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FIG. S1. Scanning electron micrographs (SEM) of plas-
monic nanoparticles dispersed on a transparent conductive
substrate, i.e., a glass coverslip coated with a 85 nm-thick
indium-tin oxide (ITO) layer. The nanoparticles are chem-
ically synthesized monocristalline gold nanocubes, 75 nm in
edge length, with rounded edges and corners with typical radii
of curvature of 10 nm (see also Refs. S1–S3). Top: SEM mag-
nification ×303100, scale bar 100 nm. Bottom: SEM magni-
fication ×24740, scale bar 1 µm.
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FIG. S2. Optical extinction spectrum measured in solution.
The experimental data are fitted using Voigt profiles.

I. CHARACTERIZATION OF THE
NANOPARTICLES

Figure S1 shows scanning electron micrographs (SEM)
of plasmonic nanoparticles (NPs) from the sample used
in this study.

Figure S2 shows an extinction spectrum measured in
solution of the plasmonic NPs used in this study. The
peak at 2.17 eV with a full width at half maximum
(FWHM) of 0.35 eV is ascribed to the resonance of the
energy-degenerate dipolar plasmon modes of the NPs.
This peak is best fitted with the convolution (Voigt pro-
file) of a Gaussian curve that has a FWHM of 0.18 eV
and a Lorentzian curve that has a FWHM of 0.26 eV.
As an approximation, we assume that the resonance of
the dipolar plasmon modes of an individual NP has a
Lorentzian profile and that the Gaussian contribution to
the Voigt profile results from inhomogeneous broadening,
e.g., due to the distribution of NP sizes in the solution.
Thus, we estimate that the resonance of the dipolar plas-
mon modes of an individual NP has a FWHM of 0.26 eV.
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II. ANALYSIS OF FOURIER-SPACE IMAGES

Figure S3 shows a comparison of scanning tunneling
microscope (STM)-induced luminescence (STML) mea-
surements and numerical simulations where we consider
a point-like oscillating electric dipole on an air-glass in-
terface [S4, S5]. The Fourier-space optical microscopy
images have been recorded during the excitation of a
single gold nanocube with the STM tip located in the
center of the cube’s top face [see Fig. S3(a)] or on its
corner [see Fig. S3(b)]. The experimental data shown in
Figs. S3(a) and S3(b) are the same as the data shown in
Figs. 2(f) and 2(g) of the main article. In order to repro-
duce these experimental data, Fourier-space images are
simulated for the radiation pattern of a dipole oriented
along the out-of-plane axis z [see Fig. S3(c)] and tilted
with respect to z by an angle Θ = 25○ in the xz-plane [see
Fig. S3(d)]. Intensity profiles taken from Figs. S3(a) and
S3(c) along the dotted line shown in Fig. S3(a) are plot-
ted in Fig. S3(e). Intensity profiles taken from Figs. S3(b)
and S3(d), as well as similar theoretical data calculated
for Θ = 20○ and Θ = 30○, are plotted in Fig. S3(f).

III. SUPPLEMENTARY NUMERICAL
SIMULATIONS

In Figure S4(a), the extinction, scattering and absorp-
tion cross sections of the NP on a glass substrate are plot-
ted versus photon energy. These data are calculated for
plane wave illuminations with two different orientations.
As shown in Fig. S4(b), s refers to normal incidence with
E ∥ x; whereas, p refers to a grazing incidence (80○ off the
normal) with the electric field E parallel to the incidence
plane (yz). Thus, the in-plane and out-of-plane reso-
nances of the NP are probed. In Fig. S4(a), we observe
in-plane and out-of-plane dipolar resonances (referred to
as D in the figure) at 2.05 eV and 2.11 eV, with FWHM
of 0.24 eV and 0.40 eV, respectively.
Figure S5 shows the theoretical charge density distri-

butions of the gold nanocube under plane wave illumina-
tion when the incident electric field is oriented along the
x-axis, numerically calculated for a photon energy of (a)
2.07 eV and (b) 2.37 eV. The charge distributions shown
in Figs. S5(a) and S5(b) exhibit the typical symmetry
of a dipolar and a quadrupolar plasmon mode, respec-
tively. On the basis of these calculated charge distribu-
tions, the secondary absorption peak seen at 2.34 eV in
Fig. S4(a) (referred to as Q) is attributed to a quadrupo-
lar mode. As expected, the decay of this quadrupolar
mode is mostly non-radiative and does not contribute
significantly to the far-field scattering.

Figure S4(c) shows the resulting spectra when we cal-
culate the far-field emission of a z-oriented oscillating
electric dipole (pz) located in the “center” and “corner”
areas of the NP defined above, in the absence of the STM
tip (the excitation source has a flat power spectrum).

