Measurement of the steady state concentration of hydroxyl radicals in cloud water
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In the atmosphere, clouds play a key role because
they cover 50% of the globe surface. As they also have
an impact on Earth’s radiative balance, it is necessary to
better understand their chemical reactivity.

Clouds are a multiphasic compartment
compounded with gaseous, aqueous and solids parts.
Beside they are known to be an oxidant medium because
of the presence of hydroxyl radical (HO®),
hydroxyperoxyl radical (HO,), nitrogen dioxide (NO,)...
Among these molecules, hydroxyl radical is the most
oxidant; dubbed “detergent of the atmosphere”.

Hydroxyl radical participates at the oxidation and
the transformation of the organic matter. Sources of HO®
are the hydrogen peroxide (H,0,), iron complexes,
nitrate and nitrite ions and the uptake from the gas phase
(A. Bianco et al., 2015).

Until now the concentration of hydroxyl radical
was estimated through their formation rates (R'.o°) or
was simulated using atmospheric chemical models.
There is a high variability in the concentration: models
find a range of 10™ at 10™ M (M. Vaitilingom et al.,
2011) and rates formation are proportional to [HO®]gs S0
they vary widely. Estimation of HO® concentration is
difficult because its life time (less than a microsecond)
and its very low concentration. However it can be
assayed using a terephtalic acid probe which can react
with hydroxyl radical to give 2-hydroxyterephthalic acid
(TAOH), which is more stable, and fluorescent

(Figure 1).
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Figure 1 : Structural composition of the chemical
reaction between terephtalic acid (TA) and hydroxyl
radical (HO®)

Here, we propose to measure the steady state
concentration of hydroxyl radical using this terephtalic
acid probe. For that we use the following equation:
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Where:
- VfHO. is [HO®] formation rate

= ke [TA].[ HO" ]is [HO] trapping by TA (with
K the second order rate constant between TA and HO®)

- > Kg.[Si].[HO Jis  [HO®]  trapping by
scavengers (Si) (with K the second order rate constant

between chemical compounds and HO®)

- kHO"[HO.:IZ is recombination between HO®
d[HO"|
dt

is directly proportional to TA concentration.

The main objective of this work is thus to
measure for the first time at steady state the
concentration of HO® in real cloud waters. It will give
realistic values to be integrated in atmospheric models.
This essential parameter will allow us to better
understand the real oxidizing capacity of cloud.

The second objective, using the same method, is
to evaluate the impact of the presence of microorganisms
on the steady state concentration of HO®. For that
purpose lab experiments are performed comparing HO®
concentrations under biotic (presence of
microorganisms) and abiotic conditions (absence of
microorganisms). Two types of microcosms simulating
cloud conditions (solar light, temperature) are used:

- incubations in artificial cloud water containing or not
model microbial strains isolated from clouds,

- incubations in real atmospheric cloud waters (rain,
cloud) filtered or non-filtered.
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