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Abstract. The manipulation of nanoparticles is becoming an important issue as they are massively 
generated in combustion or material synthesis processes and are highly toxic to human health. 
Therefore, a considerable interest is shown to their separation in accordance with their physical or 
chemical characteristics using dielectrophoresis. Dielectrophoretic (DEP) force is exerted when a 
neutral particle is polarized in a non-uniform electric field, and depends on the dielectric properties 
of the particle and the suspending medium. This paper investigates the behavior of a suspension of 
nanometric particles under the action of DEP force. A theoretical model is proposed and a set of 
numerical results is provided. In particular, the particles' trajectories are computed for a planar 
electrode array configuration.  
Keywords: mathematical model, nanometric particles, suspension, separation, dielectrophoresis.  

 
 

1. Introduction 

In spatially non-uniform ac electric fields, dielectric particles move as a consequence 

of the interaction of the dipole induced in the particle and the applied field gradient. This 

movement was termed dielectrophoresis (DEP) by Pohl [1]. DEP methods can be used in 

many forms (electrorotation, traveling wave DEP, negative and positive DEP) to manipulate 

the micro- and nanometer scale particles [2], [3]. The aim of the present paper is to analyze 

dielectrophoresis, in order to reveal their potential for novel applications in the field of 

nanoparticles manipulation. 

 

2. Theoretical Background  

Dielectrophoretic (DEP) force is exerted when a neutral particle is polarized in a non-

uniform electric field, and depends on the dielectric properties of the particle and the 

suspending medium (Figure 1). The utilization of the dielectrophoretic force exerted on 

different particles in nonuniform electric fields is known as DEP separation using the balance 

between DEP and fluid-flow forces. Particles experiencing repulsive and weak attractive DEP 

 95



forces are eluted by fluid flow, whereas particles 

are trapped at electrode edges against flow drag [2], [4], [5]. 

The dielectrophoretic force can be written as [6], [7]:  
 

experiencing strong attractive DEP forces 
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where pε~  and mε~  are the absolute complex permittivity of the particle and the medium

ctively.  
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FIGURE 1. Electrically neutral particle in the presence of a spatially non-uniform electric field. The dipole 
moment induced within the particle results in a translational force and the dielectric spherical particle undergoes 

a DEP motion. 
 

The time averaged DEP force is given by [3]: 

( )223 })(Re{2})(Re{ 2
IRmrms VVkak ∇+∇∇=∇ ωεπω E            (3) 32 mDEP a= επF

2
rmsE  is the gradienwhere ∇ t of the square of the rms (root mean square) electric field, 

and 

properties and size. When the sign of Re{k} is positive, the particle is more polarizable than 

RV IV  are the real and the imaginary components of the electric potential, respectively. 

 

 The Clausius–Mossotti factor depends on the dielectric properties of the particle and 

medium, and also on the frequency of the applied field. As a consequence, dielectrophoresis 

can be used as an effective mean of separating particles, solely according to their dielectric 
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its surrounding medium and it undergoes what is known as positive dielectrophoresis (pDEP), 

the particles are attracted to the locations of electric field intensity maxima and repelled from 

the min  the particle is less polarizable 

than its surrounding medium, the phenomenon being known as negative dielectrophoresis 

(nDEP).  

 imp

investigated the dielectrophoretic force for an interdigitated electrode array, as in Figure 2, 

and then we computed the particles trajectories for a t

 

ima. The opposite occurs when Re{k} is negative and

 

3. Numerical results and Discussions 

Our numerical study deals with two ortant aspects of the dielectrophoresis: first we 

ypical system for experiments. All the 

numerical simulations were performed using a finite element code, FreeFEM [8].  

 
 

FIGURE 2. Interdigitated electrode array. 

gether with the associated boundary conditions. Due to the symmetry of the problem and 

eir width, the problem can be considered to be 

two dimensional. The computational domain and the boundary conditions can be assu

shown in Figure 3. 

va or of 

ven symmetry on the left and even symmetry on the right and the single half-electrode 

 

For the computation of the dielectrophoretic force we solved the Laplace equation 

to

considering the electrodes long compared to th

med as 

The vertical lines mark the period over which the system repeats. Also shown are the 

lues f  the potential on each electrode. The solid lines indicate this unit cell with a line 

e

required. The dotted lines indicate the images of the unit cell demonstrating that the problem 

is completely described.  
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FIGURE 3: Boundary conditions for the real part of electric potential in the DEP. 
 

