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Abstract

An Investigation of Optical Properties of Metal Nanoparticle Arrays by the
Discrete Dipole Approximation Method

Samira Radfar

In this thesis, we studied the surface plasmon resonance in single nanoparticles and 1D and
2D nanoparticle arrays by the Discrete Dipole Approximation method by the DDSCAT
software. By changing the effective factors in surface plasmon resonance such as size, shape,
type of material, number of nanoparticles in arrays, their interparticle spacing, their
arrangement in arrays, and the dielectric of surrounding medium, we obtained the absorption,
scattering, and extinction efficiencies. By plotting the absorption, scattering and extinction
efficiencies, we investigated the influence of the above factors changes. Also we plotted the
profile of the electric field by Mayavi2 software. The results show that the increase in
nanoparticles size, refractive index of surrounding medium, number of nanoparticles, aspect
ratio of nonspherical nanoparticles, and also the decrease in interparticle spacing lead to an
increase in absorption, scattering, extinction efficiencies, and red shift in surface plasmon
resonance peak. Greater nanoparticles have higher red shift by increase in the medium
refractive index. In longitudinal mode, the maximum of electric field intensity between
nanoparticles is observed and increases when the size of nanoparticles increases or their
interparticle spacing decreases. At nonspherical nanoparticles, the maximum of electric field
intensity resides in the sharp edges. In transverse mode, by changing the effective factors in
resonance, the main effects are not observable and it seems that the transverse mode does not
favor for interparticle interactions. In this mode, the electric field intensity between
nanoparticles has no maximum, but on the other two sides of the particles, which are along
the electric field direction. Silver nanoparticles have more intense and sharper plasmonic
resonance and more extinction efficiency than gold nanoparticles, with a wider range of field
variation intensity. According to these results, suitable properties of nanoparticles and their
surrounding medium that causes an increase in efficiency and improvement of methods in
different areas such as solar cell applications is obtained.

Keywords: metal nanoparticle arrays, surface plasmon resonance, Discrete Dipole
Approximation method.
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V.D = (-Y)
V.H = (Y-Y)
1 0H
10D
VXxXH =T (f-Y)

D(w,KkK) = ¢(w,K)E(w,K) ©-Y)
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