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Universal properties of a single polymer in “free space”
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Ideal polymer                 ↔ Random walk (RW)
Polymer in good solvent↔ Self-avoiding walk (SAW)
θ-polymer                       ↔ Self-avoiding walk with a tuned

nearest neighbor attraction

Ideal                   Self-avoiding                θ-polymer
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Universal properties of a single polymer near a repulsive plane
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γ1<γ , i.e. the wall repels

E.Eisenriegler, K.Kremer, K.Binder, 
J.Chem.Phys. 77,6296 (82)
Also see, K. Binder in Phase Transitions and 
Critical Phenomena (83)
K. De’Bell and T. Lookman, RPM 65, 87 (93)
E.Eisenriegler, Polymers near Surfaces (93)
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Polymer near an attractive surface. Adsorption transition.

γa≥γ , i.e. the wall attracts

T<Tc adsorbed       T=Tc transition      T>Tc repulsive regime

See, E.J. Jense van Rensburg,  The 
Stat.Mech. of Interacting Walks…

P.G. de Gennes, Rep.Prog.Phys., 
32, 187 (69)
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Polymer near scale free surfaces

Nano&More AFM tip
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Constant in a polymer mediated force 

Y. Kantor, M. Kardar (16)

For repulsive surfaces see,
M. F. Maghrebi, Y. Kantor, M. Kardar, 
EPL96,66002 (11)
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Experiment: polymers in good solvent attached to pyramidal tip

U. Mohideen, 
UCR (2015-16)

Parameters: 
AFM tip with polymers
Silicon pyramid, gold patch
Rg=1-7nm
MW=350-40,000
(N=8-900)
Surface roughness 2-6nm
# polymers=4000-5000
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Ideal polymers near repulsive surface as a diffusion problem
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See, S. Redner,  A Guide to 
First Passage Processes

M. F. Maghrebi, Y. Kantor, M. 
Kardar, PRE86,061801(12)
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Electrostatic potential and monomer density inside
a (two-dimensional) wedge

Y. Hammer (12)
Y. Hammer,Y. Kantor, 
PRE 89,02261 (14) 
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Ideal polymers near critical attractive surface as a diffusion 
problem
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R.J. Rubin, J.Chem.Phys. 33, 2392 (65);
AIP Conf. Proc. 109, 73 (84)
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Ideal-polymer-mediated force constant between critical
attractive surfaces always vanishes

The equation for H with vanishing normal derivative is solved by 
H=const., leading to  η=0  (or γ=1) and A=0.
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Repulsive plane decorated by a critical attractive sector

Y. Kantor, M. Kardar (16)
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Ideal-polymer-mediated force constant between attractive and 
repulsive surfaces

Y. Kantor, M. Kardar (16)

S. Bhattacharya, V.G. Rostiashvili, 
A. Milchev, T.A. Vilgis:, Eur. Phys. 
J. E29, 28 (09)

α
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Conclusions & prospects
 Probe shapes influence force constants of polymers and 
polymer-mediated interactions between surfaces

For scale invariant surfaces prefactor of the force law can be 
calculated exactly if the surfaces are repulsive or at adsorption 
transition point.

By decorating surfaces it is possible to change exponent γ and, 
consequently, the force constant.

For ideal polymers the force constants are non-negative but for 
self-avoiding polymers they can be both positive and negative.

By a suitable selection of geometries and surface coverage it is
possible to get a vanishing force constant.

Away from the exact critical point – well-defined crossovers 
appear.
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