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Integration of PNIPAM into Fluidic Platforms

Micro-hotplate designed to thermally switch protein 
adsorption.

back of actual fluid channel
(100 m wide channel)

Protein adsorbed on hot line desorbs
when line is deactivated.

Above transition temperature, proteins are adsorbed.
Below transition temperature, proteins desorb.
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Protein Adsorption on Active PNIPAM Films

Small or large proteins can be selectively 
adsorbed depending on thermal programming 

and contact times.
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Phase Transition In Polydiacetylene:
Mechanical Stimulation Triggers 
Optical Response

Phase Transitions at Interfaces

Local mechanical stimulation with IFM tip 
triggers blue-to-red transition.  Tip motions 
perpendicular to central chain axis are most 
effective.  Transition propogates along chains 
to provide response amplification.  Hydrogen-
bonding within side chains --> done to make 
transition reversible.
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Optical StimulationOptical Stimulation
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Spiropyran:  Rings Open, Close

Azobenzene:  Chain Bends
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Porphyrins:  Rings Pucker Tom Picraux, ASU

Conformation Changes Accompany 
Optical Stimulation

Contact Potential Measurements 
in IFM Detect Changes in 

Monolayer Polarity
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Contact Potential Measures
Surface “Work Function”

Contact Potential Detects Changes in
Surface Polarity with Light

Example:  Optical Switching of Spiropyran Films

Ring opening creates more polar surface.
Ring closing creates less polar surface.

Optical switching is reversible.
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Optical Switching of Spiropyran Films
Controls Electrical Double Layer 

Forces

• Ring opening creates surface 
charge.

• Ring protonation amplifies 
effect.

• Electrostatic forces can be 
attractive or repulsive.

• Light controls interactions 
between surfaces.

Material
Responses

Material
Responses

Accepted by LangmuirAccepted by LangmuirNanoletters, 3, 1723 (2003)Nanoletters, 3, 1723 (2003)

S

OH

SS

OH

S

OH

S

OH

S

OH

S

OH

S

OH

SS

OH

S

OH

S

OH

S

OH

S

OH

S

OH

SS

OH

S

OH

S

OH

S

OH

S

OH

- e-

+ e-

S S

+

+

S S

+

+

S S

+

+

Au

S S

+

+

S S

+

+

S S

+

+

Au

OOMeO

OOMeO

oxidation

reduction

Pseudorotaxanes
(Fraser Stoddart, UCLA)

Cyclodextrins
(Andrew Boal, SNLA)
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Molecular Machines Switch Contact Angles
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Active Material in Protein Trap is
Tethered PNIPAM Film
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PNIPAM on Si-OH

hydrophilic,
swollen

Typical films:   = 25o for T = 10oC

thickness
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Reflectance Infrared Spectroscopy
Shows Reversible Threading
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Goal: Use energy-consuming components to switch interfacial properties for the programmable 
assembly and reconfiguration of nanomaterials.
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