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Optical Manipulation of Microparticles using Photon Pressure due to Stimulated Emission of

Dye Molecules
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A photo-irradiated particle experiences mechanical pressure originating from the momentum
change of photons. Photon pressure can be classified into scattering, absorption, and gradient
forces. The scattering and absorption leads to the movement of the particle toward the direction
of light propagation, while the gradient force is in proportion with spatial gradient of light
intensity and it traps a particle at the focal point of a laser beam under the condition that the
refractive index of the particle is larger than the surrounding medium. As a result of these three
kinds of photon pressures, small particles are under the controlled manipulation.

Recently, we have demonstrated the micromechanical motion of small particles by switching
the absorption force through the change of resonance (photo-absorption) conditions using the
photochemical reaction. Although the absorption force generally acts toward light propagation,
a negative absorption force can be expected when molecules in a particle exhibit stimulated
emission by the trapping laser. In this study, we aimed to detect this negative photon pressure.
A PMMA microparticle containing Styryl 9M dyes was optically trapped in solution with a
near-infrared pulsed laser. The particle was photoexcited with visible pulses to produce excited
states of the dyes, and the stimulated emission was induced by the trapping pulses. From the
comparison of the motion between the presence and absence of the visible excitation light for
the dye, we quantitatively investigated the effect of the stimulated emission for the particle
under the trapping.
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