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Optical Properties of Gold Nanoparticles: Shape and Size Effects
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Abstract- Nobel metal nanoparticles (NPs) are widely used in various applications including optical and
biological sensors, biomedicine, photocatalysts, electronics, and photovoltaic cells. Optical properties of gold
NPs are surveyed in this paper under the Surface Plasmon Resonance (SPR) effect, which increases the light
absorption and scattering at the SPR wavelength. This SPR frequency depends on the various factors, including
the shape and size of the particles. Here, the optical response of gold NPs with different shapes and sizes is
investigated using the finite element method (FEM) with COMSOL Multiphysics. The results show that the
bandwidth, amplitude, and SPR wavelength depend on the shape and dimensions of the NPs as well as the
polarization of the incident light. The SPR wavelength changes from 515 nm to 760 nm for different shapes of
the NPs. To study the size effects, the spherical NPs absorptions are determined for different NPs size. As the
particle size increases, absorption per unit volume decreases, and the bandwidth increases.
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1. Introduction

As the dimensions of the material decrease to the nanometer scale, their magnetic, electronic, and optical properties change.
The optical properties of the noble metal NPs are dominated by the surface plasmon resonance (SPR) phenomenon. This
phenomenon is related to the collective oscillation of the metal NPs free electrons under the electromagnetic waves (EMWs)
excitation, and result in an absorption pick in a wavelength, known as SPR wavelength. So, these NPs are proposed in a wide
range of medical and photonic devices applications [1-3]. The optical properties of metal NPs depend on the structure,
composition, and shape of the NPs. Such effects have been studied, experimentally as well as theoretically, by different groups
[4-7]. In these works, absorption and/or extinction coefficient were reported for different shapes of NPs. In this paper, are
studied the shape and size effects of the gold NPs on their optical properties. For this, are calculated the absorption and
scattering cross-sections (CSs) of the NPs by different shapes and sizes, using COMSOL Multiphysics®.

2. Model

The FEM method is used to model the NPs in the dielectric medium, using the COMSOL Multiphysics® software package.
A scattering calculation is used, instead of the full field calculation, wherein a background field with a specific polarization
is applied as the source to excite the particle. The model calculates the Helmholtz equations for EMW and the emerged results
are obtained using a perfectly matched layer (PML) as an absorber layer in the outer domain of the modeling environment.
The thickness of the PML must be at least equal to half of the local wavelength of the EMW in the dielectric media (4o/ 2n,
in a media with a refractive index of #) and the same distance must be considered between the PML and the active region of
the modeling domain (i.e. NP in the present work). The scattering boundary condition is used at the outer boundaries of the
PML to ensure that the light cannot be reflected in the modeling domain. The absorption and the scattering CSs are obtained
from equations 1:
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around it, respectively. J, E, H, S, and n represent current density, electric field, magnetic field, Poynting vector, and the
normal vector of particle surface respectively [8]. The model is first validated by comparing the results for a spherical
nanoparticle with those obtained using Mie theory [9].

3. Shape effect

To investigate the effect of NPs shape on the optical properties, the absorption and scattering CSs per particle volume are
compared for different shapes of spherical, ellipsoid, cubic, and triangular NPs. For asymmetric particles, in which the
intensity of absorption depends on the polarization of the incident light, effective polarization (polarization with the highest
absorption intensity) is considered. The results are shown in Figure 1. The arrows, indicated on each particle, represent the
effective polarization of the NP. The SPR wavelength for spherical, cubic, elliptical, and triangular particles is located at 515,
580, 640, and 760 nm, respectively (Figure 1a). The SPR bandwidth depends also on the particle shape (see inset in Figurela).
The absorption bandwidth for cubic and elliptical NPs are wither than those the spherical and triangular NPs. This
phenomenon can be related to edge mode and multipolar effects [2, 10]. The absorption and scattering amplitude increase for
the NPs with more edges and vertices (triangular and cubic shapes). For such shapes of NPs, several SPR peaks may be
observed and the SPR wavelength is located in longer wavelength. These behaviors have also been reported by many authors

[2].

4. Size effect
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Figure 1. Absorption (a) and scattering (b) cross-section per particle volume fo wavelength

elliptical (15x7x7 nm), triangular prism (8x50x55 nm) and rectangular cube (:

direction of light polarization. The insets show the normalized absorption values Figure 2. Absorption cross-section per NP volume for

gold spherical NPs by different radii 0f20, 50, 70, and 100
nm. The inset shows the normalized absorption CS per NP

To study the NPs size effect on the optical properties, the absorption volume.

CS per particle volume is calculated for spherical NPs with different

sizes, varying from 20 to 100 nm of the radius. The results are presented in Fig. 2. It can be seen that as the particle size
increases, the absorption per unit volume decreases, and the SPR bandwidth increases, but the SPR wavelength doesn’t change
significantly in this range of NPs size (see the inset in the Fig. 2). It can be also seen that another SPR peak, located at a longer
wavelength, appears for large particles. This effect can be contributed to the electric multipolar effects. In fact, for the particle
with a dimension very smaller than the incident electromagnetic wavelength, just electric dipole may be excited, but for the
particle with a size comparable by the incident EMW, the electric multipolar can be excited [11,12].

5- Conclusion

In this communication, were studied the shape and size effects of NPs on their optical properties. The results showed that the
shape of the NP affects the SPR wavelength and amplitude. The SPR wavelength of NPs with sharp edges and vertices
(triangular and cubic shapes) shows a redshift comparing with other NPs shape and their absorption and scattering CSs
amplitude are more significant. Moreover, the SPR bandwidth and amplitude depend on the particle size.
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