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Reply to Anonymous Referee #1

We thank the referee for their comments and respond to the points raised below.

These concerns are detailed below in reference to the locations in the manuscript at
which they appear, but briefly, they generally include the effects of specific (particularly
the more poorly- understood) isoprene ozidation pathways on model outcomes along
with the treatment of SOA and monoterpenes. The authors acknowledge that all of
these aspects come with substantial uncertainty, but without any quantification of that
uncertainty in the model, it is difficult for the reader to know how much proverbial
stock to put into simula- tion results. It is perfectly reasonable that the model is not
intended to provide detailed accounting of global biogenic SOA formation or the effects
of terpene oxidation, but more discussion is needed regarding the limitations of these
aspects of the model. For example, while some SOA formation pathways are included
in the model (e.g. IEPOX reactive uptake), others are only mentioned as the likely
sinks of isoprene oxidation products, without any physical reaction parameterized in
the model (e.g. dinitrates and the hydroperozy-epozides from D’Ambro et al. (2017)).
A modeler could assume that these products form SOA immediately with a 100% yield,
but because some of the low-volatility species that lead to SOA formation would likely
also have high deposition velocities, this could overestimate the SOA yield. How do
these (and other) sources of uncertainty in the important results from this mechanism
(e.g. HOz budgets, organic acid budgets, SOA) manifest themselves in a global model,
and what should the reader take away regarding the potential for bias and error in
simulating the overall effects of isoprene’s oxidation on the chemistry of the global
troposphere?

The Reviewer is of course correct that the hydroperoxy-epoxides from D’Ambro
et al. (2017) are not entirely converted to SOA. We now provide more discussion
on SOA formation in the global modeling results Section (Sect. 4.2). We provide
quantitative estimates of the main different pathways and their impact on the model
results, as discussed further below (see response to Referee comment on DHHEPOX
and SOA, p26 L14). In any case, we want to remind the Reviewer that the current
focus of our mechanism is not on SOA formation.

On the issue of uncertainties: As discussed further below, uncertainties are plenty,
and not confined to a single specific part of the mechanism. It is very difficult,
and, to our view, out of scope of the present study, to go through every significant
uncertainty in the mechanism and quantify their potential consequences. As required
be the Reviewer, we provide some estimation of the potential impact of uncertainties
related to the effect of SOA formation and wet/dry deposition on the formaldehyde
production from monoterpene oxidation. Following the suggestion of Reviewer #2,
we also present a box model comparison of the MAGRITTE, Caltech and MCM
mechanisms, which will help readers to better evaluate in which conditions and for
which species the mechanisms present important discrepancies.

p4d L17: 5% can still be a lot of carbon for isoprene! Other pathways that also
account for less than 5% of the total carbon from isoprene are included in this mech-
anism. Are there other reasons the bimolecular reactions of the delta-hydroxyperoxy
radicals are excluded? Do we have any knowledge of how much this simplification
might bias the results of simulations using this model?

We now include these pathways in the mechanism. We have added a new sub-
section detailing this chemistry (Section 2.1.3 Traditional chemistry of the initial
0-OH peroxy radicals). New model compounds are added: the Cs hydroxycarbonyls,
HALD1 and HALD2, and the é-hydroxynitrate ISOPANO3 (HOCH,-C(CH;)=CH-
CH20NO3), not lumped anymore with ISOPCNO3 (HOCH,-CH=C(CH3)-CH,0ONO,).

L25 & the rest of this section: the discussion of remaining uncertainties in this
mechanism pathway is welcome, but given the important effects of this pathway on



simulation results (e.g. as a source of HOx radicals in the otherwise HOz-consuming
mechanism), it would be useful to provide the reader with some discussion (perhaps
in the model results section) of how these uncertainties manifest themselves in the
model. What range of possible HOx recycling rates would be compatible with what is
currently known about this part of the mechanism? Given the uncertainties, can the
boundary layer OH change due to this mechanistic pathway (Figure 3) be considered
a bound or a best guess, and is the uncertainty on that at all quantifiable?

This part of the chemical mechanism has undergone major changes. As now dis-
cussed in great detail in a new subsection (Section 2.1.2), the quantitative product
distribution from the 1,6 H-shift of the Z-6-OH-peroxys is adopted from the recent
experimental study of Berndt et al. (2019), supported and complemented by com-
putational results of the LIM1 paper (Peeters et al., 2014). A crucial point is that,
contrary to speculative suggestion in the LIM1 paper, the Z—F isomerism of the tran-
sition states is conserved in the allylic-radical products and in the resulting peroxys.
The implications are detailed in the new Section 2.1.2. Both theoretical expectation
and experimental results imply a high HPALD yield (ca. 75%), whereas hydroper-
oxy carbonyl epoxides (HPCE, 15%) and the dihydroperoxycarbonyl peroxys (DIHP-
CARPs, 10%) make up the rest. The further chemistry of HPCE and DIHPCARPsS is
also discussed in this Section. The MAGRITTE mechanism (v1.1) has been revised
to accomodate these important changes, including new model compounds (HPCE as
well as several compounds resulting from the further chemistry of HPCE and DIHP-
CARPs). Note that the high HPALD yield is also comforted by the model evaluation
against SEAC*RS measurements at the CIMS mass corresponding to HPALD (see
our response to the last Reviewer comment).

In consequence, the product distribution of the 1,6 H-shift of the Z-§-OH-peroxys
is probably not the most important source of uncertainty in the overall mechanism.
Uncertainties remain important, but are not confined to this part of the mechanism.
It is therefore very difficult to go through every significant source of uncertainty in
the mechanism and quantify its potential consequences. Following the suggestion of
Reviewer #2, we now present a box model comparison of the MAGRITTE, Caltech
and MCM mechanisms, which will help readers to better evaluate in which conditions
and for which species the mechanisms present important discrepancies. For example,
significant differences are found for OH at low-NOx, with Caltech predicting higher
concentrations by about 30% higher than the other mechanisms. For the most part,
the differences can be traced back to assumptions regarding the isomerization of Z-4-
OH-peroxys and the photolysis of hydroperoxycarbonyls. Although the MAGRITTE
results should be viewed as state-of-the-art, more work is needed to confirm and refine
the assumptions made in our study. An extensive review of the uncertainties and their
potential consequences is out of scope of the present study.

p9 L15: Fig 1 doesn’t show latitude dependence as claimed here. It also convolutes
the pressure and temperature dependences in a way that might not be useful for readers
who would like to extrapolate for conditions other than 40 degrees N in January and
July. I would suggest either clarifying some of the details of these conditions (e.g.
add side plots of temp and pressure vs. altitude in January and July, or separate this
into plots of yield vs. temp and yield vs. pressure).

