
Charge inversion in diffusive double layer : 

experimental and theoretical approach 

SEOK, SANGJUN



Diffusive double layer– on the 1:1 salt (Z=1)

H. Butt, K. Graf, M Kapple, physics and chemistry of interface, WILEY-VCH (2006) 

Diffusive double layer model :

What is the potential distribution in 

the solution??

Poisson-Boltzmann theory 
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Rev. Mod. Phys. 74, 329 (2002)

Diffusive double layer– Z=2,3,4…

Positive Z-ion on a uniform background 

of negative surface charge

Counterions can attract each other at 

small distance

For example, Z=3, and  = 1.0 e/nm2   = 0.08 nm2

The caounterions are located in surface

The caounterions are strongly condensed in surface (repulsion)

They formed 2-D strongly correlated liquid (SCL)

Z-counterions generated hole in SCL

PB theory failed



Diffusive double layer– Z=2,3,4…

Positive Z-ion on a uniform background 

of negative surface charge

Counterions can attract each other at 

small distance

/n Ze 2D concentration of Z-ions
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     >>1 Strongly Correlated Liquid (SCL)

For example,  = 1.0 e/nm2 , =1.2, 3.5, 6.4, and 9,9 at Z=1, 2,3, and 4.

Rev. Mod. Phys. 74, 329 (2002)

Counterions are attracted to a charged interface in excess 

of its own bare bare charge

If counterion concentration is some more increased.





Experimental

Streaming current (ionic current) that results from the pressure-driven transport of 

counterions in the diffusive double layer, were measured using Ag/AgCl electrodes.

Phys. Rev. Lett. 93, 031901 (2004)


490 nm

Nanochanels (fused-silica) 

Electro-osmosis

If we apply an electric field parallel to the surface the liquid 

begins to move.

The charged surface causes an increase in the concentration 

of counterions in the close to the surface.

Microfluidics

H. Butt, K. Graf, M Kapple, physics and chemistry of interface, WILEY-VCH (2006) 



Positive ionic species: 
CoSep (CoC12H30N8

3+),

Ca2+, Mg2+,

K+

Negative ionic species: 
Cl-

Buffer solution: (pH=7.5)
HEPES [4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid]

In deionized water

Experimental

Inverted surface

(depending on applied pressure)



Results – Z=3

Charge inversion concentration c0 to be 75~100 M

*

b nZe  

Surface charge density

bare silica charge density

number density of Z ions

Predicts c0 from Rev. Mod. Phys. 74, 329 (2002) 
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c0  170 ~ 300 M (b ~ -120 mC/m2,  = 5.7) 

Somewhat lower value from measured value

More negative b ~ -150 mC/m2,  = 6.7 

Can be explained



Results – Z=2 and Z = 1 with various concentration CoSep

Charge inversion concentration c0 to be 350 (Mg2+) and 400 (Ca2+) mM

Predicts c0 from Rev. Mod. Phys. 74, 329 (2002) 

c0  47 mM (b ~ -150 mC/m2,  = 3.5) 

No longer valid for Z = 2



Results – Z = 1 with various concentration CoSep


