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Supplementary Note 1. Permittivities of h-BN and CBP 
 
In Supplementary Fig.  1 we show the in- and out-of-plane permittivities of monoisotopic (10B) h-
BN, 𝜀" and 𝜀∥, respectively, as well as the permittivity of CBP.  
 

 
 
Supplementary Figure 1. a Real and b imaginary parts of the in- and out-of-plane permittivities of 
monoisotopic (10B) h-BN, 𝜀" (red curve) and 𝜀∥ (green curve, multiplied by 20), respectively. The red-
dashed vertical lines indicate the TO and LO phonon frequencies 𝜔%&," = 1395 cm-1 and 𝜔)&," = 1630 
cm-1 (Supplementary Ref. 1). c Real and d imaginary parts of the permittivity of CBP. The vertical-blue-
dashed lines indicate the resonance frequencies 𝜔*,+ = 1450 cm-1, 𝜔*,, = 1478.6 cm-1, 𝜔*,- = 1500.1 cm-

1 and 𝜔*,. = 1507.4 cm-1 (Supplementary Ref. 2). Insets in panels a and c illustrate the crystal lattice 
structure of h-BN and the molecular structure of CBP (adapted from Supplementary Ref. 3 and 
https://www.ossila.com/en-eu/products/cbp), respectively. 
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Supplementary Note 2. Nonradiative (dark) 2nd-order Fabry-Perot mode 
 
In this section we verify that the 2nd-order Fabry-Perot (FP) mode excited in the h-BN 
nanoresonator is a dark mode. To that end, we calculate the absorption cross-section 𝜎012 and the 
induced dipole moment 𝐩456	 along the nanorod (840×250×87 nm3) when a 1 𝜇m Pt tip is located 
at the left extremity of the resonator (see schematics in Supplementary Fig. 2a). The tip and the 
resonator are illuminated with a p-polarized plane wave. We refer the reader to Supplementary 
Note 6.A, where we explain in detail the procedure to simulate the Pt tip on top of the h-BN 
nanoresonator.   
 
The incident illumination, together with the tip being on top of the resonator, induce charge and 
current densities along the h-BN nanorod, 𝜌456 and 𝐉456, respectively. Thus, to calculate the 
induced dipole moment in the nanorod, 𝐩456	, we compute the first moment of the charge density 
𝜌456 according to the following equation: 
 

𝐩456 =<𝐫	𝜌456	d-𝑟
@

, (1) 

 
where d-𝑟 is the volume element and 𝐫 = (𝑥, 𝑦, 𝑧) the position vector. The integration in 
Supplementary Eq. (1) is performed along the complete volume V of the h-BN nanorod. In 
addition, the induced charge 𝜌456 and current 𝐉456 densities are related via the continuity equation 
as follows ∇ ∙ 𝐉456 = 𝑖𝜔𝜌456. Thus, by substituting the continuity equation into Supplementary Eq. 
(1) and integrating by parts, one finds that 𝐩456 can be written in terms of 𝐉456 as  
 

𝐩456 =
𝑖
𝜔
<	𝐉456	d-𝑟

@
. (2) 

 
In practice, to calculate the induced dipole moment 𝐩456 (Supplementary Eq. (2)), we compute the 
total electric field 𝐄 inside the h-BN nanorod and calculate the current density as 𝐉456 =
−𝑖𝜔 N(𝜀" − 1)𝐸P, (𝜀" − 1)𝐸Q, (𝜀∥ − 1)𝐸RS, where 𝜀" and 𝜀∥ are the in-plane and out-of-plane 
components of the h-BN permittivity tensor. The absorption cross-section was calculated as 𝜎012 =
+
TU
∭ Re[𝐉456∗ ⋅@ 𝐄], where 𝑆* =

|𝐄U|_

,	`U
, |𝐄*| = 1 V/m is the amplitude of the incident plane wave and 

𝑍* is the impedance of vacuum.  
 
In Supplementary Fig. 2b we first show the amplitude spectrum of the induced dipole moment 
|𝐩456| (red line) in the h-BN nanorod. From the |𝐩456| spectrum, we clearly see a peak at ωl1 = 
1419 cm-1, which can be associated with the longitudinal 1st-order FP mode excited by the Pt tip 
in the h-BN nanoresonator. On the other hand, the absorption cross-section spectrum, 𝜎012 (blue 
line), exhibits strong peaks at the frequencies 𝜔b+ = 1419 cm-1, 𝜔c, = 1454 cm-1 and 𝜔b, = 1463 
cm-1. The subscripts l and t stand for longitudinal and transverse modes, respectively, whereas the 
numbers indicate the number of nodes of the mode. To confirm the nature of these peaks, we show 
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the near-field plots of the z-component of the total electric field |𝐸R(𝜔)| at 𝜔c, (panel c) and 𝜔b, 
(panel d). In panel c we observe a mode that is localized at the edge of the nanorod with two nodes 
along the z-direction (transverse edge mode), whereas the near-field plot in panel d clearly reveals 
the field pattern of the (longitudinal) 2nd-order FP mode. From this analysis we can conclude that 
the Pt tip on top of the h-BN nanorod excites the 2nd-order FP mode in the resonator. More 
important, the 2nd-order FP mode exhibits a vanishing induced dipole moment (nonradiative) and 
an absorption different from zero, and thus is a dark electromagnetic mode. 
 

 
 
Supplementary Figure 2. a, e Schematics showing a Pt tip at height h above a a bare h-BN nanorod and e 
h-BN nanorod half-covered with a layer of permittivity ε = 2.8. The red lines in b and f show the amplitude 
of the induced dipole moment |𝐩456(𝜔)| in the h-BN nanorod. The blue lines in b and f show the absorption 
cross-section of the h-BN nanorod, 𝜎456(𝜔). The field plots in panels c, d, g and h show the amplitude of 
the z-component of the total electric field |𝐸R(𝜔)| in the plane 𝑥 = 0 for the frequencies 𝜔c, = 1454 cm-1 
(panel c), 𝜔b, = 1463 cm-1 (panel d), 𝜔b, = 1449 cm-1 (panel g) and 𝜔c, = 1454 cm-1 (panel h). Grey-
dashed lines in panels b and f mark the peak positions of the transverse edge mode, as well as the 1st- and 
2nd-order FP modes, 𝜔c,, 𝜔b+ and 𝜔b,, respectively. For the calculations, we use a h-BN nanorod of 840 
nm length, 250 nm width and 87 nm height. 10 nm above the left nanorod extremity a Pt tip of 1000 nm 
height and 25 nm apex radius is placed. Tip and nanorod are illuminated with a plane wave at an angle of 
60° relative to the tip axis. 
 
