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Macromolecular Engineering: Networks and Gels

Lecture 13: Swelling
2rof. Dr. Mark W. Tibbitt, 05. April 2022
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Macromolecular engineering of networks and gels

Polymeric precursor Complementary polymer
mm— 10 Nnm scale X

Solution of polymeric species
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Macromolecular engineering of networks and gels

Polymer network or gel
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= 10 Nnm scale

Viscoelastic insoluble network or gel
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Macroscale properties are controlled by molecular details

Network architecture :
Macroscale Properties

Viscoelasticity

Diffusivity

Surface
chemistry

Swelling

Molecular details Degradation

Macromolecular detalls inform material properties and
provide a tunable handle in their design.
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Network Swelling
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We are interested in the equilibrium swelling ratio once the
network is placed in a solvent.
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Thermodynamics of hydrogel swelling

AG = AGriz + AGojgstic
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Aszaz AG"elastic

Promotes swelling Resists swelling
- Entropy gain by mixing - Loss in entropy as the
solvent and polymer network chains are stretched

- Potential enthalpic gain
from polymer-solvent
contacts
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Swelling of a polymer network
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Free energy of mixing

Thermodynamic calculation of polymer-solvent mixing
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Enthalpy of mixing

Lattice model with mean-field approximation (Flory-Huggins)
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Enthalpy of mixing

Lattice model with mean-field approximation (Flory-Huggins)
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Entropy of mixing

Lattice model with mean-field approximation (Flory-Huggins)
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Free energy of mixing in the network/gel

Lattice model with mean-field approximation (Flory-Huggins)
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Rubber Elasticity - elastic contribution
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Rubber Elasticity - elastic contribution
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Total free energy and equilibrium constraint
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Equilibrium constraint
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Flory-Rehner Equation
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Swelling behavior
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Swelling increases with increasing Mc, decreasing polymer
volume fraction, and decreasing y.
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Thermodynamics of hydrogel swelling

AG = AGriz + AGojgstic
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Aszaz AG"elastic

Promotes swelling Resists swelling
- Entropy gain by mixing - Loss in entropy as the
solvent and polymer network chains are stretched

- Potential enthalpic gain
from polymer-solvent
contacts

m L h Macromolecular Engineering: Networks and Gels Lecture 13
Z U r I C Instructor: Prof. Tibbitt



http://tractionews.com

