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Dielectrophoresis

Two different particles in a non-uniform electric field. The particle on the left is more polarisable than 
the surrounding medium and is attracted towards the strong field at the pin electrode, whilst the 
particle of low polarisability on the right is directed away from the strong field region. 
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Electrochemical double layer 
 Capacitance
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Molecules

Inert particles

Entities with a single
membrane (virus, prokaryotes
and eukaryotes with small nucleii)

Complex cells (plant cells
or mammalia cells with 
large nucleii)

Simulation

Interface between 
particle and medium

fCM is the Clausium-Mossotti factor which describes the 
frequency-dependent dielectri characteristics of the particle 
and its surroundings.

Applied AC frequency
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Dielectrophoresis
Force and Cutoff 

Frequency
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Dielectrophoresis-Based Sample Handling in
General-Purpose Programmable Diagnostic Instruments
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Field Flow Fractionation (FFF)
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Field Flow Fractionation (FFF)

• Narrow channel with the maximum velocity  
along the centerline.

• Large particles  Small diffusion 
coefficients  Closer to the wall  Leave 
the column late.

• Particles susceptible to the field applied 
Closer to the wall  Leave the column late.
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Field Flow Fractionation (FFF)
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Particles 
in a Flow 
Stream 

with 
Positive 

DEP
Five frequencies close to
the crossover frequency.
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DEP Collection Spectra
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Parameters Affecting Cell Properties

• Membrane thickness
• Effective area
• Dielectric constant
• Electrical conductivity

0.8 F/cm2 for smooth biological membrane
15 F/cm2 for highly convoluted hepatocyte membrane
1.2 to 4 F/cm2 are typical for mammalian cells
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DEP Crossover Data (s = 56 mS/m)
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Particles in a Flow Stream with 
Negative DEP
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Eletrosmear 
for normal 

and cultured 
tumor cells

At their crossover 
frequencies, cells touch 
down on the slide surface 
and are captured by the 
binding agent. 15



Magnetaphoretic-dielectrophoretic FFF for Cells with 
Magnetically Labeled Surface Markers
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Alternative: 
Dielectrically Engineered Carrier Beads

2.5 to 10 um in diameter.
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Carrier Beads with Different 
Chain Lengths
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Correlations between the dielectric properties and 
exterior morphology of cells revealed by 
dielectrophoretic field-flow fractionation

19NCI-60 utilizes 60 different human tumor cell lines, representing leukemia, melanoma 
and cancers of the lung, colon, brain, ovary, breast, prostate, and kidney
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MicroPrep: Chip-based dielectrophoretic
purification of mitochondria



Ultrahigh-throughput screening in drop-based
microfluidics for directed evolution

Agresti et al., PNAS, 2010; screen ∼108 individual enzyme reactions in only 10 h, using 
<150 μL of total reagent volume; compared to robotic screening systems, we perform the 
entire assay with a 1,000-fold increase in speed and a 1-million-fold reduction in cost.
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