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Relevance

 Intelligent gels

e Detergents

o “Zipping” iIn DNA & Bilayers in lipids
« Gel spinning (e.g. spider webs)
 Snail motions on lake surfaces
 Dissolution & phase separation

and many more.....



Theme

 LCST-type Volume Transitions in Gels
e Deformation induced phase separation
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Novel Applications
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Novel Applications:

smart rheology for clutches
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Novel Applications (Robotics)

(Science, 269, 525 (1995))
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Novel Applications (Control Drug delivery)

PMAA-g-PEG hydrogel + insulin + glucose oxidase

I glucose

Gel + insulin + gluconic acid

l Swelling of gel

Release of insulin

{ Dorski Hassan, Peppas et al. (Purdue Univ.) }



Novel Applications (Chemical separations)
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The LCST-type volume transition occurs due to

o differences in compressibilities
e specific interactions (H-bonding, etc)

Flory theory of swollen networks

IS not applicable !



Objective

e To understand the fundamental causes
for the LCST-volume transitions

 The role of H-bonding & Hydrophobic
Interactions

* To be able to synthesize “tailored”
smart gels



The Extended Lattice-Fluid-Hydrogen-
Bond (LFHB) model

- 1
N, chains G Collapsed network
N, solvent
@ " @
solution > Swollen network

* LFHB : Panayiotou & Sanchez, JPC, 95, 10090 (1991)
e Elastic : Flory-Rehner, Principles of Polym. Chem.



L FHB theory

* decoupling of H-bonding and ‘other’ interactions
e mean-field interaction energy




PNIPAmM Gel :VVolume Transition
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PNIPAM Gel : H-bonding rearrangement
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PNIPAmM Gel : Hydrophobicity
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PNIPAmM gel : role of H-bonding and
Hydrophobicity
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Mechanism of volume transition




Re-entrant volume transition of PNIPAmM

IN Ethanol-Water {Leleetal, JcP, 107, 2142 (1997)}
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Re-entrant volume transition :
determination of model parameters
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Swelling capacity at 25 C (g/g)

Re-entrant volume transition :

predictions of extended LFHB model

mol fraction EEOH inside gel

mol fraction EtOH outside

I mol fraction EtOH outside
ge

gel



Re-entrant volume transition

molecular causes
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So far so good !!

But so what ?7??



Tailoring of gels : Hydrophobicity
{ Leleetal., JCP, 106, 2142 (1997) }
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Tailoring of gels : Hydrophilicity
{ Leleetal., JCP, 106, 2142 (1997) }
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Tailoring of gels : Effect of comonomers

{ Badiger et al., to be submitted to Macromolecules }
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13C CP-MASS spectra of copolymer gels (MSL-300 FT-NMR)
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Tailoring of gels : Effect of comonomers
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Tailoring of gels : Effect of comonomers
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Tailoring of gels : correlations
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In Summary:

e Critical Hydrophobic - Hydrophilic balance
« Quantitative predictions of extended LFHB

e Macroscopic Microscopic
q

Volume transition causes

e Possibility of “Tailoring” of gels
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