Anonymous Referee #2

We would like to thank Referee #2 for the time spent evaluating this manuscript and for his/her
helpful comments. We have conducted additional work and answered all the comments. They have
helped us improving the manuscript.

1/ In the case of methacrolein oxidation they claim to observe the primary production of
acetaldehyde by PTR-MS.
1A/ This m/z could also be a fragment from higher masses

Response: As it was mentioned in the text (P22523, lines 12-14) “The presence of fragments of higher
molecules contributing to this signal (like methylglyoxal; Miiller et al. (2012)) cannot be excluded”.

1B/ or eventually even be released from the walls.

Response: A release from the walls is unlikely since it was not observed in control experiments (i.e.
irradiation of a N2/O, mixture (80 % / 20 %)).

The sentence “Furthermore, a release from the walls is unlikely since acetaldehyde was not observed
in control experiments (i.e. irradiation of a N,/O, mixture (80 % / 20 %)).” was added in the text
(P22523, line 16).

1C/ The authors provide a speculative mechanism as to how it could form. According to Figure 5
acetaldehyde is continuously increasing reaching about 15 ppb at the end of the experiment. It is not
clear to me why it should not reach levels above the detection limit of FTIR (20ppb) in experiments
with doubled precursor concentrations. If this was not the case, such an experiment should be
performed.

Response: As it was mentioned in the text (P22523, line 11), the observed yields for acetaldehyde
were variable (2-6 %). Experiments starting from the highest methacrolein (MACR) initial
concentration (927 ppb and 735 ppb) lead to a maximum acetaldehyde ((C:H,0)H* signal at m/z 45
measured by PTR-ToF-MS) concentration of around 20 ppb which corresponds to the FTIR detection
limit and does not allow for a definitive conclusion on the actual acetaldehyde concentrations in the
system.

As a result, no definitive conclusion can be drawn concerning the presence of a primary production of
acetaldehyde in our experiments. Because one cannot exclude the presence of fragments of other
compounds contributing to this (C:H,0)H* signal at m/z 45 measured by PTR-ToF-MS (Miiller et al.
(2012), we propose to replace “acetaldehyde” by “(C;H40)H*” in Figure 5C.

2/ The authors also report SOA vyields from both precursors. In general they find smaller yields
compared to literature.

Response: As it was mentioned in the text (P22508, lines 8-9), yields obtained in this study are not
smaller than other yields from the literature but “consistent with the lowest values found in the
literature” that is to say, in good agreement with the results by Dommen et al. (2006) and by Zhang
et al. (2011) for isoprene experiments, and similar to yields obtained by Zhang et al. (2012) for
methacrolein experiments.

3/ They speculate, that this could be due to the light source (xenon lamps), which produces a light
spectrum similar to sun light. Most studies are done using black lights, which lack the emission of
longer wavelengths. This speculation may be true or not, but it cannot be drawn based on the
analysis given.



Response: We disagree with the referee interpretation of our statement. In fact this is more a
"hypothesis" than a "speculation"”. We believe that the yield results from literature are excessively
scattered considering the technology available nowadays and while none of the other authors
commented this fact, we did, trying to find commonalities and differences. Light source is obviously
one of them. Certainly more studies will be necessary in the future to assess the effect of light source
but this paper, when published, can be also used by the community to support the need for such
studies.

4/ The authors calculate the SOA yield from the measured aerosol mass at maximum concentration.
4A/ They consider neither wall loss of particles, dilution flow

Response: Dilution flow was of course taken into account for the yield calculations. In order to clarify
this point, we propose to add in the text (P22518, line 20) ”All values were dilution corrected”.
Concerning wall loss of particles, it was mentioned in the text (P22512, lines 2-5) that “Due to the very
low level of charges on the walls (conductive and grounded), aerosols exhibit a long lifetime (between
10 h and 4 days, depending on the particle size distribution) in the chamber (McMurry and Rader,
1985; Wang et al., 2011)”. Hence particles wall losses are not significant in our experiments as it can
be seen with the following figure showing the stability of aerosol mass concentration in the chamber

when dilution correction is applied:
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Figure R1: Time profile of SOA mass concentration during an isoprene experiment (1150211; table 1)

4B/ nor wall losses of gaseous condensable species. It has to be admitted, that the latter point is
not considered in most yield determinations either, but it seems to be quite large in this chamber.

Response: We considered this possibility in the text (P22519, lines 9-11). Thanks to the works of Loza
et al. (2010); Matsunaga and Ziemann (2010) and Zhang et al. (2014) who highlighted the effect of
such losses on SOA yields, it is clear that all the chamber groups have now to work on the wall losses
of semi-volatile intermediate species. This work has been initiated at our institute but one can already
find some first order losses measured in the CESAM chamber in Wang et al. (2011) (table 5). These
first values do not seem to exhibit tremendous differences with other chamber's losses (while most of
the data from other studies are not published in peer reviewed journals). Furthermore, SOA formation
from other chemical systems have been studied in the CESAM chamber (such as a-pinene ozonolysis
in Wang et al. (2011)) and led to SOA yields in agreement with previous studies.

