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Charged resin bead excluding suspension of microspheres to a distance of >
200 um. The resulted exclusion zone is surprisingly much larger than the
prediction of the double layer theory being ~1 um.

« A potential gradient is also observed however across the exclusion zone.
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Old references on exclusion zones

Reprintad with permission from Langmuir, 1987, Vol. 3, No. 5, pp. 601-606 @ 1987 American Chemical Society.

Modern State of the Investigation of Long-Range Surface
Forces'
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Received danyery 15, 1087

Development of the cencept of aurface Jong-ravge forees amd, in partboular, the egullibriym disiniuing
presaure of liguid and pasasus interlayers has been apt forth, Considered are the molecular,
¢lectrical, structnmel, and electronkc componenits of dinjoining presnre. Tha eontritanbn of the dmjnmmi:
preasura to the h}’d:u&}mumca of thin levers is conmidered. The fizet theary of the frost heaving of sails
k= been formuleted. Stated are the investigntions of surface lores, in partmular ity the prew e of the
forraatvn of vesr interfaces and arising phenomens of the ermiesion of €lectrons, ione, photons, and néwtmna,

/ name of department

Up to npw, investjgation of surface forces hoe atlowed
the long-renge action to be detected, which doea not. exceed
a micrometers, Therefore, special attestion shrwld be peid
ty the sxperiments carried out by a researcher of the On-
kolegy Center of tha Academy of Maedicinal Scemces,
olovaney, Diluting the blood plasma by a 4—fokd volums
of a 1{1% salt sclution, Golovanoy has detecied that leu-
Eotyted cen repel the surmounding erythrocytes at a die-
tance up to &0 pm ¥ [t hag also heen ghown that [n the
abzenee of arythrocytes, leukocyies that myinally repe] one
ancther form in a few hours a perfodicat lattics possessing
baxagonal aymmetry.**  In this case, the distance be-
tween the peighboring Ialtice sitas cooupled oy lenkocytes
waa 0 the crder of about 60T urn. These: nvestipation
results unambiguoualy indicate that e cells are able to
generals repalsion forses having a radius of action which
many times exceeds that of the forces stemming (rom
upotgahiced matter, An sttermnpt was mads to ascriba the
forges due to lenkocytes to diffumion fluxes resulting from
liva ectivity proceanes.

However, this eXplanalion became invalidated whan it
was demongtrated thar the repulsion forees are able to
overcorne material barriers in the form of fillaments and
wires.® Thiz indicates that the nature of thess forces is
cognate with that of Frohlich's forces generatad by oo-
herent excitations,* emitting elbctmmepmitic weves having
the length of a few hundred mictometsrs. The next
problem to be solved resides in finding a direct aubetan-

Liation of this hypotheais.
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Time evolution of exclusion zone

Top: N = Nafion, thickness 200 pm
EZ = exclusion zone
B =beads (@ 1.0 ym)

1. The exclusion zone expands as a
function of time

2. The width of the exclusion zone is
proportional to the square root of time
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Counter flow
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Beads flow from outside the EZ towards the beads creating
vortices near the nafion surface
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S. Musa et al., submitted to Physical Review E
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Viscosity of EZ-water: Optical tweezing
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Viscosity of EZ-water: Optical tweezing

Potential well
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Viscosity

3 methods:

Measuring stokes drag under sinusoidal movement
of the bead

Measuring Brownian motion of the bead

Measuring Brownian motion of the bead while the
bead is moving sinusoidally.
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Viscosity of the EZ-water

We have conducted experiments to examine existence of ordered layer next
to the surface by

1.Measuring whether there is a change in viscosity inside and ouside the
exclusion zone

2.Measuring whether there is a change in optical density inside and outside
the exclusion zone
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Applications: confined flow generation

nafion

—_—

1. When the edge of the Nafion film is structured confined flow lines of
bead can be generated with different beads velocities

2. The flow which continues for several hours can be used in application
where slow flow generation is needed
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Flow between surfaces of different
polarity

Beads flow between resins with different charged polarities
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Colloidal crystal formation

Large crystals of micro-spheres could form between hydrophilic surface and

gloss.
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Colloidal crystal formation
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Possible causes of EZ formation

1. Crystal formation in the EZ-zone

2. Diffusiophoresis moves the beads away from the nafion and causes
the vortices.

3. Frohlich coherence mechanism/Coherent domains
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Diffusiophoresis

- What is diffusiophoresis?

