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1. Investigation on thiol-ene reaction initiation conditions

In the article described results demonstrate successful thiol-ene reaction initiation thanks to
physical effects provided by highly resonant NCs. For this reaction 2,2'-Azobis(2-

methylpropionamidine) dihydrochloride (AAPH) was used as a radical initiator.

In order to test this radical initiator performance in bulk conditions we have performed the thiol-
ene reaction under several experimental conditions. The aqueous reaction mixture was first
prepared by dissolving one equivalent of both: thiophenol (3.5 uL, 7 mmol.L!) and pentenoic
acid (3.5 pg, 7 mmol.L"). This acid has been used to mimic the allyl mercaptan since the latter
one has a thiol group that could directly react with the double bond of another allyl mercaptan
molecule. In such conditions, it will not be able to determine the actual efficiency of the thiol-ene
reaction between the thiophenol and the mecaptan. Thus we have used the pentenoic acid that
have no thiol group but still have a double bond for thiol-ene reaction. Since this acid and the
allyl mercaptan have similar structure, we assume that the reaction rate is also similar for both
molecules. The mixture was investigated by Nuclear Magnetic Resonance (NMR) in deuterium
oxide (D,0O) using Bruker Avance III 400 MHz instrument prior to the initiation of thiol-ene
reaction. The figure S1 shows the "THNMR spectrum of the region of interest. Multiple peaks
presented in 'H NMR spectrum at 4.81-5.07 (m, 2H) and 5.78-5.9 (m, H) are assigned to the

vinyl protons whereas the group of peaks at 7.11-7.34 (m, 5H) belongs to the aromatic protons.
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Figure S1 Nuclear Magnetic Resonance (NMR) spectrum of thiophenol and pentenoic acid
mixture

After introducing the AAPH (9.5 mg, 7 mmol.L-") in solution, four different initiation conditions
were performed (Figure S2.):

1) illumination of the solution with 660 nm laser light with a power of 0.45 mW (these

conditions correspond to the exact ones used with the NCs)

2) illumination of the solution with 660 nm laser light with a power of 4.5 mW

3) heating of the solution at 60 °C

4) illumination of the solution with UV excitation wavelength of 365 nm
For all experiments, the exposure time (illumination or heating) was set to 30 min. The thiol-ene
reaction in bulk was monitored by 'H NMR thanks to the observation of multiple peaks at 7.48
ppm and 2.71 ppm (a and b labels on the figure S2, respectively). The first peaks correspond to a
shift of protons from the aromatic ring whereas the peaks at 2.71 ppm are assigned to the protons
of the carbon bound to sulfur'. No spectral changes were observed on the NMR spectra after
irradiating the mixture using identical parameters as the ones described in article (laser of 660
nm with the power of 0.45 mW) and even after increasing the laser power by one order of
magnitude (power of 4.5 mW). The reaction starts at very low level after incubating solution at
60°C (observation of peaks with very low intensity at 2.71 and 7.48 ppm). This observation is
not surprising. In the literature, the use of AAPH for radical reaction demands heating to 60°C
for 24h%. The highest reaction efficiency was observed by irradiating sample under UV light
since after 30 minutes of illumination intense bands are observable.
These results indicate clearly that the thiol-ene reaction cannot be initiated using the 660 nm
excitation wavelength even if the laser power density is high without any plasmonic structures.
Moreover, the reaction is slow using the increase of the temperature or the UV light. It means
that the plasmonic effect enhance the chemical process and accelerate the thiol-ene reaction at

the nanostructure surface.
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Figure S2 Nuclear Magnetic Resonance (NMR) spectra recorder after expositing mixture for

thiol-ne reaction to a various initiation conditions.



2. SERS spectra recorded for the different experiments
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Figure S3 SERS spectra of thiophenol grafted to gold NCs via competitive replacement

(experiments C1 and C2), spontaneous adsorption (experiment C3) or thiol-ene chemistry.

