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Abstract
The optical torque exerted on a gold nanorod (Au-NR)

as irradiated by a polarized laser beam is theoretically
studied. Using the multiple multipole (MMP) method, the
EM field around an Au-NR irradiated by a polarized plane
wave is simulated, and then the wavelength-dependent
optical torque in terms of Maxwell stress tensor is
analysed. In addition, the plasmonic heating of the laser on
Au-NR is also studied. The numerical results can help us
to evaluate the resultant torque exerted on an Au-NR of
specific size and aspect ratio by a laser of specific
wavelength and fluence quantitatively. Our results show
that the optical torque is dependent on the wavelength and
the angle between the laser’s polarization and Au-NR’s
orientation. Moreover, the optical torque depends on the
size and aspect ratio of Au-NR. According to our analysis,
the 1064-nm laser is applicable to rotate and align an Au-
NR with less plasmonic heating.

1 Introduction
Using a focused and polarized CW laser beam to

provide optical force and torque is an important approach
of optical tweezers for optical manipulation and
fabrication of nanostructures. Recently, this technology has
been used to rotate and align gold nanorod (Au-NR), gold
nanowire, silver nanorod and nanowire [1-6]. Due to the
surface plasmon resonance (SPR) of Au-NR, the optical
trapping and rotation of optical tweezers exerted on Au-
NR are different from the dielectric anisotropic structures.
For a gold nanorod (Au-NR), there are two different
optical behaviours: transverse surface plasmon resonance
(TSPR) and longitudinal surface plasmon resonance
(LSPR), where LSPR is tuneable according to its aspect
ratio (AR). The Nd: YAG laser of 1064 nm is usually used
to rotate and align Au-NRs, because 1064 nm is off-
resonant and red-shifted from the peak of Au-NR’s LSPR
so the plasmonic heating on Au-NR is very small to avoid
the thermal deformation of Au-NR. In contrast, the laser of
532 nm, close to the interband transition of gold (the TSRP
overlaps with the absorption band), is not suitable for the
alignment of Au-NR, because the plasmonic heating is
severe.

In this paper, we used MMP method to simulate the EM
field of Au-NR irradiated by a plane wave. In the previous
works, this method has been proven its applicability for

the simulation of nanorod’s optical responses [7-10].
Subsequently, we calculated the Maxwell’s stress tensor of
the external field to obtain the resultant torque.

2 Theory
The orientation angle of an Au-NR with respect to the

laser’s polarization direction is denoted by  . For a
harmonic field, the average Maxwell stress tensor T of the
external field is defined as
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where  the  permittivity and permeability of the
surrounding medium are used. The external electric and
magnetic fields are the total fields outside the nanoparticle;
i.e. the combination of the incident and scattered fields. In
Eq. (1), the symbol * denotes the complex conjugate, and
Re is the real part of a complex number. The induced
optical torque M exerted on Au-NR by the incident field
are
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3 Results and Discussion
In the following simulation, the surrounding medium is

water. We assume that the shape of Au-NR is a cylinder
with two semi-spheres at the two ends as depicted in
Figure 1. The optical torques exerted on this Au-NR of

4AR  and 20r nm irradiated by a laser with fluence of
25 MW/cm2 are shown in Figure 2 for various  (15o, 30o,
45o, 60o, 75o). In addition, the absorption efficiency is
shown in Figure 3. For these cases, the order of magnitude
of optical torque exerted on Au-NR is about 102 pN-nm.
Figure 3 shows that the peak of the absorption efficiency is
at LSPR, 955 nm. Both optical torque and the absorption
efficiency depend on . The maximum torque occurs at a
smaller . However, the plasmonic heating is more severe
for a smaller . Moreover, the maximum optical torque
can be obtained when the laser’s wavelength is closed to
LSPR. However, the most severe plasmonic heating is also
at LSPR. Therefore, it is a trade-off problem to choose the
optimal laser for rotating an Au-NR of specific size and AR.
According to our analysis, the 1064-nm laser is applicable
to rotate and align an Au-NR with a compatible torque
and less plasmonic heating.
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Figure 1 Configuration of Au-NR irradiated by a z-polarized
plane wave with y-incidence. The angle between the long axis of
Au-NR and z axis is.

Figure 2 Optical torque exerted on Au-NR of 20r nm and
4AR  at different angles in water irradiated by laser with

fluence of 25 MW/cm2 at various wavelengths.

Figure 3 Absorption efficiency of Au-NR of 20r nm and
4AR  at different angles in water versus wavelength.

4 Conclusions
The wavelength-dependent optical torque exerted on an

Au-NR irradiated by a polarized laser beam was studied
theoretically. We used MMP method to simulate the EM
field of Au-NR irradiated by a plane wave. Subsequently,
we calculated the Maxwell’s stress tensor of the external
field to obtain the resultant torque. Our numerical results
illustrate that the induced optical torque depends on the
size and AR of Au-NR. For example, for Au-NR of AR= 3
and r= 20 nm with different orientations with respect to the
laser’s polarization, the optical torques exerted by lasers of
different wavelengths were demonstrated.
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