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Various types of simuli-responsve polymers have been desgned and synthesized. The polymers
amog dways polydectrolyes, undergo abrupt changes in conformation, opticd properties, volume, and 0
on in regponse to externa stimuli such as pH, temperature, ions, solvent components, eectric field, chemica
reactant, and light irradiation. The respongvenessis tributed to the ionic groupsin the polymers, which are

reversbly deionized in response to
the dimuli. The ionic dae
ggnificantly affects the polymer
conformation, which results in
dragic changes in the physcd
properties. The dimuli-responsive
polymers have been investigated by
many ressacchas to  condruct
intelligent or smart materias (1).

We have devised some micro-
or nano-fabrication method usng
dimuli-reponsve 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 groupsto
be a photo-reactive polymer. The
modified polymer was crossinked
in the presence of photo-masks as
shown in Fgure 1. When the
crosdinking reaction occurred on the
polystyrene plate, the formed gel was
immobilized on the surface. On the
other hand, on the glass plate the
formed gd was removed from it.
The shepes of removed microgds
spontaneoudy changed in response
to dimulusasshownin Figure 2.

Ancther was caried 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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Fgurel Preparation of stimuli-responsive gdson polystyreneor glessplate.

Photomask

Figure2 Microgel was formed by the above photo-mask responded to
temperature. At 370C the microgel shrinked and at 100C
the microgel swelled to form a unique structure. The change
was revesible.
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“Grafting from” is
graft-polymerization on
surfaces. On the other hand,
“grafting to” means Grafting from
immobilization of polymer on

surfaces. End-on grafting uses M y )
resctive end group in the “ m End-on
polymer and side-on grafting M

employs reactive dde groups
in the polymer. The ! |I |I 'l |I |
dimuli-responsve  polymers

were grafted on  porous

membranes by these methods. %\. O\
The conformationa change of

grafted polymers in response Figure3 Classification of g rafting methods M and | mean monomer and initiator,
to dimulation induced dze respectively.

change of nanopores of the
membrane and as a result
substance permestion through
the membrane was regulated.

Fgue 4 shows the \/W\/ E\M/

sf-assembly of poly(acrylic

adid) carying thiol groups in — 2 SS 5 <+
the side chains on gold-coated S jl Stimul
porous membrane as the i

example. At low pH the Ion|c strength

polymer shrinked to open the Temperature

nanopore and a high pH it Egﬂfx

extended to close the pore

The open of nanopores
enhanced the subgtance
permegtion and the dodng
reduced it. This Sze change
was observed by atomic force
micrascopy inwater.

These fabrication methods will be useful for condtruction of smart micro- or nano-devicesin thefuture.

Grafting to

Side-on

Substance -
‘ Stlmull-responswe polymer ‘

Substance

Hgure4 Simuli-repondve permestion of subdances through dimuli-responsve
polymer-grafted porous membrane.
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Systems using stimuli-responsive
polymers

Regulation of soluble and insoluble states
« Nano-fusion

Regulation of extension of polymer chain
e Surface modification

Swelling and shrinkage of polymeric gels
Photo-lithography
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Systems using stimuli-responsive
polymers

Regulation of soluble and insoluble states

Regulation of extension of polymer chain

Swelling and shrinkage of polymeric gels
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Schematical illustration of regulating the solute permeation
through the PAA-HS self-assembled membrane.
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Scheme 1. Preparation procedure of modified poly(acrylic acid)






Preparation scheme of signal-responsive gating by
modified PAA on a nanoporous membrane
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The surface density

PAA-SH, 4 RU=7010.0 of PAA-SH assembled
) onto the membrane was
about 25x%10"" molicm®.

PAA, ARU=84.3
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Tima B
Surface plasmon resonance (SPR) spectra showing the
binding of thiol group to a Au-coated plate. Significant binding
of the modified PAA with HS-Au bound occurred, whereas
very little binding occurred for PAA.
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The effects of pH and ionic strength on the self-assembly of PAASH,
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pH dependence of water permeation for bare membrane (W) and
membrane immobilized with PAA-SH (®). Thiol content was 2 thiols
I 100 carboxyls and surface density was 1.8 X 10"'molicm?.
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Relation of permeation, pH and ionic strength for membrane
assembled by PAA-HS with graft density of 2 thiols / 100
carboxyls. (3000rpm, 10 min)
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pH dependence of water permeation for membranes self-
assembled by PAA-HS with different surface density (Thiol
content: 2 thiols /100 carboxys, 3000rpm, 10 min).



Permeation (%)

100

80

60 -

40 |

20 =

20 1&3 16ﬂﬂ
DNA length (base)

Relation of DNA permeation, pH and DNA length for
membranes assembled by PAA-HS with graft density of 10
and 30 thiols / 100 carboxyls, respectively. (3000rpm. 10 min)






Rate of permeation (ml/min)

16

14 |

12

10

¢|‘H

T.0

¢11H

pH 1.0

7.0

pH

1.0

10

5

Time (min)

20

25

30



=%

@DOC COO®

l 1n5ut4r‘|= I

ft C.OOH

I Imswulim I

o e - glucose



Amount of insulin permeated (x 0

I

|

I_ -
'. 2 e im0 it B .-I‘
i

|

rd

=Sk x BO0F T cam s




Systems using stimuli-responsive
polymers

Regulation of soluble and insoluble states

Regulation of extension of polymer chain

Swelling and shrinkage of polymeric gels
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Synthesis of pH-sensitive polymer
carrying azidophenwvl groups

H-(CH>-CH),-H - MN;— ﬁ;:-—— M H -
COOH
pH 7.0
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COOH COMNH

T
L 0

N5
“-aridophenylamidated poly{acryvlic acid) ( AzPhP.AA)



Microgel Formation on
Polystyrene or Glass Plate
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Acrvomic force micrograph of
pH-sensitive miucrogel on polystyrene plate

pH 2
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Higured, Cross-sectional plots of the atomic force micographs
(A'M) ofimmobilized AzPhPAA microgel network (azidophenyl
group content, 14.8%) at pH 2 and 10.



Syvnthesis of poly(/V-
isopropylacrylamide-co-acrylic acid)
carrying azidophenyl groups
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4-aridophenviamidated polyw(V-isopropylacryvlamide-co-
acrylic acid) (AzPhPLA)
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