Figure S6 shows the theoretical charge distribution on
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FIG. S3. STM-induced luminescence (STML) of a single gold
nanocube: experiment and model. (a,b) Fourier-space optical
microscopy images of the STML measured when the STM tip
is (a) in the center or (b) on the corner of the cube’s top face.
(c,d) Simulated Fourier-space images obtained by calculating
the radiation pattern of an oscillating electric dipole on an air-
glass interface, where the dipole orientation is (c) parallel to
the out-of-plane axis, i.e., Θ = 0○, and (d) tilted with respect
to this axis by an angle of Θ = 25○. Intensity profiles taken
from panels a to d, for the cases where the tip is (e) in the
center and (f) on the corner of the cube’s top face.

the gold nanocube under local excitation with an oscillat-
ing electric dipole at a distance of 1 nm from the cube’s
top face. The dipole orientation is along z in Figs. S6(a)
and S6(b), and along x in Figs. S6(c) and S6(d). The
dipole is located above the center of the cube’s top face
in all panels, except in Fig. S6(b) where the dipole is
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FIG. S4. “Non-local” versus “local” excitation. (a) Numeri-
cally calculated optical extinction, absorption and scattering
cross sections. (b) Schematics of the model system, i.e., a
gold nanocube with rounded edges on a glass substrate, under
plane wave illumination (see details in the text). (c) Numer-
ically calculated emission spectra for a vertically (z) or hor-
izontally (x)-oriented oscillating electric dipole located 1 nm
above the center or the corner of the cube’s top face. Thick
and thin lines correspond to the emission in the full space
(4π sr) or in the substrate only (lower half-space, 2π sr). (d)
Schematics of the system geometry and the mesh used in the
numerical calculations for the two positions of the excitation
source. Here, the presence of the STM tip is not taken into
account.

above its corner. The symmetry of the charge distribu-
tion is typical of a dipolar plasmon mode in Figs. S6(a)
to S6(c), and of a quadrupolar mode in Fig. S6(d). Based
on these charge density distributions, the dipolar (D) and
quadrupolar (Q) mode contributions are identified in Fig-
ure S4(c). The emitted light in the far field is dominated
by the dipolar mode of the NP along z. The density of
modes at the resonance frequency of the dipolar mode
along z is more than a factor of ten higher on the corner
than on the center of the cube’s top face. For comparison
purpose, the far-field emission of an x-oriented oscillat-
ing electric dipole (px) in the “center” area of the NP is
also shown in Fig. S4(c). In that case, the contribution
of the quadrupolar mode dominates the radiation spec-
trum; however, the overall radiated power is compara-
tively much weaker than for pz at the same location. In
order to compare our numerical simulations to our exper-
imental measurements [S4–S6], we also examine the effect
of considering only the light emitted in the substrate, i.e.,

(a)

(b)

x
y

z

FIG. S5. Identification of the dipolar and quadrupolar
modes. Numerically calculated charge distributions (in ar-
bitrary units) on a gold nanocube under plane-wave illumi-
nation with the excitation field along x. Photon energy is
2.07 eV in a and 2.37 eV in b.

the light that is collected using the microscope objective.
For pz, this has no noticeable effect on the spectra other
than changing its overall amplitude.
Figure S7(a) shows the results of similar calculations

as in Fig. S4(c), except that the presence of the tip is
now taken into account in the model. We consider a
tungsten tip of simplified geometry, i.e., a cylindrical rod
with a spherical end. Note the differences between the
multiplying factors on the three sets of curves shown in
Figs. S7(a) (×1, ×1 and ×200) and S4(c) (×1, ×4 and
×24). A comparison of these two figures reveals that the
presence of the tip enhances the radiated power (i.e. its
value at the energy position of the peak) by a factor of
36 for pz in the “center” and by a factor of 12 for pz

on the “corner” areas, respectively; whereas it quenches
the radiated power by a factor of 3 for px. This may
be explained by the polarization of the tip by the source
dipole, which creates an image dipole that is oriented
parallel to the source dipole for pz, but which is anti-
parallel to the source dipole for px.
Figure S8 shows that the tip-induced enhancement of