 
To ensure that the 2nd-order FP mode remains dark after covering the h-BN nanoresonator with 
the CBP layer, we calculate the induced dipole moment 𝐩456 and the absorption cross-section 𝜎012 
of a nanorod (840×250×87 nm3, same dimensions as the ones used for the calculations shown in 
Supplementary Fig. 2b) that is half covered with a layer of permittivity ε = 2.8, as depicted in 
Supplementary Fig. 2e. We show in Supplementary Fig. 2f the amplitude of the induced dipole 
moment |𝐩456| (red line) and the absorption cross-section 𝜎012 (blue line) of the nanorod. Similarly 
to the bare nanorod calculation shown in Supplementary Fig. 2b, the two peaks around 1450 cm-1 
in 𝜎012 can be attributed to the 2nd-order FP mode (peak at 𝜔b, = 1449 cm-1) and the edge mode 
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(peak at 𝜔c, = 1454 cm-1) that is excited by the Pt tip on top of the resonator. We confirm this by 
plotting the near-field pattern at each frequency (see Supplementary Figs. 2g and 2h). We further 
find that the 2nd-order FP mode exhibits a spectral peak shift to lower frequencies as compared to 
the peak in the spectra obtained for the bare nanorod (compare blue curves in Supplementary Fig. 
2b and Fig. 2f). We attribute this spectral peak shift to the electromagnetic loading of the h-BN 
nanoresonator by the layer of permittivity ε = 2.8. Finally, we find that the 2nd-order FP mode 
exhibits a vanishing induced dipole moment even for the half cover resonator, corroborating that 
it is a dark electromagnetic mode. 
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Supplementary Note 3. Fitting of experimental and simulated near-field spectra 
 
In Supplementary Fig. 3 we show the fittings to both experimental and simulated near-field spectra 
from which we obtained the eigenfrequencies and coupling strengths g that are shown in Figs. 1e 
and 4a-b of the main text. The fitting of the spectra was performed using Eqs. (8) and (9) provided 
in the Methods Section of the main text. For the fittings of the simulated and experimental spectra, 
𝜔def was fixed between 1448.5 and 1452.5 cm-1 and 𝛾def  between 6 and 7 cm-1. For the fittings 
of the simulated spectra (Supplementary Fig. 3a), we fix the minimum limit of 𝛾fhf  to 3 cm-1 
(based on the fits of Fig. 3a of the main text), and for fittings the experimental spectra we fix 𝛾fhf  
to a minimum value of 7 cm-1 (based on the fits of a half-covered h-BN nanorod whose resonance 
is completely detuned with respect to 𝜔def). 
 

 
Supplementary Figure 3. a-c Experimental near-field spectra (black lines) of half CBP-covered h-BN 
nanoresonators of length L. The orange lines show fittings with the coupled harmonic oscillator model. The 
experimental amplitude spectra b are the same as the ones shown in Fig. 1d and Fig. 4a of the main text. 
The amplitude spectra for L = 1.0 µm is scaled by a factor of 0.7 for better visualization of data. The 
representation of the near-field spectra and fittings in the complex plane a are the same as the ones shown 
in Fig. 4b of the main text. The phase spectra c were recorded simultaneously with the amplitude spectra.  
d-f Simulated near-field spectra (black lines) of half CBP-covered h-BN nanoresonators of length L. The 
yellow lines show fittings with the coupled harmonic oscillator model. The simulated amplitude spectra e 
are the same as the ones shown in Fig. 1e of the main text. The simulated phase spectra are shown in f. The 
complex representation of the simulated near-field spectra is shown in d.  All amplitude and phase spectra 
spectra in b, c, e and f are offset. 
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Supplementary Tables 1 and 2 show all fitting parameters, obtained for the simulated and 
experimental near-field spectra.  
 

L (µm) 𝝎𝐏𝐡𝐏 𝜸𝐏𝐡𝐏 𝑭𝐏𝐡𝐏 𝝎𝐂𝐁𝐏 𝜸𝐂𝐁𝐏 𝒙𝟎 𝒚𝟎 𝒈 

0.9 1445.6 3.0 2268 1450.5 7.0 0.85 0.04 5.5 

0.8 1450.0 3.0 1908 1450.7 7.0 0.82 0.04 5.3 

0.7 1455.2 3.0 1171 1450.9 6.4 0.76 0.05 5.2 

0.6 1459.9 3.1 895 1451.0 6.0 0.71 0.05 5.5 

Supplementary Table 1. Parameters obtained by fitting the simulated complex-valued spectra, shown in 
Supplementary Fig. 3d, to Eq. (8) of the main text. All parameters are expressed in cm-1, except for 	
𝑥*, 𝑦* (adimensional), and 𝐹fhf (which is expressed in cm-2). 
 
 

L (µm) 𝝎𝐏𝐡𝐏 𝜸𝐏𝐡𝐏 𝑭𝐏𝐡𝐏 𝝎𝐂𝐁𝐏 𝜸𝐂𝐁𝐏 𝒙𝟎 𝒚𝟎 𝒈 𝝓 

1.2 1441.2 9.4 ± 2.1 1607 1450.8 6.0 ± 1.7 0.03 0.12 5.4 ± 0.5 0.05 

1.1 1447.8 8.9 ± 1.9 2387 1452.3 6.0 ± 1.2 -0.02 0.13 4.3 ± 0.4 0.57 

1.0 1451.0 8.8 ± 3.0 7181 1451.4 7.0 ± 1.8 -0.14 0.05 4.6 ± 0.5 1.85 

0.9 1454.4 10.2 ± 1.9 3731 1451.8 6.6 ± 0.3 -0.08 0.07 6.0 ± 0.1 0.00 

0.8 1462.4 10.7 ± 1.6 5449 1452.0 7.0 ± 3.3 -0.10 -0.02 4.7 ± 0.6 3.29 

Supplementary Table 2. Parameters obtained by fitting the experimental complex-valued spectra, shown 
in Supplementary Fig. 3a, to Eq. (9) of the main text. All parameters are expressed in cm-1, except for 𝑥*, 
𝑦* (adimensional), 𝜙 (which is expressed in radians) and 𝐹fhf (which is expressed in cm-2). The uncertainties 
are the standard deviations obtained by fitting the experimental spectra.  
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Supplementary Note 4. Higher-order modes in the h-BN resonator 
 
As pointed out in the main text, there are several peaks in the experimental near-field spectra (Fig. 
1d), which are not seen in the numerical simulations of the amplitude spectra shown in Fig. 1e. 
They can be attributed to higher-order PhP modes, as we demonstrate in the following.  
 
In Supplementary Figs. 4a-c we show the near-field spectrum of a half molecule-covered 
nanoresonator, whose length was chosen such that the 2nd-order FP resonance is at 1450 cm-1. The 
tip is modelled as a point-dipole source and the z-component of the total electric field, 𝐸R, is 
interpreted as the near-field signal, analogue to Fig. 1e of the main text (see also Methods Section 
in the main text). In the frequency range from 1430 to 1441 cm-1 (grey shaded region in 
Supplementary Fig. 4b) the amplitude spectrum |𝐸R(𝜔)| does not show clearly any resonance 
peak. By plotting 𝐸R in the complex plane (Supplementary Fig. 4c), however, we see a small kink 
in the complex trajectory, indicating a weakly excited mode. 
 

