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Traditionally, the kinetic theory of gases has been applied 
to particles interacting via unbounded potentials, e.g.,
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Unbounded potentials are useful representations of the 
interactions in atomic systems, but not necessarily so in 
colloidal systems (soft matter).

Soft matter: Large class of materials composed of mesoscopic 
particles (i.e., particles with typical sizes 1 nm–1 µm) 
dispersed into a solvent whose molecules are much smaller in 
size (typically of atomic dimensions). 

In addition, soft matter systems may contain other, smaller 
unities such as short polymeric chains, salt dissociated into 
ions, etc.
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Dilute solution of polymer chains in a good solvent

After C. Likos, Phys. Rep. 348, 267–439 (2001)



24th Symposium on RGD (Monopoli, Bari, July 2004) 5

Dilute solution of polymer chains in a good solvent

CM

After C. Likos, Phys. Rep. 348, 267–439 (2001)
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Dilute solution of polymer chains in a good solvent

Effective interaction between two polymer chains:
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Goal: Evaluate the transport 
coefficients of a dilute gas of 

penetrable spheres

kBT ^ ε

kBT p ε T* hkBT/ε

T* t∞: gas of collisionless 
particles

T* t0: gas of hard spheres
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Key quantity:
Effective collision frequency ν(T*)

Tth Tmax

νmax

νHS(Tmax)
HS

PS

T1/2

νmax/2 T t∞

Tth=?

Tmax=?

νHS(Tmax)/ νmax=?

T1/2=?

limT t∞ ν(T)=?
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Collision event
Equivalent one-body problem (µ=m/2, reduced mass): 
b*=b/σ (dimensionless) impact parameter
g*=g/(2ε/µ)1/2 (dimensionless) relative speed
χ(b*,g*) scattering angle

g*<1: Specular reflection

cos χ(b*,g*)=2b*2-1
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g*>1 u “Refraction index”: n(g*)=(1-1/g*2)1/2

n(g*) [ b* [ 1
Total reflection

0 [ b* [ n(g*)
Double refraction
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Examples of trajectories in the case g*=1.1 

χ is a non-monotonic function of b*

Maximum value χmax(g*)=cos-1[2n2(g*)-1] at b*=n(g*)
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Differential cross section. Total cross section = π σ2
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Transport coefficients

Shear viscosity Thermal conductivity Self-diffusion

Omega-integrals
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Exponential integral 
function
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Key quantity:
Effective collision frequency ν(T*)

Tth Tmax

νmax

νHS(Tmax)
HS

PS

T1/2

νmax/2 T t∞

Tth=?

Tmax=?

νHS(Tmax)/ νmax=?

T1/2=?

limT t∞ ν(T)=?
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Effective collision frequency
ν(T*)=nkBT/η(T)

Tth

νmax

Tmax

νHS(Tmax)

T1/2

νmax/2

T t∞

T*
th=0.25

T*
max=0.415

νHS(Tmax)/ νmax=1.18

T*
1/2=1.619

limT t∞ ν(T)= 
1/4 T*-3/2 ln T*
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Application to Fourier flow

T*=0.415

Different 
curvature
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Application to Couette flow

T*=0.415
Different 
curvature
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Final comments (I)

Kinetic theory of particles interacting via 
bounded potentials exposes an intriguing and
non-trivial influence of temperature.
Apart from its practical interest as models of 
soft matter, bounded repulsive potentials are 
theoretically interesting: they represent a 
crossover between hard spheres (low 
temperatures) to collisionless particles (high 
temperatures).
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Final comments (II)
The penetrable-sphere (PS) model is the 
simplest bounded potential. However, its two-
body collision process exhibits some 
interesting features.
The (effective) collision frequency starts 
growing as T*1/2 (up to T*¡0.25), reaches a 
maximum at T*¡0.415, and decays as           
T*-3/2 ln T* for high remperatures.
This non-monotonic behavior can give rise to 
hydrodynamic profiles qualitatively different 
from those of unbounded repulsive potentials.
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THANKS!
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