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Polyelectrolyte gels
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Most tissues of animals and plants are polyelectrolyte gels.;
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pH-sensitive valves in microfluidics

Deformation and force regulated by physiological variables (pH, salt, temperature...)
Mechanics and chemistry
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Electric potential
Electrochemical potential

*Battery does work on electrons, ® &g
Material B Pump does work on ions, uoM

*Helmholtz free energy of system, F
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3 ways of doing work to a gel

weight y6X

[owaVv = [ Biox,dV + [T, dA + [0 5qdV + [®SedA+ ) 1 [5CdV

#of ions of speciesa
volume in reference state

W free energy of gel
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A field theory of thermodynamic equilibrium

Deformation gradient Gauss'’s law Concentrations
ox, (X, t) oD (X, t) ct(x.)
F,(X,t)=21 k\Xot) o
Material model: W = W(F, D,c',c?,. )

Equilibrium: | OWAV = [ B;ée,dV + [TiédA + [@8qdV + [©SdA + Y. u® [5CdV

Equivalent conditions of equilibrium
ow ~
Sik = EK:ﬂ ,uazezaCD+8W
Fix oDy ‘
05 (X, t) ~ oD(X,t) e
— K2 2+ B,(X,t)=0 E. (X, t)=- ) u- =constant
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MICroscopic processes

gel external solution

*Swelling increases entropy by mixing solvent and polymers.
*Swelling decreases entropy by straightening the polymers.
*Redistributing mobile ions increases entropy by mixing.
*Neutrality reduces electrostatic energy.



Free-energy function

Free-energy function W(F,C“, 5)= W,(F)+W,(C',C?,0 )+ Wp(':’ '5)

Free energy of stretching W;(F)=L1 NKT|Fig Fig —3—2log(detF)]
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Swelling regulated by concentration of ions
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Swelling ratio

Constrained swelling

Nv =0.001
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Debye length
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pH-sensitive gel

External solution
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otretch: 4,

pH-sensitive gel - Free Swelling - influence of pH__,

Dimensionless concentration of palymer chaing: MN.v®= 0.001
hlolar fraction of acidic group in palymer: = 25 %

Flory's interaction parameter: y= 0.1 pH = _10g10 [H+]
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Summary

 Couple large deformation and
electrochemistry.

o Swelling regulated by concentration of
lons.

« Swelling regulated by pH.

16



	Large deformation and electrochemistry of polyelectrolyte gels
	Polyelectrolyte gels
	Ion exchanger
	Electric potential Electrochemical potential
	3 ways of doing work to a gel
	A field theory of thermodynamic equilibrium
	Osmosis
	microscopic processes
	Free-energy function
	Swelling regulated by concentration of ions
	Constrained swelling
	Debye length
	Summary

