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Message to the “Nano-Material Optical Manipulation” project
Kishan Dholakia (University of St. Andrews, UK)

In science fiction, one is quite familiar with the idea of moving objects using laser beams, evoking concepts
such as a “tractor beam”. In the laboratory science fiction turns into science fact: a powerful technique known
as “optical tweezers” shows that micrometre-sized particles (and even biological material and atoms) can be
grabbed, moved and generally manipulated without any physical contact using optical forces. This is a
powerful demonstration of the optical dipole or gradient force in action. Such “optical tweezers”, based
primarily on Newton’s laws and fundamental optics have enabled unprecedented insight about biological
molecules such as DNA and molecular motors. In the microscopic world of optical tweezers, researchers are
now harnessing these systems to study a host of science: this includes advanced colloidal interactions,
dynamics of particles in various potentials (with strong analogues to atomic systems), insights into
superconductivity, optically bound matter, studies of the optical angular momentum of light, magnetic flux
line pinning, thermodynamics, microfluidics and motor protein transport. The list is ever growing.

The “Nano-Material Optical Manipulation” project fits within this area and aims to advance optical force
methodology for mechanical manipulation. This refers to the trapping, transportation, positioning, and
alignment of individual nano-objects. Whilst dielectric beads are a good precursor for these studies, the
ultimate aim is exerting forces on molecules and quantum dots that exploit their individual properties. In turn
this would result in new ways to create structural order via microscopic substances. Examples of this would
be the growth of crystal structures or new larger scale heterostructures and even new types of materials. To
achieve this technological goal with nanoobjects, this project has a strong component comprising the tailoring
of applied optical forces notably using linear and nonlinear optical responses including their quantum
mechanical behavior. Unique aspects supplied by optical forces in this consortium will lead to new studies in
optical sorting, using different quantum resonance conditions to select specific particles, a kind of bottom up

tailoring of crystal morphology and alignment. Finally, there are prospects for controlling and directing
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chemical processes by molecular diffusion and condensation. Overall, the aim of the project is very well
grounded and right at the cutting-edge of the field. Whilst optical forces and applications have a long history,
relatively little attention has been paid to the aforementioned areas which show new and promising directions
at the nanoscale. The exciting and complementary blend of experience in the project consortium can
particularly exploit new directions using novel materials, chemistry approaches as well as quantum features in
a way hitherto not seen to realise major world recognized results in these areas. I strongly encourage this is the
coming stages of the grant.

The present project aims to exploit optical forces in a novel, powerful way for the non-contact manipulation
(trapping, transportation, positioning, and aligning) of individual nano-objects, such as molecules and quantum
dots. This would lead to new routes for ordering and structure formation. Some key facets of the work were
shown that demonstrated the major advances of the present study by the consortium. A first example is the use
of resonance. Here data was shown using both theory and experiment of using resonance — selectively tuning
to an internal energy difference in the system — to initiate studies such as optical sorting. Various examples of
sorting and particle selection were shown. An exciting, visionary example was the sorting and selection of
nanodiamonds with differing NV centres. These particle shave come to major international prominence due to
their special properties for next generation sensors and imaging capabilities. Other areas here include the
formation of tractor beams and using nonlinear resonances. Other topics here include selective transport of
quantum dots where we might aim to create monodisperse samples. Engineering of microstructures with lasers
also featured prominently. This included the use of optical vortex fields — light beams with a ‘zero’ (phase
singularity) at the beam centre and possessing orbital angular momentum — used for creating ‘spiralling’
structures. Rotational and translational motion of particles using plasmonic enhancement and control of forces
was a further area of study. I would also like to commend the consortium on nurturing and forming the basis
for new future studies by incorporating a strong component of chemistry and associated technologies to the
project. The chemistry adds a strong new degree of freedom for particle manipulation by tailoring samples and
particle-particle interactions in a way that cannot be achieved purely using physics. Finally, I found the work
at low temperatures very important and timely. This is likely to yield surprising new insights of major
importance in the field of optical forces and is a further example of work that has a unique, world leading
aspect in this project.

It is evident that a large number of researchers from a variety of fields such as physics, chemistry, and
engineering have joined this project leading to good future prospects by integrating methods from different
fields. I was very impressed to learn of the several “training dojos” where young researchers can learn methods
of different fields, thus strongly promoting collaboration across the consortium and using the ability of young
researchers.

I appreciate extended efforts by the project to bring together people for future jointly authored high-level
publications. The project may also consider a further detailed prioritization of the most ambitious and far-
reaching goals and take appropriate steps to fulfill these aims. I strongly advocate incorporation of the
materials/chemistry aspects which I think brings a near unique international angle to the project and could lead

to startling new breakthroughs.
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