The yields are now shown as functions of pressure instead of altitude, and the plot
now includes a side plot of temperature vs. pressure.

p9 L19: "such” should be "this”. Also, Wennberg et al. (2018) does not show that
this procedure inherently overestimates most measured nitrate yields, though it does
suggest that this equation provides yields that seem excessive for dinitrates. Instead
it goes off the recommendation of Teng et al. (2017), which explicitly says that this
provides a better estimate than just n=#C, and improves this with a structure-activity-
relationship-style modification.

We now use the parameterization of Wennberg et al. (2018) for the calculation of



RONO;, yields. We have updated Section 2.6 (Peroxy radical reactions with NO and
HO3) accordingly.

p26 L3: what is "isoprene-OH segregation”? What was the logic behind the 7%
minor addition channel, and behind including those but not the E/Z-delta bimolecular
products?

As explained above, we have now included the E/Z-§-OH-peroxy bimolecular
reactions and products. The “isoprene-OH segregation” effect results from incomplete
mixing within a model grid cell and unresolved anti-correlation between isoprene and
OH (due to their mututal reaction). The 10% reduction estimate is consistent with
the results of Pugh et al. (2011) based on measurements in a tropical forest in Borneo.

p26 L10: if you include the description of Y(Arey) in the table heading, you don’t
need it in the footnote; I think the table heading should be shorter and this could be a
footnote. Also, don’t all the scaling factors >1 suggest that N=#heavy atoms wouldve
been better than N=#C?

As suggested by the Reviewer, we shortened the table heading. As noted above,
we now use the organic nitrate parameterization by Wennberg et al. (2018).

p26 L11: define "room conditions” (this also comes up on p27 L4 & 13, p31 L15,
18 & 25, p32 L20, and p41 L34.

Done as requested.

p26 L1j: Does this inherently assume that all DHHEPOX is lost to aerosols? Are
there any estimates of the OH reaction coefficient or uptake coefficient of DHHEPOX
that might put this assumption in context, or provide the reader with some idea as to
the uncertainty on this assumption? What fraction of carbon is lost to this pathway
under atmospheric conditions (and to other dead-end pathways assumed to either
deposit or partition to aerosols, e.g. the dinitrates discussed in N9), and what is the
resulting contribution to aerosol compared to other pathways (e.g. IEPOX)?

The Reviewer is correct that DHHEPOX is not entirely lost to aerosols. We
have updated the text (Note N6) as follows: “The further chemistry of the dihydroxy
hydroperoxy epoxide resulting from this isomerisation, DHHEPOX, is not considered.
Its saturation vapour pressure is estimated to be of the order of 3-107° atm at 298
K using a group contribution method (Compernolle et al., 2011), i.e. three orders
of magnitude lower than the estimated vapour pressure of 3-IEPOX (3-10~¢ atm).
The Henry’s law constant (HLC) of DHHEPOX estimated as described in Muller et
al. (2018) is equal to ~ 3 -10° M atm~! at 298 K, almost three orders above the
estimated value for IEPOX. DHHEPOX is therefore very probably more soluble and
prone to loss by deposition or SOA formation than IEPOX, which has been shown
to deposit very rapidly on vegetation (Nguyen et al., 2015b) and to be a prominent
SOA precursor (Surratt et al., 2010). Furthermore, the products of the oxidation
of DHHEPOX by OH (at a rate estimated at ~ 2.1-107! molec.”! ecm® s71) are
also expected to consist, for the most part, of highly oxygenated products prone to
deposition and heterogeneous uptake. ”

We thank the Reviewer for the interesting question on SOA formation. We in-
serted a new paragraph at the end of Section 4.2: “Although SOA is not a focus of
this study, SOA formation processes are included in the model. The largest source of
SOA is the uptake of IEPOX, with a global flux (49 Tg or 25 TgC yr~!) of magni-
tude similar to previous model estimates, of the order of 40 Tg yr~! (Lin et al., 2012;
Stadtler et al., 2018). These estimates are very uncertain, since the reactive uptake
parameterization used in models ignores the complexity of SOA formation which in-
volves the partitioning of semi-volatile compounds and chemical transformations in
the gaseous and particulate phases (D’Ambro et al., 2019). Glyoxal is another well-
identified source of SOA, amounting to 10 Tg yr~! globally (4.3 TgC yr—1), also well
in the range of previous estimations (6-14 Tg yr—!) (Fu et al., 2008; Stavrakou et al.,
2009b; Lin et al., 2012). The dihydroxy dihydroperoxides (ISOP(OOH)3) formed from



the oxidation of ISOPOOH by OH were recently estimated to be a dominant source
of SOA (Stadtler et al., 2018); in our mechanism, these compounds are ignored since
their yields are believed to be negligible in atmospheric conditions (D’Ambro et al.,
2017). The major non-IEPOX products of OH-addition to ISOPOOH are dihydroxy
hydroperoxy epoxides (DHHEPOX), also believed to form SOA as discussed above
(Note N6). Their global production in the model amounts to 30 Tg yr~! (12 TgC
yr~1). Assuming that their reactive uptake is as effective as for IEPOX, and neglect-
ing gas-phase oxidation by OH (which generates other low-volatility compounds also
expected to form SOA), we estimate with the model that SOA formation accounts
for two-thirds of the sink of DHHEPOX (i.e. 20 Tg yr~!), whereas dry/wet deposi-
tion makes up the rest. If confirmed, this would make DHHEPOX the second-largest
contribution to isoprene SOA.

