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Supplementary Text
S1 Activation energy calculations:
The surface energy varies for different crystal facets of Au, as the presence of the nearest atoms affect
the energy barrier required for atom mobilisation. An adatom on {111} has 3 neighbours, on {100} 4
and on {110} 5 (one in the second layer underneath).1 Literature shows that the energy/atom on the
different crystal facets is: {111} = 0.611 eV/atom, {100} = 0.895 eV/atom and {110} = 1.321 eV/atom.2
This allows us to estimate the optical intensity needed to overcome the energy barrier resulting in
atom diffusion. Along the same lines as in reference,3 we estimate the thermal energy 𝑈𝑝 available
per atom, which is converted into a critical laser intensity 𝐼 by considering the plasmon absorption
cross-section 𝜎abs and the plasmon lifetime 𝜏𝑝:
𝑈𝑝 = 𝐼𝜎𝑎𝑏𝑠 𝜏𝑝
Thus, an adatom on the facet {111} needs to overcome a laser intensity threshold of I = 0.73 mW/μm2
(1.833 eV for NPoM) while for {100} needs I = 1.43 mW/μm2 (3.58 eV for NCoM). We note that the
experimental intensities may slightly vary from our estimations due to atomic scale apexes and steps
where the adatom has smaller number of nearest atoms and thus reduced energy barrier. Here we
assume that all the energy in one plasmon is given to one adatom.
S2 Large area dark field analysis:
Here, 60 nm globular Au nanoparticles are deposited on 3-mercaptopropionic acid (MPA) coated Au
substrates by drop casting. We chose to use 60 nm instead of 80 nm due to NIR shifted (10) mode for
sub-nm gaps that will be out of the detection range of our spectrometer (Ocean Optics QE65pro). For
large area dark-field measurements, we use an in-house particle tracking code written in Python
where correction for chromatic aberration considered as different focal heights (z) spectra collected
over a Δz of 5 μm. A typical dark-field spectra distribution shown in Fig. S2 (left) where (10) ‘coupled’

mode is visible at 735 nm. More than 600 NPoM plasmonic constructs were measured using a 1s
integration time (Fig. S2, right).

Fig. S2: Dark-field spectra distribution of NPoM plasmonic constructs with MPA as a dielectric
spacer. All dark-field spectra are averages (lines) of all spectra and each histogram indicates the
occurrence (left). Consecutive dark-field spectra of more than 600 nanoparticles on top of each other
(right). Bright (dark) colours correspond high (low) scattering intensity.

From the dark-field scattering modes we can calculate the gap size (𝑑) of the dielectric spacer. Briefly,
the scattering (10) mode at 735 nm is hybridization of two sets of modes: the Metal-Insulator-Metal
(MIM) cavity modes (𝑆0𝑖 ) and the nanoparticle antenna modes (𝑙𝑖 ). For the cavity modes, which
strongly depend on the nanoparticle facet (𝑤) and 𝑑 size, we use an analytic formula based on the
Drude approximation for the resonance position (𝜆𝑖 ):
𝑤𝜀𝑑
𝜆𝑖 = 𝜆𝑝 √
+ 𝜀∞ ,
𝑑𝛼𝑖
where 𝜆𝑝 is the plasmon wavelength of Au, 𝜀𝑑 the permittivity of the gap spacer, 𝜀∞ the corresponding
Au background permittivity, and 𝛼𝑖 the 𝑖 𝑡ℎ antinode of the cylindrical Bessel function that takes into
account back-reflection of the cavity modes at the cavity edges.4 For the nanoparticle antenna modes
(𝑙𝑖 ) we use the analytic formula based on the circuit model:
𝜆𝑖 = 𝜆𝑝 √2𝜀𝑚 + 𝜀∞ + 4𝜀𝑚 𝜂,
where 𝜀𝑚 is the permittivity of the surrounding medium and 𝜂 is the normalised gap capacitance 5. In
this way we calculated 𝑑 = 0.8 nm for MPA.
S3 BPT powder and NPoM reference measurements:
Here we present bulk powder Raman (black) and SERS (red) spectrum of BPT. SERS spectrum obtained
for BPT self-assembled in NPoM geometry. In general, few changes of vibrational modes are attributed
to the binding of molecules to gold mirror. Different vibrational energies between the upper and lower
benzene ring resulting in splitting of the 1580 cm-1 mode.3 We note that differences between spectra
at low wavenumbers (<900 cm-1) may attributed to certain orientation of the molecule within the
monolayer that can suppress/enhance specific vibrational modes.