 
 

Supplementary Figure 4. a Schematics showing a point-dipole source above an h-BN nanorod of 840 nm 
length, 87 nm height and 250 nm width, which is half covered with a 50 nm thick CBP layer. b Near-field 
amplitude below the point dipole (at the position marked by a cross in panel a) as a function of frequency 
𝜔. The grey shaded region marks the frequency region from 1430 to 1441 cm-1. c Near-field below the 
dipole source, plotted in the complex plane from 1430 to 1441 cm-1. The arrow indicates increasing 
frequency. d Schematics showing a conical metal tip oscillating above the h-BN nanoresonator at frequency 
Ω. e Amplitude of the 3rd-order demodulated scattered field 𝑠-. The grey shaded region marks the frequency 
region from 1430 to 1441 cm-1. f 3rd-order demodulated scattered field 𝜎-, plotted in the complex plane 
from 1430 to 1441 cm-1. The arrow indicates increasing frequency. The simulations were performed without 
considering the SiO2/Si substrate. 
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We repeated the simulation but modelled the tip as a platinum cone (see schematics in 
Supplementary Fig. 4d) and calculated the complex-valued 3rd-order demodulated scattered field 
(𝜎-, Supplementary Figs. 4e-f). For simulation details see Supplementary Note 6.A. In contrast to 
the near-field spectrum obtained with the point-dipole source simulation (Supplementary Fig. 4b), 
we observe a clear peak at around 1437 cm-1 in the amplitude spectrum 𝑠- (Supplementary Fig. 
4e). We attribute this peak to a higher-order PhP mode excited in the nanoresonator. It corresponds 
to a loop when plotting 𝜎- in the complex plane (Supplementary Fig. 4f) and to the kink observed 
in Supplementary Fig. 4c. We conclude that the excitation of this higher-order PhP mode is 
stronger for the tip being a metal cone rather than a point dipole. For that reason, the peak is seen 
in the experimental near-field amplitude spectrum (Fig. 1d) but not in the simulated near-field 
amplitude spectrum (Fig. 1e). 
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Supplementary Note 5. Discussion of the loop in the near-field spectra  
 

 
 
Supplementary Figure 5. Comparison of coupled mechanical oscillators. a-d Two oscillators labeled 1 
and 2 are driven and thus displaced by distances 𝑥+ and 𝑥,, respectively. The complex-valued oscillation 
amplitude of the combined displacement 𝑥+ + 𝑥, is analysed as a function of frequency. a Spectra of the 
oscillation amplitude of two slightly frequency-detuned, uncoupled oscillators. The first oscillator (solid 
curve) has eigenfrequency 𝜔+ = 1440 cm-1, damping 𝛾+ = 9.6 cm-1 and driving force 𝐹+ = 1 ´ 105 cm-2. 
The second oscillator (dashed curve) has eigenfrequency 𝜔, =  1450 cm-1, damping 𝛾, =  6.5 cm-1 and 
driving force 𝐹, =  1 ´ 105 cm-2. b Amplitude and c phase spectra for three coupling strengths: 𝑔 = 0 cm-1 
(black line), 3 cm-1 (red line) and 5 cm-1 (blue line). d Representation of the spectra of panel b and c in the 
complex plane. e-h Only oscillator 1 is driven and only its individual complex-valued oscillation amplitude 
𝑥+ is analysed. e Spectrum of the oscillation amplitude of the driven oscillator (solid curve), which has 
eigenfrequency 𝜔+ =   1440 cm-1, damping 𝛾+ = 9.6 cm-1 and driving force 𝐹+ =  1 ´ 105 cm-2. The second 
oscillator has eigenfrequency 𝜔, =  1450 cm-1, damping 𝛾, =  6.5 cm-1 and driving force 𝐹, = 0 cm-2. f 
Amplitude and g phase spectra for the three coupling strengths: 𝑔 = 0 cm-1 (black line), 3 cm-1 (red line) 
and 5 cm-1 (blue line). h Representation of the spectra of panel f and g in the complex plane. 
 
 
In Supplementary Figs. 5a-d we show a situation where two oscillators are driven by the same 
force 𝐹+ = 𝐹, (see inset above Supplementary Fig. 5a), which, for example, corresponds to two 
slightly frequency-detuned molecule resonances that are studied by far-field spectroscopy. By 
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probing the two-oscillators, we see a loop when the response (for instance 𝑥+ + 𝑥,) is plotted in 
the complex plane for all coupling strengths 𝑔, even for 𝑔 = 0 (Supplementary Fig. 5d). Thus, the 
appearance of the loop does not indicate necessarily coupling between the two oscillators but can 
be just the consequence of a mere superposition of two resonances. 
 
In Supplementary Figs. 5e-h we show the situation where only one oscillator is driven by the force 
𝐹+ (see inset above Supplementary Fig. 5e), which, for example, corresponds to our experiment. 
By probing only the driven oscillator and plotting its response, 𝑥+, in the complex plane 
(Supplementary Fig. 5h), we see that the loop appears only for 𝑔 > 0, demonstrating that the 
appearance of the loop reveals the coupling between the two oscillators. By reducing g, the loop 
experiences a topological transition to a kink that already indicates coupling between the two 
oscillators. In case of 𝑔 = 0 we do not observe any response of the second (non-driven) oscillator, 
that is, neither a kink nor a loop is seen in the black trajectory. 
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Supplementary Note 6. Numerical simulations where the tip is modeled as a 
platinum conical structure  
 
A. Simulation details 
 
To theoretically study the influence of the metallic tip and the signal demodulation on the 
determination of the hybrid polariton modes, we performed numerical simulation where the tip is 
modelled as a conical platinum structure of 1 𝜇m length with a 16° half angle and semispherical 
apex of 25 nm radius. The symmetry axis of the tip is parallel to the z-direction (perpendicular to 
the nanoresonator surface, see Fig. 1a in the main text). The h-BN nanoresonator and the CBP 
molecular layer were modeled in the same manner as explained in the main text (see Methods 
Section). In addition, the simulations with the metallic tip were performed using the scattering 
problem approach (implemented in the Radio Frequency Module of COMSOL Multiphysics), 
which allowed us to distinguish between the incident illumination (background field, 𝐄|}~), and 
the scattered field (relative field, 𝐄2~0c). The incident illumination 𝐄|}~ was defined as a p-polarized 
plane wave, incident at the tip apex, 60° relative to the symmetry axis of the tip. 
 
The illuminated tip interacts with the nanorod via the near fields around the tip apex. This 
interaction results predominantly in a net vertical dipole moment induced along the conical 
structure, 𝑝R. Thus, the tip-scattered field 𝐸2~0c can be interpreted as the radiation emitted by this 
net dipole, which is proportional to 𝑝R. The latter was calculated as the first moment of the surface 
charge density induced along the tip, 𝜌�. The tip-scattered field 𝐸2~0c can thus be related to 𝜌�	 
according to the following equation 
 

𝐸2~0c ∝ 𝑝R = �𝑧	𝜌�
T

d,𝑟, (3) 

 
where d,𝑟 is the surface element with outward normal unit vector 𝐧�, 𝑧 is the vertical position, 
𝜌� = 𝜀*�𝐄5�c(𝑆) − 𝐄|}(𝑆)� ⋅ 𝐧� and 𝐄5�c(𝐄|}) is the total electric field outside (inside) the tip. The 
integration in Supplementary Eq. (3) is performed along the complete surface S of the tip. To 
determine 𝐸2~0c, we consider only the z-component of the induced dipole moment because 𝑝P and 
𝑝Q components are relatively small as the tip is strongly elongated in the z-direction.  
 
