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Comments for “On the formation of highly oxidized pollutants by autoxidation of terpenes
under low temperature combustion conditions: the case of limonene and α-pinene.“ by
Benoit et al.

The paper presents a set of experiments conducted in Jet Stirred Reactor (JSR) studying
cool flame combustion of two atmospherically-relevant monoterpenes, a-pinene and
limonene. The authors present the observed oxidation products in a graphical form. In
addition, these products are compared to literature, where the oxidation of these
monoterpenes were studied at atmospherically relevant conditions. The authors discuss
the similarities and the percentage of the products that were formed in autoxidation
reactions. I think that the results could be interesting to the atmospheric chemistry
community. Below, I provide few general comments and many specific comments which
the authors should address before the manuscript can be accepted.

General comments

There are few places in the text where authors discuss the oxidation products that are
formed in autoxidation. E.g., line 298: “Here, we propose a new approach which consists
in assessing a set of molecules mainly resulting from autoxidation”. In addition, in lines
269-276, it is said that the observed autoxidation products are “linked to each other by a
single difference of 2 oxygen atoms“, similar is in line 340. While I do not oppose the idea
that these products are formed via some steps of autoxidation, the authors need to
explain what they mean and what exactly their method is. From Figure 2b, I can see that
all kinds of products are detected, not only the ones separated by two oxygens (i.e.
sequential O2 additions). This is expected as the oxygen parity is lost if other reactions
than autoxidation happen (as authors also discuss), but it does not explain how
autoxidation was separated in this work. The arrows in figure 2b look like they were drawn
arbitrarily. In addition, some explanation is needed in the main text how the percentage of
autoxidation products was calculated, e.g. 73% for compounds detected by APCI.



It seems that the authors’ previous paper (Benoit et al. 2021) is focused on comparing
limonene oxidation products in JSR and at ambient conditions. Authors should specify in
text if the dataset from current study is new or the same as in Benoit et al. 2021 and
briefly explain how the current paper’s comparison for limonene is similar or different.

The section on HPLC results at the end of the manuscript is confusing. Can the authors
please explain more clearly in the text how it is relevant and what are the main findings
complementing the results of current manuscript, even if the results are negative (i.e.
coelution was observed).

Figure 3 presents the conceptual schematic of autoxidation in combustion and atmosphere
for oxidation with OH. This figure is only once mentioned in the text (line 276) to show the
change of oxygen parity. While a simple figure can help to represent this, I think there are
problems with the schemes represented. First of all, only OH pathway is considered, while
in atmospheric oxidation data, this paper looks at many ozonolysis experiments. Secondly,
H-abstraction pathway is shown also as an atmospheric pathway, while OH addition is
prevalent for oxidation of monoterpenes (e.g. Berndt et al. 2016). This clearly changes the
oxygen parity (odd vs even), which is again different if ozonolysis products are
considered. It would be great if the authors specified how the pathways presented in this
schematic are used in the paper and perhaps clarify if these are just subset of reactions
that are possible and why authors chose these. Also, please include some references in
the schematic.

The authors should include a list of observed products in JSR experiments to
Supplementary.

Specific comments

Abstract

Line 24-25: “We built an experimental database” – where this database will be deposited?
Will it include list of all the compounds?

Line 28: “a subset of chemical formulas is common to all experiments independently of
experimental conditions.” – I don’t think this is true for a-pinene case where surprisingly
there were no compounds in common, Figure 5a?

Main text



Line 59: “highly oxidized molecules” - HOMs are defined as “highly oxygenated organic
molecules” as per references provided in that line.

Line 63: I would absolutely list Iyer et al. 2021 as a reference for “few hundredths of a
second”, I don’t think other studies studied such short time scales. I suggest authors
rethink the order of references in this paragraph to include a) original references first and
b) to put the relevant references in the right sentences.

Line 77: “to name a few” – please remove this. Which other radicals?

Line 79: “so as to compensate for the absence of ozone”. Can authors clarify what they
mean?

Line 86: For Huang et al. 2018 reference, you have to mention that it was for particle
phase composition, because in the text so far refers to the gas-phase. Further sentences
are about aerosol particles, but a smoother connection is required here.

Line 89: “oligomerization, addition, or accretion” I do not know what is the difference
between these and how they relate to earlier phrase. Do you mean nucleation or
condensation? Because while there can be accretion products, they are not yet aerosol
particle. Please clarify.

Lines 103-105: slightly unclear sentence, at least for the first read. Also, what does
CxHyO1+15 mean?

