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Electrostatic interactions

Hydrophobic interactions

Elasticity

1. P. J. Flory, Principles of Polymer Chemistry, Cornell University Press
2. Jing Hua, Mithun K. Mitra, and M. Muthukumar JCP, 136, 134901 (2012).
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We want to find: o > PR

Spatial and temporal profiles of
density, charge, osmotic pressure/stress

as functions of
a) charge content / dielectric constant
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(a) Initial Homogeneous State
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(b) Swollen Homogeneous state (Fixed charge)
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(c) Swollen Homogeneous state (Variable charge)
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b) hydrophobicity Displacement (strain)

c) cross-link density
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Aim: To find an effective bulk modulus for the Polyelectrolyte gel from

the kinetics of relaxation of osmotic stress

Swati Sen and A. Kundagrami, JCP, 143, 224904 (2015).
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] - - - (a) Shrunken Gel (b) Swelling Gel (c) Swollen Gel
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Macromolecules 31, 25, 1995

Colloids and Surfaces A: Physicochem. Eng. Aspects 343 (2009) 30-33
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1. Simpler differential equations — analytical expressions for derivatives
of free energy
2. In high-salt limit, electrostatic interaction is screened and becomes
Short-ranged. Hence, just the two-body interaction parameter is re-scaled
Soumik Mitra and A. Kundagrami, Macromolecules, 50, 2504 (2017)



— Full numerical solution
— Asymtotic Solution
- — Parametric fit
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2. Motion of small-ion charge species much faster than polymer:

- charge is regularized (self-adjusted) all along the kinetics

2. Swelling of a polymer gel: for small deformation - is diffusive
- single chain: sub-diffusive

3. Effective bulk-modulus of polyelectrolyte gels decreases with charge
- small deformation

4. Single polyelectrolyte chain:

a) like-charge repulsion — swelling, entropy — de-swelling,
hydrophobicity — collapse

b) chain swells faster and farther for higher temperature

c) de-swells faster and deeper for higher salt

d) kinetics is slower for higher molecular weight

e) self-consistent dependency between size and charge strong
in the vicinity of the Gaussian size
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