In order to avoid extreme numbers in numerical calculations, the variables are usually 

scaled according to typical values. In this paper, the potential is scaled with V0, the amplitude 

of the applied signals, and the distances are scaled with d, the distance between the center of 

the electrode and the center of the adjacent gap. In terms of dimensionless variables 

V'R=VR/V0, V'I=VI/V0 and x'=x/d, the time-averaged DEP force becomes: 

 

( )
2

2 23 0
32 Re{ ( )} ' ' ' ' 'DEP m R I

Va k V V
d

π ε ω
⎡ ⎤
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⎣ ⎦

F + ∇                             (4) 

where the term before the diffe eristic force constant, K. 

The dimensionless DEP force:  

rential operator represents a charact

( )2 2' ' ' ' ' 'DEP
DEP R IV V

K
= = ∇ ∇ + ∇

F
F                                           (5) 

is obtained by solving the dimensionless Laplace equations for the real and the imaginary 

components of the electric potential together with the associated boundary conditions. The 

simplified boundary conditions require the height h of the solution space is required to be 

much greater than d and was set to 10 in dimensionless units. 

The results obtained for the magnitudes of the dimensionless electrical field ' 'RV∇  and 

the vector 2' ' RV∇ ∇  of the dimensionless DEP force given by Equation 5 in a 1x1 region are 

presented in Figures 4 (a) and (b), respectively. 
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(a)                (b)  
 

FIGURE 4. Calculated values for the magnitudes of dimensionless electrical field ' 'RV∇ (a), vector 
2' ' 'RV∇ ∇  of dimensionless DEP force (logarithmic scale) (b). 

 

A more refined study of the behavior of the suspension subject to DEP forces is 

provided by the analysis of particles trajectories. The dimensionless movement equation: 

2
0 0

1' ' ' ' ' '
2

t t= + +x x v a ,                                                        (6) 

where the time is nondimensionalized by defining a time constant in order to obtain 

' 'DEP=a F , is solved for different initial positions (x'0,y'0) of particles, 

step t'=10-3. 

 1, 1.2) in the case of positive and negative DEP are shown in 

as in Figures 5, (a) and (b):  

 

with a constant time 

The computed trajectories for particles entering the computational domain at x'0=0 and 

different values of y'0 (0.5, 0.75,

     
(a)                                                                                          (b) 

 
FIGURE 5. Calculated values of particles trajectories in case of positive DEP (a) and negative DEP (b). 
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The initial velocity of the particle is considered parallel to the electrodes and equal to 

unity. The trajectories are strongly influenced by the DEP force in the vicinity of the 

electrode. When the distance particle-electrode is large, the influence of the DEP force is very 

week. For particles entering in the domain at y'0>3, there is practically no effect of the DEP 

force, so is important to use very thin devices in order to control the trajectories using electric 

field. The analysis of the effects device's geometry (height, distance between electrodes, and 

shape of electrodes) could lead to the improvement of the separation process. 

 

Conclusions 

The paper presents a set of numerical results obtained for the description of the particle 

behavior in a two-phase system putations deals 

with two important aspects of retic force for an 

interdigitated electrode array, then the computation of the particles' trajectories for a planar 

electrode array configuration,

the dielectrophoretic force on the suspension’s conce

be continuously separated and 

promising technique for nanoparticles separation, function of their physical properties (nature, 
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 under the action of DEP. The numerical com

 the dielectrophoresis: first the dielectropho

 in a typical system for experiments on positive and negative 

DEP. The presented results clearly show the repulsive and respectively attractive effects of 

ntration distribution. By adjusting the 

applied voltage at the command electrodes, a mixture of nanoparticles of different sizes can 

different collected. Consequently, DEP seems to be a 

dimensions). 
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