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Abstract

Suspended gold nanorods with mean aspect ratio 2.5 have been synthesized via electrochemical method. Resonance scattering propertie
have been studied. Two scattering peaks fixed at 400 and 640 nm are due to the scattering of the gold nanorods via coupling to the transverse
and longitudinal surface plasmon resonance. The quasi-static calculation results indicate that with the increasing aspect ratio of the nanorods,
the longer wavelength scattering peak red shifts linearly and the shorter wavelength peak blue shifts non-linearly. When aafbect.r@fio
ellipse degenerate to sphere and the two peaks unite into one peak at 450 nm.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Nanorods; Surface plasmon resonance; Scattering; Aspect ratio; Quasi-static

1. Introduction gitudinal resonance due to the anisotropy of the shape were
observed3]. The ‘lighting’ gold nanorods were reported by
Gold nanorods have received much attention in recent Mohamed etal., gold nanorods capped with micelles and hav-
years due to their special electronic and optical propertiesing an aspect ratio of 2.0-5.4 are found to fluoresce with a
[1-5]. In the letter of Cepak and Martin, gold and silver quantum yield which is over a million times that of the metal
nanorods of diameter 40 and 90 nm and having a variety [4]. Previous studies by Qi et al. have demonstrated that both
of aspect ratios (length/diameter) were prepared using theultrasonication and electrode polishing could influence the
template synthesis approaft]. In the letter of Yao et al.,  generation of gold nanorods]. If a solid particle is illumi-
the two-dimensional arrays of various metal nanowires with nated by electromagnetic wave, electric charges in the obsta-
diameters ranging from 15 to 70nm have been fabricated cle will be set into oscillatory motion. Accelerated electric
by electrodepositing metals of Cu, Ag, Au, Ni and Co into charges radiate electromagnetic energy in all directions, this
the nanoholes of the anodic aluminum oxide (AAO) films, secondaryradiationis called scattering. Rayleigh scatteringis
followed by partial removal of the film. The strong surface- a light scattering phenomenon that electromagnetic radiation
enhanced Raman scattering (SERS) effects were observeénd material act each other and generate elastic collisions. If
from the metal nanowire arrays including Ni, Co metals that the wavelength of the incident beam is close to that of the ab-
were normally considered to be non-SERS active substratessorption band of the molecular particles, Rayleigh scattering
[2]. Electrochemical synthesis method and absorption spec-will deviate from the ordinary law and the intensity of some
tral features of gold nanorods were reported by Yu et al., two wavelengths will rapidly increase. This phenomenon s called
surface plasmon bands corresponding to transverse and lonresonance light scattering (RLf§)-8]. In recent years, RLS
as a new analytical technique has been applied to the study
* Corresponding author. Tel.: +86 29 267 2529; fax: +86 29 266 8004. and determination of some biological macromolecules, ion-
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and so or{8-12]. Our previous studies have reported on the
resonance light scattering from gold colloidal nanospheres
and nanoshells, which is result from the surface plasmon res-
onancq12,13]

Many theories have been developed in describing the opti-
cal responsesto noble metal nanoparticles.[Wi4]first de-
scribed the phenomenon theoretically by solving Maxwell’s
equations for a radiation field interacting with a spherical
metal particle under the appropriate boundary conditions.
Martin and co-workerqd15] have used and modified the
Maxwell-Garnett theory to model the absorption spectra of
gold nanoparticles. Simulation of the optical absorption spec-
tra of gold nanorods as a function of the aspect ratio has bee
made by Link et al[16,17] Their calculations show that the
absorption maximum of the longitudinal plasmon resonance
depends onthe aspectratio in alinear fashion. Kelly 1 8].
have reported the progress in the theory of nanoparticle op-
tical properties, particularly methods for solving Maxwell's
equations for light scattering from particles of arbitrary shape
in a complex environment. They discussed in detail the de-
scription of the qualitative features of dipole and quadrupole reir shapes are clearly distinguishable from the spheroidal
plasmon resonances for spherical particles; the analytical andshape.
numerical methods for calculating extinction and scattering
cross-sections, local fields, and other optical properties for
non-spherical particles.

In this paper, we report on the shape dependent resonanc
light scattering properties of gold nanorods. We have ob-

served that when the average aspect ratio of the gold nanorod The UV-vis ?peftrurp 20f5th|s gold naSO;Od sarr;ﬂelzl\\;lv:g;r&
is about 2.5, not single but two scattering peaks enhanced?V6'age aspectratio of 2.5 was recorded on a

from surface plasmon resonance display, which is different ;JV'Z(??IPC tshpetctrophotomelter. The band at 520hr}|mt|r? re-
from nanosphere. Furthermore, we discuss in detail the rela- erred fo as he transverse plasmon resonance, whiie the one

tion between average aspect ratio and resonance light Scatgenteredhat 65%__”.”1 IZS 'cl':ﬁ”(?ld the IongltudmgI p!asmon étleOI’p—
tering characters. ion, as shown iifrig. e fluorescence emission spectraare

recorded on a Perkin-Elmer LS 55 spectrophotofluorlometer.
Fixed the detection wavelength equal to the exciting wave-
length, we get the intensity of scattering light. Comparing the
relative intensity of scattering peaks with different exciting
wavelengths, we find that the resonance scattering peaks take
place at 400 and 640 nm, as showrfFig. 3.

Fig. 1. TEM image of gold nanorods.

g. Results and discussion

2. Experimental

Gold nanorods have been prepared via electrochemi-
cal method[3-5]. A gold metal plate (20 mm 10 mmx
0.5 mm) with purity 99.99% is used as the anode and a plat-
inum plate (20 mmx 10 mmx 0.5 mm) with purity 99.99%

is used as the cathode in the electrochemical cell. The space } E
between anode and cathode is about 2 mm. The electrolyte 'lIII g
solution consists of AgN@(0.03 g), CHCOCH, (100p.l), . £ Y
C32HgsBrN (0.026 g), [CH(CH>)15]N(CH3)3Br (0.1829), 020 - II'._ é ! !
NagCgHs07-2H,0 (0.028 g) and ultra-pure water (10 ml). A J .III

controlled current electrolysis is used throughout the process
for a current of 10 mA and an electrolysis time of 25 min.
The synthesis is conducted under an ultrasonication and a 15

stationary temperature at 42. The resulted solution has \
been aged at room temperature for 15 h and the color turns

from brown to purple-grey. The transmission electron micro- -
scopic (TEM) images are obtained by using a JEOL JEM- M0 400 480 500 S50 600 AA0 0O TS A0
200CX TEM, as shown ifig. 1 Then, we obtained nanorods Wavelangth (nm}

with mean aspect ratios 2.5 (average transverse diameters

is about 15nm and longitudinal length is about 37 nm). Fig. 2. UV-vis absorption spectrum of gold nanorods.
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