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Aerosols, chemistry and clouds

It was a great pleasure to participate in the Bunsen-Tagung
2025 (Physical Chemistry of the Climate and the Atmosphere)
in Leipzig. At the conference | discussed aerosols, chemistry
and clouds with a focus on aerosols formed from wave break-
ing processes.

Aerosol particles are produced and emitted to the atmosphere
from many different processes including combustion, volcanic
activity and wave breaking. Their size spans orders of magni-
tude from few nano-meters to several micro-meters [1]. Aero-
sol particles can also be formed in situ in the atmosphere via
formation of molecular clusters which evolve into aerosol par-
ticles via condensational growth processes. The chemical com-
position of aerosol particles is complex and changes with time
along their atmospheric path: aerosol particles exchange mol-
ecules with the surrounding atmosphere and they are affected
by oxidants such as ozone and exposure to UV light. Thus, dur-
ing their atmospheric lifetime, aerosol properties including size,
chemical composition, phase state and surface structure can
change, and we refer to such processes as atmospheric ageing.

Aerosol particles play a crucial role in the climate system of
Earth: their interaction with solar radiation results in absorp-
tion or scattering of light thereby affecting the radiative bal-
ance [2]. Aerosol particles are also important for the formation
and the properties of clouds including brightness, lifetime and
precipitation. Currently, there are significant limitations in our
scientific understanding of aerosol-cloud interactions as for ex-
ample pointed out by the Intergovernmental Panel on Climate
Change [2].

One of the major sources of aerosol particles to the atmosphere
is sea spray aerosol [3] formed from bubble bursting processes
at the sea surface. Sea water contains several inorganic ions
[4] with the most prominent being Na*, CI-, Mg?*, S0,%, Ca?*
and K*. Seawater also contains biological material and a mul-
titude of organic molecules, including proteins, lipids and sug-
ars. Several of these accumulate in the thin film at the surface
separating ocean and atmosphere [5]. This film is referred to
as the sea surface microlayer. Inorganic salts as well as organic
and biological material may be transferred to the atmosphere
as sea spray aerosol via wave breaking processes and influence
cloud formation and properties [6-8].

Prof. PhD. Merete Bilde

Director, Center for Chemistry of Clouds
Department of Chemistry Aarhus University
Langelandsgade 140, DK-8000 Aarhus
bilde@chem.au.dk

DOI-Nr.: 10.26125/tctc-m779

146

| here present some of our work on sea spray aerosols and
point to two interesting aspects of sea spray aerosol formation
and properties: First, the ability of some of the inorganic salts
in seawater to bind water as hydrates and how this may affect
the way we describe volatility and water uptake of sea spray
aerosol. Second, formation of aerosols from bubble bursting
processes and the effect of water composition and tempera-
ture on the particle production.

Chemically bound water in dried sea spray aerosol

In laboratory experiments targeting volatility of sea spray aerosol
particles [9] we found, consistent with other studies [10], that
dry aerosol particles generated from artificial sea salt or real
seawater shrunk significantly upon heating in contrast to parti-
cles consisting of NaCl only. Via a series of targeted experiments
addressing one salt after the other we could explain such ob-
servations by the presence of hydrate forming salts (e.g. MgCl,
and CaCl,), implying that chemically bound water can make up a
significant volume fraction of dried sea spray aerosol particles.

As shown by other groups (Zieger et al.) [11] such chemically
bound water likely also explains reduced water uptake of sea
salt aerosol compared to NaCl at subsaturated conditions, and
since NaCl has often been used as a proxy for sea spray aer-
osol water uptake, this has implications for the prediction of
aerosol-radiation interactions.

In the troposphere, cloud droplets form under supersaturated
conditions of water vapor when suitable aerosol particles provide
surfaces for the water to condense on. Such aerosol particles
are referred to as cloud condensation nuclei. The size, phase
state and chemical composition of aerosol particles influence
their ability to act as cloud condensation nuclei. Hydrate forming
salts likely contribute to explaining our observations from sev-
eral years ago [12] that dried sea salt aerosol and NaCl aerosol
behaves differently when it comes to their ability to form cloud
droplets: particles consisting of artificial sea salt need a slightly
higher supersaturation of water vapor to activate into cloud drop-
lets than particles of the same size consisting of NaCl only. Fur-
ther work provided hydrate correction factors for MgCl, and CaCl,
for use in predictions of water uptake of sea spray aerosol [13].

Interestingly, additional hydrate forming salts may form when
sea spray aerosol age in the atmosphere. In the work of Rosa-
ti et al. [14] experiments were designed for the AURA atmos-
pheric simulation chamber in Aarhus to elucidate atmospheric
ageing of sea spray aerosol. Sea spray aerosol generated from
artificial sea salt or NaCl was exposed to UV light and ozone
under humid conditions, and the experiments suggest that re-
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actions in sea salt droplets, likely at the surface, may lead to
further formation of salts that can form hydrates upon drying,
warranting further investigation.

Bubble mediated aerosol formation

In another line of laboratory experiments, we probed temper-
ature dependent formation of aerosol particles from bubbles
generated in a setup designed to minimize bubble interactions.
We found a striking link between the effect of temperature on
aerosol particle production and the presence of specific inor-
ganic ions, particularly divalent cations in the water [15] which
may have implications beyond sea spray aerosol studies. For
other experiments we used a sea spray simulation chamber
(AEGOR) to target bubble mediated aerosol formation from
bubble plumes where entrainment of air into real or artificial
seawater was simulated using a plunging jet or a diffuser. In
this laboratory system we observe a non-linear dependence of
aerosol production on temperature in the range -2 - 35 °C for
the plunging jet and that the presence of phytoplankton bio-
mass can influence bubble mediated aerosol production [16].
The picture is however complex, and contrasting observations
of temperature trends from different laboratory systems and
air entrainment methods [17] highlight the need for further
studies and mechanistic insight into the processes involved.

In conclusion, the formation and properties of sea spray aer-
osol presents a multitude of important, challenging and inter-
esting questions for the physical chemist to investigate. In our
ongoing and future work in this direction, we hope to further
elucidate properties of fresh and aged sea spray aerosol in-
cluding the ability to act as seeds for cloud formation.

Center for Chemistry of Clouds

Center for Chemistry of Clouds (C3) at Aarhus University was
established in 2023 with funding from the Danish National
Research Foundation. C3 aims to contribute molecular level
understanding of the processes leading to clouds. Within the
center, we apply and pursue development of and synergy be-
tween a variety of methods from the fields of physical, analytic,
atmospheric and theoretical chemistry.

CleanCloud

CleanCloud is a Horizon Europe Cluster 5 project (started in
2024) investigating how aerosol cloud interactions will evolve
in a post-fossil world where natural aerosols such as sea spray
aerosol are expected to play a larger role.
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Deutsche Bunsen-Gesellschaft
fur physikalische Chemie

DBG-Preise 2026

Mit ihren Preisen wuirdigt die DBG in besonderer Weise herausragende
wissenschaftliche Leistungen auf dem Gebiet der Physikalischen Chemie.
Fur das Jahr 2026 schreibt die DBG folgende Preise aus:

Agnes-Pockels-Promotionspreis
Ewald-Wicke-Preis
Nernst-Haber-Bodenstein-Preis
van ‘t Hoff-Preis

Nominierungen sind zahlreich willkommen.

Alle Ausschreibungen sind veroffentlicht auf www.bunsen.de/awards.
Die Einreichungsfrist endet am 15. Oktober 2025.
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