The comparison of the SERS spectra obtained after thiophenol grafting by thiol-ene reaction or
by spontaneous or competitive interactions is presented on Figure S3. Except the first negative
control (C1) all other SERS substrates were initially pre-functionalized by either allyl mercaptan
or mercaptoethanol. After the thiophenol immobilization, all SERS spectra exhibit very similar
spectral features that can be assigned to the main fingerprints of thiophenol. This means that the
grafting of the thiophenol did not change its structure or its orientation on the gold surface.

Moreover, the contribution of the allyl mercaptan or mercaptoethanol is actually limited to the
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SERS spectra which are dominated by the thiophenol contribution.
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3. Temperature calculation
When light is absorbed by a nanoparticle (NP), part of the incoming energy is turned into heat,
leading to an increase of the NP temperature (AT,) and as a consequence inducing a local heat of
the surrounding media. AT, is directly related to the absorption cross-section (G,ps) as’:
O absline
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AT, Eq. 1
with [, the irradiance of the incoming beam in the plane of the NP, R ¢ the effective radius of
the NP (defined as the radius of a sphere of a volume equals to that of the NP), B a constant
depending on the aspect ratio of the NC and kg, the thermal capacity of the surrounding
medium. In our case, Ky, is considered as the mean of the thermal capacity of water and glass
(Ksur®] Wml K1),

In the case of an assembly of NPs, the heating transfer from one NP to the others contributes to
the temperature increase. Considering a Gaussian beam of waist (w() shining an array of NPs,
the collective temperature increase is proportional to the absorption cross-section of the
individual NP and a geometrical parameter as*:

Uabslinc /ﬁ 1 {1_4«/Aln2

AT ., =
coll K gurr \/ 41 WOA\ w,

Eq.2

where A is the area of the lattice. In the case of a square lattice of side length D, A=D?.

The absorption cross-sections of the NC assembly in a square lattice arrangement were
calculated by Discrete Dipole Approximation (DDA) using DDSCAT 7.3°. Their diameters
varied from 100 to 200 nm while their height was kept constant to 50 nm. The interparticle
distance was 200 nm. A chromium adhesion layer of 2 nm thickness was added underneath each
NC. The relative permittivity of gold was taken from® and that of the chromium from Sopra
database. The interdipole distance was set to 2 nm as a balance between mesh resolution and
memory requirements. The calculations were performed with the HPC facilities of Pdle de
Calcul Intensif pour la Mer’.

The surrounding medium was modeled by an effective medium with relative permittivity €.q3-1°

equal to the mean of that of the glass substrate and that of water (Eq. 1).

6-eff = Eglass + Ewater Eq- 1
The absorption cross-sections calculated by DDA are shown on figure S4. The position of the
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absorption band is red-shifted as the diameter of the NC increases. Unless for the two smallest
diameters the value of the maximum is almost constant over the range of diameter considered.
The best match between the laser wavelength of 660 nm and the resonance of NCs is reached for
diameters of about 120-130 nm.

The temperature increases (AT=ATyAT.,) were calculated from equations 1 and 2 for the
different diameters when the NCs are illuminated by a Gaussian beam at a wavelength of 660 nm
with a waist equal to the diffraction limit of the beam (1um) and with a power of 0.45 mW. The
illumination conditions reproduce the experimental ones in order to determine the exact
temperature reached above the NCs during the different chemical reaction (thiol-ene reaction and
experiments from C1 to C3). The AT are plotted on figure S5. For small diameter NCs, the
temperature increase rises with the diameter to reach 60 K with 120 nm NCs. AT then decreases

with the diameter as the mismatch between the resonance and laser line gets larger.
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Figure S4: Absorption cross section calculated by DDA for the NC with diameter from 100 up to

200 nm. The dotted vertical line corresponds to the laser wavelength.



Temperature increase for P=0.45mW and A=660nm
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Figure S5: Temperature increase calculated around the NCs versus the NC diameter for an

excitation wavelength of 660 nm and a power of 0.45 mW.
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