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Particle-motion-tracking Algorithm for the Evaluation
of the Multi-physical Properties of Single Nanoparticles
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Abstract

The physical properties of biomaterials are important for their isolation and separation from body fluids. In particular, the precise eval-

uation of the multi-physical properties of single biomolecules is essential in that the correlation between physical and biological prop-
erties of specific biomolecule. However, the majority of scientific equipment, can only determine specific-physical properties of single
nanoparticles, making the evaluation of the multi-physical properties difficult. The improvement of analytical techniques for the eval-
uation of multi-physical properties is therefore required in various research fields. In this study, we developed a motion-tracking algo-

rithm to evaluate the multi-physical properties of single-nanoparticles by analyzing their behavior. We observed the Brownian motion

and electric-field-induced drift of fluorescent nanoparticles injected in a microfluidic chip with two electrodes using confocal micros-
copy. The proposed algorithm is able to determine the size of the nanoparticles by i) removing the background noise from images, ii)
tracking the motion of nanoparticles using the circular-Hough transform, iii) extracting the mean squared displacement (MSD) of the

tracked nanoparticles, and iv) applying the MSD to the Stokes-Einstein equation. We compared the evaluated size of the nanoparticles

with the size measured by SEM. We also determined the zeta-potential and surface-charge density of the nanoparticles using the

extracted electrophoretic velocity and the Helmholtz-Smoluchowski equation. The proposed motion-tracking algorithm could be

employed in various fields related to biomaterial analysis, such as exosome analysis.

Keywords: Multi-physical properties, Single-nanoparticle, Motion-tracking algorithm, Brownian motion, Mean-squared dis-

placement
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Fig. 1. (a) Schematic of measurement process to observe the motion
of nanoparticles with confocal microscopy. The fluorescent
polystyrene(PS) nanoparticles within 0.1x PBS was injected
in the microfluidic channel. To evaluate the zeta-potential of
nanoparticles, a constant current was applied to electrodes by
using a SMU. (b) Equation models for evaluation of the
size(left) and zeta-potential(right). The size of nanoparticles is
calculated from the Stokes-Einstein equation, and the zeta-
potential of these are calculated from the Helmholtz-Smo-
luchowski equation.
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Fig. 2. (a) Flow-chart of the motion-tracking algorithm based on the
circular-Hough transform. (b) In manual, 17 particles were
captured in the pre-processing image (upper image, red dot-
line). After applying the circular-Hough transform, the 16
particles were captured (lower image, blue line).
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Fig. 3. (a, b) The size evaluation results of PS beads with 100- and
500-nm-diameter using motion-tracking algorithm. Evaluated
size was 97.5 £ 18.7 nm (100-nm-diameter) and 440.8 £ 39.1
nm (500-nm-diameter). (c, d) The size measurement results
of these nanoparticles using SEM. Measured size was 109.3
+ 3.9 nm (100-nm-diameter) and 438.8 + 18.1 nm (500-nm-
diameter).
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