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SUMMARY 
This is the numerical study for the development of the 
technique to manipulate and separate cells inside physiological 
medium, utilizing dielectrophoretic (DEP) forces. Depending 
on the sign of Clausius-Mossotti (CM) factor, the particles 
move toward either maxima or minima of the electric field 
gradient. A comparison of CM factor of the living cell with 
those of the dead one was presented. The numerical study 
showed that the difference resulted from the existence of the 
shell structure such as membrane. 
 
INTRODUCTION 
This is the numerical study for the development of the 
technique to manipulate and separate cells inside physiological 
medium, utilizing dielectrophoretic (DEP) forces. The DEP 
force is consist of dielectric properties such as electrical 
conductivity and permittivity, particle size, electric field 
gradient, and Clausius-Mossotti (CM) factor terms [1]. Only 
the CM factor has various values from -0.5 to 1 by variable 
frequency. Depending on the sign of this factor, the particles 
move toward either maxima or minima of the electric field 
gradient. This factor is a function of the real part of the 
complex permittivity of the particles and suspending medium. 
Previous a number of researches were used the fixed dielectric 
parameters for the calculating the CM factor in DEP force 
equations. However, these parameters of the biological tissues 
and the physiological medium depend on the frequency [2]. In 
this study, we performed numerical study for the purpose of 
the calculation close to real phenomenon. These studies would 
apply to improve the performance of immune-assay and bio-
assay tools inside a Lab on a chip and be used to remove non-
specific biological particles and to concentrate the specific 
target particles in the physiological medium, resulting in the 
improvement of performance of biosensors [3]. 
 
METHODS 
The DEP force is represented as [4] 

( ) 23 Re2 EfrF cmmDEP ∇= πε   (1) 

where εm, r, fcm, and E are the real permittivity of the medium, 
the radius of the particle, the CM factor, and the electric field, 
respectively. As mentioned in the INTRODUCTION, the CM 
factor indicates the direction of DEP force depending on the 
frequency. This factor is determined by electrical properties of 
the particles and suspending medium. In the case of spherical 
particles without shell structure (or dead cell), this factor is 
represented as [4] 
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where 
ω
σεε j−=~  is the complex permittivity, ε, σ, ω, p, 

and m represent the real permittivity, the electrical conductivity, 
the angular frequency, particle, and medium, respectively. In 
the case of floating cells in the suspending medium, they are 
almost globular shape and have the shell structures such as 
membrane. This case has multi intrinsic relaxation frequencies 
caused by interfaces. Accordingly, the complex permittivity of 
living cell is represented as [4] 
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where r, mem, and c represent the radius, membrane, and 
cytoplasm, respectively. 
To determine the different DEP characteristics between beads 
and living cells, the numerical study for above mentioned two 
models was performed by using commercial software 
(COMSOL multiphysics, COMSOL AB.). We supposed the 
polystyrene bead and B16 cell as the bead and living cell, 
respectively. The dielectric parameters of the supposed bead 
and cell were listed in Table 1[5, 6]. 
 
 

 
 
Figure 1: A schematic diagram of the single-shell model for 
the living cell 
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Table 1: Dimensions and dielectric properties of cells, beads, 
and medium [5, 6] 
 

Symbol Description Value 

rmem + rc Cell radius 1.0 × 10-5 m 

rmem Membrane thickness 5.0 × 10-9 m 

r Bead radius 1.0 × 10-5 m 

σm Medium conductivity 1.6 × 10-1 S/m 

σp Bead conductivity 3.2 × 10-6 S/m 

σmem Membrane conductivity 1.0 × 10-7 S/m 

σc Cytoplasm conductivity 5.0 × 10-1 S/m 

εm Medium permittivity 80.2ε0 

εp Bead permittivity 2.6ε0 

εmem Membrane permittivity 4.4 × 10-11 

εc Cytoplasm permittivity 7.1 × 10-10 

 
 
RESULTS AND DISCUSSION 
The result of real part CM factor for the living cell and the 
dead cell (or bead) was shown in figure 2. The dead cell had 
only one crossover frequency, but the living one had two 
crossover frequencies. In the living cells, the membrane 
structure and function were alive, so the dielectric properties 
of the membrane were different from those of cytoplasm 
(Table 1). For this reason, the living cell had two dielectric 
relaxation responses. The first one was between the external 
medium and the membrane, and the second one was between 
the membrane and the cytoplasm. Finally, the calculation 
results of CM factor depending on the frequency change for 
the living cell was significantly different from the result of 
dead cell. 
 
CONCLUSIONS 
In this paper, a comparison of CM factor of the living cell with 
those of the dead one was presented. The numerical study 
showed that the difference resulted from the existence of the 
shell structure such as membrane. 
 
 
 
 

 
 
Figure 2: Real part of CM factor of living cell and dead cell 
(or bead) 
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