A point-to-point response to reviewers’ comments

We are very grateful for the helpful and insightful comments from the reviewers, and
have carefully revised our manuscript accordingly. In the following point-to-point
response, reviewers’ comments are repeated in italics, whereas our responses are in
plain texts labelled with [Response]. Line numbers in the responses correspond to those
in the revised manuscript (the version with all changes accepted). Modifications to the
manuscript are in blue.

Reviewer #4

The authors have addressed well the points brought up by the four reviewers. The
manuscript has improved significantly and I am happy with the majority of the
responses. However, as the authors now report the slow temperature ramping rate in
their FIGAERO setup, I realized that the manuscript lacks some discussion regarding
the potential effects of thermal decomposition on their observations.

Response:

We are very grateful for the insightful comments from Reviewer #4 and have revised
our manuscript accordingly.

1.1t should be noted that a single-peak thermogram does not always ensure that
decomposition did not take place. For example, in Riva et al. (2019), SOA (alpha-
pinene ozonolysis) formed onto acidic sulfate particles (a chamber study) sampled with
a FIGAERO-I-CIMS had a rather unimodal thermogram with a low Tmax, but
isothermal evaporation studies on similar SOA formation showed that the SOA was
actually of very low volatility. The SOA measured by the FIGAERO during the Riva et
al. (2019) experiments had high contributions from high double bond equivalent (DBE)
compounds. Discussion about high DBE and thermal decomposition likelihoods were
brought up also in Yang et al. (2021). How would Figures 3 and 4 look like if color-
coded by DBE? Could you add some discussion about the potential effects of thermal
decomposition and how it would affect your volatility parameterizations? Is it possible
that the second ellipse (the one at generally higher molecular weights with lower O:C)
in Figures 3 and 4 is greatly affected by thermal decomposition and the Tmax is
significantly reduced similarly as happened in the Riva et al. (2019) experiments
mentioned above?

Response:

Indeed, according to Riva et al. (2019), thermal decomposition of the oligomers in
organic aerosols can lead to a misinterpretation of the SOA volatility. Riva et al. (2019)
observed an increase in high DBE compounds, which were postulated to be thermal
decomposition fragments of high-molecular-weight organic molecules. Besides, those
thermal decomposition fragments with high DBEs could lead to an overestimation of
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organic aerosol volatility. In our study, the components of ambient organic aerosols are
very complex, and thus it is difficult to identify the decomposition products and their
parental organic molecules based on thermograms and to quantify this effect on our
volatility parameterizations.

Furthermore, Yang et al. (2021) found that the nO, DBE, and Tmax Of the parental
compounds may be related to the degree of thermal decomposition by observing 29
standard compounds that include alcohols, monoacids, diacids, polyacids, and
multifunctional acids. When DBE >2, Tmax >72 °C and nO >4, thermal decomposition
of parental compounds can occur considerably. Since the parental compounds in
ambient organic aerosols cannot be identified in this study, these criteria cannot be
directly adopted to predict the degree of thermal decomposition of complex ambient
organic aerosols.

Figure 3 and Figure 4 are now colour-coded by DBE, as shown in Figure R1 and Figure
R2 (i.e., Figure S11 in the revised Supporting Information (SI)). In Figure R1 and
Figure R2, the DBE distribution of these CHO and CHON compounds is random,
suggesting that the effect of thermal decomposition on our volatility parameterizations
may be minor.

We have added this point to the revised manuscript, which (Line 327-332) reads,
“Furthermore, thermal decomposition of the oligomers in organic aerosols can lead to
a misinterpretation of the SOA volatility, and double bond equivalent (DBE) has been
used to determine the thermal decomposition degree of an individual compound and
SOAs formed from the ozonolysis of a-pinene (Riva et al., 2019; Yang et al., 2021).
The contents in Figure 4 are further colour-coded by DBE, instead of O:C, as shown in
Figure S11. In Figure S11, the DBE distribution of these 181 compounds is random,
thus the thermal decomposition could have a minor effect on Trmax.”.

