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Various types of stimuli-responsive polymers have been designed and synthesized. The polymers, 
almost always polyelectrolyes, undergo abrupt changes in conformation, optical properties, volume, and so 
on in response to external stimuli such as pH, temperature, ions, solvent components, electric field, chemical 
reactant, and light irradiation. The responsiveness is attributed to the ionic groups in the polymers, which are 
reversibly deionized in response to 
the stimuli. The ionic state 
significantly affects the polymer 
conformation, which results in 
drastic changes in the physical 
properties. The stimuli-responsive 
polymers have been investigated by 
many researchers to construct 
intelligent or smart materials (1).  

We have devised some micro- 
or nano-fabrication method using 
stimuli-responsive polymers. One 
was photolithographic synthesis of 
micro-gels. Poly(acrylic acid) or poly 
(N-isopropylacrulyamide-co-acrylic 
acid) was chosen as a pH- or a 
thermo-responsive polymer, 
respectively, and the polymer was 
modified with azidophenyl groups to 
be a photo-reactive polymer. The 
modified polymer was cross-linked 
in the presence of photo-masks as 
shown in Figure 1. When the 
crosslinking reaction occurred on the 
polystyrene plate, the formed gel was 
immobilized on the surface. On the 
other hand, on the glass plate the 
formed gel was removed from it. 
The shapes of removed microgels 
spontaneously changed in response 
to stimulus as shown in Figure 2.  
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Figure 1 Preparation of stimuli-responsive gels on polystyrene or glass plate. 

Another was carried out by 
grafting the pH or thermo-responsive 
polymer on nanoporous filter 
membranes. Figure 3 shows some 
method to graft polymers on surfaces.  
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Figure 2 Microgel was formed by the above photo-mask responded to 
temperature. At 37oC the microgel shrinked and at 10oC 
the microgel swelled to form a unique structure. The change
was revesible. 
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cation methods will be useful for construction of smart micro- or nano-devices in the future.  
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“Grafting from” is 
graft-polymerization on 
surfaces. On the other hand, 
“grafting to” means 
immobilization of polymer on 
surfaces. End-on grafting uses 
reactive end group in the 
polymer and side-on grafting 
employs reactive side groups 
in the polymer. The 
stimuli-responsive polymers 
were grafted on porous 
membranes by these methods. 
The conformational change of 
grafted polymers in response 
to stimulation induced size 
change of nanopores of the 
membrane and as a result 
substance permeation through 
the membrane was regulated. 
Figure 4 shows the 
self-assembly of poly(acrylic 
acid) carrying thiol groups in 
the side chains on gold-coated 
porous membrane as the 
example. At low pH the 
polymer shrinked to open the 
nanopore and at high pH it 
extended to close the pore. 
The open of nanopores 
enhanced the substance 
permeation and the 
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Figure 3  Classification of g rafting methods M and I mean monomer and initiator, 
respectively. 
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Systems using stimuli-responsive 
polymers

Regulation of soluble and insoluble states
• Nano-fusion

Regulation of extension of polymer chain
• Surface modification

Swelling and shrinkage of polymeric gels
・Photo-lithography
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