning electron micrograph of the heterocoagulate, It
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Fig. 11 Adhesion isotherms of amphoteric lattices onto Silica-
L at various K;8Q4 concentrations: (57) 1.46 x 1072 M; ((m)]
146 x107% M; (A) 1.46 x 107 M; (O) 0 M.
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Fig. 12 (-Potentials vs. pH curves for heterocoagulate particles
prepared at different electrolytes: () heterocoagulates prepared
at 248 x 10~} M MgCly; (O) heterocoagulates prepared at
1 x 10~° M KCL (O) amphoteric lattices.

is apparent that the heterocoagulate takes a raspberry
shape with one silica particle in the core. In contrast to
this, the heterocoagulates generated at a particle size ratio
lower than r=3 (Fig. 10C and D) are composed of large,
irregular aggregates, and regular coagulates were hardly
formed at any medium pH and particle number ratio
investigated.P!*?

It is interesting to analyze the different heterocoagula-
tion behaviors from the concept of the adhesion isotherm
for the amphoteric lattices on the silica particles, Fig. 11
shows some typical isotherms for the lattices on Silica-L
at various K,S80,4 concentrations, where all the systems
were controlled at pH 5.2. It is evident that the isotherms
are all well defined and of very high affinity type, and the
plateau value increases with increasing K,50, concen-
tration within the range from 10~ to 10~ 2 mol/dm>. This
means that in this concentration range, adhesion proceeds
in a way characteristic of monolayer adhesion. This may
be because of the strong blocking effect of adhering
particles. However, in X,80, aqueous solutions more
concentrated than 2 x 10”2 mol/dm?, no reproducible
isotherm could be obtained under any conditions tested,
and only some irregular aggregates were generated in the
course of the experiment.") In Fig. 12, the {-potentials of
the heteroccagulates prepared at different electrolyte
concentrations, as well as the data on the amphoteric
lattices, are presented as a function of the medium pH. As
may be seen, a reversal of charge is observed in all
samples, and the IEP in the heterocoagulated systems

B -302my b +284 mV

Fig. 13 Schematic showing the process of synthesizing
multilayer composite particles: (a) core silica; (b) PC vesicle/
silica compesite particle; (¢} silica/PC vesicle/silica composite
particle.

occurs at about pH 8, which is not so different from the
IEP of the single lattices. Moreover, the fact that the
limiting net positive {-potential attained at 3 < pH < 6
increases with increasing electrolyte concentration is also
in line with the increase in latex adhesion with increasing
electrolyte concentration.

Multilayer Composite Particles Comprising
Silica/Vesicle/Silica Particles

Composite particles, including vesicle particles, are an
important topic in application fields. Composite particles
can be used frequently in the biomedical field for diag-
nostic purposes and for treatment medicine. Here, we
describe one example of such systcms,m] that is, PC
vesicles, which are typical biocolloid systems and are
introduced into composites as a one-component particle.
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Fig. 14 [-Potentials vs, the concentration of LaCly: (@) PC
vesicles; (®) silica particles.
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The silica/PC vesicle/silica multilayer composite par-
ticles were prepared by the alternate adsorption of PC
vesicles and small silica particles on the large silica
particles with negative charges (Fig. 13). In this study,
electrostatic atiraction is taken into account as the driving
force. It is important that the silica and the vesicle
surfaces bear opposite charges to be effective. We can
control the surface charges of the vesicle and silica par-
ticles by adjusting the concentration of LaCls. In Fig. 14,
the {-potentials of PC vesicles and silica particles are
shown as a function of LaCl; concentration. The -
potential of PC vesicles decreases with increasing LaCl,
concentration, and becomes positive over a certain
cotcentration of LaCls. This is because of the binding
effect of La** ions to the phospholipids head group.B¥
However, for silica dispersions, the {-potential remained
negative over the 1075-10~% M concentration range of
LaCls. Thus at 10~* M LaCls, the {-potentials of the
silica and PC vesicles were —30 and +32 mV,
respectively. It is assumed that a strong electrostatic
attraction will occur between the vesicles and the silica
particles. Therefore we selected 10™* M LaCly as the
heterocoagulation condition.

After mixing the PC vesicles with the core silica
dispersion, the free vesicles were removed from the
dispersion and the {-potentials of the composite particles
generated were measured. The value was determined to
be +28 mV. The positive {-potential indicates that the PC
vesicles are adsorbed on the silica surface because the
surface of the PC vesicles binds with La>* ions.

