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Plasmonics: Versatility of surface electromagnetic waves confined in metal 

nanostructures 
 
The color of stained glass, which 
decorates a Gothic cathedral, is 
caused by metal nanoparticles or 
metal oxide.  Especially, the wine 
color is originated from gold 
nanoparticles, whose diameter is a 
few tens of nanometers.  This 
wine color of gold nanoparticles is 
obviously very different from that 
of gold, and the color is caused by 
surface plasmons.  When light 
shines on gold nanoparticles, the 
electric field causes oscillation of 
the free electrons contained in 
them. The strength of the 
oscillation depends on the 
frequency of incident light, the 
metal of the particle, the particle 
size, the particle shape and so on.  
In the case of gold nanoparticles, the electrons strongly oscillate in green light absorbing 
its energy.  Thus, the gold nanoparticles produce wine color that is the complimentary 
color of green. 
 
Electron density waves in bulk metals are called “plasmons,” which are longitudinal 
waves and do not interact with light, which is transverse wave.  However, at metal 
surfaces they can couple with each other.  This state is called “a surface plasmon 
polariton,” sometimes polariton is dropped.  The study of surface plasmons was initiated 
at the end the nineteenth century by scientist such as Sommerfeld, Mie, Wood, 
Maxwell-Garnett.  Recently, surface plasmons have attracted much more attention 
because they can confine and enhance an electromagnetic field in nano-dimensions and 
hence are very promising for nanotechnology. 
 
Many applications in plasmonics have been reported so far, including surface enhanced 
Raman scattering, bio-affinity sensors, nanowaveguides, extraordinal transmission, 
beaming effects, band gap effects, perfect lenses, and near-field optical microscopes. 

Fig. 1. Various metallic nanostructures supporting 
surface plasmons except for bulk metal. 
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Creating Metal Nanostructure by Light             
 

Metal nanoparticles, such as Au, Ag and Cu, show characteristic optical absorption 
in the visible-near infrared wavelength region. The absorption is due to the excitation of 
the collective oscillation of electrons in metal nanoparticles. The oscillation is called 
plasmon. Electromagnetic filed induced by plasmon is highly localized in the nanometer 
scale region at the surface of the metal nanoparticles. Direction and strength of the filed 
can be controlled by changing intensity, wavelength, and polarization angle of the 
illumination light. Thus if the localized field can be utilized to induce electrochemical 
reactions, such as metal dissolution and deposition, the effect can be applied to change 
and/or control the metal nanostructures.  

 
We have demonstrated that selective excitation of a specific surface plasmon mode 

of metal nanostructures can be employed as a perturbation for effective structural 
control.  Useful effects on the particle-interaction and highly localized electrochemical 
reaction were found in several nanostructured metal systems (Figure).  Highly localized 
filed also allows us to obtain the information of very small number of molecules, down to 
the single-molecular level, 
at the ultra small space. 

 
The phenomena can 

be applied as novel 
method to control, 
manipulate, and detect 
metal nanostructures in 
the size region between a 
few nanometers and a 
hundred nanometers, 
which has bee recognized 
as an undeveloped size region of the present nano- technology.  
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Figure. Metal nanostructures prepared by controlled aggregation (left), 
dissolution (middle), and deposition (right) via plasmon excitation. 


