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Macromolecular engineering of networks and gels
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Polymeric precursor Complementary polymer

10 nm scale
Solution of polymeric species
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Macromolecular engineering of networks and gels
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Polymer network or gel

10 nm scale
Viscoelastic insoluble network or gel
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Macroscale properties are controlled by molecular details
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Network architecture

Molecular details

+k

Viscoelasticity

Diffusivity
Surface

chemistry

Macroscale Properties

Macromolecular details inform material properties and 
provide a tunable handle in their design.

Swelling

Degradation
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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

6Macromolecular Engineering: Networks and Gels

Instructor: Prof. Tibbitt

tractionews.com

<latexit sha1_base64="rsfLqsifOpz3XWEm8RbOTC77sAI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQhJCIoBuhqKDLCvYBbQiT6W07dPJgZiKWkL9w46+4caGIW935N07bCLX1wMDhnPuYe/yYM6ls+9soLCwuLa8UV0tr6xubW+b2Tl1GiaBQoxGPRNMnEjgLoaaY4tCMBZDA59DwB5cjv3EPQrIovFPDGNyA9ELWZZQoLXmm1b4Crgi+xuf4l3ppwB4yfDQlACdSMZp5Ztm27DHwPHFyUkY5qp751e5ENAkgVFTPkC3HjpWbEqGncchK7URCTOiA9KClaUgCkG46vivDB1rp4G4k9AsVHqvTHSkJpBwGvq4MiOrLWW8k/ue1EtU9c1MWxomCkE4WdROOVYRHIeEOE0AVH2pCqGD6r5j2iSBU6ShLOgRn9uR5Uj+2HNtybk/KlYs8jiLaQ/voEDnoFFXQDaqiGqLoET2jV/RmPBkvxrvxMSktGHnPLvoD4/MHeZmeRw==</latexit>

Lecture 13

<latexit sha1_base64="rsfLqsifOpz3XWEm8RbOTC77sAI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQhJCIoBuhqKDLCvYBbQiT6W07dPJgZiKWkL9w46+4caGIW935N07bCLX1wMDhnPuYe/yYM6ls+9soLCwuLa8UV0tr6xubW+b2Tl1GiaBQoxGPRNMnEjgLoaaY4tCMBZDA59DwB5cjv3EPQrIovFPDGNyA9ELWZZQoLXmm1b4Crgi+xuf4l3ppwB4yfDQlACdSMZp5Ztm27DHwPHFyUkY5qp751e5ENAkgVFTPkC3HjpWbEqGncchK7URCTOiA9KClaUgCkG46vivDB1rp4G4k9AsVHqvTHSkJpBwGvq4MiOrLWW8k/ue1EtU9c1MWxomCkE4WdROOVYRHIeEOE0AVH2pCqGD6r5j2iSBU6ShLOgRn9uR5Uj+2HNtybk/KlYs8jiLaQ/voEDnoFFXQDaqiGqLoET2jV/RmPBkvxrvxMSktGHnPLvoD4/MHeZmeRw==</latexit> <latexit sha1_base64="rsfLqsifOpz3XWEm8RbOTC77sAI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQhJCIoBuhqKDLCvYBbQiT6W07dPJgZiKWkL9w46+4caGIW935N07bCLX1wMDhnPuYe/yYM6ls+9soLCwuLa8UV0tr6xubW+b2Tl1GiaBQoxGPRNMnEjgLoaaY4tCMBZDA59DwB5cjv3EPQrIovFPDGNyA9ELWZZQoLXmm1b4Crgi+xuf4l3ppwB4yfDQlACdSMZp5Ztm27DHwPHFyUkY5qp751e5ENAkgVFTPkC3HjpWbEqGncchK7URCTOiA9KClaUgCkG46vivDB1rp4G4k9AsVHqvTHSkJpBwGvq4MiOrLWW8k/ue1EtU9c1MWxomCkE4WdROOVYRHIeEOE0AVH2pCqGD6r5j2iSBU6ShLOgRn9uR5Uj+2HNtybk/KlYs8jiLaQ/voEDnoFFXQDaqiGqLoET2jV/RmPBkvxrvxMSktGHnPLvoD4/MHeZmeRw==</latexit>

Promotes swelling

- Entropy gain by mixing 
solvent and polymer

- Potential enthalpic gain 
from polymer-solvent 
contacts

Resists swelling

- Loss in entropy as the 
network chains are stretched
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Swelling of a polymer network
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Free energy of mixing
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Thermodynamic calculation of polymer-solvent mixing



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



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



Thermodynamics of hydrogel swelling
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