For the PC vesicle adsorption state on the silica
surface, there are two possible states: 1) as a vesicle par-
ticle layer, or 2) as a lipid molecular bilayer. To clarify
the adsorption state of the vesicles, as the next stage, the
adsorption amounts of PC on the silica surface have been
measured. In Fig. 15, the results are shown as a function
of the PC concentration. Adsorption amounts are ex-
pressed by the number of phospholipids molecules ad-
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Fig. 15 Adsorption amount for PC on core silica surface in
1074 M LaCl, at 25°C.
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Fig. 16 Optical micrograph of silica/PC vesicles/silica com-
posite particles. (View this art in color at www.dekker.com.)

sorbed per square meter of silica surface. The solid line
represents a theoretical curve for the adsorption amount of
the single bilayer model, assuming the area per PC mo-
lecule equals 0.7 nm?. The dotted line shows a theoretical
curve for the adsorption of a single vesicle layer model,
assuming that the vesicles are of uniform size and have a
unilamellar spherical shape. The saturated adsorption
amounts in the experiments are located near the value for
the latter, but over it. This is because of the existence of
some multilamellar PC vesicles in the sample (i.e., the
existence of multilamellar PC vesicles will induce a large
number of PC molecules than the value of unilamellar
vesicles). Thus we can expect that the PC vesicles will be
adsorbed on the silica surface as a unilamellar vesicle
layer (i.e., the composite particles have been generated
as shown in Fig. 13b). Furthermore, we then separated the
PC vesiclefsilica composites from the free PC vesicles
by the ultra-filtration method (with a polycarbonate
membrane filter, pore size 1.0 pm), and determined the
mean size of the composite particles by the dynamic light
scattering (DLS) method. The diameter of the cormposite
particles is 1.93 pm, and this value is close to 1.9 pum,
which was calculated by the single particle layer model.
This result means that the PV vesicles will be adsorbed on
silica particles as the same spherical particle size.

In the second stage of composite formation, we mixed
the PC vesiclefsilica composite particles with a small
silica (22=0.5 pm) dispersion under the same 10™% M
LaCl; solution. The {-potentials of the products reversed
from positive (+28.4 mV) to negative {—30 mV) again,
which indicates that the small silica particles (with nega-
tive charges) were adsorbed on the surface of the posi-
tively charged composite particles (Fig. 13c).
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The direct observation of the multilayer formation
of composite particles is provided by a special optical
microscopy technique. In Fig. 16, the composite particles
of the silica/PC vesicle/core silica in the 10™* M LaCl,
solution are shown. We cannot clearly see the image of
the PC vesicles on the silica because the PC vesicle has a
large water core and a thin lipid bilayer (about 5 nm).
Therefore the total refractive indices of the PC vesicle
are close to those of water. However, the formation of the
silica/PC vesicle/silica composite particles is indicated
clearly in Fig. 16; the small silica particles are adsorbed
on the spherical surface of the PC vesicle/core silica
composite and are located on the outer layer of the com-
posite particles.

The Buildup of Polyelectrolyte and/or Colloid
Particle Multilayer on Solid Surfaces

The multilayer formation of polyelectrolytes on colloid
particles is usually characterized by a stepwise increase of
the adsorbed amount and layer thickness, and by alter-
nating highly positive and negative {-potentials of the
covered particles. Here, we describe two kinds of multi-
component layer systems using polyelectrolyte and colleid
particles. One is the formation of polyelectrolyte multi-
layers on polymer colloids. Another is the formation of
composite particles including organic and inorganic col-
loid particles using a layer-by-layer technique of poly-
electrolytes.B

To emphasize the influence of the polarity of the
substrate, three kinds of polystyrene lattices are
employed. PS-740 lattices with large size (2a=740
nm) were prepared by the usual surfactant-free
emulsion polymerization technique;!'? NaSS-190 lat-
tices were made by incorporating a small amount of
an ionic comonomer, sodium-p-vinylbenzyl-sulfate, into
the polystyrene chain according to Kotera et al.'*! The
charge density of NaSS-190 lattices is much higher
than that of PS-740 latex. DEAM-250 lattices consist

Colloidal Nanoparticles: Electrokinetic Characterization

of amphoteric particles prepared by the method
deseribed by Homola and James.P®) Characteristic data
for these samples are shown in Table 3. Silica samples
with different particle sizes (2a=500, 300, and 20 nm),
which were obtained from Nippon Catalisitic Co. Ltd.
and Nissan Chemical Co. Ltd.,, were used. All these
single dispersions consisted of monodisperse spherical
particles with D./D,< 104 always, and were used
after extensive dialysis.

