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Abstract

In our laboratory, gold nanoparticles protected by 3-mercaptopropionic acid (MPA-Au NPs) were
previously prepared. The color of MPA-Au NPs changed from red to purple by addition of acid and returned
from purple to red by addition of base. The pH response indicated many applications such sensors and optical
switches. Recently, paper has been modified as a substrate to create microfluidic device for clinical diagnostics,
environmental monitoring, and food safety assurance (i.e. microfluidic paper-based analytical devices, uPAD).
We have developed uPADs using a photomask printed with a 3D printer for patterning of hydrophilic and
hydrophobic zones by photolithography. Here, we demonstrate the pH sensor with multichannel uPAD using
gold nanoparticle.

MPA-Au NPs with a diameter of 1.7 nm * 04 nm were prepared by citrate-reduction of hydrogen
tetrachloroaurate (III) in the presence of sodium 3-mercaptopropionate. Chromatography paper was immersed
with the octadecyltrichlorosilane z-hexane solution and hydrophobized. To hydrophilize paper, hydrophobized
paper was covered with photomask (printed with 3D printer), and exposed to the UV light. A drop of MPA-
Au NPs was added to the detection zone on uPAD. The solutions with several pH were applied to the sample
reservoir and the device images were captured with a digital camera. Blue and red intensities of collected
digital images were analyzed using image software. The relationships between the ratio of blue intensity/red

intensity and pH were linear.

KEY WORDS : Microfluidic paper-based analytical devices, Multichannel, Gold nanoparticles, pH,
Photolithography
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Fig. 1 (a) Schematic of the method for fabricating uPADs
and (b) images of photomask and patterned paper.
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Fig. 2 Absorption spectra (a), particle size distribution
histograms (b and d), and TEM images (c and e)
of MPA-Au nanoparticles. (b) and (c): pH 5.9. (d)
and (e): pH 3.0. d.: average diameter. o: standard
deviation.
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Fig. 3 Effect of the OTS-n-hexane concentration on
the contact angles. Test liquid was water. Each
datum is the mean of five measurements; error bars
represent the relative standard deviations of these
measurements.
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Fig. 4 Effect of the UV exposing time of paper on the
contact angles. The paper was immersed in 0.1%
(v/v) OTS-n-hexane solution. Test liquid was water.
Each datum is the mean of five measurements;
error bars represent the relative standard deviations
of these measurements.
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Fig. 5 Blue/red intensity ratio as a function of pH. Our
AuNPs (closed circles) and commercial AuNPs
(open circles). Each datum is the mean of four
measurements; error bars represent the relative
standard deviations of these measurements.
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