For simplicity and to reduce the numerical calculation time, the simulations with the Pt tip were 
performed without considering the SiO2/Si substrate. In all the simulations the tip-surface apex 
was located at coordinates (𝑥 = 0, 𝑦 = -L/2 + 50 nm, 𝑧 = h) where h is the height between the tip 
apex and the h-BN nanorod top surface. We set the origin (𝑥 = 0, 𝑦 = 0, 𝑧 = 0) at the middle of 
the top surface of the h-BN nanorod. In addition, we calculated the surface charge density 𝜎c|� 
using only the electric field outside the tip, that is 𝜌� = 𝜀*𝐄5�c(𝑆) ⋅ 𝐧�. This approximation is 
justified by the high reflectivity of platinum at the frequency range between 1400-1500 cm-1. As a 
consequence, the electric field inside the platinum tip is close to zero as we have verified.  The 
permittivity of Pt was taken from Supplementary Ref. 4. 
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To ensure numerical convergence of the calculated induced dipole moment 𝑝R, the mesh of the Pt 
tip is chosen extremely fine with a maximum element size of 60 nm.  In addition, the complete 
structure (Pt tip, h-BN nanorod and CBP layer) is located in a homogeneous rectangular box (filled 
with air) of 4.2×3.75×4.35 µm3 size. We use perfectly matched layers (PML) for the boundaries of 
the simulation box and free triangular elements for the nanorod mesh and free tetrahedral elements 
for all other structures. 
 
To suppress background scattering signals in the experiment, the tip is oscillating normal to the 
surface, i.e. the distance between tip and sample is modulated. Consequently, the tip-scattered field 
is modulated at the oscillation frequency, 𝑓 = 2𝜋Ω,  and its harmonics. To consider tip modulation 
and signal demodulation in our simulations, we apply the following procedure5–7:  
 
(i) We calculate the induced dipole moment (𝑝R, Supplementary Eq. (3)) for different tip 

heights h = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45 and 50 nm.  We define the 
tip height as the minimum distance between the tip apex and the nanorod surface. For each 
simulation we only vary h and leave constant the rest of the parameters.  

 
(ii) We interpolate	𝑝R and assume the tip height to be a harmonic function of time 

 
ℎ(𝑡) = 𝐴(1 − cos(Ω𝑡)) + ℎ�|}, (4) 

  
where 𝐴 = (ℎ�0� − ℎ�|})/2 is the tapping amplitude with ℎ�|} and	ℎ�0�  being the 
minimum and maximum tip heights used in the simulations. To closely reproduce 
experimental parameters, we use a tapping frequency of 265.55 kHz. 
 

(iii) The nth-order demodulated scattered field is proportional to 𝜎� = 𝑠�𝑒���, which is obtained 
by calculating the nth Fourier coefficient of the induced dipole moment: 
 

𝜎� ∝ � 𝑝��ℎ(𝑡)�𝑒�� ¡	d𝑡
¢

*
, (5) 

 
where 𝑇 = 2𝜋/Ω is the period of oscillation of the tip. In practice, the Fourier transform of 
𝑝R(ℎ(𝑡)) was performed using the Fourier package of Wolfram Mathematica software. For 
simplicity, we refer in the following to 𝜎� as the nth-order demodulated scattered field.  

 
The metallic tip on top of the h-BN nanoresonator can potentially shift the frequencies and change 
the spectral linewidths of the resonator eigenmodes. These two modifications, together with signal 
demodulation, are important properties to take into consideration when extracting eigenmode 
frequencies and damping constants from nano-FTIR spectra.  Thus, in the following section we 
compare the 2nd-order FP resonance excitation with both the point-dipole source (with a constant 
dipole moment) and the Pt tip.  
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B. Tip on top of the h-BN nanoresonator 
 
In Supplementary Fig. 6 we show the simulated near-field spectra when the metal tip is placed on 
the left extremity of a h-BN nanoresonator (840×250×87 nm3), whose right half is covered by a 
50 nm thick layer of permittivity 𝜀 = 2.8 (corresponding to the permittivity of CBP without the 
molecular resonances). For comparison, we also show the results obtained for the tip being 
mimicked by a point-dipole source (illustrated in Supplementary Fig. 6a).  
 
We start with an extended discussion of the near-field spectra obtained for the point-dipole source. 
Supplementary Fig. 6b shows the near-field amplitude spectrum |𝐸R(𝜔)| at 65 nm height above 
the h-BN resonator (position marked by a cross in Supplementary Fig. 6a). We clearly see a strong 
resonance peak around 1450 cm-1 and another much weaker peak around 1455 cm-1. We associate 
the strong peak to the 2nd-order FP mode8 and the weaker one to a higher-order PhP mode9. The 
asymmetry of the strong resonance peak we attribute to Fano-like interference10,11 between the 
electric field produced by the (non-resonant) point-dipole source, together with the non-polaritonic 
near field of the resonator, and the resonant near field of the 2nd-order FP mode. For a better 
understanding of the FP resonance, we plot the spectrum 𝐸R(𝜔) in the complex plane 
(Supplementary Fig. 6c) where the 2nd-order FP resonance and the Fano interference manifests as 
a circular trajectory with an offset, which is the typical signature of a harmonic oscillator12.  
 
We next discuss the near-field spectra when a conical Pt tip is placed at different heights above 
the left nanoresonator extremity (illustrated in Supplementary Fig. 6d). To that end we calculate 
the dipole moment 𝑝R induced in the tip as described above. For the calculation, we employed the 
same nanorod dimensions (840×250×87 nm3) as the one used for the point-dipole calculations 
(Supplementary Figs. 6b-c). The amplitude spectra |𝑝R(𝜔)| for three different tip heights h = 1 nm 
(red dots), 20 nm (blue dots) and 50 nm (green dot) are shown in Supplementary Fig. 6e. From the 
red spectra we recognize a strong peak at 1446 cm-1 and weaker one at 1453 cm-1, which are 
redshifted 4 cm-1 and 2 cm-1 as compared to the near-field spectra obtained with the point-dipole 
source (Supplementary Fig. 6b). We attribute these spectral peak shifts to the electromagnetic 
loading of the h-BN nanoresonator by the Pt tip, as we show below by fitting the spectral line 
shapes. As in the point-dipole calculation, the Fano spectral line shape is the result of the 
interference between the dipole moment induced in the Pt tip by the incident illumination and the 
dipole moment induced in the tip by the near fields of the h-BN nanoresonator. We further find 
that (i) the peak positions blueshift with increasing height h and (ii) the magnitude of 𝑝R close to 
the peak (around 1446 cm-1) is reduced as the tip height is increased. The decrease of |𝑝R| can be 
observed in Supplementary Fig. 6f, where we plot 𝑝R in the complex plane for the three tip heights 
(h = 1, 20 and 50 nm). We clearly see that the radius of curvature of the circular trajectories is 
decreased (compare red, blue and green curves) as h is increased meaning a reduction of |𝑝R|.  