Other SOA formation pathways are implied, but not explicitly represented by the
MAGRITTE mechanism, such as the hydrolysis of dihydroxy dinitrates (Note N12)
and dihydroxy hydroperoxy nitrates (Note N13). The hydrolysis products, nitroxy-
and hydroperoxy-triols are expected to be of very low volatility and remain mostly in
the aerosol phase, as their vapour pressures (Compernolle et al., 2011) are estimated
to be very low. Those triols represent only a minor contribution to the global SOA
budget, however, as their estimated global production is ~3 Tg yr~! (1.2 TgC yr~1).

7

p26 L22: despite this being "well known” I think it deserves a citation, and more
support than that the "majority” of exothermicity is alternately directed, making it
Zappear unlikely”. It is difficult from reading this footnote to tell what is conjecture
and what has experimental evidence to support the pathways used. The language
generally implies certainty, but the lack of citations suggests that it is conjecture.

We have modified this part of the Note as follows: “Abstraction of hydroperoxide-
H (75%) and of hydroxy-a-H (25%) (Wennberg et al., 2018). The latter leads to a
radical proposed to undergo epoxide formation (Wennberg et al., 2018); we neglect
this very minor and uncertain pathway as the product was suggested to be due to an
impurity (St. Clair et al., 2016). ”

p32 L1: Here you state that H-abstraction from the carbon dominates, but with a
higher yield of HCHO than HCOOH, the former of which is derived from H-abstraction
from the hydroperoxide, isn’t that backwards? Also, within their reported uncertainty,
Allen et al. (2018) did not conclusively state that one path dominates over the other.

We thank the Reviewer for spotting this mistake. The text has been changed as
follows: “H-abstraction from hydroperoxide group, followed by decomposition of the
hydroxymethylperoxy radical, is slightly dominant (Allen et al., 2018). H-abstraction
from the carbon is followed by OH expulsion.”

p32 L3: "he” should be "the”
Corrected.

p32 L5: the discussion here seems more suited for a subsection of section 2 than
for a note at the bottom of a table; the generic monoterpene oxidation scheme pro-
vided here needs more discussion of its uncertainties and how the specific numbers
were arrived at. While the complezity of terpene ozidation and the relative lack of
quantitative knowledge about its oxidation mechanism make drastic simplification a
necessity, it is not clear to the reader why this particular set of simplifications is ideal,
or what the reasonable uncertainty bounds are on any of these rates and product yields.
If pinene (or generic terpene) oxidation is to be included in this model, it should be
given more than a paragraph in a footnote. The same might be said for MBO, but
the relative simplicity of its oxidation mechanism, the overlap with isoprene oxidation
products, and the smaller magnitude of its emissions make it less prone to substan-
tial uncertainty and bias from mechanistic simplifications and shortcuts. Maybe some
sensitivity studies showing the range of results you could get in a global model given



the uncertainties in this mechanism would be most useful? (e.g. assuming more of
less of the products are lost to SOA /deposition, or assuming a range of nitrate and/or
HOz yields). Some specific questions include: on line 10, where does the 45% num-
ber come from? How do these simulated acetone and formaldehyde yields compare to
previous work? What does this mechanism inherently assume for the SOA formation
from pinene, and how does that compare to both measured yields and the magnitude
of SOA formed from isoprene globally? What might be the implications in a global
simulation of skipping oxzidative steps (and therefore likely sinks of OH, HO2, NO)
in the oxidation mechanism, as is presumably the case when only one generation of
products are used?

We moved this discussion to a new subsection (Section 2.4). As noted by the
Reviewer, drastic simplification of the monoterpene mechanism is a necessity. We now
better emphasize the limited scope of our simple mechanism, which is the reproduction
of the final yields of a few key products. The subsection text is as follows:

“Due to the complexity and poor understanding of monoterpene oxidation, we
adopt a simple parameterization based on box model simulations of a- and §-pinene
oxidation using the MCMv3.2 (Saunders et al., 2003). The scope of the parameteriza-
tion is limited to the reproduction of total yields of several key products; those yields
reflect not only primary production but also secondary formation. The influence of
monoterpenes on radicals (e.g. HO,, RO2) and on ozone production is therefore
likely not well represented by this simple mechanism. It should be stressed that even
the monoterpene mechanism in MCM is greatly oversimplified, as it neglects many
possibly important pathways (in particular H-shift isomerisations in peroxy radicals),
with potentially very large effects on radicals and other products. A thorough eval-
uation of mechanisms against laboratory data will be needed in order to assess their
uncertainties, but is out of scope of the present study.

The parameterization relies on sixty-day simulations performed using the Kinetic
PreProcessor (KPP) package (Damian et al., 2002). The photolysis rates are cal-
culated for clear-sky conditions at 30°N on July 15th. Although both high-NOx (1
ppbv NO,, 40 ppbv O3 and 250 ppbv CO maintained throughout the simulation) and
low-NOx simulations (100 pptv NOx, 20 ppbv O3 and 150 ppbv CO) are conducted,
only the low-NOx results are used for the parameterization. Temperature and H,O
are kept at 298 K and 1% v/v. To determine the product yields, counter compounds
are introduced in the equation file (e.g. HCHOa, MGLYOXa, etc.) having the same
production terms as the species they represent, but without any chemical loss.

