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1. Changes in bubble diameter with laser power and time

The bubble-generating process was further quantified by analyzing bubble
diameters using Image] software. Figure S1 shows the change in bubble diameter
with time when the laser power, measured on the sample plane, was 31, 37, and 45
mW, respectively. The bubble diameter increased rapidly in the first 100 ms and grew
at a slower rate afterwards, as shown in Figure S1. Meanwhile, a higher power
resulted in a surface bubble with a larger diameter. The minimum power that was
required to generate a bubble was 31 mW in this experiment. No bubble formation

was observed when the laser power was below 31 mW.
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Figure S1: Change in the bubble diameter with time, at three different power levels

(31, 37, and 45 mW, measured at the sample plane).

2. Controlling the position of two particles on a bubble

Not only can a single particle be manipulated on the bubble surface with this
method, but multiple particles can also be manipulated simultaneously. Figure S2
demonstrates the manipulation of two particles on the bubble’s surface. The white
dashed circle indicates the laser spot, which moves along the inner periphery of the
bubble and the motion trajectory is marked by a red arrow. As discussed in the main

text, the particle’s position followed the focused laser spot well. These results indicate

that multiple particles can be controlled simutaneously using one bubble.

Figure S2: Manipulating two particles simultaneously on a bubble surface.
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3. Dropping off a particle at high speed

The drag force on the particle increases when the bubble moves at high speed.
The increased drag force broke the balance between the surface tension force and the
pressure force. Therefore, the motion of particles on the bubble’s surface was affected.
Figure S3 shows that one particle (indicated by a red arrow in Fig. S3) was dragged
off the surface bubble by the drag force at high (bubble) speeds (greater than 500
um/s), indicating that the drag force had increased sufficiently to break the force
balance and detached the particle from the bubble. This was also the maximum

velocity for particle manipulation that we achieved in our experiments.

Figure S3: A particle drops off the bubble when the bubble moves at high speed.
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4. Simulation of the drag force on a particle when the particle is located near the
top of the chamber

In this simulation, a circle with diameter of 15 um which represents the
micro-particle was fixed near the top of the chamber (at a 10 pm distance to the top
surface of the chamber). All other experimental parameters were the same as in the
simulations in Figure 3 in the main text. The direction of the calculated drag force is
marked by a black arrow in Figure S4. This drag force finally pushed the particle to
the bottom of the chamber and the particle was recaptured by the convective flow

along the bottom surface.
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Figure S4: Simulation results of the drag force on the particle when it is located near

the top surface of the chamber.

5. Control experiments to exclude the “optical tweezers” effect

In order to check whether there is a net optical tweezering effect when the
particle touched the optical field, we conducted the following control experiment and
determined that we do not need to take into consideration the optical tweezering
effect.

A chamber consisting of two cover glasses without a gold coating was filled with
15 um PS beads. We focused the laser on one PS bead and found the PS bead cannot

be trapped with the laser beam. It did not follow the movement of the laser. In our
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optothermal trapping experiment, the laser power was further decreased by the gold
film on the cover glass. Therefore we do not need to consider the optical tweezering
effect. This was expected since the laser was loosely focused in our experiment.
Hence, there was no enough force to trap a particle. In order to generate enough
trapping force, the laser beam needed to be focused by an objective with a higher

numerical aperture, as is typically used in an optical tweezer setup.

' Laser beam
Liquid

— Cover glass

Figure S5: Diagram of the control experiment for testing the “optical tweezers”

effect.
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