As the cationic polymer, poly-L-lysine (PLL-19) with a
fixed molecular weight (M=190,000) was used, and as
the anionic polymer, polystyrene sulfonate (PSSNa-50)
with M=500,000 was used. PSSNa-50 carries a constant
charge for pH 3-10. However, PLL-19 is pH-dependently
charged and it is known that a fixed positive charge is
cartied only in the region of pH 3-7.

The adsorption of polyelectrolytes was allowed to
take place for 1.5-2 hr at a 0.1-0.3 mg/mL PLL or
PSSNa solution using a very dilute latex or silica
suspension ($=0.0001) and a saturated concentration
without any free polymer of each polyelectrolyte that
was determined by mobility measurements of the core
particles. During the adsorption process, suspensions of
the core particles were mixed slowly by means of
rotating end-over-end.

The DLS measurements were carried out to assess the
development of hydrodynamic layer thickness on the
addition of PLL or PSSNz molecules. The heterocoag-
ulated state of composite particles was observed
directly by the optical microscope and scanning elec-
tron microscope.

Multilayer formation of
polyelectrolytes on colloid particles

In Fig. 17, a typical cyclical curve of {-potential on
alternating additions of PLL-19 and PSSNa-30 on
negatively charged NaSS-190 latex surfaces is shown.
The switch to either of the new polyelectrolytes is

Table 3 Particle diameters, {-potentials, and functional groups of the colloids

Diameter L-Potential (mV) Functional
Particle (nm) in 10~* M NaCl group
NaSS-190 latex 150 - S0 (pH 4) SOy
DEAM-250 latex 252 + 60 (pH 4) \NH*
PS-740 latex 740 - 30 (pH 9) 0S07
Silica-500 500 — 30 (pH 6) Si07
Silica-300 300 — 30 (pH 6) Si0F
Sifica-20 20 — 30 (pH 6) $i07
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indicated by the arrows. In the figure, the abscissa axis
indicates the total mumber of repeating units of both
polyelectrolyte molecules. The change of the [-potential
is substantial (i.e., the {-potential is highly positive after
the addition of PLL-19 and highly negative after the
addition of PSSNa-50). This result indicates clearly that,
on the adsorption of polyelectrolyte, the oppositely
charged surface is not just compensated but strongly over-
compensated. An overcompensation of polyelectrolyte ad-
sorption is the main reason for progressing the multilayer
formation. The buildup process was also confirmed from
the stepwise increase of the layer thickness of the core
latex particles. The stepwise increase of the layer
thickness, especially after the adsorption of PSSNa-50
molecules on the core particle surfaces, is also shown in
Fig. 17.

In the next stage, we tried to produce polyelectrolyte
multilayers under different medium compositions. In
Fig. 18, the results of multilayer formations of PSSNa-
50 and PLL-19 in pure water at pH 4, 1072 M NaCl
solution, and 102 M BaCl, solution are indicated. In
these experiments, the positively charged DEAM-250
lattices were used as the core particles. In this figure, the
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Fig. 17 (-Potential (a) and total particle size (b) of the com-
posite system by multilayer deposition of PLL-19 and PSSNa-50
on NaSS-10 lattices against the concentrations of each poly-
electrolyte solution (¢ = 7.5 x 107° wt.%, pH 4, [NaCl]=1x
10~3 M). The switch to a new polymer solution is indicated by
the arows.
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Fig. 18 [-Potential of multilayers of PSSNa-50 and PLL-19 on
DEAM-250 lattices against the concentrations of each polyelec-
trolyte solution under differcnt salt conditions (¢ = 7.5 X 1072
wt.%, pH 4).

locus of {-potentials obtained under different salt con-
ditions is plotted for the total amounts of repeating units
of PLL-19 and PSSNa-50 molecules. As can be seen, the
step in the (-potential obtained in the BaCl, solution is
delayed, indicating that the electrostatic attraction
between PSSNa-50 and the charged surface of DEAM-
250 lattices is weakened. This is caused by the strong
affinity of Ba?* to SO;~ in PSSNa-50 molecules. The
existence of such a specific effect has been reported in
the Jiterature,*”*®
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&8 27
260
2450 I { 1 b | T L 4 1 L
0 5 10 15 20 25

Conc of PSSNa-50 ot PLL~19 repeating / 10°M

Fig. 19 The total particle sizes in each step to stable multi-
layers of PSSNa-50 and PLL-19 on DEAM-250 lattices under
different salt conditions (¢ = 7.5 x 1072 wt.%, pH 4.
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Fig. 20 [-Potential of composite particles by multilayer
deposition of PLL-19 (concentration, 2 x 107* wt.%) and
Silica-300 (concentration, 1.0 X 107 wt.%) on PS-740 lattices
(=75 x 10~* w.%, pH 6, [NaCl]=1 x 107 M), The switch
to Silica-300 from PLL-19 is indicated by the arrow.

