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Chemically programmable optical forces:
from single particles to optical matter

Roger Bresoli-Obach’
[1] Institut Quimic de Sarria, Universitat Ramon Llull, Barcelona, Spain

e-mail: roger.bresoli@igs.url.edu

Abstract

Optical forces let us trap, move and assemble particles with light. Their strength and sign are
usually set by the optical configuration of the incident field and by the size and refractive
index of the particle. Once an experiment starts, these parameters stay fixed. We show that
chemistry adds a reversible control dimension. By shifting chemical equilibria and
photochemical states of the trapped object, we change its optical response and therefore the
force it feels. Two routes emerge. In the first, ground-state resonant absorption modulates
the linear polarisability of the particle.[1] In the second, excited-state dynamics, including
triplet-state populations, create nonlinear contributions to the force. Both routes modulate
trapping without any change to the optical set-up.[2] | will present single-particle
demonstrations and first steps towards collective optical matter that reorganises in response
to chemical stimuli. Together, these results turn optical trapping into a tool for physical
chemistry and point to light-driven materials whose structure follows their chemical
environment.
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Chemically Selective Optical Manipulation and Trapping via Molecular Vibrational
Resonance using Mid-Infrared Quantum Cascade Lasers
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Abstract

We demonstrate chemically selective optical manipulation and trapping using mid-infrared (MIR)
quantum cascade lasers. By tuning the MIR wavenumber to excite the fundamental vibrational
modes of target microparticles (such as Si-O-Si and C=0 bonds), MIR optical forces (absorption
force, scattering force and gradient force) are enhanced via molecular vibrational resonance.
First, we show that the particle velocity in evanescent fields correlates well with the MIR
absorption spectrum. Second, we demonstrate a spectrally sharp enhancement of MIR optical
forces within the Reststrahlen band, where the optical resonance exhibits metallic-like behavior.
Third, we present the recent results of mid-infrared optical tweezers. MIR light may offer a
promising new route for chemically selective material sorting.
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