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Nobel metal nanoparticles have unique optical characteristics induced by localized surface plasmon 

resonance (LSPR). The resonant frequency depends on not only a dielectric susceptibility but also the 

particle’s shape and size [1]. Taking advantage of the property, it is possible to control resonant 

wavelength by appropriate synthesized nanostructure. Therefore, plasmons on nanoparticles are 

expected to be applied to optics technology, for example, in bio sensing or nanoscale optical integrated 

circuit. When two plasmonic particles approach each other, they form discrete optical bright mode and 

dark mode due to coupling effect. So far, plasmon coupling have been investigated by various photonic 

spectroscopical techniques including absorption, scattering and reflection optical spectroscopy. However, 

the optical analysis methods can only reveal macroscopic properties due to their spatial resolution which 

is the order of few hundred nanometers. In contrast, a combination of electron energy-loss spectroscopy 

(EELS) and scanning transmission electron microscopy (STEM) have intrinsic high spatial resolution 

enough to mapping at nanometer scale. Moreover, STEM-EELS is sensitive to both optical bright and 

dark modes [2]. Therefore, STEM-EELS is a powerful tool for investigating local spatial distribution of 

LSPR. In this work, we carried out a study of contribution of coupling effect to LSPR via STEM-EELS 

and aim to find out an appropriate structure for improvement of plasmonic devices. 

The sample was synthesized Au triangular nanoprisms. STEM-EELS was conducted by an EELS-mode 

in an Imaging Filter (GIF, Gatan, USA) and a STEM-mode of an aberration corrected TEM (HF5000, 

Hitachi High-technologies Inc., Japan) with an acceleration voltage of 200 kV. The energy width of the 

electron beam was less than 360 meV on carbon. The simulation of EELS-mapping was conducted by a 

boundary element method calculation using NMPBEM toolbox which could work on Matlab [3]. The 

code takes account of Maxwell’s equation for a dielectric environment where metallic materials with 

homogeneous and isotropic dielectric function are separated by abrupt interface. 

Figure 1 (a) show two disconnected triangles with interparticle distance of 25 nm. The length of their 

sides and the thickness are about 82 nm and 10 nm, respectively. Figure 1 (b) and (c) are the 

experimental EELS-mapping obtained from integrated EELS signal intensity. Figure 1 (d) and (e) are 

the simulation results, which is conducted with same geometric size as the experimental results. Both the 

experimental data and the simulation data show that the short-wavelength resonant mode is excited at 

the inner corner of the two triangles.  

Figure 2 (a) and (b) are the experimental EEL spectra and the simulation results obtained from the outer 

corner and the inner corner where is indicated at Figure 1 (a), respectively. Each plasmon resonant 

energy identified by the spectra are shown above the spectra. We found the peak shift between the outer 

and inner corners, which reveals a coupling effect of LSPR occurred strongly at the position of 

interparticle with two vertices. 

Figure 3 is the simulation of EEL spectra at several interparticle distances. Au triangles have 85-nm 

length of their side and 10-nm thickness. The spectra of inner corner show that the plasmon resonance 

peak is shifting to the short wavelength as the distance is decreasing. Most efficient resonance of LSPR 

is realized at 5-nm distance.  



In summary, STEM-EELS was used to acquire EELS-mapping with spatial resolution of about 1 nm, 

and to investigate local spatial distribution of LSPR formed by coupling effect. Besides, these 

experimental and simulation results suggested that metal particles absorb shorter wavelength light 

efficiently by controlling the coupling effect without fine control of the particle’s shape and size [4].  
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Figure 1. (a) DF image of two triangles on a carbon film. (b) and (c) are experimental EELS-mappings 

of (a) obtained from integrated EELS signal intensity over the energy range of 1.80 ± 0.05 eV and 2.20 

± 0.05eV, respectively. (d) and (e) are the simulated EELS-mappings at 1.89eV and1.94eV, respectively. 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. (a)EEL spectra obtained from A (outer corner) and B (inner corner) indicated in Figure 1 (a). 

(b) is the simulated energy spectrum. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Simulated EEL spectra at different interparticle distances. Incident electron beam is positioned 

at outer corner (a) and inner corner (b). Au triangles have 85-nm side-length and 10-nm thickness. The 

triangles are placed in a vacuum environment. 