16 
 

 
 
Supplementary Figure 6. a Schematics showing a point-dipole source above an h-BN nanorod half- 
covered with a layer of permittivity 𝜀 = 2.8. b Near-field amplitude |𝐸R| below the dipole at the position 
marked by a cross in panel a. In the simulations, the point dipole and the evaluation point were located at 
coordinates (𝑥 = 0, 𝑦 = -370 nm, 𝑧 = 350 nm) and (𝑥 = 0, 𝑦 = -370 nm, 𝑧 = 65 nm). c Near-field 𝐸R 
below the dipole source, plotted in the complex plane for the frequencies between 1440 and 1460 cm-1. The 
arrow indicates increasing frequency. Dots in panels b and c are numerical results obtained from 
simulations. Solid lines in panels b and c represent the fitted curves using Supplementary Eq. (6).  We fit 
the spectrum between 1440 and 1454 cm-1. d Schematics of the Pt-tip at height h above the h-BN nanorod, 
which is illuminated with a broadband infrared laser beam. e Amplitude of the induced dipole moment |𝑝R| 
in the tip for h = 1 nm (red dots), 20 nm (blue dots) and 50 nm (green dots) tip heights above the h-BN 
nanoresonator. f 𝑝R plotted in the complex plane, from 1440 to 1452 cm-1. Same color code as in panel e. 
Dots in panels e and f are the numerical results obtained from simulations. Solid lines in panels e and f 
represent fits using Supplementary Eq. (6). We fit the spectra between 1440 and 1452 cm-1. g Schematics 
of the Pt tip oscillating above the h-BN nanoresonator at frequency Ω. h Amplitude of the 2nd- and 3rd-order 
demodulated scattered fields, 𝑠, (orange dots) and 𝑠- (green dots). i 𝜎, and 𝜎- plotted in the complex plane, 
from 1440 to 1452 cm-1. Dots in panels h and i are the numerical results obtained by demodulating the 
complex-valued spectra 𝑝R(𝜔). Solid lines in panels h and i represent fits using Supplementary Eq. (6). We 
fit the spectra between 1440 cm-1 and 1452 cm-1. j Eigenfrequency and k damping of the 2nd-order FP 
resonance, 𝜔fhf	 and 𝛾fhf, for different tip heights h. Black dashed lines show the fit values obtained from 
panel c. Orange and green dashed lines show the fit values obtained from panel i. Dots show the fit values 
obtained from fitting the spectra of the induced dipole moment 𝑝R at different tip height h = 1 nm (red dot), 
20 nm (blue dot), 50 nm (green dot) and 5, 10 and 35 nm (grey dots). For all numerical calculations we use 
a h-BN nanorod of 840 nm length, 87 nm height and 250 nm width, which is half covered with a 50 nm 
thick layer of permittivity 𝜀 = 2.8. 
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To calculate the demodulated scattered field 𝜎�, we varied the tip height (illustrated in 
Supplementary Fig. 6g) in the simulations and then followed the procedure explained at the end 
of Supplementary Note 6A. In Supplementary Fig. 6h, we show the amplitude of the 2nd- and 3rd-
order demodulated scattered fields, 𝑠, (orange dots) and  𝑠- (green dots), respectively. We see the 
2nd-order PhP FP peak around 1448 cm-1 and the weak higher-order mode peak at 1454 cm-1. As 
typical in s-SNOM and nano-FTIR spectroscopy, the amplitude of 𝜎� decrease with increasing 
demodulation order. We also see that the resonance peaks remain asymmetric, which we attribute 
to the interference between the nanoresonator modes and the near fields produced by the non-
resonant near-fields of the h-BN resonator. For completeness, we plot in Supplementary Fig. 6i 𝜎, 
(orange dots) and 𝜎- (green dots) in the complex plane, where we see the circular trajectory 
representing the 2nd-order PhP FP mode. 
 
To obtain the eigenfrequency and damping constant of the 2nd-order PhP FP mode, we performed 
a complex-valued fitting (see solid lines in Supplementary Figs. 6b, 6c, 6e, 6f, 6h and 6i) to the 
spectra shown in Supplementary Fig. 6. We fit the following three spectra: (i) the near-field 𝐸R(𝜔) 
for the point-dipole simulation, (ii) the dipole moment 𝑝R(𝜔) induced in the Pt tip at different tip 
heights and (iii) the second, 𝜎,, and third order, 𝜎-, demodulated scattered fields. We fit the spectra 
to the following equation 
 

𝑥¥fhf(𝜔) =
𝐹¦fhf(𝜔)

𝜔fhf, − 𝜔, − 𝑖𝛾fhf𝜔
+ 𝑥* + 𝑦*𝑖. (6) 

 
The parameters 𝑥¥fhf(𝜔), 𝐹¦fhf(𝜔), 𝜔fhf, 𝛾fhf , 𝑥*, 𝑦* are defined in the Methods Section of the 
main text.  
 
In Supplementary Fig. 6j we show the values of 𝜔fhf extracted from the fittings. As a reference, 
we first fit (solid line in Supplementary Fig. 6c) the near-field spectrum 𝐸R(𝜔)	obtained from the 
point-dipole calculation (dots in Supplementary Fig. 6c). The fit value 𝜔fhf = 1450.3 cm-1 is 
indicated in Supplementary Fig. 6j by a black dashed line. We next fit (solid lines) the complex 
spectra 𝑝R(𝜔) for different tip heights (induced dipole moment in the Pt tip, dots in Supplementary 
Fig. 6f) obtained from the simulation of the Pt tip on top of the resonator. The values of 𝜔fhf are 
represented in Supplementary Fig. 6j by the dots. When the tip is far from the nanoresonator, we 
find that 𝜔fhf is close to the fit value extracted from the 𝐸R(𝜔) spectrum (compare the black 
dashed line and green dot). When the height h of the tip above the nanoresonator is reduced, 𝜔fhf 
shift to lower frequencies, which can be explained by loading of the nanoresonator by the metallic 
tip. Fitting the 2nd- and 3rd-order demodulated scattered field spectra, 𝜎,(𝜔) and 𝜎-(𝜔) (dots in 
Supplementary Fig. 6i), respectively, we find the same value of 𝜔fhf for both demodulation 
orders. The fit values are 𝜔fhf,�¨, = 𝜔fhf,�¨- = 1448.5 cm-1, which we indicate by an orange and 
green dashed lines in Supplementary Fig. 6j. Notice that 𝜔fhf,�¨, and 𝜔fhf,�¨- are only 2 cm-1 
shifted with respect to the fit value obtained from the 𝐸R(𝜔) spectrum. 
 