We agree nevertheless that gaseous wall loss characterization will be clearly needed for a better use
of simulation chamber data in the future. It will be a long term effort (that we have started) in both
the setting of the appropriate formalism as well as the quantification of the relevant parameters. In
between, we believe that it should not prevent publication (as it is the case for other groups).

We propose to add in the text (P22519, line 18) “Some pseudo-first order rates for loss processes of
organic compounds in the CESAM chamber can also be found in Wang et al. (2011): although the
dataset is limited, these values are of the same order of magnitude as those obtained with other
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simulation chambers. Furthermore, a SOA yield study for a well-known system (a-pinene ozonolysis) is
provided in this study without any significant difference with already published values.”.

4C/ When the chamber was manually cleaned almost no SOA production occurred anymore.

Response: For isoprene experiments only, we observed, for some experiments with manual cleaning
the day before, a very low SOA production. It hence seems to highlight the existence of an impact of
the state of the walls on the nucleation step in this system which needs a lot of oxidation steps to
form SOA. It appears that we can’t control the parameter linked to this variability. This parameter
could be linked to the state of the walls but not necessarily to wall loss of gaseous compounds. It can
be linked to OH production (for instance via HONO production) and to the competition between OH
and photolysis in isoprene products oxidation.

4D/ The question is therefore, what contributed to SOA formation in an aged chamber and how
much. No blank experiment with seed aerosol was performed determining the blank production of
SOA in the chamber.

Response: A control experiment (i.e. irradiation of a N2/O; mixture (80 % / 20 %) and HONO) with
ammonium sulfate seed particles was performed in the chamber and no SOA production was
observed.

One must also underline that even when an "aged" chamber was used, the yields were lower than
the highest yields published so far. Did these chambers present more “aged” conditions than ours and
contributed even more to the SOA formation? (And if so, would it be necessary to underline this in a
peer reviewed paper?)

If, on the contrary, it is considered that "too clean" walls may be an enhanced sink for semi-volatile
species then the only control experiment would be to compare the SOA formation of a very well-
known system. As already said, this has been done with the best known system - a-pinene ozonolysis-
with no significant differences between very clean walls (CESAM chamber) and clean walls (Teflon
chambers)(Wang et al., 2011).

4E /Therefore, there exist enough possible processes to explain the lower yields. The analysis of
the experiments needs to be done more carefully.

Response: We easily recognize that there is some kind of irreproducibility in the absolute yields
obtained. This may also be linked to the fact that the yields are so low and the experiments so long
that it may be difficult to control all parameters: a change in the triggering of the SOA formation can
be due to a change in the oxidant level, and/or in the nucleation process. In the case of weak aerosol
producers, such as isoprene, a small change in the oxidant level, or in the nucleation process would
affect the SOA yields at two successive orders: at the first order, it may directly affect the production
of semi-volatile compounds, but at the second one, the same change is amplified by the fact that it
affects the production of aerosol available for the further condensation of the semi-volatile
compounds.

We have tried to overcome this second order effect by providing a highly controlled quantity of
aerosol for condensation by seeding the chamber with a monodisperse aerosol. Because of particle
coagulation in the chamber, an initial narrow monodisperse seed aerosol should result in a controlled
size distribution of the aerosol in the chamber, inducing a measurement of the total aerosol volume
with low uncertainties. However, the problem is that it is so far almost impossible to fill a large
simulation chamber with a narrow monodisperse seed aerosol in a reasonable amount of time. The
consequence of using a polydisperse aerosol for seeding the chamber is that the uncertainties on the
total aerosol volume concentration measurements increase due to the fact that each channel of the
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SMPS provides a signal with its own uncertainty which is added to those of the other channels. In the
case of such a weak SOA producer such as isoprene, the polydisperse seed volume concentration
uncertainties are finally larger than the SOA volume concentration. Therefore, most of the
experiments were done without seed particles.

Nevertheless, we believe that the yield behavior with the aerosol quantity available for condensation
(Odum plot, Figure 3) showed a very good internal consistency, and this behavior is used for
comparison with other works (which is also useful for models). This consistency carries some chemical
information which are meaningful and deserve to be discussed.

The referee seems to only consider wall characteristics to explain the differences in yields. Doing so,
the referee does not seem to consider the fact that similar yield behaviors were obtained with very
different chambers (with differences in the wall’s material, the history and the surface-to-volume
ratio) (see for example Dommen et al. (2006); Zhang et al. (2011) and our study) and discards other
differences in the experimental protocols.

5/

5A/ Somehow peculiar is the increase of O/C from AMS measurements in the beginning of the
experiment (Figures 4 and 8), which is attributed to “oxidation processing during particle formation”
(p22522, linel).