The yield of acetone from both a- and 3—pinene is very close to 100% after sev-
eral days of reaction, independent of the NOx level. The yield of methylglyoxal is
low (4% and 5% for a- and (-pinene, not counting the contribution of acetone oxida-
tion by OH). The overall yield of formaldehyde obtained in these simulations is ~4.2
HCHO per monoterpene oxidized, almost independent of NO,, for both precursors.
The HCHO yield comes down to 2.3 after subtracting the contributions of acetone
and methylglyoxal oxidation. This yield is further reduced by 45% to account for
wet/dry deposition of intermediates and secondary organic aerosol formation. That
fraction is higher, but of the same order, as the estimated overall impact of deposition
on the average formaldehyde yield from isoprene oxidation (~30%), based on global
model (MAGRITTE) calculations. The higher fraction is justified by the larger num-
ber of oxidation steps and the generally lower volatility of intermediates involved in
formaldehyde formation from monoterpene oxidation. Nevertheless, this adjustment
introduces a significant uncertainty in the model results. A sensitivity calculation
shows that adopting a lower yield reduction (20% instead of 45%) in the global model
(Sect. 4.1) has negligible impact on the calculated HCHO abundances (<~1%) in
most regions, but leads to higher HCHO vertical columns in monoterpene emission
regions, by ~5% over Amazonia and by up to 8% over Siberia. The associated impact
on OH reaches +2% in those regions, due to the additional HO,, formation through
HCHO photolysis.

The overall carbon balance of monoterpene oxidation in the mechanism is ~50%



due to the combined effects of deposition, SOA formation and CO and COs formation
besides their production through the degradation of the explicit products. ”

To our understanding, the assessment of uncertainties requested by the Reviewer
is currently out of reach, in absence of any reliable reference mechanism validated by
laboratory data. Note that the mechanism does not make specific assumption regard-
ing SOA formation, besides the fact that it is expected to remove HCHO precursors
from the gas-phase, and therefore reduce the overall HCHO yield.

p37 L14: How is the oxidative degradation of anthropogenic NMVOCSs treated in
the model? I am particularly concerned about the possible contribution of degradation
of non-isoprene compounds to the gas-phase budgets of glyoxal and the organic acids.
Along those same lines, could some discussion of the potential for additional sources
of the gas-phase organic acids not included in this model (e.g. degradation of other
compounds, revolatilization from SOA) be added to those sections?

The chemical oxidation mechanism of anthropogenic and biomass burning VOCs
has been described in previous publications with the IMAGES model, as now men-
tioned in the model description (Section 4.1). The yields of glyoxal in the oxidation
of aromatic compounds and acetylene are now provided in Section 4.5: “The gly-
oxal yields in their reactions with OH (0.74, 0.7, 0.36 and 0.636 for benzene, toluene,
xylenes and acetylene, respectively) are obtained from the MCM (Saunders et al.,
2003; Bloss et al., 2005). Regarding aromatics, this yield includes not only primary
formation but also later-generation production (Chan Miller et al., 2016).” Since the
topic of our study is the oxidation mechanism of biogenic VOCs, we don’t believe
necessary to lengthen the paper with more details on the chemistry of other VOCs.

We now include a short discussion of potential additional sources of formic and
acetic acids at the end of Section 4.4: “Additional sources are likely at play, such as
enol formation through other pathways than those considered here (e.g. in monoter-
pene and anthropogenic VOC oxidation, e.g. through the photolysis of aldehydes
(Tadic et al., 2001a; Tadic et al., 2001b)) and the photodegradation of organic aerosols
(Paulot et al., 2011; Malecha and Nizkodorov, 2016).”

p37 L18: Are there primary emissions of MBO in the model? What is the effect
of the MBO ozidation mechanism (and the terpene mechanism) in the model?

The global biogenic emissions of MBO amount to 0.93 TgC yr~'. This is now

mentioned in the model description section. The effect of MBO is small, due to its
low emissions. Its oxidation is a source of acetone (~0.5 TgC yr—1).

Monoterpenes have multiple, but very uncertain effects. The comparison of model
simulations performed with and without monoterpene emissions indicates significant
increases of several compounds due to monoterpenes, e.g. glyoxal (global burden
+22%), acetone (+40%), acetic acid (+9%), formic acid (+12%) and formaldehyde
(+3%). Much larger impacts are calculated over emission regions, e.g. HCHO ver-
tical columns are increased by up to 15-20% over boreal forests and Amazonia. As
monoterpene chemistry is by far the most uncertain part of the BVOC mechanism,
we prefer not to discuss these impacts in the article, which is already very long.

p40 Lb5: In the comparisons to SEAC4RS data, it would be helpful to list the
measurement uncertainties and spreads alongside the over/underestimations of the
model. Also, what exactly is the model output being compared with the measurements
in this section? Are the simulated average profiles just the average over the entire
SE USA between 0900 and 1700 hours, or are they points subsampled from the model
concurrent with the flight paths? If it’s the former, which assumes that the SEAC4RS
observations (masked for plumes and stratospheric intrusions) are representative of
the averaged regions, how might this skew the comparison between the model and
measurements?

The model profiles are averages based on values interpolated at each measurement
location and time. This is now mentioned in the manuscript. Wherever relevant, mea-
surement uncertainties and model over /underestimations are reported in the text. We



don’t believe especially helpful to make the paper longer with a new Table providing
comparison statistics and measurement uncertainties.

p41 L5: Are these non-HPALD compounds also isoprene products? Do we have
any indication as to what they are? If they have the same mass as the HPALDs, are
there other species in your mechanism that also have this mass that may account for
this mass?

Yes, the isoprene carbonyl hydroxy epoxides (ICHE) formed mainly from the oxi-
dation of IEPOX by OH have the same formula (C5HgO3) as HPALD. We now present
a model comparison with the SEAC4RS measurement for that mass (Fig. 9). The
following text accompanies this comparison: “The model-calculated HPALD concen-
trations (dotted line on the C5HgO3 panel of Fig. 9) are on average about a factor of
two lower than the observed Caltech CIMS (Chemical Ionisation Mass Spectrometry)
signal at the corresponding mass; when adding the contribution of the carbonyl hy-
droxyepoxides (ICHE), which have the same formula (C5HgO3) as HPALD and can
be expected to interfere with HPALD measurements, the model falls within the mea-
surement uncertainty (50%) with an underestimation decreased to -34% (solid line on
Fig. 9). The ICHE compounds are formed from the oxidation of IEPOX (as well as
HPALDs) by OH. It is likely than other, unknown compounds contribute to the CIMS
signal at the same mass, as also observed in the PROPHET campaign in Michigan,
where the HPALD contribution to the CIMS measurement at the given mass was esti-
mated at 38% based on the relative contribution of the HPALD peaks to the total GC
area (Vasquez et al., 2018). This is consistent with our modelled HPALD accounting
for 50% of the CIMS measurement, when considering also that all isoprene oxidation
products appear slightly overestimated by the model as suggested by the ~20% over-
prediction of modelled ISOPOOH and MVK+MACR relative to the measurements.
In spite of the important uncertainties and remaining unknowns (e.g. the identity of
additional compounds contributing to the CIMS signal), this good consistency pro-
vides strong support to the high HPALD yield (75%) adopted in this work in the
isomerisation of Z-0-OH-peroxys from isoprene (Sect. 2.1.2). Lower yield values as
proposed in recent previous work, i.e. 50% (Peeters et al., 2014; Jenkin et al., 2015) or
25% (Teng et al., 2017; Wennberg et al., 2018) would lead to much stronger HPALD
underestimations against SEACRS data. ”

