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Interaction of the Ag and Au particles assembled in a hetero-dimer can be qualitatively 

interpreted using a dipolar-quasistatic approach. In this approximated framework, the spatial 

variation of the incident electromagnetic wave within the silver-gold heterodimers is neglected, and 

the response of each nanoparticle in the dimer to the electromagnetic field is modeled as that of an 

induced dipole at the center of the particle. The associated dipole moments pAu,Ag are obtained from 

their dipolar polarizabilities Au,Ag and the local field loc
AgAu,E  at the particle center. For an isotropic 

particle, loc
AgAumAgAuAgAu ,0,, Ep  , where m is the dielectric constant of the surrounding medium 

(this is assumed to be homogeneous, neglecting the anisotropy due to the presence of the 

substrate). The local electric field acting on a particle is the sum of the external field E0 due to the 

incident light wave and that created by the dipole induced in the other particle. For E0 parallel or 

orthogonal to the dimer axis, one thus gets: 
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where l is the center to center interparticle distance. 

Resolution of the above system provides the polarization dependent effective polarizabilities 
eff

AgAu,

of the nano-objects composing the dimer (defined as 0
0,, Ep m

eff
AgAuAgAu  ). The total polarizability 

of the dimer is thus given by eff
Au

eff
Ag  , which for parallel and perpendicular light polarization 

reads: 
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The absorption and scattering cross-sections of the dimer are then deduced from its polarizability 

using abs() = 2 m  Im[()] and scat () = (8 2
m 


 |()|2 and identifying Au,Ag with the 

polarizability of an isolated sphere of radius R: 
m

mR





2
4 3




 . The measured gold or silver 

dielectric functions  are used, and include the effects of both intra- and interband electronic 

transitions. The computed polarizabilities and cross-sections are plotted in Figure 6 of the main text 

(parallel polarization) and Figure S6 (orthogonal polarization).  

When the distance l separating the dimer components is large (Ag, Au << l3), first-order 

development of the polarizabilities then yields: 
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Electromagnetic coupling reflects in the polarizability via a term proportional to AgAu/l3 and 

identical for the gold and silver components. As expected from the structure of the electric field of a 

dipole, the coupling term has opposite signs for parallel and orthogonal polarizations, with a 2-fold 

larger amplitude in the former case.  



 

 

Figure S1. Computed extinction cross-section spectra of hetero-dimers for different silica shell 

thickness: 4 nm (blue line), 7 nm (green), 10 nm (red), 14 nm (black, same as in Fig. 3c), 20 nm (cyan) 

and 50 nm (purple). The same particle sizes (RAu, RAg) and refractive index nm as in Figure 3c are used. 

 

  



 
 

 

Figure S2. Computed extinction spectra of a hetero-dimer formed by a spherical Au particle and an 

elliptical Ag@SiO2 particle for a main Ag ellipsoid axis forming an angle of a) 0°, b) 45° and c) 90° 

relative to the dimer axis (the same sizes and nm value as in Figure 4a-c are used). d-f) show the same 

data for a hetero-dimer formed by a spherical Ag@SiO2 particle and an elliptical Au particle (same 

sizes and nm value as in Figure 4d-f). The red and black lines were computed for light polarized along 

and perpendicular to the dimer axis, respectively (see schematic drawings). 

 

  



 

 

Figure S3. Measured TEM morphology and extinction spectra of a hetero-dimer with one constituting 

nanoparticle elongated in a direction non orthogonal to the dimer axis (a-b), and for a hetero-dimer 

with a triangular shape gold component (d-e). The first hetero-dimer is modeled by an almost 

spherical Au nanoparticle of radius RAu  = 29.5 nm, and a prolate ellipsoidal Ag@SiO2 particle (long 

and short axis of 37 nm and 32 nm, respectively) with a main axis oriented at 45° to the dimer axis. 

The red and black lines in c) are computed for light polarized parallel and perpendicular to the dimer 

axis and the dashed blue line is the sum of the computed extinction cross-sections of isolated Au and 

Ag@SiO2 with same sizes (identical for the two orthogonal light polarizations). A mean refractive 

index of the environment above the substrate nm = 1.45 was used in FEM simulations.  

  



 

 

Figure S4. Absorption and scattering cross-sections (plain black and green lines, respectively) 

computed for the hetero-dimer of Figure 3a, with RAu = 29 nm, RAg = 19 nm and Rt = 33 nm. The mean 

refractive index of the environment above the substrate is nm = 1.3. The incident light is polarized in 

a) parallel (E//) and in b) orthogonal (E) to the dimer axis. The dashed black and green lines are the 

sum of the absorption and scattering cross-sections of isolated Ag@SiO2 and Au nano-spheres.  

  

 

 

  



 

 

Figure S5. Spatial distribution of the total electric field in and around isolated a) Ag@SiO2 and b) Au 

nanoparticles (same sizes and nm value as in Figure 5 of the main text), computed using FEM. The 

field was computed at ext resonance wavelengths: a) 420 nm for Ag@SiO2, b) 530 nm for Au. The 

incident light polarization used in these calculations is shown in a). The electric field amplitude is 

normalized to that of the incident wave (E0) and shown on the same color-coded logarithmic scale as 

in Figure 5.   



 

 

Figure S6: Quasistatic computations performed for incident light polarization orthogonal to the 

dimer axis. a) Extinction (plain red line), absorption (plain black line) and scattering (plain green line) 

cross-sections computed for an environment with a uniform 1.45 refractive index. Extinction (dashed 

red line) cross-section computed by summation of the cross-sections of isolated gold and silver 

nanoparticles is also shown. b-d) Complex polarizabilities computed at 360 nm (b), 420 nm (c) and 

530 nm (d) for the whole dimer (plain black arrows) and its silver (plain grey arrows) and gold (plain 

orange arrows) components. Polarizabilities in the absence of interaction are shown as dashed lines 

for comparison. 

 