It Is the movement of a colloidal particle as a
consequence of a concentration gradient of a solute

Technische Universiteit
e Eindhoven
University of Technology

5-11-2012

/ name of department PAGE 14



Diffusiophoresis

Diffusiophoresis and electrophoresis of a charged sphere perpendicular to
two plane walls

Yu C. Chang, Huan J. Keh*

Deparmment of Chemical Engineering, National Taiwan University, Taipei 1061 7, Taiwan, Republic of China
Received 24 Junuary 2008; accepted 4 March 2008
Ayailable anline 16 April 2008

Abstract

The problem of diffusiophoretic and electrophoretic motions of a dielectric spherical particle in an electrolyte solution situated at an arbitrary
position between two infinite parallel plane walls is studied theoretically in the quasisteady limit of negligible Peclet and Reynolds numbers.
The applied electrolyte concentration gradient or electric field is uniform and perpendicular to the plane walls. The electric double laver at the
particle surface is assumed to be thin relative 1o the particle radius and to the particle—wall gap widths, but the polarization effect of the diffuse
ions in the double laver is incorporated. To solve the conservative equations, the general solution is constructed from the fundamental solutions
in both cylindrical and spherical coordinates. The boundary conditions are enforced first at the plane walls by the Hankel transforms and then on
the particle surface by a collocation technique. Numerical results for the diffusiophoretic and electrophoretic velocities of the particle relative to
those of a particle under identical conditions in an unbounded solution are presented for various cases. The collocation results agree well with
the approximate analytical solutions obtained by using a method of reflections. The presence of the walls can reduce or enhance the particle
velocity. depending on the properties of the particle-solution system and the relative particle—wall separation distances. The boundary effects
on diffusiophoresis and electrophoresis of a particle normal to two plane walls are found to be quite significant and complicated. and generally
stronger than those parallel to the confining walls.

@ 2008 Elsevier Inc. All rights reserved.

Viogc=—

Keywords: Diffusiophoresis: Electrophoresis; Boundary effects: Thin but polarized double layer

1. Introduction

In this equation, £ and » are the diclectric permittivity and vis-
cosity, respectively, of the fluid, and ¢ is the zeta potential at

The electrokinetic transport phenomena of charged colloidal
particles suspended in electrolyte solutions are of much funda-
mental and practical interest in the fields of chemical, biolog-
ical, and electronic engineering and science. Electrophoresis,
which results from the interaction between an applied elec-
tric field and the electric double layer surrounding a charged
particle, is the most familiar example of various electrokinetic
transport phenomena. The electrophoretic velocity U™ of a
uniformly charged particle in an unbounded ionic solution is
sirnply related to the uniformly imposed electric field E> by
the Smoluchowski equation [ 1-4],

U[I]]= iE'x (1
n
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the particle surface.

Diffusiophoresis, which is the movement of a particle in re-
sponse o the macroscopic concentration gradient of a solute,
can be another exgggple of electrokinetic motions. In an un-
bounded solu@n of a s YWnetrically charged electrolyte wi

- ) 2)
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Hexagonal water crystal formation. (Pollack)

Hexagonal Bilayer Water tends to dissociate OH ~ (Anick)

Crystalline scaffold becomes positively charged and therefore sticks to the Nafion.
Crystalline scaffold is saturated with negatively charged liquid water.

The OH ~ions move away from the Nafion because of electrophoresis.

The liquid water is convected in the same direction because of electro-osmosis
The H* accumulates outside the exclusion zone because of Donnan exclusion.
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Charge accumulation

According to Maxwell’'s equations, charge accumulation can only
occur over a time period equal to :

Permittivity
Conductivity

In the case of the atmosphere this ratio is O(minute)
In the case of water this ratio is O(ns)
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Conclusions

*The optical tweezing experiment measured a viscosity

of the EZ- water equal to the viscosity of regular water.

*The particle tracking system measured the movement of

beads at the border of the EZ-zone. Within the EZ-zone the beads
were moving away from the Nafion. Away from the EZ-zone

the beads were moving towards the Nafion.

Different explanations were explored for the observed vortices:
Diffusiophoresis, electrophoresis and electro-osmosis.

*The most plausible explanation was found to be electro-osmosis
In a positively charged cristalline scaffold of HBW.
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Future work..

1. Investigating the root cause of the EZ formation and
2. Understanding the confined flow
3. Determining the conditions that leads to crystal formation
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