Porous hydrophobic nanocellulose matrix for simple
fabrication of environmental trace gas QCM sensor
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Quartz crystal microbalances (QCMs) are cost-effective and highly sensitive
transducers for molecular detection. By integrating adsorbent materials onto the
electrode surfaces of QCMs, it is possible to develop highly sensitive and
molecularly selective sensing devices. However, a key challenge in sensor
fabrication is the stable and firm immobilization of adsorbents on the electrode
surface while maintaining a film thickness at least below 1 ym and minimizing
fluctuations in the resonant frequency of the QCM.

In this study, a polymer gel matrix that firmly adheres to the QCM electrode
surface and remains inert toward the target gas was investigated to establish a
simple fabrication method for QCM sensors capable of highly sensitive detection
of trace environmental gases while satisfying the above requirements for
adsorbent immobilization. Ni-based metal-organic frameworks (MOFs) and
mordenite, both synthesized in our laboratory, were employed as N,O-selective
adsorbents.

Various polymer matrix materials were examined to identify a suitable matrix
polymer that can stably adhere to the QCM electrode and uniformly immobilize
the adsorbents. Among the materials tested, hydrophobic nanocellulose gel [1]
was found to be particularly effective. By optimizing the fabrication conditions
and procedures for matrix formation on the QCM, a thin and porous hydrophobic
nanocellulose matrix incorporating the adsorbents was successfully formed on
the QCM surface. The gas-sensing characteristics of the resulting QCM sensors
were then evaluated to assess the effectiveness of the proposed matrix.
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