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Introduction

Numerical methods have been widely used to study the dielectric and
electrokinetic properties of colloidal suspensions of latex and soft
particles (O’Brien and White, 1978; DelLacey and White, 1981; Mangelsdorf and
White, 1992; Mangelsdorf and White, 1997; Lopez-Garcia et al., 2000; Saville,
2000; Lépez-Garcia and Horno, 2002). However, this methods were only
very recently used for suspensions of cell-type particles (Zzimmerman
et al., 2003; Zimmerman and Grosse, 2004).

In this work, the network simulation method (Lépez-Garcia and Horno,
2002) is used to solve the electric potential, ion number concentration,
and fluid velocity distributions induced by an AC electric field applied
to a cell-type particle suspended in an electrolyte solution. Using the
results, the induced dynamic dipole coefficient, dielectric spectra, and
electrorotation spectra are calculated.



Cell model

e conducting internal medium

E
e non-conducting membrane "
e external conducting layer: cell external
medium

wall with an uniformly
distributed fixed charge

e conducting external medium:
electrolyte solution

e interfaces at R, and R.
impermeable to the ions

e interface at R, totally
permeable to the ions

internal Ke, De

medium K



only two type of ions are considered for every conductive
medium

the interface at R, is permeable — the wall and the external
medium are in equilibrium

the wall and external medium permittivities are assumed to be
identical (avoids the calculation of the Born energy term in the
Poisson equation (Born, 1920))

the hydrodynamic permeability of the wall is sufficiently low to
impede liquid flow in this region (however, the ions can move
inside the wall)

the viscosity in the internal medium is high enough to impede
the liquid flow, due to a possible inner cell structure



Dynamic dipole coefficient

The dynamic dipole coefficient (v*) is obtained solving the system
with an applied AC electric field
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the spectra obtained show the following dispersion regions:

— « (related to the charge of the particle)

— 3 (related to the process of charge of the membrane)

— § (Maxwell-Wagner-O'Konski dispersion)

it was verified that the low frequency behaviour does not depend

neither on the membrane thickness nor on the ion concentration

in the internal medium for constant charge

comparison between numerical and analytical results:

— 0. very good coincidence

— (. difference possibly due to the presence of charge; the dif-
ference increases when keR, diminishes

— «. there are no-analytical predictions for the system considered



«» Spectra of the real part of the dipole coefficient for cells:

* full lines: numerical

x dashed lines: analytical (uncharged particles)

(Zimmerman and Grosse, 2002)
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parameters used in the Figures

o = 1.bum
Ee — 78.36
Em — 4
eg =710

zét = zli = +£1
DE = Dy, = D =
2x107°2 m?/s
=1
cf=1023 1/m?3
o = 5x1073 S/m

pM = 103 kg/m3

pP = 1.2x103 kg/m?3
n = 8.904x10"% Pa s
T = 298.4 K

Rg — Rb = 50 nm

Ne = 300

Nw = 300

N; = 200
(number of
compartments)
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parameters used in the Figure

Ee — 78.36
eEm =4
eg =710
/ieRa — 48

Zét:ZIiZ:lzl
DE = Dy, = D =
2x107°2 m?/s

A=
Cf =3x1023 1/m3
(=1

pM = 103 kg/m3

pP = 1.2x103 kg/m?3
n = 8.904x10"% Pa s
T = 298.4 K

Rq — Rb = 50 nm

Rb — Re=5nnm

Ne = 300

Nw = 300

N; = 200
(number of
compartments)



Dielectric spectra

The permittivity (es) of the dilute suspension is calculated using the
dipole coefficient together with the Maxwell mixture formula:
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s Permittivity spectra for suspensions of cells:
x full lines: charged cells
x dashed lines: uncharged cells
x dotted curve: homogeneous particle with wall
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parameters used in the Figure (same as in the last figure)

Ee — 738.36
eEm =4
ei =70
F&eRa — 48

zejE =zij:=:|:1

Dg = Dy, = D =
2x107° m?/s

=1

Ct =3x1023 1/m3

(=1

pM = 103 kg/m?3

pP = 1.2x103 kg/m3
n = 8.904x10"% Pa s
T =298.4 K

Rq — Ry =50 nm

Rb — R.=5 nm

Ne = 300

Nw = 300

N, = 200
(number of
compartments)



e spectra for charged and uncharged cells coincide at medium and
high frequencies

e the low frequency limit changes due to the change in the (-
dispersion amplitude

e the full spectra are obtained by adding the relaxations correspond-
ing to each process (for sufficiently separated processes)



s Difference between the permittivity of a suspension of cells and a
suspension of homogeneous particles surrounded by a wall divided by
the permittivity of the cell suspension:

o o

=

(Sgcell - 88homog.) / 88cell




parameters used in the Figure (same as in the last figure)

Ra=15pum |25 =25 =+1 pM = 103 kg/m3 Ne = 300

ce =78.36 | D& = D = D = | pP = 1.2x103 kg/m> | Nw = 300

em = 4 2x107° m?/s | n=28.904x10"% Pa s| N, = 200

ei =70 A =-1 T =298.4 K (number of

oi=055/m Rg — Ry =50 nm compartments)
Ry — Rc =5 nm




Electrorotation velocCity

The electrorotation velocity (2) is calculated using the imaginary
part of the dipole coefficient, together with the potential (6¢(r)) and
charge density (6p(r)) distributions (zZimmerman et al., 2002)

proportional to
Im {coef. dipolar}
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electrorotation velocity electroosmotic term
classical term (numerical integration)

9(r) = - [Re {(5p()} M {56()} — Im {3p(r)} Re {59()}]



«» Electrorotation spectra of cells
x full lines: numerical
x dashed lines: analytical (uncharged particles)
(Zimmerman and Grosse, 2002)

e constant fixed charge density (CT = 1024 1/m3) = different
(-potential for each curve

e numerical and analytical results comparison:
x 0. excellent coincidence

x (3. very good coincidence for keRg > 1
x . there are no analytical predictions for the system considered
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parameters used in the Figure

Ry = 1.5um o = 0.8 S/m pM =103 kg/m?3
Ra— Ry =50 nm | z& = z5 = +1 pP = 1.2x103 kg/m3
R,— Re=5nm | Di =Dy =D = |7n=8.904x10"% Pa s
ce = 78.36 2x107° m?/s E = 10000 V/m
i = 4 J=-1 T =298.4 K
gi =70 b =0 Ne = Nw = 300

N; = 200




«» Electrorotation spectra of cells
x full lines: numerical
x dashed lines: analytical (uncharged particles)
(Zimmerman and Grosse, 2002)
x Symbols: experimental data for Cryptosporidium parvum oocysts
(Zimmerman, 2003)
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‘:‘ the system behaviour over the whole frequency range (including low
frequencies) can be interpreted using the numerical electrorotation
spectra



parameters used in the Figure

Rq — Ry = 59.7 nm
Ry — Rc=7 nm

Ee =— 78.36
Em — 3.9
Ej — 70

N; = 200

oe = 15.6x107% S/m

Oj — 0.8 S/m

zei = zljE = +1

Dg = Dy, = D =
2x1072 m?/s

DT =2.3x1072 m2/s

DY =5x1079 m2/s

=1
CT =2x10%* 1/m3
¢rf =0

pM =103 kg/m3

pP = 1.1x103 kg/m3
n=28.9x10"% Pa s
T =298.4 K
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