
1: Debye layer, Zeta potential, Electrokinetics

2: Electrophoresis, Electroosmosis

3: Dielectrophoresis

4: Inter-Debye layer force, Van-Der Waals force  

5: Coupled systems, Scaling, Dimensionless Numbers 

Goals of Part IV: 

(1) Understand electrokinetic phenomena and apply them 
in (natural or artificial) biosystems

(2) Understand various driving forces and be able to 
identify dominating forces in coupled systems  

Key Concepts for section IV (Electrokinetics and Forces)



Motion of particles in E and B field. Motion of (bio) Particles in Electric and Magnetic field

Electrophoresis 
Motion of charged particles in an electric field 

Dielectrophoresis
Motion of (neutral) particles in an electric field gradient 

Magnetophoresis
Motion of magnetic particles (with magnetic dipole) in a magnetic 
field 
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Positive / negative DEP, etc.+
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Positive DEP

Particle moves toward 
the high field region.
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Particle moves away from 
the high field region.
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Motion of (induced) dipoles in an 
electric field 
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DEP force is independent of the direction of the field.



Introduction : Use of nanoparticles and vesicles in 
modern biotechnology

Nanoparticles : Emerging tools for Bioengineering

From www.evidenttech.com (Evident Technology)

Image removed due to copyright restrictions.
Photo of EviDots (TM) vials - 490nm to 680nm. 

http://www.evidenttech.com/


From www.qdots.com (Quantum Dots Corporation)

Nanoparticles : Emerging tools for Bioengineering

Image removed due to copyright restrictions.
Electron microscope photo of Qdot core-shell nanocrystals.

http://www.qdots.com/


Introduction 2 : Cancer targeting using nanoparticles

Gao, Cui, Levenson, Chung and Nie, Nature Biotechnology 22, 969 (2004)

Courtesy of Leland W. K. Chung. Used with permission.



The problem of colloid / 
nanoparticle stability

The problem of colloid (nanoparticle) stability

M. M. Baksh, M. Jaros, J. T. 
Groves, Nature 427, 139 
(2004)

Image removed due to copyright 
restrictions.
Figure 4 in A. Yethiraj and A. van 
Blaaderen. Nature 421, 513 
(2003)

Courtesy of J. T. Groves. Used with permission.
Source: Figure 2b in Baksh, M. M., M. Jaros, and J. T. Groves.     "Detection of Molecular Interactions      
at Membrane Surfaces through Colloid Phase Transitions." 
         Nature 427 (January 8, 2004): 139-141.

Coagulation / Flocculation 



Hydrophobic tail

Polar head 
(phosphate for the 

lecithin layers
used above)

Interlayer distance in lipid layers, separated by aqueous solution containing varying amounts of electrolyte
as determined by K.J. Palmer and F.O. Schmitt.
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Figure by MIT OCW.



Source: “Introduction to Colloid and Surface Chemistry”
By Duncan J. Shaw (Butterworth Heinemann)

Schulze-Hardy Rule

Critical coagulation concentrations for hydrophobic
solutions (millimoles per dm3)
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Figure by MIT OCW.



Interactions and forces in micro / nanoscaleElectrostatic interaction within electrolyte solution
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Van der Waals Forces
Van der Waals Forces (attractive forces)
London Dispersion Forces (F. London, 1930)
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Non-polar molecules



Electrolyte Electrolyte
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Potential distribution resulting from the overlap of double layers from opposing plates.

Figure by MIT OCW.
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