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THE PROBLEM
Particles(solutes):

Protein, DNA, viruses, 
cells

Polyelectrolytes

Colloids

Surfactants

Significance/Processes:

biosensors

separation of DNA,
proteins, viruses, cells

immunological assays

affinity chromatography
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PREDICTING PARTICLE ATTACHEMENT 

KINETIC S (RATE AND MONOLAYER COVERAGE )

Particle flux: 

jo = - D nb / R

D ïdiffusion coefficient

nbïconcentration in the bulk

R= Rbulk + Rsurf  (Qmx)

Rbulkïbulk transport 

resistance.

Rsurf - surface resistance

Qmxïfrom simulations
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INTERACTIONS AFFECTING PARTICLE (PROTEIN) 

ATTACHEMENT

unknown                           DLVO                                bulk
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QUESTION: IS THIS VALID FOR PROTEINS ?

IN VIEW OF ANOMALOUS  PHENOMENA SUCH AS:

APPARENT ATTRACTION  OF LIKE CHARGES?

TRIPLE  REPULSION = ATTRACTION ? 

IS  THERE SOMETHING WRONG 

WITH  COULOMB LAW ?



THESIS:  BASIC PHYSICS WORKS IN PROTEIN 

BUSINESS  

APPARENT DEVIATIONS ARE DUE TO WRONG 

INTERPRETATION 

(LACK OF REFERENCE EXPERIMENTAL RESULTS 

FOR MODEL SYSTEMS) 



MEANS OF PROVING THIS:

ÅTHEORETICAL CALCULATIONS 

AND SIMULATIONS 

ÅEXPERIMENTAL MEASUREMENTS USING  in situ 

ELECTROKINETIC METHODS

(Streaming potential)



ORIGIN OF STREAMING POTENTIAL



Marian  von SMOLUCHOWSKI 1872 ð1917

ÅStatistical physics - fluctuation theory 
ÅBrownian motion and diffusion 

ÅColloid statistics - coagulation theory 
ÅStreaming potential -electrokinetic phenomena 



SMOLUCHOWSKIõS EXPRESSIONS 

FOR ELECTROPHORETIC MOBILITY 

AND STREAMING POTENTIAL 



WOMEN  IN  THOSE  DAYS é

G.Seurat ĂLa Grande Jatteò

a study in low pixel resolution

G.Seurat ĂA Sunday on La Grande Jatteò

a study in high pixel resolution



STREAMING POTENTIAL OF BARE SURFACES  

Smoluchowskiôs  formula for homogeneous surfaces (simple shear flows)
(Bull. Acad. Sciences de Cracovie 1903, pp 182-199)

eïpermittivity, ziïzeta potentialof  interfaces

Reïelectric resistance

For channel flows:

Pïhydr. pressure difference

h ïdynamic viscosity

r ïspecific electric resistance
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STREAMING POTENTIAL OF COVERED SURFACES   

Formula for particle (protein) covered surfaces (arbitrary shearing flow)

Fi = correction function describing flow damping 

Fp = correction function describing particle induced curent 

Particle coverage:                    (Nïsurface concentration)
2Ū a Np=

sI
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CORRECTION FUNCTIONS FOR PARTICLE  COVERED 

SURFACES   

(Z. Adamczyk et al. Bull. Pol. Ac. Chem. 1999, 47, 239- 258)  

(K. Sadlej, E. Wajnryb, J. Bğawzdziewicz, 

M.L. Ekiel-JeŨewska, Z. Adamczyk, 

J. Chem. Phys. 2009, 130, 144706)
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STREAMING POTENTIAL MEASUREMENTS

4

6 3

2

1 3

The streaming potential cell

1 ïparallel-plate channel

2 - Ag/AgCl electrodes for streaming potential measurements

3 - electrodes for cell resistance determination

4 - Keithley electrometer

5 - conductivity cell

6 - conductometer

-the parallel plate channel ofdimensions 

0.027 x 0.29 x 4 cm

- in situ method

Interface with particles



OTHER MEASUREMENTS

AFM - INTEGRA

Dynamic viscosity 

measurements

Dynamic light scattering



SUBSTRATE SURFACE CHARACTERISTICS 
Zeta potential  of mica vs. pH  

M. Wasilewska, Z. Adamczyk, Langmuir, 2011, 27,689-696
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CHARACTERISTICS OF MODEL COLLOID 
PARTICLES (POSITIVE - A500 AND NEGATIVE 

S800 LATEX )
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