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Materials, in particular polymers, which respondceiternal stimuli are of great current scientific
interest due to their wide applications [1-2]:

. addressable microsamplers and microdispensetsoampatible with laboratory-on-chip;
. self-healing dynamic materials;

. stimuli-trigged nanocapsule arrays and membranes;

. ‘smart’ supports for growing cells and tissues;

. drug delivery;

. (bio-)sensors.

Among the broad range of external triggers foratmal changes of polymers (temperature, pH,
ionic strength, electric field, light, ...), light jrobably the most attractive stimulus, since itagvenient
to apply and localize, light intensity and energy be varied over a broad range.

Our research aims at the development of light-tgastomposites of TiQ@and polymers for the
fundamental understanding of their response behalristead of using light-sensitive polymers, which
are limited in number and limited in terms of theisponse, we use photoactive Ti@yers as mediator to
induce local pH changes, which is the internalgeigfor pH-sensitive polymers. Fortunately the en§
pH-sensitive polymers is extremely broad includipglyelectrolytes, biopolymers, hydrogels and
copolymer micelles. Two types of systems are in faaus: 1) Layer-by-Layer (LbL) assembly of
polymers multilayer on Ti@(Fig. 1) layer; and 2) polymers with incorporaié@®, nanoparticles (Fig. 2).

Multilayer polymer films can be fabricated by Lblssembly of pH-responsive polymers on a
photo-catalytic semiconductor layer. In a highlypasgistic manner light activates the release of i
and OH) into the polymer matrix which responds locallytérms of swelling or deswelling due to these
changes in pH. Consequently the properties of trexadl film are altered in a cascade like fashion.
Example of the chosen multilayer system to regutatebehavior on the surface is shown in Fig.1le Th
test system consists of the following multilayegtass or Ti — substrate; Ti(photosensitive layer; pH
sensitive micelles and polyacrylic acid (PAA) — dymic pH sensitive layer. LbL formed biocompatible
interfaces can regulate the adhesion and the dgsaofiiproteins, peptides, lipids, polysaccharideds,
etc. as well as tissue growth in both, space and,tby using electromagnetic irradiation. Experitaen
with pre-osteoblasMC3T3 cells after 6 days cultivation show significantanges of the cell density
before and after irradiation (Fig. 1) due to changé the properties of dynamic layer. Thus before
irradiation the cell density on the dynamic coatorgglass and on the dynamic layers -T@ating is
approximately the same (ca. 500 and 500 cell$jmnt after irradiation the cell density on theltngel-
TiO, side decreases by 1.5 times while the cell dewsitihe hydrogel-glass increases. In Fig. 2 ons see
how cells migrate from the hydrogel-TiGide to the hydrogel-glass side. As it was mertibabove a
TiO, film under UV-irradiation activates the pH-sengitidynamic layers, which leads to an increase of
their thickness, whereas the thickness of the pehjiayers on the glass side remains the same, $&dau
couldn’t be activated without the TiGIm.
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Fig. 1 a-Scheme of use of licresponsive coatings based on mesoporous, films and pH
responsive hydrogels; lihe cells detaching from lig-responsiveoatings under U-irradiation.

Light-healing ellulose based hydrogel was developed for 3D cprinting devices. To heal
cellulose hydrogel Tipnangarticles were introduced in its compcon. Thehydrogel healing is show
in Fig. 2.

Fig. 2 Light-healing of cellulose hydrogel under irradiation dteephotocatalytic reaction ar
local pH-changes on introduceinto hydrogel titania nanoparticles. The lighealingc zone is shown with
arrows.

In all in our researckve enalysis the light-pH coupled composite Fifolymer systenresponse
mechanism on different length and time scaThe photomechanical cyclic changes, namely fi
thickness and roughresthe degree of swelling and morphological cha are in focu. Furthermore,
photochemical changes are investigated. These comprésditfusion of reactive oxygen species (R(
and ions (H and OH) in time and space as well polymersdegradation. The phc-mechanical and
photochemical effects are studied before, during aneéraifradiation with a special focus on f
relaxation of the polymers.
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