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Abstract

We previously have reported that optical tweezers can measure drag forces in liquids in micrometer
regions. Viscosities of liquids can also be calculated from the drag forces. Liquids, in which nanomaterials
and polymers are dispersed, often exhibit pseudoplasticity. The viscosities of the pseudoplastic fluids
increases with decreasing shear rates. Since a shear rate of optical tweezers is very slow, it is presumed
that the measured viscosities using optical tweezers are larger than those of conventional viscosity
measurement methods. Moreover, aggregations of nanomaterials and polymers would cause non-
uniformity of viscosity in micrometer regions. However, they have been not measured. In this study,
viscosities of a cellulose nanofiber (CNF) water dispersion and a polyethylene glycol (PEG) water
dispersion, which show pseudoplasticity, were measured by an optical tweezers. Measured viscosities of
the pseudoplastic fluids using the optical tweezers decreased with increasing the shear rates, which
phenomenon is peculiar to pseudoplastic fluids. The measured viscosities were larger than those of a
conventional viscosity measurement method. Moreover, non-uniformity of viscosities in micrometer
regions were measured and the difference of the viscosities between the CNF and PEG water dispersions,
which would arise from the difference of the structures of CNF and PEG, was observed. These results

indicate that optical tweezers can measure viscosities of pseudoplastic fluids in micrometer regions.
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Fig 1. Schematic of optical tweezers system used

in this study
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Fig 2. Viscosities of the CNF water dispersions as
a function of the particle velocity with the CNF

concentrations between 0.02 and 0.1 mass%.
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Fig 3. Viscosities of the CNF water dispersions as
a function of the CNF concentrations measured by
the optical tweezers at the particle velocity of 2.2

and 6.7 um/s, and the Cannon-Fenske viscometer.
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Fig 4. Viscosities of the PEG water dispersions as a

function of the particle velocity with the various PEG
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