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Recently considerable attention has been given to gold
nanoparticles (AuNP) in the emerging field of nanomedicine, where
research into the delivery, release and targeting of pharmaceutical,
diagnostic and therapeutic species (drugs) by inorganic/organic hybrid
nanoparticles is at the fore-front of research in nanomedicine®. A
number of methods have been developed to incorporate gold
nanoparticles and various polymer molecules. Combining the
intelligent sensitivity of a stimuli-responsive polymer with an inorganic
metal nanoparticle results in hybrid composite microgels with attractive
synergistic properties. Depending on the nature of inorganic metal
incorporated as nanoparticles, such as Au, Cu, Fe and Ag, specific
functionality can be realized for potential applications in micro/nano
sensors or microreactors, nano-electric devices?, in photothermal
ablation of cancer tumors® and in perspective drug delivery and
release applications.”

The goal of this study was to develop a robust technique to
synthesize a hybrid composite core-shell microgel that can be
activated in a controlled manner by visible light and microwave
radiation to release the liquid contained in the cores. To achieve this
goal, we incorporated gold AuNP into a polymer matrix comprised of
NIPAm copolymerized with a hydrophilic monomer, acrylamide (Am),
which has been shown to increase the LCST®. The monomer ratios
are adjusted to obtain a LCST closer to the physiological conditions
(37°C) specifically required for drug, protein, gene or cell delivery and
release applications.

Recently we reported a simple one-step liquid-liquid dispersion
technique to synthesize reversibly swellable, magnetic nanoparticles-
embedded polymer microcapsules®. In the present method, we utilized
this liquid-liquid dispersion principle5 in a system of 3 immiscible
liquids to prepare PNIPAmM-co-AM core-shell microcapsules loaded
with AUNP. The spontaneous encapsulation of the core-shell droplet
morphology to form a double oil-in-water-in-oil (o/w/o) emulsion is
facilitated by the control of the interfacial energy balance between the
aqueous phase (in which a water-soluble drug can be dissolved), the
monomer phase and the continuous phase. The core-shell
morphology was developed in situ and fixed by photopolymerization by
using a new microarray technique.

Our results demonstrated the development for the first time to the
best of the authors’ knowledge, AuNP/PNIPAm hybrid core-shell
microcapsules and microgels that can be actuated by visible light
and/or microwave radiation (<1250 nm) and/or temperature. These
results are significant firstly, because the microarray technique is rapid
and robust and can be scaled up relatively easily for producing
commercial quantities of AuNP/PNIPAmM-co-Am microcapsules and
microgels and secondly, because the liquid core of the polymer
microcapsule can be released by activation by a range of
electromagnetic radiation or temperature.

REFERENCES
Moghimi, S. M.; Hunter, A. C.; Murray, J. C.; FASEB J. 2005, 19,
311-330.
a) Chu L.Y.; Park S.H.; Yamaguchi T.; Nakao S. J. Membrane
Sci. 2001,192, 27-39. b) Sauer M.; Streich D.; Meier W. Adv.
Mater. 2001, 13, 1649-51. c) Nardin C.; Widmer J.; Winterhalter
M.; Meier W. Eur. Phys. J. 2001, 4, 403-10. d) Zhang Q.;
Remsen E. E.; Wooley K.L. J. Am. Chem. Soc. 2000,122, 3642—
51. e) Ibarz G.; Dahne L.; Donath E.; M6hwald H. Adv. Mater.
2001, 13, 1324-7. f) Sukhorukov G. B.; Antipov A. A.; Voigt A.;
Donath E.; Méhwald H. Macromol. Rapid Commun. 2001, 22, 4
4-6. @) Lu, Y.; Mei, M.; Dechsler, M.; Ballauff, M. Angew. Chem.
2006. 118, 827-830; Angew. Chem. Int. Ed. 2006, 45, 843-816.
h) Fu, Q.; Rama Rao, G.V.; Ward, T. L.; Lu, Y.; Lopez, G. P.;
Langmuir, 2007, 23, 170-174.
Sershen, S. R.; Westcott, S. L.; Halas, N. J.; West, J. L. J.
Biomed. Mater. Res. 2000, 51, 293-298.
a) Gorelikov, I.; Field, L. M.; Kumacheva, E. J. Am. Chem. Soc.
2004, 126, 15938-15939. b) Zhang, H.; Mardyani, S.; Chan, W.
C. W.; Kumacheva, E. Biomacromolecules 2006, 7, 1568-1572.
c) Das, M.; Mardyani, S.; Chan, W. C. W.; Kumacheva, E. Adv.
Mater. 2006, 18, 80-83. d) Das, M.; Sanson, N.; Fava, D;
Kumacheva, E. Langmuir, 2007, 23, 196-201.
Koo, H. Y.; Chang, S. T.; Choi, W. S.; Park, J-H.; Kim, DY.; Velev,
O. D. Chem. Mater. 2006, 18, 3308-3313.

Polymeric Materials: Science and Engineering 2008, 99, 835



