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Research Progress on the Optical Properties of Gold Nanorods
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Abstract: Gold nanorods exhibit unique and tunable surface plasmon resonance (SPR) derived optical

properties in the ultraviolet-visible-near infrared (UV-Vis-NIR) region. The high stability, low biological
toxicity, bright color, and versatility of gold nanorods have inspired an explosion of research interest in their
properties and applications (which include roles in catalysis, data storage, and biomedicine). This paper
presents a brief overview of current research progress on the optical properties of gold nanorods, including
surface plasmon resonance, local field enhancement, plasmon coupling, fluorescence, and application

outlook.
Key Words: Gold nanorod; Surface plasmon resonance; Localized field enhancement;
Plasmon resonance coupling; Fluorescence
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Fig.1 Schematic of two plasmon resonances of
metallic nanorods
(a) SPRr of nanorod, (b) SPR. of nanorod; T: transverse, L: longitudinal
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Fig.2 (a) Calculated absorption spectra of the Au
nanorod; (b) linear relation between the longitudinal
plasmon band position and aspect ratio*
In Fig.(a), different aspect ratio: 10, 8, 6, 4.5, 3.5, 1.8
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increasing particle size

E3 FRERZERENKRIKS EHARERRKRRTERRARES B F RMR(TEM)E *

Fig.3 Photographs of aqueous solutions and TEM images of Au nanospheres and Au nanorods as

a function of increasing dimensions*

scale bar=100 nm; (A) Au nanospheres, (B) Au nanorods
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Fig.5 FDTD simulation of local field enhancement on the tip of Au nanostructures™
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Fig.6 Simulated absorption spectra using FDTD for five-fold twined Au nanorods dimer arranged in
different configurations
(a) absorption spectra as a function of inter-particle distance for two Au nanorods (dimensions: 20 nmx60 nm, i.e., aspect ratio r=3) aligned
end-to-end along Z axis; (b) absorption spectra for monomer (solid line: /=3 and dash line: 7=6) and a pair of Au nanorods (dot line, =3, spacing=1
nm) aligned end-to-end along Z axis; (c) absorption spectra as a function of inter-particle distance for a pair of Au nanorods (+=3) aligned
side-by-side along the Z axis. inset: absorption spectra for monomer (solid line, 7=3) and a pair of Au nanorods (dash line, spacing=0.1 nm) aligned

side by side. For all calculations, rods are immersed in a homogeneous medium with a refractive index of 1, the polarization is along the Z axis.
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Fig.8 (A) Scattering spectra of various Au nanorod dimers; (B) plasmon hybridization schemes for dimers in different
geometric arrangements; (C) surface charge density of coupling gold nanorods dimer calculated using discrete dipole
approximation (DDA)*

Inset in Fig.(A): electron micrographs of the same dimers showing the different configurations, scale bar =100 nm;

(B) red x means impossible configurations; (C) interparticle separations are all 1.5 nm.
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Fig.9 (a) Configuration for simulating the coupling of the long Au nanorod with the resonant and non-resonant short rod;

(b) optical spectra of the long Au nanorod coupled with resonant (line 2) and non-resonant (line 1) short rods, and

optical spectrum of isolate long Au nanorod (line 3)

112

(a) resonant rod: m=1 mode at 1268 nm, non-resonant rod: m=1 mode at 723 nm. The separations between the nanorods are 10 nm in both cases.

The arrow indicates an additional peak induced by the resonant short rod.
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CTAB: cetyltrimethylammonium bromide, EDC/NHS: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hychloride/N-hydroxysuccinimide, Y: herceptin
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