Fig. S3: Comparison of powder Raman and NPoM SERS spectrum for an excitation wavelength of 633
nm.
S4 FDTD near-field simulations:
We obtained finite-difference time-domain (FDTD) simulations for the near-field maps of gap modes
of NPoM and NCoM constructs. The Au nanoparticles placed 1.3 nm above an optical thick Au mirror
(considering BPT as self-assembled monolayer). The field maps show the different gap modes
accommodated into the nm-thick dielectric spacer for the two plasmonic geometries.

Fig. S4: Nanoconstruct FDTD simulations. Simulated near-field maps of the total electric field (E) for
NCoM (top row) and NPoM (bottom row) at a resonance position of their modes. The cube size is 75
nm with 5nm edge rounding and the globular nanoparticle is 80 nm with a 20 nm facet size. The gap
size is 1.3 nm with a semi-infinite Au mirror underneath.
S5 DFT simulations:
Density-functional theory (DFT) simulations are performed for the Raman activity of BPT and MPA.
For BPT (black) and MPA (green) we considered Au-S bond and molecules in gas phase. Since MPA is
in liquid phase at room temperature we performed calculations where MPA considered within

aqueous solution (red). DFT calculations indicate 5-10-fold smaller Raman activity than BPT depending
on the surrounding medium.

Fig. S5: DFT simulations within different surrounding medium. Raman activity is calculated for BPT
(black) and MPA (green) considering bond (Au-S) with substrate and gas phase. In addition, Raman
activity is simulated for MPA within aqueous solution (red).
S6 Optical heating simulations:
We carried out photothermal calculations to quantify the effect of local optical heating in the
plasmonic nanostructures used in our experiments. We calculate the local optical absorption of the
nanoconstructs (using FDTD) and import this into thermal solver (Lumerical) using methods suggested
previously.6 The optical absorption is simulated from an optical intensity of 1 mW/μm2 at wavelength
of 633 nm. In our calculation, we include thermal conductivity of the self-assembled atomic monolayer
(0.3 Wm-1K-1) based on previous studies.7, 8 The NPoMs retain more heat (352 K) than NCoMs (314 K)
due to their smaller facet area. Compared to the energies for adatom movement (0.8 eV), these
thermal energies are ~25 times smaller so can be neglected in considering direct melting processes.

Fig. S6: Local heating calculations on plasmonic nanoconstructs. (a,b) Optically induced heating for
NPoM and NCoM nanocavities. (i) Top surface, (ii) 3 nm below the substrate, and (iii) cross-section.
Local heating of NPoM reaches 352 K compared to 314 K for NCoM. Ambient temperature is 300 K,
irradiation is at 633 nm and optical intensity is 1 mW/μm2.

Thermal conductivity of the substrate controls the local heating of the nanostructures. To prove this,
we repeat the optical heating simulations for an 80 nm Au nanoparticle on SiO2 substrate vs incident
power. Our findings are in a good agreement with previous published results,9 showing how this melts
the nanoparticles. The rapid heating is due to the poor thermal conductivity of SiO2 (1.38 Wm-1K-1). In
our experiments, the contact to the high thermal conductivity Au substrate greatly reduces such
heating. However, the optically-driven adatom diffusion discussed here can be indeed considered as
melting of a thin surface layer on the Au, although bulk melting is not observed. Indeed, this surface
melting exactly depends on the adatom energy for the different facets.

Fig. S7: Heating of Au nanoparticle on SiO2 substrate. Optical heating of Au nanoparticle (80 nm) vs
laser power at a wavelength of 633 nm.
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