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Message to the “Nano-Material Optical Manipulation” project
Pavel Zemanek

(Institute of Scientific Instruments of the Czech Academy of Sciences, Czech)

Within the past five decades, light-induced confinement and transport of physical objects - once
merely an interesting peculiarity and a popular attribute of science fiction books and movies - has
firmly established itself as a precise, versatile experimental technique with applications in a variety
of research fields ranging from natural sciences, to engineering and medicine. For the field of optical
manipulation, this successful path to the spotlight began in the early 1970's by a series of pioneering
articles authored by Arthur Ashkin and culminated, from the point of recognition, in 2018, when he
was awarded the Nobel Prize in Physics ,,for the optical tweezers and their application to biological
systems". This outstanding scientific achievement followed two other Nobel Prizes in Physics that
were previously awarded in 1997 for groundbreaking experiments exploiting the transfer of
momentum carried by light for cooling of individual atoms and in 2001 for forming Bose-Einstein
condensates - macroscopic physical systems that display quantum coherence. In this context, it is
quite appropriate to stress that in the 1990°, a multitude of very important contributions to the
development of this field also came from Japanese groups led by sensei Hiroshi Masuhara and sensei
Satoshi Kawata, who have since educated and trained many excellent followers. It was my real
pleasure to see many of these researchers collaborating in the “Nano-Material Optical Manipulation”

project, which has without any doubt led to a strong revival of optical trapping activities in Japan.

Since its inception, the “Nano-Material Optical Manipulation” project has enhanced the methods
and technologies based on optical forces to a qualitatively new level that allows selective

manipulation with individual nanoobjects (e.g., molecules, quantum dots, and nanodiamonds

URL : http://optical-manipulation.jp/
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containing NV centers), exploration of inter-particle interactions to control formation of hierarchical
structures made of particles with carefully tailored structural and material properties, or steering of
chemical processes using selective optical manipulation with reactant molecules. The research
activities carried out within the project strategically employ the available technological infrastructure
of the participants to explore novel optical manipulation methods, e.g., in cryogenic environments, at
interfaces between two liquids, on the surface of black silicon or in the vicinity of tapered optical
fibers. These advanced experiments combine nanofluidics with optical micromanipulation and
exploit methods based on near-field optical vortices, carbon nanotube cantilevers and nonlinear
optical properties of manipulated objects. In a fully unique approach, fruitful collaborations between
physicists and chemists joined in the consortium have paved the way to a novel field of “optical
trapping chemistry”. Among the first results of this project belonging to this new scientific field, I
would like to highlight light-induced chiral arrangements of molecules, formation of amyloid fibrils
by optical trapping, crystallization controlled by light polarization, tuning of optical properties of
semiconductor and metal nanoparticles, or switching of the optical forces through photochemical
reactions. The results of the project research activities are regularly published in top scientific journals
(including the Nature family) and the intellectual property obtained through some of them has been

protected with patent applications.

Overall, I am impressed by the multidimensional functionality and impact of the project which

» meaningfully interconnects complementary research groups across Japan to boost the
scientific agenda in the field of light-induced manipulation and transport,

« effectively informs all the participating groups about the details of the project activities, which
supports collaboration and eliminates duplicities in funded research,

* shares expensive equipment among different groups, leading to more efficient funding and
strengthening of synergies within the project,

» employs world-class mentors to lead training “dojos” where young researchers are efficiently
trained to gain expertise in methods from dissimilar scientific fields, and

* establishes effective multidisciplinary collaborations between physicists, chemists, and

engineers, paving the way to the novel discipline of “optical trapping chemistry”.

URL : http://optical-manipulation.jp/
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From my point of view, one of the most important points in this interdisciplinary Project is the
organization of “training dojos” where young researchers coming from very different backgrounds (from
Physics, Chemistry to Engineering) can learn very different methods and approaches which contributes
to the synergy of the research teams. This is not only a key point in the development of the Project but
also an investment for other future emerging technologies which certainly will be strongly based on
interdisciplinary research efforts. I do really miss the existence of a common Post-graduated (PhD)
program or a coordinated Master program to generate a common knowledge and train a new generation
of scientist ready to use “optical-force-based” technologies in many different areas of science and

technology.
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