Fig. 19 indicates the stepwise increase of layer thick-
ness on DEAM-250 latex particles under different salt
conditions. Surprisingly, in the 10~ > M BaCl, solutions,
the layer thickness of adsorbed polyelectrolytes increased
steadily and the weak attraction effect coming from
Ba’* was not observed on the layer-by-layer formation.
However, in distilled water, the layer thickness increased
quickly at an early stage of deposition. However, in the
final stage, the layer shrunk. The reason for this phe-
nomenon cannot be explained, but this result indicates
surely that strong electrostatic attraction is not always
the sole factor necessary to form a stable maultilayer.

Multilayer formation of colloid
particles with polyelectrolytes

The layer-by-layer deposition technique of polyelectro-
lytes can be applied to the formation of composite par-
ticles comprising organic and inorganic colloid particles.

SO0 nm

Fig. 21 Electron micrograph showing hybrid particles of outer
Silica-300 particles on core P5-740 lattices.

Colloidal Nanoparticles: Electrokinetic Characterization
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Fig. 22 {-Potential of composite particles by multilayer
deposition of pair (PLL-19 «+ Silica-20) layers. The switch is
indicated by the arrow.

Fig. 20 shows the buildup processes of colloid particles
using PS-740 latex sample as the core. Here, PLL-19
was used as a binder polyelectrolyte. The abscissa axis
in this figures indicates the total amounts of the binder
polyelectrolyte + adhering particles. As can be seen
from the figure, the {-potential of the core particle has
changed from a negative value to a positive value by
adsorption of PLL-19 molecules, and changed again to
negative values with an increasing number of adhering
silica particles (Silica-300). These results suggest that
the composite formation of colloid particles has
progressed reasonably by the binder layer of PLL-19
molecules. Fig. 21 is a photograph showing a typical
example of hybrid particles consisting of outer Silica-
300 particles on core PS-740 latex as prepared in this
experiment. It is known that the composite consists of
regular hybrid particles comprising organic and inorgan-
ic particles. However, the structure form is not so stable
and sometires the system includes free silica particles.

In the next stage, the synthetic process of hybrid
particles with multilayers of silica particles on PS-740
was examined, As the binder polyelectrolyte, the PLL-19
melecule was also used under the same medium
conditions. Fig. 22 shows the cyclical behavior of the {-
potential in the formation process of multilayers of Silica-
20 and PLL-19 layers. As can be seen, the cycle of {-
potential after adhesion is systematical, indicating that
the deposition of PLL and Silica-20 has progressed reg-
ularly. Fig. 23 is a photograph of an original PS-740
latex and two kinds of composite particles covered
with asingle silica + polymer layer and two silica + poly-
mer layers. Two kinds of composite particles can be
distinguished based on the thickness of the adhering silica
particle layer.
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Fig. 23 Elcctron micrograph showing hybrid particles of small Silica-20 particles on core PS-740 latex particles: (a) PS-740 lattices;
(b) hybrid particles deposited by a single (PLL-19 + Silica-20} layer; {c} hybrid particles deposited by pair (PLL-19 + Silica-20} layers.

From these results, it is concluded that, by combining a
multilayer formation of polyelectrolytes and charged col-
loid particles, we can prepare many new synthetic ma-
terials comprising different chemical species, different
structures, and different shapes.

