It is interesting to determine the chemical composition and interactions during SOA formation
in mixed VOC systems (photooxidation of a-pinene, isoprene, o-cresol and their binary and
ternary mixtures in the presence of NOx and ammonium sulphate seed particles) by using non-
targeted LC-Orbitrap MS. The method is innovative. But more detailed information about the
methods can be provided.

We kindly thank the reviewer for their time and effort in providing comments for our
manuscript. Please see our responses below (shown in blue).

Introduction:

What are the pros and cons of using non-targeted LC-Orbitrap MS analysis for data
interpretation can be addressed?

We appreciate the opportunity to expand on the benefits and challenges. We will introduce the
advantages of using non-targeted LC-Orbitrap MS analysis for data interpretation in section
1.3, from line 101, which has been changed to “......application. Non-targeted analysis
extracts the chemical information of all detected compounds in a sample dataset, providing
tentative identification of unknown compounds via library screening, while allowing the rapid
chemical characterisation of complex mixtures through the chemical classification of detected
compounds in a given sample Place et al. (2021) and Pereira et. al 2021. Mezcua et al. (2011)
reported that 210 pesticides were successfully been detected and identified in 78 positive
samples of fruit and vegetable samples by using automatic non-targeted screening method in
LC-TOF analysis. High-resolution accurate mass spectrometry (HRAM-MS)-based non-
targeted screening analysis were applied in chemical characterized of tobacco smoke, and
successfully identified a total of known 331 compounds and 50 novel compounds as being
present in the sample (Arndt et al., 2019). ”

The challenges associated with its use will be introduced in section 1.3, from line 108; the
section has been rephrased to “......low concentration species. However, non-targeted
screening methods are not infallible and rigorous testing of autonomous platforms must be
performed to understand potential limitations of these tools. Moreover, it is challenging to
make semiquantitative or quantitative measurements of unknown compounds in complex
matrices. It is worth to noting that quantitative measurements of unknow compounds is a
general limitations of ESI operation and not directly attributed to non-targted screen method,
but arguably become more important. It is difficult to perform quantitative measurement of
unknow compounds due to the analytical standards for SOA products are limited and only a
few molecules out of the thousands detected compounds might be known. Therefore, it is also
challenge to determine sample extraction recoveries during sample extraction procedures. The
approach of using the normalized abundance of compounds in the sample does not consider
different compound ESI efficiencies, which can be influenced by the molecular structure among
other parameters (Priego-Capote and Luque De Castro, 2004) . For example, Cech and Enke
(2000) found out that ESI response increased for peptides with more extensive non polar region.
Cech and Enke (2001) further examined and concluded that analytes with more polar portion
has lower ESI response than the more nonpolar analytes. Differences in ESI efficiencies of



individual compounds may impact normalized abundance of chemical groupings, particularly
when comparing sample compositions which differ appreciably.

Method:

There are lots of anthropogenic VOC precursors, why o-cresol was chosen as an anthropogenic
precursor in this study?

The work in this paper is a subset of a more comprehensive chamber study of SOA formation
from mixed precursors and here focuses on the chemical composition of the SOA formed using
LC-Orbitrap MS. A comprehensive and detailed description about the experimental design of
the project is presented in Voliotis et al. (2022), which describes the choice of VOC precursors,
and their “representativeness” in section 2.1.

We choose o-cresol as a moderate SOA yield anthropogenic precursor with comparable
reactivity towards the available oxidants (OH radicals) as the two biogenic VOC in a mixtures
(a-pinene and isoprene), such that they each may contribute comparably to the distribution of
oxidation products.

Humidity and temperature are important factors for SOA formation, they are controlled by the
humidifier and by controlling the air conditioning during the experiment. These parameters
should be added in the manuscript.

