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Optomechanical Micromotion of Small Particles Induced by the Difference in Absorption
between Ground and Excited States of Molecules (Graduate School of Engineering science,
Osaka University) OMasato Mori', Syoji Ito!, Mizuki Hayasaka', Hiroshi Miyasaka'

Originating from the momentum change of photons, a photo-irradiated object experiences
photon pressure which is categorized into absorption, scattering, and gradient forces. The
absorption and scattering forces act in the incident direction of light, while the gradient force
directs the spatial gradient of light intensity. The absorption force under highly resonant
condition is generally strong and, can be applied to selective manipulation of nanoparticles and
photochemo-mechanical motion of microparticles synchronizing with the spectral band shift
due to photochromic reactions. Although the resonant optical manipulation so far has been
based on the absorption by ground states, the electronic excited states can also resonantly
couple with photons and the condition of which can be widely controlled in terms of energy
and time. The present study aims to pioneer an optical manipulation on the basis of the resonant
coupling between the excited states of materials and photons.

A polymer microparticle containing dyes such as anthracene derivatives were optically
trapped in water by near-infrared (NIR) laser pulses. The trapped particle was irradiated with
visible (VIS) laser pulses to generate excited states of the dyes with absorption bands in the
near-infrared region, which generated absorption forces due to transient absorption. By
changing the optical delay between the NIR and VIS pulses, the transient absorption force
acting on the particle was switched ON and OFF, leading to the reciprocal micromechanical
motion of the particle on the optical axis. The transient absorption force was quantitatively
evaluated through the detailed analysis of the micromotion.
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