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. Abstract

Studies developed over the past ten years, since the inception of microfluidics, showed that the electric
force can be the i1deal candidate for spatial precision control of the particles suspensions movement in an
operating fluid (electrohydrodynamics). A very high electric field can be obtained and the electric force can
be highly localized because the electrodes are placed cross a small distance (from sub-millimeter to a few
microns). Dielectrophoretic (DEP) force 1s exerted when a neutral particle 1s polarized in a non-uniform
electric field, and depends on the dielectric properties of the particle and those of the suspending medium.
The integration of DEP and microfluidic systems permits numerous applications in different areas as mi-
cro/nano particles manipulation and filtration, nanoassembly, biosensors, cell therapeutics, drug discovery,
medical diagnostics.

This paper presents the basics of the dielectrophoresis theory, different examples of electrodes configu-
ration and the applications of such systems for particle manipulation together with a set of numerical re-
sults obtained 1n the frame of a two-dimensional mathematical model. The numerical solutions are comput-

ed using the finite element method.

Dielectrophoresis (DEP)

Phenomenon in which a force is exerted on a
dielectric particle subjected to a nonuniform
electric field

Principle of dielectrophoretic manipulation:

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

Castellated microelectrode
for nanoparticle separation
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Viable yeast cells collecting by positive DEP into pearl
chains, and “stained” nonviable cells collecting by
negative DEP into triangular aggregations levitated
above the electrode plane [9]

Boo. <5
-

5 % . = ;I =

J Numerical results

Detail: Calculated amplitude of the dimen-
sionless DEP force in the vicinity of the
electrode (logarithmic scale)
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Dimensionless DEP force

C

(JAcknowledgements

This work was supported by a grant of the Romanian Na-
tional Authority for Scientific Research, CNCS — UEFISCDI,
project number PN-II-ID-PCE-2011-3-0762.

Net force =@

\-
Travelling
electric field

Electric field distribution for a
castellated electrode array

Detail: Calculated amplitude of the dimen-
sionless twDEP force in the vicinity of the
electrode (logarithmic scale)

Transverse variation of the calculated dimension-
less DEP force for different longitudinal coordinates.
Note: the dimensionless value x=0 corresponds to
the middle of the electrode while the value x=-0.25

(a) A particle experiences zero net
force while suspended in a uniform
electric field. (b) A particle experi-
ences the DEP force because of the
magnitude of the gradient of the
electric field. (c) A particle experi-
ences the DEP force because of the
electric field phase gradient [3]

(L Mathematical model

Equations:

V(x,t)=Re{V(x)e’"}

Dielectric medium
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Fluorescence image of DNA molecules
attached to selected electrodes by use
of DEP trapping [3]

() K) () ) (F)Amplitudes of applied potential for DEP
Z: 0 |4 0 I 0 )Amplitudes of applied potential for twDEP Boundary Conditions:
Schematic representation of the computational V=-1, =y, ) %= =N
domain Jr=0 = f=0 =T
: 2d !
Dielectrophoretic forces: | |
oo o 5i=0 !
3 ~ h A S =0 g >
(Fopp) ==& kV(\VV \2+\VV\2) e e
DEP 4 m'r R I/ ! 1= on— !
F S o B (Vx(VV, xVV, i -
(Foupir ) 5 i( *(VVex ’)) V=, WY, L=, BT,
Jj=0 =1 Ij=0 hr=h
numerical analytical
IS —
A A y
Validation: Ly=2L = _.___?_L___._(OO)Li _______
Computational domain: ﬁ 3
. Lx s
. I il
Boundary condition: 1 0-
V =V, exp(iowt — gx)
> 0.5+
. . 8
Analytical solutions: e
» @ twDEP - analytical
_ -?, 004 — twDEP - numerical
— . N @ DEP - analytical
V(r)=V,exp(-igx)coshqgy/coshqL £ — DEP - numerica
5
. c -0.5
F' = F,(k'coshby,sinhby,0) &
F, =3¢ V’q’k, /2cosh’(b/2) R v S T
0 m’ 0 q R -150 -100 -50 0 50 100 150

Dimensionless DEP and twDEP forces

Analytical versus numerical solutions
for the dielectrophoretic forces
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