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Abstract

Bunthawin, S. and Boonlamp, M.
Development of a single cell spherical shell model for an investigation of

electrical properties with a computing program
Songklanakarin J. Sci. Technol., 2005, 27(2) : 393-416

A spherical double shell model (SDM) for a single cell has been developed, using Laplace’s equation
in spherical coordinates and boundary conditions. Electric field intensities and dielectric constants of each
region inside and outside of the cell have been estimated. The dielectrophoretic spectrum of the real part of
a complex function (Re[f (w)] were computed using Visual Foxpro Version 6, which gave calculated values
pertaining to electrical properties of the cell model as compared with experimental values. The process was
repeated until the error percentile was in an acceptable range. The calculated parameters were the dielectric
constants and the conductivities of the inner cytoplasm (g, 7, ), the outer cytoplasm (¢ , 0, ), the inner
membrane ( €,, 0, ), the outer membrane (¢, , o, ), the suspendmg solution(g, ) and the thickness of each
layer (d , d , d, ), respectively. This computer program provides estimated values of cell electrical proper-
ties with high accuracy and required minimal computational time.

Key words : dielectric dispersion, double-shell model, dielectrophoresis,
computer program, dielectric constant, conductivity
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Development of a single cell spherical shell model
Bunthawin, S. and Boonlamp, M
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z Eleciric field : Eg

0
Suspending mediom &5

membrane

® x (b)

Figure 1. Spherical dielectric double shell model(SDM): (a) complex permittivity (E;.) for

each phase. Subscripts (ij's) have the following meanings: s, suspending medium;
¢, cytoplasm; m, membrane; i, internal compartment; and o, outer compartment.
8;,8;,8;,8:”1 and b‘:are the complex permittivities of the inner cytoplasm, the

inner membrane, the outer cytoplasm, the outer membrane and the suspending
medium, respectively. R and R, are the outer and the inner radius of the shell, d,

o
is the thickness of the shell. when ¢ =g — j—%, where € is the permittivity
ij ij

E’
(F m?'), o is the conductivity (S m'! ), @ is the angular frequency of the electric
field (rad s'), and j is the imaginary number equal =1 , (b) spherical-coordinate,

where 7 is the unit vector of the radius, @ and ¢ are the angles which measured

¥

respect to z -axis and x-y plane, respectively.
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Figure 2. Three-dimensional field pattern of a potential in the inner cytoplasm. Calculations
employ the parameters shown in Table 1.
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Table 1. Summary of the permittivities and conductivities of the cytoplasm,
the membrane and the suspending medium for SDM and SSM

models.
. Model .
Parameters / units Figures
SDM SSM
€, 60¢, 60, Fig. 3, 4,5,6and 9
e W 8¢, 10g, Fig. 3, 4,5,6and 9
£, /Fm"! 60¢, - Fig.3,4,5,6and 9
€, ( 8¢, - Fig. 3, 4,5,6and 9
e 80¢, 80, Fig. 3, 4,5, 6and 9
o, 0.1 0.1 Fig. 3, 4,5,6and 9
c, 1 0.1n 0.1n Fig. 3, 4,5,6and 9
o, /S m 0.1 - Fig. 3, 4,5,6and 9
Oom ( 0.5u - Fig.3,4,5,6and 9
o 0.05 0.05 Fig. 3, 4,5,6and 9
R im 20 20 Fig.2,3,4,5,6and 9
R [ 19.97 - Fig.2,3,4,5,6and 9
d 10 - Fig.2,3,4,5,6and 9
d, 15 - Fig.2,3,4,5,6and 9
4 [ /nm 10 . Fig.2,3,4,5,6and 9
) J - 10 Fig. 5 and 9%
e 5.31x10™" - Fig. 2
€ 8.85x10™" - Fig. 2
. /Fm’!
€ 5311010 - Fig. 2
e 8.85x10™" - Fig. 2
E, /kV m! 40 40 Fig. 2%

* for details see Mahaworasilpa et al., 1994

Note: g, is the permittivity of the free space = 8.85x10"* F m"'

Taiwan) auunwn W (Figure 7) daaldsunsn1sagy
Visual Foxpro Version 6 laguuslysunssndu 3 u
l&un " Application: dsm.exe Mitafinsiaainadn
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'3 Application extension: Vfpér.dll 14
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vavae Usznnm 3.21 MB sy aw Application
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(Bunthawin et al., 2003)
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Figure 3. Theoretical plots of Re[f(w)] as a function of field frequency for various values of
the permittivities (a, b, ¢ and d ) and conductivities (e, f, g and h )of the inner
cytoplasm, the inner membrane, the outer cytoplasm and the outer membrane,
respectively. The solid lines were plotted using the parameters shown in Table 1.
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Figure 4. Theoretical plots of Re[f(w)] as a function of field frequency for various values of
the thickness of the shells (a, b and c¢) and the outer radius (d). The solid lines were
plotted using the parameters shown in Table 1.
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Figure 5. Comparing Re[f(@)], which is obtained from the (a) theoretical SDM, SSM (inter-
rupted line) and experimental values(o) for Chlorella sp. (b) The solid - line was
plotted using the following parameters:
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