18 
 

From the fittings we also extract the damping constant 𝛾fhf  (Supplementary Fig. 6k). As a 
reference, we first show the fit value extracted from the near-field spectrum 𝐸R(𝜔)	(shown in 
Supplementary Fig. 6c). The fit value 𝛾fhf  = 2.4 cm-1 is indicated in Supplementary Fig. 6k by a 
black dashed line. We next show the fit values extracted from the complex spectra 𝑝R(𝜔) for 
different tip heights (induced dipole moment in the Pt tip, Supplementary Fig. 6f) obtained from 
the simulation of the Pt tip on top of the resonator. The fit values of 𝛾fhf  are represented in 
Supplementary Fig. 6k by the dots. We find fit values within the range (2.1, 2.8) cm-1, which differ 
at most 0.4 cm-1 with respect to the fit value obtained from the 𝐸R(𝜔) spectrum. Fitting the 2nd- 
and 3rd-order demodulated scattered field spectra, 𝜎,(𝜔) and 𝜎-(𝜔) (shown in Supplementary Fig. 
6i), respectively, we find a smaller damping constant compared to that obtained by fitting the non-
demodulated spectrum of 𝑝R(𝜔). The fit values are 𝛾fhf,�¨, = 1.7 cm-1 (0.6 cm-1 shifted with 
respect to the fit value obtained from the 𝐸R(𝜔) spectrum) for 𝜎,(𝜔) spectrum and 𝛾fhf,�¨- = 1.5 
cm-1 (0.9 cm-1 shifted with respect to the fit value obtained from the 𝐸R(𝜔) spectrum) for 𝜎-(𝜔) 
spectrum. In Supplementary Fig. 6k, we indicate the value of 𝛾fhf,�¨, by an orange dashed line 
and the value of 𝛾fhf,�¨- by a green dashed line.  
 
To summarize this section, we conclude that the Pt tip on top of the h-BN nanoresonator leads to 
negligible resonance shift and the damping constant obtained by fitting the different non-
demodulated spectra (shown in Supplementary Figs. 6c and 6f) reveals small variations for the 
2nd-order PhP FP resonance. On the other hand, fitting the demodulated scattered field spectra with 
a simple harmonic oscillator model yields damping constants which are underestimated. Thus, care 
must be taken when extracting damping constants from nano-FTIR spectra. 
 
C. Tip on top of the h-BN nanoresonator half-covered with CBP 
 
In this section, we analyze the influence of the metallic tip on top of the nanoresonator that is half 
covered with molecules. To that end, we show the simulated near-field spectra when the metallic 
tip is placed on the left extremity of a h-BN nanoresonator (840×250×87 nm3, same dimensions 
as the ones used for the calculations shown in Supplementary Fig. 6), whose right half is covered 
by a 50 nm thick CBP layer. The length of the nanorod was chosen such that the 2nd-order PhP FP 
resonance is approximately tuned to the CBP molecular resonance at 𝜔def =1450 cm-1. For 
comparison, we first show the results obtained for the tip being mimicked by a point-dipole source 
(illustrated in Supplementary Fig. 7a).  
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Supplementary Figure 7. A Schematics showing a point-dipole source above an h-BN nanorod half- 
covered by a CBP molecular layer. b Near-field amplitude |𝐸R| below the dipole at the position marked by 
a cross in panel a. In the simulations, the point dipole and the evaluation point where located at coordinates 
(𝑥 = 0, 𝑦 = -370 nm, 𝑧 = 350 nm) and (x = 0, y = -370 nm, z = 65 nm). c Near-field 𝐸R below the point-
dipole source, plotted in the complex plane for the frequency range between 1440-1460 cm-1. The arrow 
indicates increasing frequency. Dots in panels b and c are the numerical results obtained from simulations. 
Solid lines in panels b and c show the fitted curves using Supplementary Eq. (7). d Schematics of the Pt-
tip at height h above the h-BN nanorod, which is illuminated with a broadband infrared laser beam. e 
Amplitude of the induced dipole moment 𝑝R calculated for 1 nm (red line) and 20 nm (blue line) tip height. 
f 𝑝R plotted in the complex plane for the frequency range between 1440 and 1460 cm-1. The color code is 
the same as the one used in panel e. The arrow indicates increasing frequency. Dots in panels e and f are 
the numerical results obtained from simulations. Solid lines in panels e and f show the fitted curves using 
Supplementary Eq. (7).  g Schematics of the Pt tip oscillating on top of the h-BN nanoresonator at frequency 
Ω. h Amplitude of the 2nd- and 3rd-order demodulated scattered fields, 𝑠, (orange dots) and 𝑠- (green dots). 
i 𝜎, and 𝜎- plotted in the complex plane for the frequencies between 1440 and 1460 cm-1. The arrow 
indicates increasing frequency. Dots in panels h and i are the numerical results obtained by demodulating 
the complex spectra 𝑝R(𝜔). Solid lines in panels h and i represent the fitted curves using Supplementary 
Eq. (7). The fittings shown in panels b, c, e, f, h and i were performed in the frequency range between 1440 
cm-1 and 1460 cm-1. For all numerical calculations we use a nanorod of 840 nm length, 87 nm height and 
250 nm width. 
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We begin our analysis by discussing the near-field spectra obtained for the point-dipole source. 
Supplementary Fig. 7b shows the near-field amplitude spectrum |𝐸R(𝜔)| below the point dipole at 
65 nm height above the h-BN nanoresonator (position marked by a cross in Supplementary Fig. 
7a). By comparing the near-field spectra shown in Supplementary Figs. 6b and 7b, we see that the 
amplitude peak of the 2nd-order PhP FP resonance splits into two peaks, one around 1443.5 cm-1 
and the other one around 1453.5 cm-1. The splitting is a consequence of the coupling between the 
nanoresonator mode and molecular vibrations. For a better understanding of the nanoresonator-
molecule coupling, we plot in Supplementary Fig. 7c the spectrum 𝐸R(𝜔) in the complex plane, 
where we recognize the appearance of a small loop (compare Supplementary Figs. 6c and 7c). As 
discussed in the main text, the appearance of the loop in the complex plane is a consequence of 
the nanoresonator mode being coupled to the molecular vibrations.   
 
We next discuss the near-field spectra when a conical Pt tip is placed at different heights above 
the left nanoresonator extremity (illustrated in Supplementary Fig. 7d). To that end, we calculated 
the dipole moment 𝑝R induced in the tip as described in Supplementary Note 6A. The amplitude 
spectra |𝑝R(𝜔)| for two different tip heights h = 1 nm (red dots) and 20 nm (blue dots) are shown 
in Supplementary Fig. 7e. From the red spectra we recognize two peaks, one at 1442 cm-1 and one 
at 1450 cm-1, which are shifted 1.5 cm-1 and 3.5 cm-1 as compared to the near-field spectra obtained 
with the point-dipole source (Supplementary Fig. 7b). We attribute these spectral peak shifts to the 
electromagnetic loading of the h-BN nanoresonator by the Pt tip, which we verify below by fitting 
the spectra. Similarly to the point-dipole calculation shown in Supplementary Fig. 7b, the 
appearance of two peaks and one dip around 𝜔def in the |𝑝R(𝜔)| spectrum is the result of the 
coupling between the nanoresonator mode and molecular vibrations. We further find that the 
position of the peaks blueshift with increasing height h. By plotting 𝑝R in the complex plane (see 
Supplementary Fig. 7f) we again observe a small loop indicating the nanoresonator-molecule 
coupling. 
 