Reply to Anonymous Referee #2

We thank the referee for their comments and respond to the points raised below.

The authors integrated all the major advancements and originally contributed to large
portion of them. Their critical understanding of the relevant chemical processes, far
from being all achieved, adds to the value of manuscript. Impact of recent experi-
mental and theoretical advancements of the global budgets of organic acids is very
interesting. The model is fairly well described and the evaluation seems appropriate
for use in global models. However, a box model comparison between MAGRITTEv1.0
and MCMuv3.3.1, the mechanism presented by Wennberg et al. 2018 or even their de-
tailed mechanism would add useful information about the model performance. I wish
the authors could provide such data and information.

We thank the Reviewer for the suggestion. We added a new section “Box model
comparison with other isoprene mechanisms”. We intercompare the MAGRITTE
mechanism version 1.1, MCMv3.3.1 and the reduced Caltech mechanism. We don’t
believe useful to include the ”full” version of the Caltech mechanism in this compari-
son, as it does not treat the further degradation of numerous oxidation products. We
perform 30-hour simulations using KPP, starting at 9 AM with 2 ppbv isoprene. NOx
is fixed at either 1 or 0.1 ppbv. The photolysis rates are calculated for mid-July clear-



sky conditions at 30°N, using the TUV model of Madronich (1993). For computational
efficiency, the photorates are parameterized as a function of solar zenith angle using
MCM-type expressions (Saunders et al., 2003). All rate coefficient expressions are
available at the MAGRITTE repository (http://doi.org/10.18758/71021042). Since
Wennberg et al. does not provide detailed recommendations for the calculation of
photolysis rates, we use our own expressions in their mechanism.

Note that the new version (v1.1) of the MAGRITTE mechanism differs from the
initial version (v1.0) described in the GMDD paper. The most important updates
include

(1) updated product distribution of the 1,6-H-shift isomerisation of the Z-§-OH-
peroxys from ISOP+OH, including a higher HPALD yield (0.75 instead of 0.25),
in agreement with recent laboratory data (Berndt et al., 2019) and with theoretical
calculations, as described in detail in the revised version of the manuscript (see also
our Reply to Reviewer #1),

(2) inclusion of the bimolecular reactions of the Z-§-OH-peroxys from ISOP+OH,
following a comment of Reviewer #1,

(3) calculation of RONO2 yields in RO2+NO reactions following Wennberg et al.
(2018).

The comparisons show that MAGRITTEv1.1 leads to lower HOx recycling than
the Caltech mechanism. Sensitivity calculations show that the difference is primarily
due to (i) differences in the Z-5-OH-peroxy isomerisation rates and products, and (ii)
differences in the product distribution of hydroperoxycarbonyl (especially HPACET
and HPAC) photolysis. Important differences between the mechanisms are also found
for e.g. carboxylic acids, PANS, nitrates and methanol, as discussed in the revised
version of the manuscript.

1) Bulk isomerization rates

Please explain more the counter-intuitive concept by which the bulk isomerization
rate of the lumped (beta- and delta-) species ISOPBO2 and ISOPDO2 should linearly
increase with the traditional RO2 sink rate (kp). Why is it not or it has to be different
than what Crounse et al. (2011) reported? Even if correct, neglecting the RO2 sink
due to permutation reactions should yield non-negligible errors/deviations from the
analytical solution. Please explain why the neglect and in case provide an estimate of
the deviation caused by it.

We provide now a better justification of the bulk isomerisation rate expressions:

“Based on a detailed steady-state analysis, the bulk isomerisation rate of ISOPBO2
and ISOPDO2 was shown to increase linearly with the sink rate (k) of the traditional
peroxy reaction (Peeters et al., 2014). The reason for this behaviour is that at low
kp, the ratio of the Z-§-OH-peroxys over the lower-energy 3-OH-peroxys is close to
their equilibrium ratio, of order of only ~0.01, whereas at the high k, limit, where
all peroxys have a similar lifetime, their ratio is governed by their initial formation
branching ratio, which is an order magnitude higher (Peeters et al., 2014; Teng et al.,
2017).” Note that the linear dependence of bulk isomerisation rates on k, was verified
experimentally by Teng et al. (2017).

Neglecting the RO; sink due to permutation reactions in those bulk isomerisation
rate expressions has a negligible impact, estimated at ~0.6% of the bulk isomerisation
rate for ISOPDO2, and even less for ISOPBO2.

2) Reproducibility of results

The chemical mechanism of MAGRITTEv1.0 is not exactly what can be downloaded
at the link given. A few sample differences are listed below. The reaction of CH3OH
with OH is standard in the manuscript but in MAGRITTE.eqn file one finds two



reactions with one including the water vapor catalysis by Jara-Toro et al. 2017.

We thank the Reviewer for pointing this out. Updated equation and species files are
now available at the MAGRITTE repository. The water vapor catalysis proposed by
Jara-Toro et al. is not included, as it was recently disproved by a recent laboratory
study (Chao et al., 2019).

The rate constant for the reaction
CH302 + HO2 = 0.9 CH30OOH + 0.1 HCHO
is 4.1E-13%exp(750/TEMP) and 3.8E-13%exp(780/TEMP), respectively.

