Coated microspheres as enhanced probes for optical trapping
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ABSTRACT

In an optical trap, micron-sized dielectric particles in aqueous solutions can be held by a tightly focused laser
beam. The optical force on the particle is composed of an attractive gradient force and a destabilizing scattering
force. To optimize the trapping potential, we reduced the scattering force by using coated microspheres. The
shell of the particle was designed such that it acts as an anti-reflection coating. We made and characterized
such particles and found that in comparison with the uniform microspheres of the same diameter a more than
two-fold stiffening of the trap. Compared to larger spheres, we achieved an increase in trap stiffness of up to
10-fold. These results quantitatively agree with our calculations based on the generalized Lorenz-Mie theory.
By improving the trapping potential higher overall forces can be achieved with the same laser power, or vice
versa the same force can be reached by using less laser power. A higher maximal force increases the range of
possible experiments, and a reduced laser intensity leads to less photo-toxic interactions or laser heating relevant
for biological applications.
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1. INTRODUCTION

Optical tweezers are a sensitive position and force transducer widely employed in biophysics, colloid research,
micro-rheology, and physics.'”7 For many experiments, trapped microspheres—so-called beads—are the object
of interest or are used as handles for the measurements. In a high-numerical aperture focus, the beads can be
stably trapped if for the axial direction the gradient force in the direction of highest light intensity is larger
than the scattering force that pushes the particle away from the focus in the direction of light propagation. In a
geometric optics picture, to first order, the scattering force is proportional to the reflectivity which scales with
the square An? of the refractive index difference of the particle with respect to the surrounding medium. Due to
Snell’s law, the gradient force is to a first order approximation proportional to An. For a Rayleigh scatterer, the
same scaling is true.! Thus, eventually for high-refractive materials the scattering force dominates. This limits
optical trapping.

Based on arguments from geometrical optics, we hypothesized that using anti-reflection-coated microspheres
would reduce scattering and lead to stronger trapping. We designed, fabricated, and characterized polystyrene
(PS) microspheres coated with silica (SiOy) to test whether the trap stiffness of optical tweezers can be improved.
An overview of the results is presented elsewhere.® Here, we focus on the trap stiffness for coated and uncoated
microspheres, the linear range of detection and force, and the optimal coating parameters based on the Mie theory.
We observed for the coated microspheres that in addition to an increased trap stiffness, the linear range of both
the force gradient and the back focal plane positional detection was increased compared to uniform polystyrene
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