the radiated power in the simulation of an STML exper-
iment depends quantitatively on the tip-sample gap size
considered in the model. In this figure, results for a tip-
sample gap of 1 nm (dashed line) and of 2 nm (continuous
line) are plotted on two different vertical scales. The rel-
ative spectral distribution of the radiated power remains
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FIG. S6. Identification of dipolar and quadrupolar modes. Numerically calculated charge distributions (in arbitrary units) on
a gold nanocube upon local excitation with an oscillating electric dipole at a distance of 1 nm from the cube’s top face. Dipole
orientation: pz in a and b; px in c and d. The photon energy at which the charge distribution is numerically calculated is
specified in the bottom right corner of each panels.
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FIG. S7. Effect of the tip. (a) Similar numerical calculations as in Fig. S4(c), but including the presence of the STM tip in
the simulation. (b) Charge distribution numerically calculated for the “center” position of the tip. Here, the geometry of the
STM tip is simplified as a cylindrical rod that has a spherical end on the sample side and a length of 800 nm. The oscillating
electric dipole is located 1 nm above the cube’s top face, i.e., in the middle of the 2 nm-sized tip-sample gap.
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FIG. S8. Effect of the gap size. Numerically calculated emis-
sion spectra for a vertically (z)-oriented oscillating electric
dipole (pz) in the middle of a 2 nm-sized tip-sample gap (left
y-scale, continuous lines) or a 1 nm-sized tip-sample gap (right
y-scale, dashed lines). More precisely, pz is located 0.5 nm or
1 nm above the center or the corner of the cube’s top face,
respectively. Thick and thin lines correspond to the emis-
sion in the full space (4π sr) or in the substrate only (lower
half-space, 2π sr). Right hand side of the figure: Schematics
of the system geometry. The gap size is the shortest distance
between the STM tip and the nanocube. The geometry of the
STM tip is simplified as a cylindrical rod that has a spherical
end on the sample side and a length of 800 nm.

basically unchanged (i.e., overall, the tip effect is quali-
tatively the same for tip-sample gaps of 1 nm and 2 nm).
In other words, the tip-induced enhancement of the radi-
ated power depends quantitatively on the tip-sample gap
size considered in the model, but gap size has a negligible
effect on the shape of the spectrum.

Figure S9(a) shows the spectral dependence of the total
local density of electromagnetic states (EM-LDOS) [S7]
numerically calculated at a point 1 nm above the center
of the cube’s top face and projected on the z axis, i.e.,
the direction of the tunneling current in our experiments
(z-EM-LDOS). Figure S9(b) shows the same data but for
the excitation located at a corner. The total EM-LDOS is
related to the power transferred by the excitation source
to all the modes of the system. The far-field emission
spectra, on the other hand, is derived from the radia-
tive component of the EM-LDOS. Figs. S9(a) and S9(b)
compare the total EM-LDOS and the far-field emission
spectra. From this data we see that most of the power
emitted by pz is transferred to the NP at higher energies
than the resonance of its dipolar plasmon modes. This re-
sults from the extreme proximity of the excitation source
to the NP. The evanescent field of the source that inter-
acts with the NP features high spatial frequencies, which
favors the excitation of higher-order multipolar modes
of the NP. This is in contrast to plane wave excitation,
which predominantly excites the dipolar modes. Plas-
monic nanocubes support a number of higher-order mul-
tipolar modes, which do not necessarily have zero dipolar
momentum, i.e., they may radiate light into free space.
Due to their broad spectral width, the dipolar and higher-
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FIG. S9. The effect of a local excitation, revealed by the
EM-LDOS and charge density distributions. [(a) and (b)]
The emission spectra and the z-component of the total EM-
LDOS are numerically calculated for a z-oriented oscillating
electric dipole in the center (in a) and on the corner (in b)
of the cube’s top face in the absence and in the presence of
the W tip. The dotted line labeled “difference” is the tip-
induced increase of the EM-LDOS projected along the z-axis
(z-EM-LDOS). (c) Charge density distribution numerically
calculated for a z-oriented oscillating electric dipole in the
center of the cube’s top face in the absence of the tip, at two
energies corresponding to the resonance of the out-of-plane
dipolar and quadrupolar modes identified in Fig. S4(c).

order multipolar modes of the NP may spectrally overlap
and, thus, their radiative emission may coherently inter-
fere in the far field. In the charge density distributions
shown in Fig. S9(c) (calculated at two different energies
for pz in the “center” of the top face, in the absence of
the tip), we see a combination of the out-of-plane dipo-
lar mode and a quadrupolar mode of the NP, which may
be identified from its local charge density maxima at the
four corners of the cube’s top face. From this, we in-
fer that the Fano-like profiles [S8] of the radiation power
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spectra of pz shown in Figs. S9(a) and S9(b) result from
the far-field interference of the dipolar and quadrupolar
modes [see also D and Q in Fig. S4(c)]. In particular,
on the high-energy side of the dipolar resonance, the two
modes interfere destructively for pz in the “center” and
constructively for pz on the “corner”. Globally, for pz in
the “center”, the interaction of the dipolar and quadrupo-
lar modes broadens the radiation power spectrum on the
low-energy side and narrows it on the high-energy side,
which yields an apparent red-shift as compared to the
scattering cross section of the NP; whereas, this effect is
not observed for pz on a “corner”. Indeed, at a given os-
cillation frequency, the lateral position of the tip on the
NP’s top face determines the phase relationship between
the excited plasmon modes.

