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Abstract

We experimentally investigated the manipulation of mica flakes using photothermally induced microbubbles. Iron
silicide was sputtered on mica flakes to absorb the laser light and convert it to heat. By focusing a laser on to the flake
immersed in degassed water, a water vapor microbubble was generated on the flake. The bubble involved strong
Marangoni flow due to the steep temperature gradient on it. Laser irradiation at multiple spots allowed us to control the
direction of the temperature gradient and subsequent Marangoni flow. By generating the flow parallel to the flake surface,
the flake was driven on the glass substrate. This method is expected as a novel method to manipulate large and heavy
particles in microfluidic channels.
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I Introduction

Manipulation of microscale objects in microfluidic
channels has been attracted much attention upon the
development of lab-on-a-chip devices'. The techniques
are expected to be useful for such as manipulating
biological materials? and control microfluidic flows®. The
most widely used technique is, of course, the optical
tweezers*. This method gives extremely flexible ways to
manage microscale objects in various liquids. However,
the typical force is on the order of pN under the realistic
laser power of several W, and the method is sometimes
not sufficient to drive micro-objects rapidly.

Recently, we have reported a rapid flow generation
around a water vapor microbubble in degassed water
using the thermoplasmonic effect of a gold nanoisland
film>®, By focusing a laser on the gold nanoisland film
immersed in degassed water, a water vapor microbubble
with a diameter of ~10 pm was generated on the laser
spot. Under continuous heating, the water vapor bubble
involved significantly rapid flows compared to an air
bubble generated in non-degassed water. This flow
generation is mainly because of the Marangoni effect,
which is induced by the surface tension imbalance under
a temperature gradient. The flow field around the water
vapor bubble was well described using a point force, i.c.,
a stokeslet. The strength of the stokeslet was estimated to
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be 0.01—0.1 uN for the laser power of 40—50 mW.
Besides, the direction of the stokeslet was tunable by
irradiating laser at multiple spots. First, a primary laser
spot focused on the gold nanoisland film can generate a
water vapor bubble. By adding a sub laser spot next to the
primary laser spot, a temperature gradient in the direction
parallel to the substrate surface is applied to the bubble.
Finally, the flow direction around the bubble tilted from
the direction normal to the substrate surface, and rapid
flow in the direction parallel to the substrate surface was
generated. This technique allowed us to apply a force on
the microfluid in the direction parallel to the wall surface.
In our previous study, rapid flow is generated because the
substrate was fixed. If the substrate is mobile, the bubble
may drive the substrate instead of generating rapid flow.
In this study, we focused our attention on a mica flake.
The mica flake coated with iron silicide will be used as a
mobile substrate with a photothermal conversion property.
We demonstrate the manipulation of mica flake using the
photothermally generated microbubble in degassed water.

II Experiments
We prepared FeSiz thin film of 50 nm on a mica
substrate using RF magnetron sputtering technique. After
the thin film preparation, the mica was cleaved as thin as
possible and cut into small pieces of less than 1 mm
square. The degassed water was prepared by sonicating
ultrapure water (18.2 MQ cm from Millipore-Direct Q
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UV3, Merck) under vacuum (~3 kPa at 25 °C). Then, the
mica flakes and degassed water was sealed in a fluidic
cell.

In order to perform the manipulation of the mica flakes,
the fluidic cell was placed in our observation system,
which includes an upright microscope for observation and
a laser irradiation system for thermoplasmonic heating
(Fig. 1). The upright microscope used for the observation
of the fluidic phenomena in the cell was equipped with an
objective lens (10%, NA = 0.26). The observed region was
at the bottom of the fluidic cell, where mica flakes were
found. A short-pass filter was placed in front of the
camera to eliminate the 835-nm laser source that was used
for the photothermal heating.

The laser irradiation at multiple spots on the mica
flakes was performed using a spatial light modulator
(SLM). The detailed method is described in our previous
paper®. A primary laser spot for the bubble formation was
irradiated on FeSi» film, which had a fixed power of
Pprimary = 36 £ 2 mW. Subsequently, a sub laser spot was
added next to the primary spot to provide an additional
temperature gradient on the bubble surface. The power of
the sub laser spot, Psus, was varied from 0 to 32 mW. The
distance between primary and sub laser spots was fixed to
5 pum. The FWHM of each laser spot was ~2 pum.
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Figure 1. Schematic drawings of the experimental

setup.

IIT Results and Discussion

In order to evaluate the bubble and flow generation due
to the photothermal effect of the FeSiz films on mica, we
first used large and fixed mica substrate coated with the
FeSiz film before using flakes. The behavior of the bubble
and subsequent flow generation was essentially the same
as what observed on the glass substrate coated with the
gold nanoisland film®. The rapid flow in the direction
perpendicular to the substrate surface was observed at Psus
= 0 mW, whereas the rapid flow in the direction parallel
to the substrate was observed at Pus = 15 mW.

Then, the bubble was generated on mica flakes. When
the flake is irradiated with only the primally laser spot, it
did not move. On the other hand, when Py = 15 mW, the
flake was driven in the direction parallel to the mica
surface. In most cases, the flake moved to the direct
primary to sub laser spot. The typical speed of the mica
flake was several mm/s. Instead of generating flow, the
tiny mica flake was driven by forces induced by the
bubble.

IV Conclusion

In this study, we investigated the manipulation of the
mica flakes using photothermally induced microbubble.
By focusing the laser onto the mica coated with FeSiz film
immersed in degassed water, a water vapor microbubble
was generated on it. Under the steep temperature gradient,
the bubble generated force and apply it to mica. When the
bubble felt an effective temperature gradient in the
direction parallel to the mica surface, it drove mica flake
in that direction at a speed of several mm/s. We have
successfully demonstrated that the water vapor bubble
under multiple laser irradiation is a great candidate for the
manipulation of a micro object n microfluidic channel.
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Figure 2. Mica flake motion captured at t =0, 0.05,

and 0.10 s under laser irradiation with Py, = 15 mW.
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