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Abstract — Thermophoresis is a transport phenomenon of particles driven by a temperature gradient of a medium. In
this paper, we discuss the thermophoresis of particles in microfluidic channels. In a non-fluidic, stagnant channel, the
thermophoretic transport of micro-particles was found to be larger in proportion to the voltage applied to the platinum
wire heat source installed in the channel. The variation of the temperature around the platinum wire depending on the
voltage was estimated, by using the Callendar-van Dusen equation. The thermophoretic behavior of nano-particles in the
same system was observed, which is similar to that of the microparticles. Finally, we fabricated a Y-shaped microfluidic
channel with a platinum wire heat source installed in the channel, to realize the thermophoretic phenomenon of the
particles in the suspension flowing through the channel. It is shown that the flow of the suspension can be controlled
based on the thermophoretic principle.
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Fig. 1. (a) A schematic of the microfluidic set-up for thermophoresis
observation. (b) The top-view image of the microfluidic channel
used for the experiment before introducing the colloidal sus-
pension.

Fig. 2. (a) Schematic image of the microfluidic channel design with
the embedded Pt wire. The arrows indicate the direction of
the flow. (b) The optical image of the area marked by the
dotted rectangle in (a). Scale bar represents 200 pm. The
white circles indicate the cured epoxy for fixing the Pt wire.
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Fig. 3. Optical microscope images of the latex particles near the Pt
wire under different applied voltages. The images were
taken 1 min after the bias application. Scale bars = 100 um.
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Fig. 4. (a) The measured current through the Pt wire embedded in
the microfluidic setup and the calculated resistance. (b) The
temperature increase expected by Joule heating of Pt wire.
The values were calculated based on Callendar-Van Dusen
equation.
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Fig. 5. Top-view images of the channel filled with the gold nanoparticle
suspension (a) before and (b) after 1.5 V bias to the Pt wire.
The image (b) was taken 1 min after the bias application. (c)
The gold nanoparticle distribution along the white dotted
lines in (a) and (b). Scale bars = 200 pm.

Fig. 6. Flow of latex particle suspension in the microfluidic channel
in Fig. 2: (a) before and (b) after 6.5 V bias application to Pt wire
for Joule heating. (c) The suspension flow is resumed when the
bias is removed. The suspension flow rate is 0.5 pl/min. The
channel width and height are ~500 pm and ~35 pm, respec-
tively. Scale bars = 200 pm.
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Table 1. Operation of thermophoretic valve at different bias applications.
O and X indicate whether the thermophoretic valve efficiently
stops the flow or not

Bias (V)  Thermophoretic valve  Bias (V) Thermophoretic valve

0.5 X 5 O
1 X 55 O
2 X 6 O

2.5 X 6.5 O

3.5 X 7 O
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