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Fig. 1 A schematic depiction of various colloidal

complexes : (a) a floc, (b) a polymer-grafted particle,
(c) a particle coated with adsorbed polymers ©
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(a) Typical trajectories of a PSL particle of various diameter (the corresponding diameter is

indicated in the panel) due to Brownian motion observed by an optical microscope (7 = 0.133 s, N = 1000);
(b) Gaussian distribution of the Brownian displacements corresponding to the experimental data shown on

the left side

(X) Histogram of the displacements in the horizontal direction, (+) histogram of the displacements in the

vertical direction, and (solid line) the predicted Gaussian distribution
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Fig. 3 Relative errors of obtained hydrodynamic
diameters (the test was conducted in triplicate : X,
M, [ ) and the calculated range of the relative errors
for a confidence level of 0.9 (solid lines) are plotted
against the acquired number of displacement data,
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(X) Obtained hydrodynamic diameters in this
experiment, (M, [J) the hydrodynamic diameter of
clustered aggregates and linear aggregates reported
by Reynolds and Goodwin ', respectively, and (@)
the hydrodynamic diameter of flocs reported by
Takayasu and Galembeck '?.
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Fig. 5 Electrophoretic mobility of flocs as a function
of their diameter d,

The flocs are composed of primary particles of the
diameter dy =1.956 pum. The measurement was
conducted under the KCI concentration of 1.0 X
1072 M 9.

Fig. 6 A schematic picture of a negatively charged
floc undergoing electrophoresis

The imposed electric field yields electro-osmotic flow
(indicated by small arrows) in a direction opposite to
the transport of the floc (the large arrow). The
dashed line denotes electric double layers ®.
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Fig. 7 Typical Brownian trajectories of single PSL particles observed by an optical
microscope (7 =0.267 s, N=1500): (a) a bare particle and (b) a particle adsorbed with

oppositely charged polyelectrolytes 2"
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Fig. 8 Temporal variation of the hydrodynamic thickness of an adsorbing polyelectrolyte layer on a single PSL
particle after the mixing event under the ionic strength of (a) 1.0 X 107* M and (b) 1.0 X 10~ M KCI solution

The diameter of the core particles is 804 nm and the nominal molecular weight of the polyelectrolyte is 4.9

million 27
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Fig. 9 Temporal variation of electrophoretic mobility of PSL particles adsorbed by cationic polyelectrolytes
after the mixing event under the ionic strength of (a) 1.0 X 107* M and (b) 1.0 X 10~? M KCI solution

The diameter of the core particles is 804 nm and the nominal molecular weight of the polyelectrolyte is 4.9

million 27.
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Fig. 10 Schematic illustrations of the transition of
cationic polyelectrolytes adsorbing onto the surface of
a PSL particle under the condition of low ionic
strength

The upper illustrations represent the case for high
polyelectrolyte concentration (higher rate of supply)
and the lower the low polyelectrolyte concentration.
When the supply rate is high enough, the initial layer
thickness is almost the same size as a free
polyelectrolyte coil in the bulk solution. The
adsorbing layer near the particle surface maintains
high charge density even though meta-stable
polyelectrolyte chains have desorbed and
rearranged 2.
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Natural colloidal particles including soils often form porous complexes due to aggregation

and adsorption of polymeric substances, efc.

Characterization of their behavior in soil and

aquatic environments, such as coagulation, deposition, and transport, requires a comprehensive
analysis of both hydrodynamic and electrokinetic properties of colloidal complexes, while
chemical and physical heterogeneity of the suspension complicates the measurements. In
fact, conventional measurement techniques, e.g. dynamic light scattering, are incapable of
extracting neither hydrodynamic data on individual uneven complexes composing a poly-
dispersed suspension nor structural conformation of polymers adsorbed on colloidal surfaces
since the instruments output an averaged characteristic of the whole sample. We have
approached this experimental issue through developing a new particle sizing technique that
allows us to characterize hydrodynamic properties of a single, individual colloidal complex by

analyzing its Brownian motion under a simple optical microscope.

Using this single particle

tracking technique, we clarified the influence of initial floc growth on the hydrodynamic

diameter of a micrometer dimension.

In comparison with corresponding electrophoretic

mobilities, this technique has further revealed that electro-osmotic flow arises deeply inside a
porous floc under the electric field. We also show Kkinetic transition of adsorbing
polyelectrolytes on colloidal surfaces detected through the temporal analysis of the Brownian
diffusion of single particles. ~All measurements above lead us to an implication that fluid flows
inside colloidal complexes differ markedly with and without imposed electric field, hence
permeability of porous media is an important parameter to be considered.
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Brownian motion ; electrophoresis ; electro-osmosis ; floc ; polyelectrolyte.



