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Abstract Optical tweezers, a significant application technology of the laser, are capable of trapping
microscopic particles by photon linear momentum transfer. Currently, it is a vital member of the family of
micromanipulation tools as well as the precision measurement instrument of pico—Newton force spectroscopy.
Its invention does not only aroused vast applications in optics but also plays an important role, as a bridge, in
the interdisciplinary research. A short overview on the basic physical principles and concepts of optical
trapping over the latest 30 years is provided. Further, some important applications of optical tweezers in cell
biology, single molecular biology, the physics of colloidal systems and nano-science are presented as well as
the main technical features implied in these applications. Finally, we discuss and expect the perspective of
application of optical tweezers in the future.
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Fig.1 Schematic diagram of optical tweezer
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Fig.2 Multifunctional optical manipulation with novel light beams. (a) Bessel beam can be exploited to trap microparticles in multiple

planes™ (b) Airy beams can guide multiple particles along an accelerating trajectory™; (c) Laguerre—Gaussian beam has been used to

study the rotation dynamics of yeast cell in vortex optical tweezers™
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Fig.3 Spherical aberration of the micro—objective™. (a) Geometric optics representation of the refraction of a light beam focused in oil—

immersion objective; (b) trapping stiffness as a function of trapping depth for different types of objectives
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Fig.5 Differential detection of dualtraps. (a) Schematic diagram; (b) layout; (¢) experiment results
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Fig.8 Single chromosome sorting using optical tweezers™ ™" (a) A rice root meristem cell observed; (b) cell fragmented by the laser
scalpel; (c) fluorescent image of the same cell crushed by the laser scalpel, showing tiny bright rods clearly distinct from each other; (d)~
(f) chromosome remains in the centre of the black cross, whereas other oddments move away from the area as the stage moves; (g)~(h)
collection of the sorted chromosome using a capillary
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Fig.9 Stretching cells with optical tweezers™'. (a) Sketch of stretching; (b) stretching the cell with nocodazole treatment;

(c) stretching the cell with no treatment
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Fig.10 Raman spectra of vesicles by Raman optical tweezers'™ . (a) Aggregation part; (b) non—aggregation part
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Fig.11 Manipulation of the red blood cells in living animals®. (a) Schematic diagram of the trapping of red blood cells in the capillary
of a living mice; (b) optical tweezers clear a clogged capillary to restore the normal blood flow
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Fig.12 (a) Experimental diagram of kinesin movement by optical tweezers; (b) examples of two alternative classes of mechanisms for
processive movement by kinesin
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Fig.13 Resecarches of vWF with laser tweezers. (a) Structure of vWF; (b) experimental method; (c),(d) force on a molecular tether during
representative cycles of force increase, decrease, and clamping at a constant low level
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Fig.14 Experimental study of single ribosomes with optical tweezers”". (a) Principle diagram; (b) extension and force trajectories
during translation; (c) pairwise distance analysis of the extension trajectory
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Fig. 15 Microscopic approach to study colloidal stability”". (a) Diagram of two particles trapped in the optical trap; (b) particle pair in
the trap will separate upon release; (¢) particle pair in the trap has been coagulation; (e) two particle are connected, but not coagulation
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Fig.16 (a)~(e) Discrete trapping method for assembling colloidal aggregates™; (f) mechanical property for measuring particle aggregate"
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Fig.17 Instantaneous velocity of the Brownian particle using optical tweezers
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Fig.18 Electron spin resonance of NV centers in optically trapped nanodiamonds®”. (a) Experiment device;

(b)~(c) electron spin resonance of NV centers before and after turning on the trapping beam
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