To calculate the demodulated scattered field, we varied the tip height (illustrated in Supplementary 
Fig. 7g) in the simulations and then followed the procedure explained at the end of Supplementary 
Note 6A. In Supplementary Fig. 7h we show the amplitude of the 2nd- and 3rd-order demodulated 
scattered fields, 𝑠, (orange dots) and  𝑠- (green dots), respectively. We clearly see the two peaks, 
one around 1443 cm-1 and the other one around 1453 cm-1. For completeness, we plot in 
Supplementary Fig. 7i the demodulated scattered fields 𝜎, and 𝜎- in the complex plane. In this 
complex representation we can see the formation of the characteristic loop indicating the 
nanoresonator-molecule coupling. 
 
To obtain the eigenfrequencies and damping constants of the hybrid modes, we performed a 
complex-valued fitting (see solid lines in Supplementary Figs. 7b, 7c, 7e, 7f, 7h and 7i) to the 
spectra shown in Supplementary Fig. 7. We fit the following three spectra: (i) the near- field 𝐸R(𝜔) 
for the point-dipole simulation, (ii) the dipole moment 𝑝R(𝜔) induced in the Pt tip at different tip 
heights and (iii) the second, 𝜎,(𝜔), and third order, 𝜎-(𝜔), demodulated scattered fields. We fit 
the spectra using the following equation (analogous to Eq. (9) discussed in the main text)  
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𝑥¥2|�(𝜔) = 𝑥¥fhf(𝜔) ∗ 𝑒𝑖𝜃 + 𝑥* + 𝑦*𝑖, (7) 

 
which was derived from the two coupled harmonic oscillator model described in the Methods 
Section (Eqs. (6)-(7)). The parameters 𝑥¥fhf(𝜔), 𝑥¥2|�(𝜔), 𝑥* and 𝑦* are defined in the Methods 
Section of the main text. We multiply 𝑥¥fhf(𝜔) by the complex factor 𝑒�𝜃 that accounts for the 
additional phase gained by not normalizing the simulated spectra.   
 
In Supplementary Figs. 8a-8b we show the values of 𝜔fhf and 𝜔def extracted from the fittings. 
As a reference, we first fit (solid line in Supplementary Fig. 7c) the near-field spectrum 
𝐸R(𝜔)	obtained from the point-dipole calculation (dots in Supplementary Fig. 7c). The fit values 
are 𝜔fhf = 1450.2 cm-1 and 𝜔def = 1450.3 cm-1 indicated in Supplementary Figs. 8a-8b by the 
black dashed lines. We next fit (solid lines in Supplementary Fig. 7f) the complex-valued spectra 
𝑝R(𝜔) (induced dipole moment in the Pt tip; dots in Supplementary Fig. 7f) obtained from the 
simulation of the Pt tip on top of the resonator that is half covered with the CBP layer. The values 
of 𝜔fhf and 𝜔def are represented in Supplementary Figs. 8a-8b by the dots. When the tip is far 
from the nanoresonator, we find that 𝜔fhf and 𝜔def are close to the fit values extracted from the 
𝐸R(𝜔) spectrum (compare the black dashed lines and the grey dots at h = 35 nm). When the height 
h of the tip above the nanoresonator is reduced, 𝜔fhf and 𝜔def shift to lower frequencies.  
 
Fitting the 2nd- and 3rd-order demodulated scattered field spectra, 𝜎,(𝜔) and 𝜎-(𝜔) (shown in 
Supplementary Fig. 7i), respectively, we find the following fit values: 𝜔fhf,�¨, = 1449.8 cm-1, 
𝜔fhf,�¨- = 1450.3 cm-1, which we indicate by an orange and green dashed lines in Supplementary 
Fig. 8a, and 𝜔def,�¨, = 1447.3 cm-1, 𝜔def,�¨- = 1447 cm-1, which we indicate by an orange and 
green dashed lines in Supplementary Fig. 8b. Notice that 𝜔fhf,�¨, and 𝜔fhf,�¨- differ at most 0.4 
cm-1 with respect to the fit value obtained from the 𝐸R(𝜔) spectrum. On the other hand, the fit 
values 𝜔def,�¨, and 𝜔def,�¨- differ at most 3.5 cm-1 with respect to the fit value obtained from 
the 𝐸R(𝜔) spectrum. 
 
From the fittings we also extracted the damping constants 𝛾fhf  and 𝛾def,	which are plotted in the 
Supplementary Figs. 8c-8d. As a reference, we first show the fit value extracted from the near-
field spectra 𝐸R(𝜔)	(shown in Supplementary Fig. 7c). The fit values 𝛾fhf = 2.3 cm-1 and 𝛾def  = 
7.6 cm-1 are indicated in Supplementary Figs. 8c-8d by a black dashed line. The sum of the 
damping constants extracted from the near-field spectra 𝐸R(𝜔)	is 𝛾fhf + 𝛾def = 9.9 cm-1. We next 
show the fit values extracted from the complex spectra 𝑝R(𝜔) (induced dipole moment in the Pt 
tip, Supplementary Fig. 7f) obtained from the simulation of the Pt tip on top of the resonator. The 
fit values of 𝛾fhf  and 𝛾def  are represented in Supplementary Figs. 8c-8d by the dots. We find fit 
values for 𝛾fhf  and 𝛾def  within the range (2.5, 3.0) cm-1 and (5.3, 7.0) cm-1, respectively, which 
differ at most 2.3 cm-1 from the fit values obtained from the 𝐸R(𝜔) spectrum. Consequently, the 
sum of the damping constants lies within the range (7.8, 10.0) cm-1 which differ from the value 
𝛾fhf + 𝛾def = 9.9 cm-1 by 2.1 cm-1 (21%). Fitting the demodulated scattered fields spectra 𝜎,(𝜔) 
and 𝜎-(𝜔) (shown in Supplementary Fig. 7i), we find a smaller damping constant for 𝛾fhf  than 
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that obtained by fitting the non-demodulated spectrum of 𝑝R(𝜔). In Supplementary Fig. 8c we 
indicate the value of 𝛾fhf,�¨, by an orange dashed line and the value of 𝛾fhf,�¨- by a green dashed 
line (𝛾fhf,�¨, = 𝛾fhf,�¨- = 0.4 cm-1). We also plot the damping constants of the CBP oscillator 
in Supplementary Fig. 8d by orange and green dashed lines, respectively (𝛾def,�¨, = 6.7 cm-1 and 
𝛾def,�¨- = 5.9 cm-1). We find that the sum of the damping constants 𝛾fhf,�¨, + 𝛾fhf,�¨, = 7.1 
cm-1 and 𝛾fhf,�¨- + 𝛾def,�¨- = 6.3 cm-1 differ from the value 𝛾fhf + 𝛾def = 9.9 cm-1 around 2.8 
cm-1 (28%) and 3.6 cm-1 (36%), respectively, corresponding to 𝛾fhf + 𝛾def = 1.39(𝛾fhf,�¨, +
𝛾def,�¨,) and 𝛾fhf + 𝛾def = 1.56(𝛾fhf,�¨- + 𝛾def,�¨-). 
 