Figures S9(a) and S9(b) also show the effect of the tip.
The presence of the tip yields an increase in the z-EM-
LDOS, i.e., the EM-LDOS projected along the z-axis.
This increase is similar to the addition of a “vertical”
offset (i.e., a flat background) to the z-EM-LDOS that is
obtained in the absence of the tip (see the “difference”
curve represented by a dotted line). This “vertical” offset
results from the polarization of the tungsten tip, i.e., the
creation of an image dipole, whose amplitude varies lit-
tle within the investigated frequency range because tun-
sgten is a non-plasmonic material and the real part of its
permittivity is high compared to that of the surrounding
medium (i.e., air). Moreover, Figs. S9(a) and S9(b) show
that, on the low-energy side of the dipolar resonance, the
contribution of the tip to the total z-EM-LDOS strongly
dominates over that of the NP, which is not true on the
high-energy side of the dipolar resonance. This naturally
explains why the presence of the tip further redshifts and
broadens the emission peak.

For the modelling of the STM tip in the simulations,
we have used the radius of curvature determined from
electron micrographs of tungsten tips prepared using the
same protocol as for the tungsten tips used to measure
the STML spectra, i.e., a radius of curvature equal to
30 nm [S4]. Nevertheless, in order to evaluate the im-
pact of the tip/nanoparticle size ratio on the simulated
STML spectra, we have carried out additional simula-
tions for various radii of curvature of the tip, ranging
from 30 nm to 5 nm. Figure S10 shows the results of
these calculations. The simulations have been carried
out in the absence of the water bridge, in order to distin-
guish the effect of the tip size from the effect of the size of
the water bridge. We observe that the simulated STML
peaks are redshifted with respect to the simulated scat-
tering spectrum of the NP even when a tip with a radius
of curvature as small as 5 nm is considered in the STML
simulations. We also observe that increasing the radius
of curvature of the STM tip yields a larger broadening
of the STML peaks on the lower-energy side; however,
this effect cannot explain the much larger redshift of the
STML peaks observed in the presence of the water bridge.

In the simulations where the presence of a water bridge
is taken into account, we assumed that the water bridge
has the same radius as the cylinder used to model the
STM tip, i.e., 30 nm. In order to examine the influence of
this assumption, we have carried out simulations for vari-
ous radii of the water bridge, ranging from 30 nm to 5 nm,
while keeping the radius of curvature of the tip equal to
30 nm. The results of these calculations are shown in
Figure S11(a). We observe that, within the investigated
range (i.e., 5 to 30 nm), the radius of the water bridge
has a negligible effect on the simulated STML spectra,
which confirms our assumption that the geometry of the
water bridge has virtually no influence on the conclusions
of our study. In order to explain the absence of this in-
fluence, we have simulated the spatial distribution of the
electric field in the tip-sample gap in the presence of the
water bridge. The results are shown in Figure S11(b).
We observe that the electric field is essentially confined
within a nanoscopic region around the excitation source
that is in the center of the tip-sample junction. As a
result, the simulated STML spectra are most sensitive
to the dielectric permittivity of the medium bridging the
tip-sample gap within this nanoscopic region where the
electric field in concentrated, and are much less sensitive
to the permittivity in regions further from the position
of the excitation source. Based on these simulations of
the electric field, we estimate that this nanoscopic region
has a lateral extend of only a few nanometers, which ex-
plains why the simulated STML spectra calculated for
radii of the water bridge varying from 5 to 30 nm are
almost identical.
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FIG. S10. Numerical simulations of the energy shifts and peak
broadening due to tip and near-field excitation effects: Influ-
ence of the radius of curvature of the tip. Scattering cross
section of a nanocube for p-polarized illumination (dashed
lines) and emission spectra for a z-oriented oscillating electric
dipole located in the center of the cube’s top face in the ab-
sence (red line) and in the presence of the tungsten (W) tip
for various radii of curvature of the tip, ranging from 30 nm
(blue line) to 5 nm (black line). All curves are normalized
with respect to their maximum value.
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FIG. S11. The effect of the radius of the water bridge. (a)
Simulated emission spectra for a vertically (z)-oriented oscil-
lating electric dipole located 1 nm above the center of the
cube’s top face, in the absence (red line) and in the presence
of the tungsten tip and water bridge, calculated for various
radii of the water bridge, ranging from 30 nm to 5 nm, while
keeping the radius of curvature of the tip equal to 30 nm (blue
line and dots). (b) Geometry of the water bridge considered
in the calculations and simulated spatial distribution of the
electric field in the tip-sample gap in the presence of the water
bridge, calculated for radii of the water bridge equal to 30 nm
(left) and 5 nm (right).
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