We included this in section 2.3:

From line 259-261: “Photochemistry was initiated by irradiating the VOC at a moderate VOC
/ NOx ratio using the lamps as described above. The temperature and relative humidity
conditions were controlled at 50 % + 5 % and 24 + 2°C, respectively during the experiment.
The concentration of NOx and O3, particles number concentration and mass concentration
were monitored during the experiment using the online instruments (Pereira et al., 2021).”

Why was the mass concentration of seed particle doubled in single isoprene experiment?

The seed particles were inadvertently added into the chamber with increased mass
concentration for the single isoprene system. Whilst this could have resulted in a greater
partitioning of oxidation products leading to more SOA particle mass forming, the particle
mass and resulting yield in the single precursor isoprene system was negligible (SOA particle
mass concentration ~0 ug/m?), consistent with other studies using neutral seeds.

How many repeated experiments performed in each experiment type?
Three replicate experiments were conducted for all systems except the single precursor

isoprene systems. This information has been added in the section 2.4.2, Line 315: “To provide
confidence in the components in each system detected by the non-targeted method, only those



compounds found in all three replicate experiments (two in the single precursor isoprene and
binary o-cresol/isoprene systems) and not found in any background “clean’ experiments were
attributed to a particular single precursor or mixed system.”

Before filter sampling, any denuder was used to remove VOCs, NOx and oxidants?

No denuder was used to remove VOCs, NOx and oxidants before filter sampling owing to the
challenge associated with gaseous denuding at the high sampling flow rate. Chamber air was
flushed out at around 3 m* min'! onto the filter, taking some 5 minutes for sample collection.
Du et al. (2021) had combined the online (FIGAREO-CIMS) and offline mass spectrometric
(LC-Orbitrap MS) techniques to characterize the chemical composition of secondary organic
aerosol (SOA) generated from the photooxidation of a-pinene in the MAC. The study of Du
et al. (2021) reported that the distribution of particle-phase products is highly consistent
between the FIGAERO-CIMS and LC-Orbitrap MS negative ionisation mode for the a-pinene
SOA products, suggesting near negligible (or at least comparable) gas phase absorption artefact
introduced during filter collection in both techniques.

Results and discussion:

Online data from gas chromatography mass spectrometer (GCMS), condensation particles
counter, differential mobility particle sizer (DMPS) and aerosol mass spectrometer (AMS) are
very useful for data interpretation. But the results were not reported in this study.

As mentioned above, this is part of a more comprehensive study of SOA formation in mixtures.
The full instrument description is given in in Voliotis et al. (2022), and the DMPS, GCMS and
AMS, along with the online FIGAREO-CIMS, data are presented therein, and in several
companion papers (Du et al., 2021; Shao et al., 2022)

The online GCMS data show the decay of precursors at each system in Figure 1(d)-(f). We
could not extract more information about the chemical composition of gas-phase products from
the online GCMS in our experiments, but the products are reported in Du et al., (2022a,b). The
AMS data were utilised to show the evolution of SOA mass of each precursor system and
presented in Figure 1(a), but high resolution data are compared in detail with FIGAREO-CIMS
data and offline LC-Orbitrap MS data in Shao et al. (2022, in prep).

Lots of data were presented in this study, (e.g. number of detected SOA compounds, molecular
composition, compositional analysis). The novel part of this study is about the unique-to-
mixture products due to the interactions between VOC products. This section can be extended
and provide more mechanistic understanding of their formation.

We thank to the reviewer for this suggestion. To provide more mechanistic understanding of
their formation required structure identification and quantification of the unique-to-mixture
compounds, which require standards. Mechanistic inferences are provided in the combined use
of FIGAREO-CIMS data and offline LC-Orbitrap MS in Du et al. (2022a,b) and further work

to elaborate on the potential mechanisms is recommended in line with these studies.

We include this at the end Conclusion section: “This study did not examine the molecular
structure of the unique compounds/potential tracers in the mixture precursors systems. The



future studies suggest focus on identifying the molecular structure of unique-to-mixture
components will help better understand the detailed mechanisms of interactions involved in
ambient SOA formation from mixture VOC oxidations.”
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