The second ellipse (the one at generally higher molecular weights with lower O:C)
covers 47 compounds. As shown in Figure R1 and Figure R2, the DBE of most
compounds (32 out of 47) in the second ellipse is smaller than or equal to 2, and there
are 15 of 47 compounds with high DBE (DBE >2). Moreover, the DBE distribution of
compounds in the second ellipse has no regularity. Therefore, the Tmax values of
compounds in the second ellipse are less affected by thermal decomposition.
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Figure R1. Evaporation and decomposition of 91 CHO and 90 CHON compounds, as
colour-coded by DBE. Note that compounds with DBE equal to or greater than 7 are
marked with the same colour. The signal peaks, the cooler and warmer peaks of double-
peaks are denoted by circles, triangles and diamonds, respectively. Rectangular bands
depict the temperature zones in which peaks appear.
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Figure R2. Saturation mass concentration of CHO and CHON compounds against their
molecular weights, as colour-coded by DBE. Note that compounds with DBE equal to
or greater than 7 are marked with the same colour. The CHO and CHON compounds
are denoted by squares and hexagrams, respectively. Whiskers denote 25th and 75th
percentile values of measured saturation mass concentration from 30 ambient samples
and whiskers are ultimately due to variability in the measured 77uax of CHO and CHON
compounds.



2.You mention on LI136 that a slower heating rate leads to a smaller number of
decomposition products. Based on Yang et al. (2021), shouldn't it say the opposite or
am I missing something?

Response:

Indeed, a slower heating rate leads to a larger decomposition degree of parental
compounds. But Yang et al. (2021) also found that for the citric acid, there is a smaller
number of products formed after the desorption process under a slower heating rate (i.e.,
only the primary and secondary dehydration products with no decarboxylation product).

To clarify this point, we now state in our revised manuscript (Line 124-127) that “Also,
a slower ramping rate can separate compounds with similar volatilities better (Lopez-
Hilfiker et al., 2014). Note that the decomposition degree of parental compounds under
a slower ramping rate is higher than that under a faster ramping rate, but a slower
heating rate generally leads to a smaller number of thermal decomposition products
(Yang et al., 2021).”.



Reviewer #3

Iwould like to thank the authors for carefully considering and addressing my comments
(and those of my co-reviewers).

1 believe the manuscript is much improved and clearer. As in my first review, I still think
the manuscript overall is a carefully worked out and useful piece in our quest towards
figuring out the volatility of SOA, so I recommend to accept it for publication. However,
I also recommend the following minor and technical revisions:

Response:
We appreciate the insightful and positive comments from Reviewer #3 and have revised
our manuscript accordingly.

Minor comments:

1.Lines 379+:

If I understand correctly, neither Zhao et al. (2013) nor Mazzoleni et al. (2010) report
molecular structures, "just” molecular formulae. Please explain or correct.

However, some assumptions on molecular structures are indeed necessary to obtain
vapor pressures from SIMPOL, so I wonder which assumptions were used here to arrive
at the SIMPOL predictions (as in Fig. 5). I may just be missing a step here, which could
be useful to point out in the text here. However, that step may be important for
interpreting Fig. 5. (Specifically, for 230 of the 245 x-axis values!)

Same comment for lines 415+ (dealing with CHON instead of CHO).

Response:

Indeed, neither Zhao et al. (2013) nor Mazzoleni et al. (2010) reported molecular
structures. Only molecular formulae were presented in the two studies.

We assume that the molecular structures of compounds from Zhao et al. (2013) and
Mazzoleni et al. (2010) are common ones (i.e., most of function groups of their
structures are included in SIMPOL, so that their volatilities can be calculated using
SIMPOL).

To clarify this issue, we now state in the revised manuscript (Line 384-387) that “The
molecular formulae of 230 CHO (O/C: 0.25-1) compounds are from Zhao et al. (2013)
and Mazzoleni et al. (2010), and the molecular structures of these 230 compounds are
predicted to be common, i.e., most of function groups of their structures are included
in SIMPOL, so that the volatilities of these compounds can be estimated by SIMPOL.”,
and (Line 426-427) that “The molecular structures of selected species are assumed to
be common. Then their saturation mass concentration (C") are estimated by different
parameterizations and SIMPOL, respectively.”.

