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Top left: Simulation of optically induced force of dimers of Ag nanoparticles. The net 
force changes sign with particle separation. Top right: Dark-field microscope image 
of 2 Ag NPs in an optical ring trap. Bottom left: Experimentally measured motion of 
heterodimer and homodimer; heterodimer motion is toward the larger particle. 
Bottom right: Experimentally observed motion of our asymmetric structures, Au 
nanostar dimer (top) and Ag nanoparticle cluster (bottom) in a ring trap (see videos).

 Nonreciprocal Forces on Optically 
Trapped Nanoparticles

R ecent theoretical work demonstrated that 
broken symmetry in pairs of dissimilar 

nanoparticles trapped in an optical fi eld will 
result in asymmetric scatt ering and in motion 
of the pair in a direction perpendicular to the 
incident light’s propagation direction.1,2 We 
recently observed this predicted directed motion 
in experiments, a development that forms a basis 
for optically controlled nanomotors.3

In an optical fi eld, numerical calculations 
suggest that conservation of momentum in the 
combined nanoparticle–fi eld system causes 
an asymmetric heterodimer, two electrody-
namically bound particles of dissimilar size, 
to move in a directed fashion toward the larger 
particle, when separated by a distance of one 
wavelength. Conversely, a trapped homodimer 
of two identical bound particles will not expe-
rience a net force in the transverse direction. 

In our work, we observed the predicted 
directed motion on heterodimers composed of 
Ag nanoparticles of 150 and 200 nm, trapped in 
an optical ring with no driving force.3 When we 
trapped a homodimer, we observed only Brownian 
motion of the bound pair. When a heterodimer 
was trapped, however, we saw directed motion 
toward the large particle, regardless of dimer 
orientation. Furthermore, the net force on the 
heterodimer, and hence the direction of motion, 
depended on the interparticle separation; when 
the particles were separated by distances of half-
integer wavelengths, the motion was toward the 
smaller particle, a behavior that matched theo-
retical predictions.

We further generalized the asymmetric scat-
tering-induced directed motion to inherently 
asymmetric structures such as Au nanostars 
and Ag nanoparticle clusters. In these experi-
ments, we used linear polarization to eliminate 
the eff ects of rapid rotation. In both cases, we 
observed strongly driven motion, the direction 

of which varied with the orientation of the 
structures.

The putatively "nonreciprocal" motion of 
asymmetric optically bound nanoparticle arrays 
demonstrates that forces and torques can be 
controlled on the nanoscale via engineering of 
the fi eld scatt ered from optically trapped struc-
tures. These nanostructures can be used as the 
foundation for optically controlled nanomotors, 
with further control achievable by chemi-
cally or optically engineering the nanoparticle 
interactions and interparticle separation. Such 
nanomotors are expected to be important for 
many applications, ranging from biological 
sensing to materials science.4  OPN

Visit www.osa-opn.org/optics-in-2019 to view the 
video that accompanies this article.
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