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Computational section

All calculations were carried out using the Gaussian 09 suite of programs1 using the

B3LYP exchange and correlation functional2 along with the 6-311++G(d,p) basis set for all

atoms but gold.3 The LANL2DZ basis set consisting of Effective Core Potential (ECP) and

double-ξ quality functions for valence electrons was employed for Au.4 The structures were

optimized without symmetry constraint. The vibrational frequencies and normal modes

were calculated within the harmonic approximation and a scaling factor of 0.976 was chosen

on the basis of previously published work.5

Simulated Raman spectra

The grafting of HEBDT diazonium salt on gold nanostripe surface was modeled by a

hybrid system based on the pyramidal gold cluster Au20. The spontaneous dediazonation

of HEBDT on gold surface leads to monolayer or multilayers represented by the MeB-Au20

and MeBiPh-Au20 adducts respectively (see Figure SI2a). DFT calculations were conducted

on model system featuring 4-methylphenyl bonded to the vertex of pyramidal gold cluster

Au20 through Au-C bond. Figure SI2a shows the experimental SERS spectrum for HEBDT

on gold nanostripes and the calculated Raman spectra for the two envisaged adducts on

gold surface. Despite the simplicity of the model, a good agreement is found between the

experimental SERS spectra and the simulated Raman spectra by DFT for the multilayer

model MeBiPh-Au20. More precisely, the observed band at 1626 cm−1 is only reproduced

by MeBiPh-Au20 model (band predicted at 1620 cm−1).
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Figure 1: Proposed mechanisms, from literature, of aryl film grafting (derived from diazonium salt

molecules) on a gold surface: (a) the cationic pathway was proposed in the case of the thermal

decomposition of diazonium salts and was described as follows: first, the heating of diazonium salts

in water was reported to lead to aryl cations. Then, due to their short lifetime in water, only those

formed near the gold surface would attach to it.6,7 The aryl cations also react on the already grafted

aryl groups, leading to the formation of a polyaryl layer on the surface (route a’). (b) The radical

pathway would proceed via an electron transfer from the gold to the diazonium cation, leading to

its reduction and to the formation of highly reactive aryl radicals at the substrate-solution interface

able to bind to the surface and to form a covalently linked aryl layer. In a following step, other

aryl radicals would contribute to the growth of the films by their addition on the aromatic rings

already grafted on the substrate, followed by the elimination of H+ (route b’).8 The polyaryl film

growing by azo coupling on the already grafted phenyl layer was also reported, as illustrated in

route c’.
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Figure 2: (a) 4-Methylphenyl adducts envisaged for DFT modelling: (black) Experimental SERS

spectrum recorded on gold nanostripes (λexc=633 nm; laser power P=1 mW; acquisition time:

3×30 sec.). Simulated Raman spectra of 4-methylphenyl adduct on a pyramidal gold cluster Au20

as monolayer MeB-Au20 (red), as bilayer MeBiPh-Au20 (blue); (b) Optimized geometries for MeB-

Au20 and MeBiPh-Au20.
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Table of cartesian coordinates MeB-Au20
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Table of cartesian coordinates MeBPh-Au20
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Figure 3: Aryl film thickness deduced from AFM measurements, versus the illumination time, for

two different laser powers: P1=0.86 mW.µm−2 (a) and P0=0.089 mW.µm−2 (b) respectively. The

gold nanostripes were homogeneously immersed in a solution of HEBDT (concentration 3x10−3M).

The optical exposure was performed under normal incidence, and the He-Ne laser (λinc = 633

nm) was focused on the stripe array through a microscope objective (× 100, numerical aperture

N.A.#0.8), resulting in a circular laser spot of ∼3 µm diameter at the surface.
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Figure 4: Calculated absorbance by the DDA method for a gold stripe target with a width of W

= 125 nm and height of H = 50 nm. The incident polarization was set perpendicular to the stripe.

Inset: 3D mapping of the near-field enhancement on a unit cell length of W = 125 nm wide stripe,

and height H = 50 nm.
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Figure 5: Differential lateral profiles of a single gold nanostripe, by subtracting the topographical

profiles of the cross sections of the gold stripe, before and after illumination in transverse polar-

ization. The differential profiles are displayed for the following energy dose: (a) 0.5×Eth, (b) Eth,

(c) 2×Eth, and (d) 3×Eth, with Eth=5.5 mJ.µm−2. HC indicates the height of the aryl film in the

center of the stripe, while HL indicates the height of the aryl film at the location of the lobes.
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Figure 6: For an energy dose E=3xEth: (a) profile of the lateral cross section of a single stripe

before and after illumination in transverse polarization (under LSP excitation). The aryl film

thickness in the center of the stripe is HC
aryl ∼ 14 nm; (b) profile of the lateral cross section of a

single stripe before and after illumination in longitudinal polarization (no LSP excitation). HC
aryl

is only ∼ 4 nm in the center of the stripe.
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