CONCLUSION

Here, several preparation processes of composite particles
relating to the electrical properties of particles are de-
scribed: 1) the heterocoagulation process of amphoteric
polymer lattices on spherical silica; 2) composite for-
mation comprising silica/vesicle or silica/vesicle/silica
particles; and 3} the buildup process of polyelectrolyte or
colloid particle multilayers on latex or silica surfaces. All

these results indicate that the electrokinetic measurement -

is an essential and powerful technique for monitoring the
formation process of composite particles with different
compositions. Finally, the present authors would like to
stress that the formation processes described here were
concerned with the semimicron-sized particles, but these
techniques can be applied to systems, including nanosized
particles with slight reversions.
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ABSTRACT: 2005 IADR/AADR/CADR 83rd General Session &

2061 Clinical trials on eary caries detection using
M. UEMURA*, T. DOI, T. MIYAKE, Y. SAKAMOTO, and M.
KAMBARA Osaka Dental Umversrty, Japan

Objective The present study was clinically to determine the ablhty of a
quantitative light-induced fluorescence (QLF) technique for detection

Program and quantification of white spot lesion. Methods: Sixty five of white spot

> Search lesions in 65 patients (Mean age: 20.378.3) were selected by visual
inspection of oral examination and then evaluated using a QLF
technique. The QLF images were saved at the initial visit and were

> Author Index compared with images done one year later. This allows us to quantify
demineralization and/or remineralization. The image of each white spot

? Subject Index lesion was analyzed for four parameters. The average depth of the
lesion was measured as the average of fluorescence loss (delta F, %).

? Program Book The maximum lesion depth was measured as the maximum fluorescence
loss (delta Max, %) as maximum lesion depth. The lesion size {S, mm?)

> CD Help was also analyzed from each QLF image of white spot [esion. The

mineral loss (delta Q, %Xmm?2) was calculated by the both of delta F

? Main Menu

and S for each white spot lesion. Results: All of white spot lesions
detected at the initial visual inspection were judged as early caries

lesion with QLF measurements (delta Q was -14.8%mm?, delta F:-
8.9%, delta Max:-20.5% and S:1.4 mm?2). The white spot leslons
detected with QLF at the initial measurement progressed in 53.8% at
one year later. 43.1% of the lesion regressed and 3.1% arrested at one
year later. Conclusion: Based on these results, we concluded that QLF
technique Is suitable for early detection and assessment of dental caries

clinlcally.
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ABSTRACT: 2005 IADR/AADR/CADR 83rd General Session &
Exhibition

2059 Evaluation of red-fluorescent dental plaque
using QLF method

K. KAWASAKI*, R. SAKAI, R. TAKASHIMA, and M.
KAMBARA, Osaka Dental University, Hirakata-shi Osaka,
Japan

ObJectives We Investigated the detection and ana!yS|s p055|b|I|ty of red-
fluorescent dental plaque using quantitative light-induced fluorescence
(QLF) method. Methods: The QLF (Inspektor Research Systems B. V.,
The Netherlands) examination of the digital image of red-fluorescent
dental plaque was used to calculate the detected area (AREA), the
average red-fluorescence intensity (A R ave.) and the maximum red-
fluorescence intensity (A R max) in 10 healthy volunteers who refrained
from tooth brushing for four days. The collected samples of red-
fluorescent dental plaque were analyzed by the technique of polymerase
chain reaction {(PCR) for detecting periodontal disease related bacteria
(Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis,
Prevotella intermedia, Bacteroides forsythus and Treponema denticola).
Results: The most of red-fluorescent dental plague were observed at
buccal and lingual surfaces of molar teeth, and the lingual surface of
lower anterior teeth. Each of the three QLF parameters increased at a
different rate for the four days. The average value of each parameters
showed a different value for every subject, and a different Increasing
tendency. As the result of analyzing the red-fluorescent dental plaque
by the PCR method, it turns out that the periodontal disease related
bacteria exists at red-fluorescent dental plaque. Conclusion: We
concluded that the QLF examination can distinguish and quantify the
three parameters, and evaluate the rate of dental plaque formation.
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ABSTRACT: 2005 IADR/AADR/CADR 83rd General Session &
Exhibition

2051 In vitro QLF observation of remineralizing

‘Borch 9] lZ«rZUUST}’ effect in fluoride applications

=‘°'“ 8 Lot L R. SAKAI*, R. TAKASHIMA, K. KAWASAKI, and M.