2.Line 383:
Who or which parametrization have not been "considering covalent binding"? I suspect
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that the term "covalent binding" is a too general term here for what the authors try to
say. Please double-check and attempt to clarify.

Response:

Mohr et al. (2019) have not considered covalent binding. To clarify this point, we now
state in the revised manuscript (Line 388-392) that “Although Mohr et al. (2019) and
Stolzenburg et al. (2018) both updated parametrizations based on those 15 HOMs
detected by Trostl et al. (2016), compared to the Mohr et al. (2019) parameterization,
the volatility predicted by the Stolzenburg et al. (2018) parameterization does match
those by SIMPOL better, which could be attributed to the fact that Mohr et al. (2019)
did not separately use parameters for dimer and monomer as Stolzenburg et al. (2018)
did, so that the effect of the covalent binding is ignored.”.

3.Line 388:
Which "inherent strength and deficiency of the FIGAERO method" is (are) referred to
here?

Response:

We now state in our revised manuscript (Line 396-398) that “..., which reflects the
inherent strength and deficiency of the FIGAERO method, i.e., the FIGAERO method
replies on authentic standards that are commonly LVOCs and is thus less suitable for
the more volatile compounds.”.

Technical comments:

4.Figure I:

The authors could point out which vapor pressures correspond to which compound, at
least for the compounds used in this study. That would be particularly useful because
not only PEG-n are used, but also erythritol and citric acid. Also, a slightly discrepant
behavior is referred to in the text (line 253), which will be much easier to make out then.
... Oh, that has been done actually in Figs. S4-S6! That helps. It might still help to add
some labels like that to Fig. I too. I'll leave that to the authors.

The other thing, however, is that it is unclear from Fig. 1, which line the "fitted
parameters" (legend) correspond to. Please clarify, at least in the caption.

Response:

We have added more labels to Figure R3 (i.e., Figure 1 in the revised manuscript) to
point out vapor pressures of corresponding compounds.

We have clarified the “fitted parameters™ in the caption of Figure 1, which (Line 233)
reads “The fitted parameters correspond to the dark green line.”.
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Figure R3. Comparison of calibration results obtained in this study with those reported
previously. These solid lines denote the calibration results obtained in this study. Error
bars represent *one standard deviation of Tmax from four replicate experiments. The
fitted parameters correspond to the dark green line.

5.Lines 376:

I believe those 15 HOM have not yet been brought up, so I think "the" should be
removed.

In fact, it should be moved to line 378.

Response:
We have revised our manuscript accordingly.

6.Line 440:
"owning" -> "owing" (I believe)

Response:
We have replaced “owning” with “owing” in the revised manuscript.

7.Figure S11:

I suggest adding a sentence to the caption, explaining which are the compounds
explicitly pointed to in the figure. That info is found in the main text, but it would be
helpful for the reader to receive some explanation in the figure caption as well.

Response:



We have added a sentence to the caption of Figure S12 in the revised SI, which (Line
59-61) reads “Marked compounds are oleic acid (CisH340.), levoglucosan or related
isomers (CsH1005), margaric acid (C17H3403), linoleic acid (Ci1sH320:), and palmitic
acid (C16H3202), respectively.”.

8. Figures S13:
Please explicitly name the 5 compounds.
(Also, "SIMPOL" is missing its I in both axis label and caption.)

Response:

We have explicitly named the 5 compounds in the caption of Figure R4 (i.e., Figure
S14 in the revised SI).

And the typos have been revised.
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Figure R4. Saturation mass concentration (C*) of five organic compounds (i.e.,
erythritol, PEG-6, PEG-7, PEG-8, and citric acid) from Krieger et al. (2018),
Emanuelsson et al. (2016) and Ye et al. (2019) against those calculated by SIMPOL.
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