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Laboratory Experiments on SO2 Uptake into Sulfuric Acid Droplets through Ox-
idation by NO2 under Venus-analogous Conditions
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Sulfur dioxide (SO2) has both direct and indirect effects on the thermal structure of the Venusian atmosphere: while SO2
causes a warming of the planetary atmosphere through its greenhouse effect, it also causes a cooling by increasing albedo
as a precursor to clouds. We can constrain the photochemical processes involving SO2 and their subsequent impact on the
thermal structure of the Venusian atmosphere by identifying the factors that determine the mixing ratio of SO2.

According to observations from instruments such as SPICAV on Venus Express and ISAV on VEGA, the volume mixing
ratio of SO2 decreases by approximately three orders of magnitude from the lower cloud to the cloud top. However, the SO2
depletion cannot be explained by gas-phase chemistry alone, suggesting the presence of missing sinks of SO2 in the cloud
layers. A potential mechanism for SO2 depletion is the reactive uptake of SO2 by cloud droplets of sulfuric acid (H2S04),
which is very significant in the Earth’s atmosphere, particularly when oxidants co-exist. It is highly uncertain whether the re-
active uptake mechanism can substantially deplete SO2 in the cloud layers of Venus because the solubility of SO2 in H2SO4
is extremely low. This unaccounted-for pathway necessitates experimental validation under Venus-analogous conditions.

Here, we perform laboratory experiments to examine the uptake of SO2 by H2SO4 droplets in the presence of oxidants.
NO2 was used as a potentially important oxidant to oxidize dissolved SO2 in an H2SO4 droplet. An H2SO4 droplet of “10
M m in radius was levitated using an electrodynamic balance (EDB) at the ambient temperature (7298 K) and pressure (1
atm), corresponding to an altitude of 50-55 km on Venus. The relative humidity in the EDB was kept at “1%, and hence the
droplet concentration was 77 wt% H2SO4. Uptake experiments were performed in an open system under continuous mixed
flow of carbon dioxide (CO2: "100%) and SO2 (100 ppm) gases, representative of the Venusian cloud layers. NO2 was also
introduced at 0-100 ppm to initiate the reaction. The size increase during the reactive uptake of SO2 was measured by the
Mie scattering method and converted to the H2SO4 formation rate to estimate the SO2 uptake coefficient.

We find that the growth rate of an H2SO4 droplet increases with NO2 concentration. The reactive uptake coefficient is
expressed as a function of the partial pressure of NO2. To the best of our knowledge, the present study reports the first
experiments demonstrating the reactive uptake of SO2 by H2SO4 droplets promoted by NO2 oxidants. Reactive uptake of
SO2 by H2SO4 droplets may be a potentially important contributor to the SO2 depletion, warranting future observations of
oxidants in the Venusian atmosphere.
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