Line 187: I don’t think there is “-O” in DBE formula. Please correct.

Line 224-225: “appropriate for studying products with a large number of unsaturation
(DBE > 5), probably related to the increase in the number of hydroxyl groups”. Can
authors clarify how the addition of OH groups changes DBE, because I do not think there
is a relationship.

Line 253: ”with maximum counts recorded for 10 O-atoms (Fig. 1c)” – Did you mean most
of chemical formulae (y axis of Fig 1c) and not maximum counts (as in signal strength)?
Based on the figure, I can tell that it is with 9 O atoms, not 10. Also, x-axis of both Fig 1b
and c are somehow shifted, so it is hard to see.



Figure 2a: What is the hypothesis for forming compounds with more than 20 carbon
numbers? To me, it seems that there are many oxidation steps that take place after which
also accretion products form RO2 radicals and form another accretion products. Are these
compounds typically observed in combustion? This would be good to clarify also where the
datasets compared to atmospherically relevant oxidation studies.

Figure 2b: This figure reveals that the observed oxidation products have composition of
C10H4O9 and so on (with very little H), how is this possible?

Line 260: You are testing accretion hypothesis with OSc plot, but isn’t the fact the
compounds have 11 carbons already shows you that it is an accretion product? Please
clarify the text.

Lines 266-269: Is there any advantage to add the classes of organic aerosols in text and
on Figure 2a? 

Line 293: Perhaps there is a better reference that can be used here?

Lines 293-296. Please rephrase, it is unclear what authors mean. For instance, what does
“other carbon skeletons are also concerned by autoxidation” mean?

Line 304: It seems that the authors use only 4 of the limonene studies. Perhaps there is
no reason to include all of them in the table, especially since the table appears to be the
same as in Benoit et al. 2021.

Line 308: “files provided” – no files or data is actually shown in SI. Please include the list
of compounds.

Lines 311-312: I think this is incorrect to assume that the method of analysis does not
affect which species are detected. In fact, it is known that NO3- chemical ionization is
selective to highly oxygenated compounds and will not detect some species (e.g. Ehn et
al. 2014, Riva et al. 2019). As a result, studies done with NO3- ionization have almost no
to little overlap in Fig. 4.

Figure 4a: How is it possible that not a single species is common between these studies?



Lines 328-330: This sentence is a bit complicated. Please rephrase.

Lines 342-345: Can authors explain how “relationship to autoxidation” determined and
these results obtained?

Lines 357-358. Presenting here the results in percent is misleading. Maybe just report
number of chemical formulas that are common, as done in previous paragraph.

Section 4.3.2: “Detailed analysis”. I am not sure which questions the authors try to
answer with this section. Also, main compounds in atmospheric chemistry are listed here.
Why? Can isomers be marked in Fig. 8? More description is needed if this section is
relevant.

Line 441- what is “COVs”?

Line 452: Is this provided data from Tomaz et al. 2021? If yes, please indicate so and
remove the word “his”.

Supplementary

I think 3D figures contain too much information which is hard to interpret. I would suggest
to consider 2D plots that can show relevant information, for instance, DBE vs OSc or
similar.

 

Technical and minor comments

Lines 52-55: H-Shift formulas- can you format them as a column for easier read? (like
equations)

Line 56: Is abbreviation “HOPs” needed? It is only used in Abstract and here and is not a
common abbreviation generally used in the literature, to my knowledge.



Line 55: “There, the formation of HOPs was mainly attributed to autoxidation reactions.” –
I don’t understand “where”

Line 58&60: Please add Ehn 2014 (Nature) to the references for HOM and autoxidation.

Line 161: “I was”-> It was

Line 164: “these two isomers” – do you mean here two monoterpene isomers or
something else?

Line 246: “limited to 10 oxygen atoms” – do you mean “limited to compounds with 10
oxygen atoms or lower”?

Line 307: A year is missing in the reference.

Table 2. In column titles “ionization/source”, there are inconsistencies. For instance,
Jokinen et al. 2015 used NO3- ionization, but it is not mentioned. Same goes for Hammes
et al. 2019. Please check that information in this table is correct and consistent. Please
also check online/offline metric. I am not familiar with offline PTR-TOF method, for
instance.

Supplementary

Table S1: Please check the legend is correct in the figures located at the last row. It
seems that “a-pinene only” and “limonene-only” are inconsistent between two graphs. In
Table S2 they seem to be correct.
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