R i I KAMBARA, Osaka Dental University, Hirakata, Osaka,
Japan

> e
Abstracts by Objectives: The purpose of thlS in wtro study Is to evaluate the

Program

remineralizing process of incipient enamel lesions in topical fluoride

> Search applications with quantitative light-induced fluorescence (QLF).
Methods: 160 bovine enamel specimens (5 mm in diameter) were
mounted In acrylic rod and polished. Incipient lesions were formed in

? Author Index specimens by 12 to 96 hour immersion in demineralizing solution (Lactic
acid: 100 mM, Hydroxiapatite: 3 g/L, Carboxymethyl cellulose sodium

? Subject Index salt: 0.2 g, pH: 5.0). These lesions were quantitatively calculated with A
F (% / ratio of fluorescent loss which describes lesion depth) and divided

* Program Book into 4 groups (A F = -8, -16, -24 and -32). These groups were further
divided by treatment (control, Fluoride dentifrice, APF and Fluoride

> CD Help dentifrice + APF). Specimens were immersed In artificial saliva for 28

days (KCl: 130 mM, KH,PO,: 0.9 mM, CaCl,: 1.5 mM, HEPES: 20 mM,

pH: 7.0). Surface images of the remineralizing process were recorded
on days 3, 6, 9, 12, 15, 21 and 28 with QLF (Inspektor Reserch
Systems, The Netherlands). Results: In low demineralized groups (A F =
-8 and -16), recovery rates reached the plateau within 6 days. In high
demineralized groups (A F = -24 and -32), recovery rates In the two
APF treated groups reached the plateau in 6 days, and in others, the
rates kept raising for 2 weeks. In all lesion specimens, rates of the
control and Fluoride dentifrice groups were higher than the two APF
treated groups. (p < 0.05). There was no difference between the two
APF treated groups, and neither was there between control group and
Fluoride dentifrice group {p > 0.05). Concluslon: This /n vitro study
showed that the difference in recovery rates among 4 types of fluoride
treatment could be observed using QLF. This suggests the usefulness of
QLF In clinical applicattons.
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ABSTRACT: 2005 IADR/AADR/CADR 83rd General Session &
Exhibition

1069 New Analysis Method of Gingiva with
‘March 9- lZﬁEB{]SW Quantitative Light-Induced Fluorescence
.”'""‘“r""“ (e M. IZU*, T. MIYAKE, M. UENE, H. TANAKA, R.

TAKASHIMA, N. NISHIJIMA, and M. KAMBARA, Osaka
Dental Umvers:ty, Japan

> Abstracts by
Program

Objectlves The purpose of this study was to evaluate the condltton of
gingiva objectively by a new digital image analysis with Quantltatlve

> Search Light-Induced Fluorescence (QLF).

Methods: 15 adults (mean age; 22-26 years old) who were informed
about the aim of this study and agreed to participate, were selected as
i the subjects. Photographs of the gingiva were taken with an oral CCD
> Subject Index camera (COREFRONT CORPORATION, Tokyo, Japan) and INSPEKTOR
PRO(Inspektor Research Systems B.V., Amsterdam, The Netherlan;ds).

> Author Index

> Program Book Subjects were prohibited blushing for 7 days. They were re-examined by
same methods after 1, 2, 3, 5 and 7 days. The condition of gingiva was
> CD Help analyzed from the digital images obtained from INSPEKTOR PRO by a

computer program (Inspektor-Pro 1.2.0.4, Inspektor Research Systems

» Main Menu B.V., Amsterdam, The Netherlands).

Results:On Inspection, changes in the gingiva after each day could
hardly be observed. However, when analyzing the images of gingiva, it
was observed that a change in the color tone of the gingiva was more
objectively expressed with red in the gingiva over green in the teeth
fluorescence radiance that on the reference point increase, and the
change of their gingival Inflammation was to quantitatify with this’
parameter in %.

Concluslons:As a result of analyzing the digital images of gingiva by
QLF, it was suggested that this newly developed analyzing method could
be useful for gingival examination, as changes in the quantitative va[ue
expressed the condition of the gingiva.

Seq #127 - Diagnosis, Aggressive Perfodontitis, Clinical States
2:00 PM-4:00 PM, Thursday, 10 March 2005
Baltimore Convention Center Exhibit Hall E-F

Back to the Periodontal Research - D1agnosns /. Epidemiology Program
Back to the IADR/AADR/CADR 83rd General Session (March 9-12, 2005)

file://E¥CONTENT¥PROGRAM¥ABSTRACT¥A62422.htm 3/22/2005



QLF (Qualitative Light-induced Fluorescence)
\C & B HREREZ T

R B4
KRR 2 T A R

2005 E 3743 BiEAS (|%4808)
iBRE (p.6~p.9)
Za—Y14IT2 At



455 BRANODFRE & B — S Hmsast s b RIBTATIA—

[QLF (Qualitative Light-induced Fluorescence)
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Early Detection of Incipient Caries Using QLF
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Abstract
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