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Paper-based Electrochemical Sensor Using a Self-operated Paper Pump

Si Hiep Hua', Chikwan Kim', Duc Cuong Nguyen', and Yong Shin Kim""

Abstract

We developed a self-operated paper pump that can maintain a nearly constant flow rate of an aqueous solution along a paper
strip channel in paper-based analytical devices (PADs). The quasi-stationary flow rate was controlled by increasing the cross-

sectional channel area (capillary force) using a fan-shaped absorption pad coupled with a paper strip channel. The flow rate

is regulated by varying the fan angle of the circular absorbing pad. Furthermore, the flow rate can be increased by furnishing
a hollow cavity at the center of a conventional paper strip channel. The rate was regulated by varying the length of the hollow
paper channel in the flow rate range of 5.1-26.4 mm/min. As a preliminary work, a paper-pump-coupled PAD was fabricated,
and its CV detection capability was evaluated for the redox reaction of Fe(CN),"". The combination of a paper pump with
a PAD resulted in an ideal CV curve with a higher limiting current and faster response time. These results are interpreted well
by the Levich equation, which suggests that the paper pump is a very useful component in paper-based sensors.
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Fig. 1. (a) Picture of a typically fabricated paper-based microfluidic
device with a paper pump and (b) a schematic showing its a
cross-sectional structure.
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Fig. 2. Flow behavior of the paper pump with the absorbing fan
angle (6) of 0, 90, 180 or 270°: (a) optical images of the
device with &= 180°, variations of (b) a travel distance and
(c) a flow rate as a function of a flow time.
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Fig. 3. Flow behavior of the paper pump (¢ = 180°) with the hollow
paper channel: variations of (b) a travel distance and (c) a
flow rate as a function of a flow time.

Table 1. Summary on the pseudo-stationary flow rate of paper
pumps with different flow channel dimensions.

Fan Angle Hollow channel length Flow rate
[degree] [mm] [mm/min]
90 0 45
180 0 5.1
180 10 10.6
180 20 15.8
180 30 26.4
270 0 5.7
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