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Formaldehyde reaction measurement in a droplet with an electrodynamic balance
and Raman spectroscopy
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The RNA world hypothesis is one of the leading theories regarding the origin of life. It postulates that in the early stages
of life’s emergence, RNA functioned as both the carrier of genetic information and a catalyst, forming the foundation of
biological systems. A crucial aspect of this hypothesis is understanding how its constituent materials, such as the ribose that
forms RNA, were naturally synthesized.

Formaldehyde (HCHO) is a molecule of key interest in this context. HCHO is the starting material for the formose reaction,
which synthesizes sugars and could be the starting point for ribose generation. On early Earth and early Mars, it is estimated
that HCHO was produced by photochemical reactions in the atmosphere, incorporated into droplets, and delivered to the
oceans (Pinto et al., 1980; Koyama et al., 2024). However, HCHO is diluted by dissolving into the oceans, which would have
imposed a kinetic constraint on the formose reaction. Specifically, the initial step of the formose reaction, the dimerization
of two HCHO molecules to form glycolaldehyde, has a high energy barrier, resulting in an extremely slow reaction rate that
acts as the rate-limiting factor for the entire process (Breslow, 1959).

To address these challenges, we have focused on atmospheric droplets as a potential reaction field. As the relative humidity
of the surrounding atmosphere decreases, water evaporates from the droplets, thereby concentrating the HCHO. This highly
concentrated environment could provide the opportunity to overcome the reaction barrier for glycolaldehyde formation. To
test this hypothesis, we need to determine the production rate of glycolaldehyde resulting from the concentration of HCHO in
droplets. We have developed a combined system that integrates an electrodynamic balance (EDB) with a Raman spectrometer.
The EDB uses alternating and direct current electric fields to stably levitate a single charged droplet in mid-air. Meanwhile,
Raman spectroscopy is a technique that identifies the internal chemical composition of the levitated droplet non-destructively
and in real-time by irradiating it with a laser and measuring the inelastically scattered light derived from molecular vibra-
tions. In this presentation, we report preliminary results of measurements of chemical reactions when HCHO in droplets is
concentrated using these devices.
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