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Dynamically reconfigurable network materials
Prof. Dr. Mark W. Tibbitt
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Biological materials that learn

https://www.youtube.com/watch?v=WQCO0ObXB4RQY
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https://www.youtube.com/watch?v=WQC0bXB4RQY

Materials that learn: a few important features




Polymer chains can be further cross-linked into networks
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Solution of polymeric species

10 nm scale
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Polymer chains can be further cross-linked into networks

Viscoelastic insoluble network or gel

Network architecture
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s . Gu Y. et al., Angew. Chem. Int. Ed., 2020, 59, 5022
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The extracellular matrix (ECM) as a driver of biological function

—CM properties influence cell function ydrogels as engineered ECM mimics
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Moving from permissive scaffolds to materials that
promote biological function and cooperate with biology

' E Saraswathibhatla, A. et al. Nat. Rev. Mol. Cell Biol., 2023, 24, 495.
mzu rICh Benn M.C. et al. Sci. Adv., 2023, 9, eadd9275.

Tibbitt M.W. and Anseth K.S. Sci. Transl. Med., 2011, 4, 160ps24.



Polymer chains can be further cross-linked into networks

Viscoelastic insoluble network or gel

Network architecture
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Polymer networks are traditionally engineered via covalent linkages.

s . Gu Y. et al., Angew. Chem. Int. Ed., 2020, 59, 5022
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Introducing engineered dynamics into polymer networks
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permanent networks

Reaction coordinate

' 2 Marco-Dufort B. et al. Mater. Today Chem., 2019, 7142, 15371.
mzu rl Ch Webber M.J. and Tibbitt M.W. Nat. Rev. Mater., 2022, 7, 541. 8




Introducing engineered dynamics into polymer networks
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permanent networks dynamic networks

Energy

Reaction coordinate

Reversible bonds enables dynamic exchange of the junctions in polymer networks.

" . Marco-Dufort B. et al. Mater. Today Chem., 2019, 7142, 15371.
mzu rl Ch Webber M.J. and Tibbitt M.W. Nat. Rev. Mater., 2022, 7, 541. 9
Montarnal et al. Science, 2011, 334, 965.




Materials that learn: a few important features




Model dynamic covalent networks using boronic-ester cross-links Eﬁ; 1
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Linking molecular properties to macroscale behavior in dynamic networks

Material properties vary with [c|, pH, and T Plateau modulus scales with polymer concentration
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Mechanical properties depend on entropy maximization in reversible polymer networks

The abillity to bind and unbind leads to additiona
entropy maximization in reversible polymer netwo

ks.

Modifying the dynamic phantom network model for
defect entropy describes network properties.
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Advanced engineering with living materials
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Dynamic networks support photosynthetic living materials
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Synechococcus sp. PCC 7002

s . Dranseike D., Cui Y., et al. Nat. Commun., 2025, 6, 3832.
.Er," 2ZUric h In collaboration with A. Studart (MATL), B. Dillenburger (ARCH) and J. Oakey (U. Wyoming) 16



Photosynthetic living materials for dual carbon sequestration

Biomass growth and mineral deposition

Day0  Day10  Day20  Day30 - P - S,

*Immersed sample Scale bar, 1 cm

Living sample Mineral deposits

Living carbon sink
-

Alizarin Red; Scale bar, 100 pm

Living materials perceive the outside world, using light to sequester CO2 and store it in mineral form.

" ' Dranseike D., Cui Y., et al. Nat. Commun., 2025, 6, 3832.
.ErH VAVIgI8a] - coliaboration with A. Studart (MATL), B. Dillenburger (ARCH) and J. Oakey (U. Wyoming)



Photosynthetic living materials mechanically reinforce over time

XRD and EDX confirm precipitate formation Structures remain viable for up to 1 year
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Soft, floppy material (like the baby elephant’s trunk) reinforces over

XRD = X-ray diffraction analysis time to form a rigid structure.

EDX = Energy-dispersive X-ray spectroscopy

. . Dranseike D., Cui Y., et al. Nat. Commun., 2025, 6, 3832.
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Can we expand on these ideas by coupling dynamic living and non-living materials®

Fungal spores
Mycelium/Bacterial cellulose

/\ based living scaffold
( 5 Change in matrix property
Bacterial cellulose /\

producing species
N - =
g /)
@

. ‘ Matrix bound cue
Genetic logic gates

Surface display of enzymes

Building toward living materials that adapt and evolve during their litecycle.

" . Cui, Y., Tang, T.C., Tibbitt, M.W., Lu, T.K. in preparation.
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