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Optical Tweezers in Chemistry: Investigations on Single-
Molecule Protein and Aerosol

Shun-Fa Wang *, Yu-Tung Wu

Abstract

Optical tweezers, a powerful state-of-the-art technique utilizing a tightly focused laser
beam to three-dimensionally trap and manipulate micrometer/nanometer-scale matters in
solution or air, have been substantially applied to diverse research fields including physics,
chemistry and biology. This technique possesses great advantages of spatial controllability
and non-contact trapping for the small matters. Thus, various exploratory studies, e.g.,
quantum mechanics, molecular nucleation and photophysics, have been developing by taking
advantage of optical tweezers. In this paper, we elucidate the trapping fundamentals of optical
tweezers for a micrometer-sized particle and introduce a few groundbreaking works in single-
molecule protein/DNA and atmospherically aerosol chemistry with optical tweezers. The
biophysical properties of a single-molecule protein and DNA are investigated by estimating
the optical force of a microparticle trapped by optical tweezers. On the other hand, a
micrometer-sized aerosol in air is trapped by optical tweezers, and its chemical reactions in
different atmospheric environments are revealed using Raman spectroscopic analysis. The

details of these intriguing works will be elaborated in the main text.
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