 

 
 
Supplementary Figure 8. Fitted values of a eigenfrequency of the 2nd-order FP resonance (𝜔fhf). b 
Eigenfrequency of CBP molecular resonance (𝜔def). c damping constant of the 2nd-order FP resonance, 
𝛾fhf. d CBP damping constant, 𝛾def. e coupling strength g and f eigenfrequencies of the coupled system, 
𝜔±, as a function of the tip height h. The fittings were performed using Supplementary Eq. (7). The 
eigenfrequencies 𝜔± were obtained with Eq. (10) of the main text. Black dashed lines: fitted values obtained 
from the spectra plotted in Supplementary Fig. 7c. Orange and green dashed lines: fitted values obtained 
from the spectra plotted in Supplementary Fig. 7i. Dots: fitted values obtained from the spectra of 𝑝R(𝜔) at 
different tip height h = 1 nm (red dot), 20 nm (blue dot) and 5, 10 and 35 nm (grey dots). 
 
 
From the fittings we also extract the coupling strength 𝑔 and then use Eq. (10) of the main text to 
calculate the eigenfrequencies 𝜔±. The results are shown in Supplementary Figs. 8e-8f. When the 
tip is far from the nanoresonator, we find that 𝑔 extracted from the 𝑝R(𝜔) spectra is close to the fit 
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value 𝑔 = 5.4 cm-1 extracted from the 𝐸R(𝜔) spectrum (compare the black dashed line and the 
grey dots at h = 35 nm in Supplementary Fig. 8e). When the height h of the tip above the 
nanoresonator is reduced, 𝑔 becomes smaller. We find fit values for 𝑔 within the range (4.4, 5.7) 
cm-1, which differ at most 1 cm-1 (19%) from the fit values obtained from the 𝐸R(𝜔) spectrum. 
Fitting the 2nd- and 3rd-order demodulated scattered field spectra, 𝜎,(𝜔) and 𝜎-(𝜔) (shown in 
Supplementary Fig. 7i), respectively, we find coupling strength values of 𝑔�¨, = 4.7 cm-1 and 
𝑔�¨- = 4.3 cm-1, which differ at most 1.1 cm-1 (21%) from the fit value obtained from the 𝐸R(𝜔) 
spectrum, corresponding to 𝑔 = 1.26𝑔�¨-. On the other hand, we find similar values for the 
eigenfrequencies 𝜔­ and 𝜔® obtained from the 𝐸R(𝜔) spectrum (Supplementary Fig. 7c), from the 
𝑝R(𝜔) spectra (Supplementary Fig. 7f) and from 𝜎,(𝜔) and 𝜎-(𝜔) spectra (Supplementary Fig. 
7i). Most importantly, we find that 𝜔­ and 𝜔® obtained from 𝜎,(𝜔) and 𝜎-(𝜔) spectra, differ at 
most 2.5 cm-1 from the eigenfrequency values obtained from the 𝐸R(𝜔) spectrum. 
 
To summarize this section, we conclude that the conical Pt tip (non-oscillating) on top of the 
nanoresonator-molecule coupled system leads (in comparison to the point-dipole calculation) to 
(i) negligible resonance shifts, (ii) changes of the sum of the spectral linewidth of at most 21% and 
(iii) changes in the coupling strength 𝑔 of at most 19%. When we fit the demodulated scattered 
field spectra (tip is oscillating), we find (in comparison to the point-dipole calculation) (i) 
negligible resonance shifts and (ii) a change in the coupling strength𝑠	of at most 21%. Thus, we 
conclude that demodulation of the scattered field spectra does not modify substantially the 
eigenmode frequencies and coupling strengths. However, for the sum of the damping constants 
𝛾fhf  and 𝛾def  we obtained fit values that differ around 36% from the fit value obtained from the 
𝐸R(𝜔) spectrum. Therefore, and similarly to the non-covered resonator case, we conclude that 
fitting the demodulated spectra with a two coupled harmonic oscillator model yields 
underestimated dampings. For that reason, care must be taken for example to obtain quality factor 
from near-field spectra or for the evaluation of the formal strong coupling criteria where coupling 
strengths are compared with the resonator, 𝛾fhf , and molecule, 𝛾def , dampings. 
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Supplementary Note 7. Fitting parameters of the simulated spectra  
 
Supplementary Tables 3, 4 and 5 show all fitting parameters obtained for the 𝐸R(𝜔), 𝑝R(𝜔) and 
demodulated spectra shown in Supplementary Figs. 7c, 7f and 7i. 
 

𝝎𝐏𝐡𝐏 𝜸𝐏𝐡𝐏 𝝎𝐂𝐁𝐏 𝜸𝐂𝐁𝐏 𝒈 𝝎­ 𝝎® 𝜸𝐏𝐡𝐏 + 𝜸𝐂𝐁𝐏 

1450.2 2.3 1450.3 7.6 5.4 1455.5 1445.0 9.9 

 Supplementary Table 3. Parameters obtained by fitting the simulated complex-valued spectra, shown in 
Supplementary Fig. 7c (point-dipole source above an h-BN nanorod half-covered by a CBP molecular 
layer). All parameters are expressed in cm-1.  
 
 

h 
(nm) 𝝎𝐏𝐡𝐏 𝜸𝐏𝐡𝐏 𝝎𝐂𝐁𝐏 𝜸𝐂𝐁𝐏 𝒈 𝝎­ 𝝎® 𝜸𝐏𝐡𝐏 + 𝜸𝐂𝐁𝐏 

1 1449.2 3.0 1447.6 6.0 4.4 1452.8 1444.0 9.0 

5 1450.2 2.7 1447.7 5.4 4.6 1453.7 1444.3 8.1 

10 1450.7 2.8 1448.0 5.3 4.8 1454.3 1444.4 8.1 

20 1450.7 2.6 1448.4 6.1 5.2 1454.9 1444.3 8.6 

35 1450.7 3.0 1448.8 7.0 5.6 1455.4 1444.1 10.0 

Supplementary Table 4. Parameters obtained by fitting the simulated complex-valued spectra, shown in 
Supplementary Fig. 7f (static tip above an h-BN nanorod half-covered by a CBP molecular layer). All 
parameters are expressed in cm-1.  
 
 

Order 
harmonic 𝝎𝐏𝐡𝐏 𝜸𝐏𝐡𝐏 𝝎𝐂𝐁𝐏 𝜸𝐂𝐁𝐏 𝒈 𝝎­ 𝝎® 𝜸𝐏𝐡𝐏 + 𝜸𝐂𝐁𝐏 

O2 1449.8 0.4 1447.3 6.7 4.7 1453.1 1443.9 7.1 

O3 1450.3 0.4 1447.0 5.9 4.3 1453.0 1444.3 6.3 

Supplementary Table 5. Parameters obtained by fitting the simulated complex-valued demodulated 
spectra, shown in Supplementary Fig. 7i (oscillating Pt tip above an h-BN nanorod half-covered by a CBP 
molecular layer). All parameters are expressed in cm-1.  
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