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Electrophoresis – the motion of charged particle
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 : shear plane (slipping plane), D : Debye length  

Electrophoretic mobility :
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Electrophoresis – Conventional Laser Doppler Electrophoresis

2 ef q E    0(4 / )sin( / 2)q n  

Doppler electrophoresis measures small frequency shifts 

in scattered light



Electrophoresis – Conventional Laser Doppler Electrophoresis

Values of mobility range of ± 7  10-8 m2V-1s-1 and zetapotential in the range of ± 90 mV 

In conventional instrument,  applied field order 1000 Vm-1

 velocities of the order 10–100  m/s 

High mobility

low mobility



Electrophoresis – Phase Analysis Scattering (PALS)
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Time derivation of the phase :
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Scattered light signal :

reference light signal :

Multiplying (1) and (2) :



Electrophoresis – Phase Analysis Scattering (PALS)

Phase comparison takes place over many cycles of the applied field

 0
( )

te

s te o e cA q E t v dt     
  

For a sinusoidal applied field with frequency  = e/2
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Electrophoresis – Phase Analysis Scattering (PALS)



Experimental

Liposome samples :

ZetaPALS - Zeta Potential Analyzer Utilizing Phase Analysis Light Scattering

Anionic phosphatidyserine (PS-)

Zwitterionic phosphatidylcoline (PC)

The electrophoretic mobility of the liposomes at 25 °C was

measured as a function of La(NO3)3 concentration both in

absence of background electrolyte and with 100 mM of added

NaNO3



Charge reversal point

Results – Electrophoretic mobility

The competition for binding between different 

ions is controlled by the respective free energies 

of interaction.

For La3+

0ln[ / ] 9B p c Bk T c za q e k T    

c0 : counterion concentration

(10-4 M = 610-3 ions/nm3)

z : layer thickness (1 nm)

ap : mean area per phospholipid (55,4 Å 2)

qc counterion charge (+3e)

For Na+

3.5 Bk T   In other reference

For PC

12 Bk T  In other reference



Results – Molecular Dynamics simulation (MD) [DLPOLY2]

Distribution of electronegative atoms



Results – Molecular Dynamics simulation (MD) [DLPOLY2]