Corrected.

Concerning the 1,6-H-shift of ISOPDOZ2 in the .eqn file one finds

ISOPDO2 = 0.25 HO2 + 0.25 HPALD2 + 0.75 OH + 0.75 CO + 0.75 DIHPCHO
0 4.258E8%exp(-7254/TEMP) ;

ISOPDO2 + NO = NO + 0.25 HO2 + 0.25 HPALD2 + 0.75 OH + 0.75 CO + 0.75
DIHPCHO : 6.29E-19%exp(4012/TEMP) ;

ISOPDO2 + HO2 = HO2 + 0.25 HO2 + 0.25 HPALD2 + 0.75 OH + 0.75 CO +
0.75 DIHPCHO : 4.90E-20%*exp(4962/TEMP) ;

The last two reactions constants are not the ones reported in Table 2.

Corrected.

PYRA (pyruwvic acid) is listed in Table 1. However, it is neither in Table 2 nor in
the .eqn file.

Corrected (PYRA is not a model species).

Owverall, it might be that the authors uploaded another version of MAGRITTE. Please
upload a v1.0 that is faithful to the Tables in the manuscripts. The files should bear
the information about the exact model version.

The new version of the mechanism (v1.1) supersedes version v1.0. The files now bears
the information about the model version.

Moreover, no file with the actual functions used for many rate constants is given.
This is also the case for the cross-sections and quantum yields used for computing the
photolysis frequencies. Please also provide this information.

We thank the Reviewer for the excellent suggestion. We now provide the functions
used for calculations of rate constants (including photolysis rates as discussed above)
in the MAGRITTE repository, as well as data files with the absorption cross-sections
of polyfunctional carbonyls not found in current recommendations (IUPAC, JPL).
The photolysis parameters of other compounds are readily available from e.g. those
recommendations.

Reply to Anonymous Referee #3

We thank the referee for their comments and respond to the points raised below.

1. The authors use SEACLRS dataset for their model evaluation, and compare their
results to Fisher et al. (2016) extensively for RONOZ2 budgets and speciation. It
should be pointed out that this paper uses a RONO2 yield of 13%-14% from isoprene
RO2+NO reaction, in contrast to 9% assumed in Fisher et al. (2016). Such difference
would presumably lead to significant differences between these two models. I believe
some caveats should be provided in the text to make reader aware of these differences.

This is correct. This difference in RONO2 yield between the two studies is now
mentioned in the discussion of the NOx loss through RONO2 formation (Sect. 4.2) and



again in the evaluation of total RONO2 against SEAC*RS measurements (Sect. 4.3).

2. Similar to Fisher et al. (2016), the authors find a model underestimate of RONO2,
as shown in their Figure 5. A recent study by Li et al. (2018), suggests that a large
part of discrepancy could be due to terpene nitrates and nighttime isoprene nitrates.
In particular, the authors assume a 100% recycling of NOz from APINONO2 + OH.
This choice may have a large impact on total RONO2. For nighttime chemistry,
the authors have ignored the formation of dinitrate (N31 for Table 2), which could
also contribute to RONO2, according to Li et al. (2018). Some discussion on the
uncertainties of terpene nitrates and mighttime isoprene nitrates, should be included
in the text.

Thank you for these valid points. We include now a more complete discussion
of the possible causes of RONO2 underestimation in the model: “There are several
possible explanations for the discrepancy, including the neglected reactions of NOg
with unsaturated oxidation products from isoprene and other BVOCs, the neglected
formation of unsaturated dinitrates from the reaction of dinitroxyperoxy radicals
(NISOPO2) with NO (Li et al., 2018), a possible overestimate of the tertiary nitrate
hydrolysis sink (for dinitrates from ISOP+OH), and a misrepresentation of alkyl and
hydroxyalkyl nitrates from other precursors than isoprene. The monoterpene nitrates
are very crudely represented in the model. In particular, the assumption of 100%
NOx recycling in their reaction with OH could lead to a significant overestimation of
RONO2 loss. ”

3. The reader is also wondering how this model performs on HNO3 and PAN, which
are magjor NOy reservoirs. Examining these species may help to justify the 60% re-
duction of U.S. NOx emission inventories in their model.

We now include PAN in the model comparison with SEAC4RS (Fig. 9). A moder-
ate model overestimation is found, similar to previous studies (Travis et al. 2016, Li
et al. 2018). The model also overestimates HNO3 measurements from SEAC*RS, but
reproduces well the average NO; wet deposition measurements over the U.S. (data
obtained from R. Larson, NADP Database Manager, Wisconsin State Laboratory of
Hygiene). A detailed discussion and justification of the NOx emission reduction (sim-
ilar to a previous model study, Travis et al. 2016) is clearly beyond the scope of our
study.

4. It seems that Section 3.4, Global budget of formic and acetic acid, is disconnected
from the rest of the paper. It appears that the authors want to recalculate the global
budget of these two acids, without any comparison to field observations. It is unclear
how this new mechanism has improved current knowledge on formic and acetic acid.
Some model sensitivity tests and comparison to observations would be useful.

As reported in the text, there is wide consensus that models underestimate formic
and acetic acid abundances by large factors. This has been shown through numerous
model comparisons with aircraft, ground-based and in situ measurements. Our study
does not claim to reconcile models with observations. Since our newly-derived global
sources of those acids are similar as (or even lower than) in previous modelling studies,
it is clear that the large model underestimations remain, and extensive comparisons
with atmospheric observations are not needed to make that point. We added the
following sentence to Section 4.4: “Despite the newly-proposed large production of
formic and acetic through hydroperoxycarbonyl photolysis, our derived total sources
of those acids remains similar as (or even lower than) in previous modelling studies
(Paulot et al., 2011; Stavrakou et al., 2012; Millet et al., 2015; Khan et al., 2018),
and are therefore insufficient to explain their high observed abundances.”

5. While reading Section 3.4, the authors suggest CH3COS+HOZ2 is the major source
of CH3COOH. This seems like another good reason to examine PAN in their model.

