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Supramolecular Crosslinked Hydrogels: 
Similarities and Differences with Chemically Crosslinked Networks

Conclusions
One-pot synthesis of a supramolecular gel with:

- Structure and dynamics similar to chemical networks at investigated 

observation time ~10−6𝑠 − 102𝑠

- But a polyelectrolyte behaviour and a dormant stimuli-responsiveness

Outlooks
• Better understanding of gel structure via Double Quanta NMR,

• Reversibly transform physical gels to solution thanks to electrochemistry,

• Study of dual gels by mixing both types of crosslinker through a one-pot

synthesis.

Objectives
• Prepare dual gels by mixing permanent (= chemical) and non-permanent (= supramolecular) crosslinks 

Modulation of gel properties (mechanical, rheological…)

 Stimuli-responsive materials with controlled structure (oxidant, pH…) 
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Similarities between chemical and physical gel

• Model for ideal networks:

In network structure (rheology)

In dynamics (Dynamic Light Scattering, rheology)

𝐺′ = 𝐺′𝑒 + 𝑎
[𝑐𝑟𝑜𝑠𝑠𝑙𝑖𝑛𝑘𝑒𝑟]

[𝑚𝑜𝑛𝑜𝑚𝑒𝑟]

Supramolecular gel behaves 

similarly to a chemically 

crosslinked network 

Entanglements : Linear pAm solution : 𝐺′~ 1300 𝑃𝑎 > 𝐺′′

Crosslinking efficiency : ~40% for both gels (similar to 

literature on chemical pAm gels)

• No cross-over between G’ and G’’

• A unique decorrelation for both gels at the same

decorrelation time

 In the supramolecular gel, dynamics are slower than

the observation time

Bis-complex formation constants:

• 𝛽2 > 1016 𝐿2. 𝑚𝑜𝑙−2

• 𝑘𝑑𝑖𝑠𝑠 = 1,6. 10−7 𝑠−1

Chemical gel

Physical gel

Differences between chemical and physical gel

• Chemical gel has a neutral behaviour

• Physical gel shows a polyelectrolyte behaviour

Swelling behaviour

Swelling ratio : 

𝑄𝑚 =
𝑚𝑔𝑒𝑙(𝑡)

𝑚𝑝𝑜𝑙𝑦𝑚𝑒𝑟
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Stimuli-responsive gels
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• Gel-to-sol transition thanks to an oxidant

• Controlled tuning of mechanical properties

Rubinstein, Colby Polymer Physics
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Crosslinking junctions

Hydrogel :

Water
Polymer chain


