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Macroscale properties are controlled by molecular details
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Macroscale Properties

Macromolecular details inform material properties and 
provide a tunable handle in their design.
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Solute diffusion
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We are interested in the rate at which solutes pass through 
the network or gel.
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Stokes-Einstein Diffusion
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Solute diffusion in a gel
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Solute diffusion in a gel
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Solute diffusion in a gel
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Solute diffusion in a gel
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Multiscale model for solute diffusion in hydrogels
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PALS to measure free volume

Multiscale model

Axpe et al. Macromolecules, 2019, 52, 6889.
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Multiscale model for solute diffusion in hydrogels
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Axpe et al. Macromolecules, 2019, 52, 6889.
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A combined theory that accounts for free volume and obstruction effects 
describes anomalies in observed diffusion as a function of solute size.



Multiscale model for solute diffusion in hydrogels
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Axpe et al. Macromolecules, 2019, 52, 6889.
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One needs to consider the molecular landscape that a solute 
encounters when considering solute diffusion.



Solute diffusion in a gel
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Controlled drug delivery
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Materials and methods for controlled drug delivery from 
biomedical materials - swelling, diffusion, degradation
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Tibbitt et al. JACS, 2016, 138, 704
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Drug delivery products
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There are numerous marketed products that rely on the controlled drug 
delivery - polymeric materials as well as networks and gels

iBiology.org
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Clinically used hydrogel drug delivery systems

15Macromolecular Engineering: Networks and Gels

Instructor: Prof. Tibbitt

Li and Mooney Nat. Rev. Mater., 2016, 1, 1
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Triggerable tough hydrogels for gastric resident dosage forms
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Injectable hydrogels for localized drug delivery
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Chen et al. Cardiovascular Research, 2018, 10.1093/cvr/cvy067
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Diffusion also matters for tissue engineering
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Kharkar et al. Chem Soc Rev 2013 42, 7335
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Encapsulated islets for diabetes therapy
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Encapsulated islets for diabetes therapy
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Vegas et al. Nat. Med, 2016, 3, 306.
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Encapsulated islets for diabetes therapy
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Bochenek et al. Nat. Biomed. Eng., 2018, 2, 810.

Macromolecular Engineering: Networks and Gels

Instructor: Prof. Tibbitt Lecture 19

Alginate microbeads enable nutrient diffusion and limit host rejection 
to enable survival of implanted islets for diabetes therapy.



Solute diffusion in a gel
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