PAN is now included in the model comparison against SEAC*RS observations.



6. Given the extensive research on isoprene ozidation over Southeast US, the authors
should include two review papers on this topic in their introduction, Carlton et al.
(2018) and Mao et al. (2018).

Done.

LIST OF CHANGES TO MANUSCRIPT

The changes to the manuscript are listed below, along with their justifications.

The version of the mechanism becomes 1.1 instead of 1.0

Due to changes in the mechanism, the global model results have changed, and
so have the figures and numbers in the abstract, global results section, and
Conclusions

We added a sentence in the abstract on the impact of OH recycling in isoprene
oxidation

As response to a comment by Rev.#2, the linear increase of bulk isomerisation
rates is discussed and justified (P 4)

As response to a comment of Rev.#1, we now include the chemistry following
the bimolecular reactions of the Z-0-OH-peroxys. The product yields from those
reactions are illustrated in a new Figure (Fig. 1) and compared with their
parameterization in MAGRITTE. The traditional chemistry of those radicals is
described in a new subsection (2.1.3).

The chemistry following the isomerisation of the Z-d-hydroxyperoxy radicals
from isoprene has undergone important changes, as detailed in our response to
Rev.#1. This chemistry is the topic of a new subsection (2.1.2).

As response to a comment by Rev.#1, the treatment of monoterpene chemistry
is now the topic of a separate subsection (2.4) which better explains the pro-
cedure adopted for deriving the parameterization. Sensitivity calculations were
performed to assess the potential impact of uncertainties associated with SOA
formation and wet/dry deposition of intermediates.

The rates of the cross reactions of peroxy radicals from ISOP+OH has been
revised, based on the recommendations of Wennberg et al. (2018)

As response to a comment by Rev.#1, the parameterization of the RONO2
yield in RO24-NO reactions has been revised, based on the recommendation of
Wennberg et al. (2018). The Figure showing the yields has been adapted and
modified based on a comment by Rev.#1. Note N3 was also adapted to reflect
the changed parameterization

As response to a comment by Rev.#1, the fate of DHHEPOX and the respective
roles of SOA formation and deposition are discussed (Note N6)

As response to a comment by Rev.#1, we modified the justification for neglect-
ing epoxide formation hydroxy-alpha-H abstraction from ISOPBOOH

The 1,5 and 1,6 H-shift in peroxy radicals from OH-addition to the isoprene
hydroxynitrates are now included (Notes N12 and N14)

The chemistry of §-OH-nitrates from isoprene has been updated to account for
their formation from §-OH-peroxy reactions with NO (as response to a comment
by Rev.#1) (Notes N43-44, N48-49)



e New compounds (HALD1, HALD2) were added, resulting from 0-OH-peroxy
reactions with NO (response to comment by Rev.#1) (Notes 51-52)

e The oxidation of HMML was revised (Note N53)

e As response to a comment by Rev.#1, a mistake in the explanatory Note on
HMHP+OH was corrected (Note N74)

e As response to a comment by Rev.#1, the content of explanatory Note on
monoterpene oxidation was transferred to a subsection (2.4)

e The photolysis rate calculation is better described in Section 2.10. As response
to a comment by Rev.#2, absorption cross section data are provided in the
MAGRITTE model repository (http://doi.org/10.18758/71021042) and a new
Figure illustrating those cross sections is added (Fig. 3). In addition, a new
column has been added to Table 3 with calculated photorates for all photodis-
sociations.

e The quantum yields of glyoxal photolysis were changed (from Salter et al. to
the JPL recommendation)

e New photolysis reactions were added (for ICHE, HPCE, PGA)

e The channel ratios of BIACETOH photolysis were modified as justified in Note
t

e The reactive uptake coefficient of tertiary nitrates on aerosol has been reduced
(0.03 for ISOPBNO3)

e As response to a comment by Rev.#1, the fate of minor tertiary nitrates as-
sumed to undergo hydrolysis is discussed, as well as the possible role of uncer-
tainties in the assumed hydrolysis rate (page 48)

e In response to a comment by Rev.#2, a box model comparison of several iso-
prene oxidation mechanisms is presented (Section 3)

e The discussion of the global model results has been updated to reflect the
changed mechanism and impact (Section 4.2)

e As response to a comment by Rev.#3, the role of the RONO2 yield differences
between Fisher et al. and our study is mentioned in the text (P. 54 and P. 56)

e As response to a comment by Rev.#1, quantitative estimation of different SOA
formation pathways are provided (end of Sect. 4.2)

e As response to a comment by Rev.#1, the HPALD CIMS measurement issue is
discussed (Sect. 4.3 page 55)

e Asresponse to a comment by Rev.#3, additional possible causes for the RONO2
underestimation are discussed (Sect. 4.3, page 56)

e As response to a comment by Rev.#1, potential missing sources of formic and
acetic acid are mentioned (Sect. 4.4, page 61)

e As response to a comment by Rev.#1, glyoxal yields from anthropogenic yields
are reported (Sect. 4.5, page 61)

e The Conclusions are adapted to reflect the changes in the isoprene mechanism

The differences between the GMDD version and the revised version of the manuscript
are highlighted below. Note that the standard latexdiff command failed to generate
any output. We had to use the option —-math-markup=whole to avoid the bug. For
this reason, the differences in the equations do not show up. We apologize for the
inconvenience.
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Abstract. A new chemical mechanism for the oxidation of biogenic vitdadrganic compounds (BVOCS) is presented and
implemented in the Model of Atmospheric composition at Glladnd Regional scales using Inversion Techniques for Tgase
Emissions (MAGRITTE v38.1). With a total 0f39-1050rganic species and ov2#8265gas-phase reaction&#69 photodis-
sociations and 7 heterogeneous reactions, the mechaeiats the chemical degradation of isoprene — its main focesved

as acetaldehyde, acetone, methylbutenol and the familyoofoterpenes. Regarding isoprene, the mechanism incéegora
a state-of-the-art representation of its oxidation schanwmunting for all major advances put forward in recent tegcal

