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1. Introduction and motivation of the TNA
Aerosol particles in the atmosphere have major impacts both on air quality and climate. Secondary organic
aerosol (SOA) is formed from the condensation of organic vapors, and constitute a large fraction of
atmospheric aerosols. One of the most important sources of condensable vapors is the oxidation of
monoterpenes, which are bundantly emitted from the biosphere. The most common monoterpene, alpha-
pinene, has been the target of numerous studies, and often considered a surrogate for all monoterpenes,
despite distinct structural difference between different species.

One of the most abundant non-pinene monoterpenes is 3-carene. This TNA focused on the particle-forming
capabilities of this under-studied terpene, focusing on carene oxidation and the potential reactive uptake of
the oxidation products. Importantly, the aerosol formation from a given VOC often varies dramatically with
temperature, and for this purpose the AURA chamber is fundamental for a successful characterization of
careen oxidation under atmospherically relevant conditions. In addition, the AURA chamber will benefit
from characterization using the novel mass spectrometers that will be deployed by the users. Specifically,
the capability of AURA to be used for the determination of thermodynamic properties of SOA will be
tested.

2. Scientific objectives
In this study we targeted some of the current key scientific questions to SOA:  1) fundamentals of
gas/particle partitioning of low and semi-volatile compounds, 2) formation of highly oxygenated organic
molecules (HOMs) and the influence of temperature and 3) properties of pre-existing aerosols on SOA
formation and growth. We focused on the monoterpene Δ3-carene, structurally similar to α-pinene, but
recent work has shown very different chemistry. Carene is the second most abundant monoterpene in the
boreal forest, but has received much less attention than the the most abundant a-pinene.

We combined expertise and state-of-the-art instrumentation centered around the temperature-controlled
AURA chamber at Aarhus University with state-of-the-art instrumentation for analysis of HOMs (a chemical
ionization-atmospheric pressure interface time-of-flight mass spectrometer, APi-TOF from M. Ehn), as well
as quantification of both gas phase and particle-phase organic compounds (a high-resolution time-of-flight
chemical ionization mass spectrometer, FIGAERO-CIMS from M. Hallquist). These instruments complement
existing expertise and instrumentation at AURA, in conjunction with ADCHAM modelling [4] (P. Roldin).
The proposed campaign was divided into three interlinked components:

Tier 1 explored the use of the AURA chamber for the determination of thermodynamic properties of
secondary organic aerosols and gas/particle partitioning. More specifically we probed evaporation/growth
rates of single-component model aerosols in the presence and absence of inorganic model aerosols
(ammonium sulfate) and will continue to model partitioning of the organic between gas phase, particle
phase, and walls in the chamber using ADCHAM. We used three model compounds, suberic acid, azelaic
acid, and glutaric acid, with known thermodynamic properties. Our aim is to provide a proof of concept for
future studies of the fundamentals of gas-particle partitioning.

Tier 2 investigated the formation of HOMs and SOA from ozonolysis of Δ3-carene. There are only very few
studies of the formation of HOMs from Δ3-carene. We studied HOMs formation from ozonolysis of Δ3-
carene at different temperatures. Injection of seed particles after oxidation of the VOC was used for
volatility classification. Elucidation of the formation of HOM will contribute to improving understanding of
new particle formation and gas-particle partitioning of Δ3-carene oxidation products, which has previously
been shown to differ from SOA formation from α-pinene.
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Tier 3 determined condensation and reactive uptake of Δ3-carene oxidation products (including HOMs)
onto NH4HSO4 and (NH4)2SO4 seed particles at atmospherically relevant humidity, to study the influence on
SOA formation and chemical composition depending on seed aerosol pH. We oxidized Δ3-carene with
ozone in the presence of inorganic seed aerosols with different pH. Both the gas phase and particle phase
was monitored using the instrumentation described below.

3. Reasons for choosing the Facility/ies
The AURA chamber is one of the few chambers in the world where experiments can be conducted over a
wide range of temperatures under highly controlled conditions. From a previous collaboration, we already
knew that the host group had similar scientific interests, and working together was very efficient, both for
planning and execution of the measurements.

4. Activities during the TNA (research, training, events, ...)
The main activity during the TNA was running experiments in the chamber every second day (cleaning in
between). Experiments differed by the amount of added precursors gases, the conditions (temperature or
humidity) under which the oxidation reactions took place, or the types of aerosol that was injected. See
also section 5 below.

5. Method and set-up of research
The AURA chamber was run in batch mode. For tier 1, AURA was filled with clean air, and model aerosols
introduced using an atomizer. For tier 2, AURA was filled with a given concentration of ozone, whereafter
Δ3-carene and later seed aerosols were introduced. For tier 3, AURA was filled with a given concentration
of ozone and inorganic seeds, whereafter Δ3-carene was introduced. The particle phase was monitored
with a scanning mobility particle sizer (SMPS), an Aerosol Mass Spectrometer (AMS), the FIGAERO-CIMS,
the particle size magnifier (PSM), and a spot sampler for the collection of particles for further detailed
offline analysis using UltraHigh Performance Liquid Chromatography quadrupole Time of Flight Mass
Spectrometry (UHPLC-QTOF-MS). The gas phase was monitored with the FIGAERO and the APi-TOF (for
tiers 2 and 3). All instruments were supplied by the host institute, except the FIGAERO (Ugot) and the Api-
TOF (UHEL).

6. Preliminary project results and conclusions
Collected data are primarily high-resolution mass spectra, and the analysis will require more time.
However, initial results indicate that the carene HOM and SOA formation is different from alpha-pinene,
and in particular, the SOA formation did not seem to increase monotonically with decreasing temperatures
for carene, as was earlier seen for alpha-pinene.

7. Outcomes and future studies
Once the acquired data has been analyzed, some main outcomes will hopefully already be clear. Final
interpretations will still require comparison with the chamber model by P. Roldin. We expect to provide
much needed insights and clarifications to the main processes forming SOA from carene oxidation.
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8. Plans for publications
Several peer-reviewed journal articles are foreseen, and each will duly acknowledge the support by ATMO-
ACCESS.
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