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Sticking of a colloid to a plate

What happens when a colloidal particle 
suspended in a medium approaches a 
wall(plate)?

1. Hindered diffusion near to the wall(distance 
between the wall and the particle less than 
that of the particle’s diameter).

2. The colloid may stick to the wall if it 
approaches the wall close enough.
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Hindered diffusion
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Far away from the plate

As the particle comes close to the 
wall  the diffusion  of the particle 
becomes 

(a) Anisotropic :

(b) Hindered: 

In the absence of sticking, on the plate, 

When the particle sticks to the plate,



Stokes-Einstein equation

Einstein showed that the diffusion coefficient of a 
particle undergoing Brownian motion is

In case of purely viscous coupling,    in the bulk is 
given by Stoke’s law.

In general, the coupling can be viscoleastic.
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Technique: Optical tweezer

Sharma etal, Nature Physics, 4, 960-966 (2008)



Computation of viscoelastic moduli 
from ac technique
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Master equation

Substitute



Protocol to study sticking
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1. Hold the particle in an optical trap.

2. Change the distance between the 
particle and the plate by moving the 
plate towards the trapped particle in 
steps of 20nm using piezo stage.

3. At each displacement of the plate 
measure         of the particle using both 
Rms as well as AC technique.

4. When                         stop moving the 
plate up and measure         as a function 
of time.
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Raw data from ac technique
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Sphere far in the liquid
Viscous coupling

Sphere near to the plate
Elastic coupling

Polystyrene
Silica

Sharma etal, Nature Physics, 4, 960-966 (2008)



Typical results from G’,G’’
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Upon contact, G’’ reaches a peak and decreases with increasing time
G’ rises from zero,  crosses G’’ at the peak of G’’ and saturates with time.

Sharma etal, Nature Physics, 4, 960-966 (2008)



Slow dynamics

Why is there a time dependence for polystyrene and
not for silica?

Time dependence in polystyrene spheres is an effect
of “tethers”, acting as internal degrees of freedom.

Tethers explore environment until sinks into a deep
enough well to be stuck.

Can we tune the sticking behavior of polystyrene
spheres?
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Tuning the sticking behavior of the 
colloid

Control Parameters
1.  Salt concentration
2. Optical trap stiffness
3. Frequency of oscillation of the container.

Regimes of sticking
1. Slow Relaxation/Aging
2. Well-Stuck
3. Non-stuck/Slip
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Stuck regime
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Stuck : phase goes to zero, implies G’ >> G’’, more elastic
than viscous.

Sharma etal, Nature Physics, 4, 960-966 (2008)



Non stuck
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Non-stuck : phase does not go to zero, but to a terminal
value G’ ~ G’’, more viscous than elastic coupling.

Sharma etal, Nature Physics, 4, 960-966 (2008)



Variations of mean squared 
displacement
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Sharma etal, Nature Physics, 4, 960-966 (2008)



Phase diagram
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A: Stuck

B: Slow 
relaxation

C: Non-Stuck

Sharma etal, Nature Physics, 4, 960-966 (2008)
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Conclusions

1. Sticking of polystyrene microspheres is 
different from that of silica spheres, probably 
due to the presence of ‘polymeric tethers’.

2.   A phase diagram of sticking of polystyrene 
microspheres was obtained by tuning the salt 
concentration and the drive.