Response: The O/C increase in the beginning of the experiment is rather typical than peculiar. Similar
O/C ratios time evolution have been previously observed during SOA precursors oxidation
experiments, including isoprene experiments (see for example Chhabra et al. (2010)). Indeed as
oxidation proceeds, O/C increases as more oxidized species are formed with increasing partitioning to
the particle phase.

5B/ It is generally assumed that condensable gases need to be of low volatility. This implies highly
oxygenated compounds. How can the authors explain the condensation of compounds with such low
o/c?

Response: It is not really a question of complete condensation but rather a partitioning (even if the
major part is in the gas phase, only a small fraction needs to be in the particulate phase).
Furthermore, it was often observed (Healy et al., 2008) that we can find in particulate phase more
species than their vapor pressure could suggest. In particular, carbonyl compounds bearing an O/C of
0.6 that are relevant to our study such as hydroxyacetone or methylglyoxal, have been previously
observed to partition into the particle phase (Bao et al., 2012; Healy et al., 2008, Kawamura et al.,
2013). It is also noteworthy to note that the O/C values obtained in this study are in agreement with
the ones obtained in previous simulation chambers experiments using AMS measurements (Aiken et
al., 2008; Chhabra et al., 2010) as shown in Table 3.

5C / Could this be due to impurities in the chamber (needs blank experiment)
Response: Control experiments, i.e. irradiation of a N2/O, mixture (80 % / 20 %) did not show any

gaseous release nor formation of SOA in the chamber.

5D/ or an issue of data analysis?



Response: Issues in the data analysis can be reasonably excluded and data analysis for the AMS is
quite well standardized. Furthermore, the values of the O/C ratios measured in our study are very
reproducible (and in good agreement with previous studies as mentioned above) thus occasional
instrumental artefacts can be excluded too.

It must be recognized however that despite a careful data analysis, O/C ratios provided by AMS have
been previously found to underestimate O/C values (Aiken et al., 2008). Uncertainties in AMS
elemental analysis are discussed in details in Chhabra et al. (2010); (2011).

5E/ Such an effect has not been observed so far. More often a slight decrease of O/C is seen
because of condensation of less volatile and thus less oxygenated species with increasing aerosol
mass concentration.

Response: In the study by Chhabra et al. (2010), it can be seen for isoprene experiments in the
presence of NOyx that, like in our experiments, the O/C ratios increased at the beginning of the SOA
formation and then reached a plateau which remained stable over the course of the experiment (with
reproducible results). An increase of the O/C ratios with increasing SOA mass concentration can also
be seen in other systems like in gasoline exhaust aging experiments by Platt et al. (2013) (a minor
contribution from primary material was observed but with negligible importance respect to SOA after
a few hours).

6/ It is observed that the use of HONO as OH source leads to higher SOA vyields. This is attributed to
higher OH concentrations at the beginning of the experiments (page 22524, line 3). However, Figure
S4 shows quite the opposite, lower OH for HONO experiments.

Response: There was an inversion in the legend, this error has been corrected and it now reads:
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Figure S4 Time profiles of calculated OH concentrations during MACR photooxidation experiments performed
with HONO (blue curve; M230113) and NOx (pink curve; M240512) as OH source.

7/ This paper has some serious deficits and this reviewer cannot recommend publication of this
paper.

Response: Investigating such a weak SOA precursor as isoprene is not without any difficulties,
especially if one wants to have a realistic oxidation rate that requires performing photolysis
experiments during a long time (up to 9 hours).

While SOA yields determination was not without any issue, we believe that our gas phase reaction
products analysis, which provides a good agreement with previous studies for the well-known first
generation products, brings valuable new information for the higher generation species.



Concerning the SOA formation, we consider that our Odum plots (Figures 3 and 7) show a consistent
picture which is chemically meaningful. These results are in agreement with a part of previous
publications and in disagreement with the highest yields published. We believe this deserves to be
publically discussed through a peer review paper, especially because the highest values are often used
by models to estimate the large scale impact of isoprene on SOA levels but also because they are used
for the justification of a tremendous number of research proposals.

The community needs to have access to results and datasets which have been collected with different
instruments (not only Teflon film chambers and fluorescent lamps) and different protocols to finally
extract the usable chemical reactivity.

We do not claim that we bring the final answer but we bring our contribution to a global picture that
still requires some work and we try to highlight some possible research perspectives.
Light source is clearly one of them (even though many chambers are using black lights). Both positive
(bringing impurities from dirty wall to form SOA) and negative (trapping semi-volatile gases to the
wall) wall effects are also clear for which the whole community will soon have to provide datasets
thanks to the pioneer works of Loza et al. (2010); Matsunaga and Ziemann (2010) and Zhang et al.
(2014).

To do so, one has to let be published publically the work that pushes towards these directions.
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