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Clausius-Mossotti factor and Dielectric Function of Cells
The dielectrophoretic force equation (under dipole approximation) contains the frequency dependent Clausius-Mossotti factor,
C̃M(ω). Here ω = 2π f is the angular frequency of the AC electric field ( f is the frequency in Hz). The˜symbol over a variable
indicates that it is a complex number. We note that the sign of ℜ

[
C̃M(ω)

]
determines the direction of the force. Positive C̃M(ω)

gives positive DEP (i.e. particles attracted to high electric field regions) and negative C̃M(ω) results in negative DEP (i.e.
particles repelled from high electric field regions). C̃M(ω) is a measure of the effective polarizability of the particle in the
medium. It is defined as1:

C̃M(ω) =
ε̃c(ω)− ε̃m(ω)

ε̃c(ω)+2ε̃m(ω)
. (S1)

Here ε̃m,c(ω) is the complex dielectric functions of the materials. The subscripts m and c represent the suspension medium and
the cell (yeast), respectively. The complex dielectric function of the medium is modeled as:

ε̃m(ω) = εm − i
σm

ωε0
(S2)

where εm is the relative permittivity, and σm is the conductivity of the medium. We use εm = 80 and σm = 0.8×10−3 S/m in
our calculations2. Eq. S2 holds for homogeneous isotropic particles/objects.

Cells have more complex structures than homogeneous particles. They are composed of different distinct materials
(cytoplasm surrounded by a thin cell membrane). Thus, a more complex approach is necessary to model ε̃c. A shell-model is
often used to model the effective dielectric function of cells3–5. According to this model, ε̃c is given by1:

ε̃c = ε̃mem

(
r2
r1

)3
+2 ε̃cyt−ε̃mem

ε̃cyt+2ε̃mem(
r2
r1

)3
− ε̃cyt−ε̃mem

ε̃cyt+2ε̃mem

, (S3)

where ε̃cyt and ε̃mem have the same form as Eq. S2 and represent the complex dielectric function of the cytoplasm and membrane,
respectively, and r1 and r2 are the inner and outer cell radii, respectively. The material properties of the cytoplasm and cell
membrane is needed to evaluate the dielectric function of a cell. The conductivity, relative permittivity and the geometric
parameters of live and dead yeast cells have been reported in the literature2, 6. By plugging in these values, it is possible to
calculate the Clausius-Mossotti factor of live and dead yeast cells using Eq. S1, S2, and S3. The results are shown in Fig.
S1. It can be noted that the frequency response of a live cell is significantly different than that of a dead cell. It is possible
to find frequency regimes when their responses have opposite signs. For the cell sorter/separator LOC considered in this
paper, the frequency of interest is f = 5MHz. We can note that at that frequency, ℜ

[
C̃M(ω)

]
> 0 for live cells (viable) and

ℜ
[
C̃M(ω)

]
< 0 for dead cells (nonviable). The exact numbers are: ℜ

[
C̃M, viable

]
= 0.945 and ℜ

[
C̃M, nonviable

]
=−0.25. Thus,

for an AC electric field with frequency 5 MHz, the live cells will experience positive DEP forces where as the dead cells will
experience negative DEP forces. This is consistent with results found in literature5, 7. Due to the opposing DEP forces, it is
possible to separate the two types of cell.
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Figure S1. Real part of the Clausius-Mossotti factor for live and dead yeast cells.
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