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Over the past ten years, localized surface plasmons have been exploited for triggering and 
controlling photochemical and photophysical reactions. Achieving hybrid nanosystems that 
couple metal nanostructures to organic dyes or polmyers with enhanced effect is a major 
challenge for applications in nanophotonics, sensors or spectroscopy. [1] 
 
In our case, surface plasmon dipolar resonance of individual metal nanoparticles was used as 
an optical near-field source to locally trigger free radical polymerization of an acrylic 
monomer via excitation of appropriate photoinitiator: metal nanoparticles embedded in a 
photopolymer sensitive at the resonance wavelength are irradiated under the polymerization 
threshold but close enough to this threshold to initiate the free-radical polymerization thanks 
to electromagnetic near-field enhancement. [2] 
 

  
Figure : Schematic description of the procedure for near-field photopolymerization around 
Ag nanoparticles leading to the hybrid metal/polymer particle and examples of hybrids 
nanostructures visualized in TEM (metal nanoparticle and polymer appear resp. in black and 
in grey). 

We report on the physicochemical and optical parameters controlling the photopolymerization 
process in near-field. Kinetic parameters were shown to be of paramount importance to 

10536 dx.doi.org/10.1021/ja201636y |J. Am. Chem. Soc. 2011, 133, 10535–10542

Journal of the American Chemical Society ARTICLE

a surface plasmon resonance (SPR) at 460 nm in water were used here. A
glass slide was immersed in a diluted Ag colloidal solution for 12 h to
achieve a deposition of isolated nanoparticles (distance between two
adjacent particles greater than 500 nm). The substrate was then rinsed
with distilled water and dried with air.

To ensure an efficient anchoring of the nanoparticles on the glass
slide, the substrate was previously functionalized to create an amine-
terminated self-assembled monolayer on which silver nanoparticles,
stabilized by citrate groups, were strongly bounded to the glass surface.
Photopolymerizable Formulation (PPF). The photopolymer-

izable formulation is composed of three components: a sensitizer dye
(Eosin Y, 20,40,50,70-tetrabromofluorescein disodium salt, Aldrich), an
amine (MDEA, methyldiethanolamine, Aldrich), and a multifunctional
acrylate monomer, pentaerythritol triacrylate (PETIA, Sartomer). A
514 nm argon:krypton (Ar:Kr) laser wavelength was used in the
experiments because it overlaps both the absorption spectrum of Eosin
Y (EY) and the surface plasmon resonance of the Ag NP in the
formulation. Upon irradiation with a wavelength lying in the EY
absorption region, that is, 450!550 nm, the excited states of EY
can react with MDEA to create free radicals.17 PETIA was used as
received from the supplier. The results reported here were obtained with
mixtures containing 0.5% in weight of EY (which corresponds to 7 "
10!3 mol/L) and 4% in weight of MDEA (3 " 10!2 mol/L), unless
mentioned differently.
Characterization of the PPF. The PPF was carefully character-

ized by spectroscopy and the threshold dose necessary to initiate the
polymerization was systematically determined. Bleaching and polymer-
ization kinetics were investigated by UV!visible spectroscopy and
Fourier transformed infrared (FTIR) spectroscopy. Bleaching (%) and
conversion ratio (%) correspond to the fraction of the dye (respectively
monomer) that was consumed at a given irradiation time. These values
were extracted, respectively, from the relative decrease of the EY
absorbance in the UV!visible spectrum (evaluated at maximum absorp-
tion: 532 nm) and the CdC stretching band in the FTIR spectrum
(1635 cm!1).16

In parallel, a precise evaluation of the polymerization threshold was
conducted. The threshold energy corresponds to the minimum energy
necessary to observe polymer parts on the glass substrate. This para-
meter is of paramount importance to determine the energy necessary to
trigger a near-field photopolymerization without significant chemical
modifications induced by a far-field illumination.
Near-Field Photopolymerization. The procedure for near-field

photopolymerization is depicted in Figure 1. The Ag NPs are deposited
on the glass substrate. Intermittent-contact mode atomic force micro-
scopy (AFM) is conducted to image the nanoparticles. By referring to
landmarks placed on the sample surface, we have selected AgNPs having
reasonable in-plane symmetry (quasi-spherical) so that their diameters
can be deduced from a height measurement. The particles are then
covered with the photopolymerizable solution by simple drop casting.
Illumination at 514 nm with a linearly polarized laser beam is performed
under controlled power density and irradiation time. The irradiation
dose is always chosen to be lower than the threshold energy (e.g., the
dose needed to induce far-field polymerization). Under these condi-
tions, no polymerization occurs in far-field, and only the optical field
enhanced by the plasmon response of the Ag NP overcomes the
threshold and initiates polymerization. The sample is then rinsed with
ethanol and isopropanol to remove the unpolymerized monomer, thus
revealing the hybrid nanoparticles. The selected Ag NPs are reimaged
again to compare the particles before and after irradiation. By differ-
entiating the images before and after the procedure, we can quantita-
tively characterize the extent of polymerization,12 while circumventing
the apparent increase of the nanoparticle width due to convolution with
the AFM tip.

’RESULTS AND DISCUSSION

The photoinitiating system composed of EY and the MDEA
associated with an acrylate monomer was previously used in
holography or laser direct writing self-guiding photopoly-
merization.15!17 This system exhibits a suitable sensitivity at

Figure 1. Schematic description of the procedure. Near-field photopolymerization is triggered by the plasmon response of the Ag nanoparticle. The
hybrid metal/polymer particle is revealed after developing the formulation.
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control the polymerization in highly confined space. Indeed, the number of photoinitiator 
molecules is so limited that unconventional response to photonic parameters was recorded. 
Light polarization was also found to be important not only for the shape of hybrid particles 
but also for the energy transfer efficiency from nanoparticles to photopolymer. 
 
Finally, this method is very interesting to fabricate hybrid metal/polymer nanosystems with 
original optical properties and also investigating photopolymerization at the nanoscale. 
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