and laboratory studies. Thecyclingof OH radicalsin isopreneoxidationthroughthe isomerisatiorof Z-d-hydroxyperox

radicalsis foundto enhance)H concentration®y up to 40% over WesternAmazoniain the boundaryjayer,andby 10-15%
overSoutheasterb.S.andSiberiain July. Themodel and its chemical mechanism are evaluated againstitieso$ chemical

measurements from the SEARS (Studies of Emissions and Atmospheric Composition, @and Climate Coupling by Re-
gional Surveys) airborne campaign, demonstrating a goedathagreement for major isoprene oxidation productsoaltih

the aerosol hydrolysis of tertiary and non-tertiary ngsatemain poorly constrained. The comparisons for mettngteiindi-
cate a very low nitrate yielo( 3 - 10~%) in the CH3 O,+NO reaction. The oxidation of isoprene, acetone and acetpttiehy

OH is shown to be a substantial source of enols and keto-eraisaply through the photolysis of multifunctional carbds
generated in their oxidation schemes. Oxidation of thosdsdyy OH radicals constitutes a sizable source of carboxylic acids
estimated a8Fg-9 Tg (HC(O)OH) yr—! and37Fg{11 Tg(CH;C(O)OH) yr—!, or ~2520% of their global identified source.
The ozonolysis of alkenes is found to be a smaller sourd@@fO)OH (6 Tg HC(O)OH yr—1!) than previously estimated,
due to several factors including the strong deposition sirtkydroxymethylhydroperoxide (HMHP).

1 Introduction

The terrestrial biosphere is, by far, the largest sourceoofmethane volatile organic compounds (NMVOCSs) to the glob
atmosphere (Guenther et al., 2012). Because those biogés (BVOCSs) are generally very reactive, their chemicarde

dation takes mostly place in the boundary layer, in the itigiof the emission regions, where they have a strong impact o
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the budget of oxidants and the formation and growth of seapndrganic aerosol (SOA), a major component of fine partic-
ulate matter (Seinfeld and Pandis, 2006; Hallquist et &092. Even far away from those regions, longer-lived intediates
generated in their oxidation (e.g. organic nitrates andxritrates) have a large impact on nitrogen oxides (NOyjlrbxyl
radical OH) and ozone levels (Paulot et al., 2012).

Among the BVOCs, isoprene has by far the largest global énmissof the order of 500 Tg yr, representing about 50% of
all BVOCs; other major biogenic compounds in terms of emissinclude the monoterpenes, methanol, acetone, adeydlele

and ethanol (Guenther et al., 2012). The complex chemigabdi@ation mechanism and the profound impact of isoprenéon a

quality and the climate has been the topic of numerousieh

modelling studie$Stavrakou-et-ak-2010-Paulotet-al;-2012: Taraborreile 2012 Jenkinet ak2015-Squire-et-ak, 2015 Trabik
Our understanding of isoprene oxidation has expandeddaeratily in the last decade. Most importantly perhaps, #wi-tr
tional views regarding the fate of large, multifunctionaftpxy radicals formed in the oxidation of isoprene and oM/ OCs
has been radically altered by the realization that H-sk#ictions in such radicals can sometimes be fast enough tpetem
with, or even outrun, their reactions with nitric oxide arat@xy radicals (Peeters et al., 2009; Crounse et al., 20ig &t al.,
2017). The impact of the 1,6 H-shifts in allylic peroxy raaleformed in the oxidation of isoprene BH is enhanced by their
thermal instability allowing fast interconversion of thiéfekrent peroxy isomers/conformers (Peeters et al., 2009h that
the 1,6 H-shifts can compete with the conventional bimdbatieactions for the entire pool of initial peroxys, whictegtly
affects the product yields (Peeters and Miiller, 2010; Peeteal., 2014; Teng et al., 2017). Other examples of persxmyer-
ization reactions shown to be of importance include 1,4talde H-shifts (Asatryan et al., 2010; Crounse et al., 20hd)the
very fastenelieH-shiftsenol-H-shifts(Peeters and Nguyen, 2012) as well as hydroperoxide Hsgliftrgensen et al., 2016).
The resulting autoxidation reactions generate multifiometl hydroperoxides shown in some cases (in monoterpeitia-0x
tion) to be of such extremely low volatility as to play a cralaiole in SOA and cloud condensation nuclei (CCN) formation
(Crounse et al., 2013; Jokinen et al., 2014, 2015), whiletieocases, they are believed to be an important source of HOx
radicals through photodissociation (Peeters and Millgt02Wolfe et al., 2012; Liu et al., 2017, 2018). The recyglaf ©H
HO, radicals associated with peroxy H-shifts and their subsefjiteactions, as well as with other previously unsuspected
reactions such as epoxide formation from activated hydtgdroperoxy radicals (Paulot et al., 2009a) has led to sesas
ment of the overall impact of isoprene (and other BVOCspdhandHO- levels, now found to be fairly consistent with HOx
measurements in isoprene photooxidation experimenth@eical., 2013; Novelli et al., 2018b) as well as in field expents
in isoprene-rich, low-NOx environments (Bottorff et al01B). The importance of isoprene-derived epoxides steoms fineir
major role as precursors of SOA demonstrated by laboratwhfiaeld measurements (Paulot et al., 2009a; Surratt etCdlQ;2
Lin et al., 2012, 2013). Finally, the impact of isoprene ondNévels has been also reevaluated due to a better assessoent
ganic nitrate formation in isoprene oxidation O (Paulot et al., 2009b; Lee et al., 2014; Teng et al., 2017;Alery et al.,
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2018) andNO3 (Kwan et al., 2012; Schwantes et al., 2015; Wennberg et@L.8Ras well as of the balance between NOx-
recycling pathways such as photolysis (Muller et al., 2044d NOx terminal losses through heterogeneous hydrolgsis i
aqueous aerosols (Romer et al., 2016) and dry depositiomy@iget al., 2015b).

A proper model assessment of the role of BVOCs in the gloloasphere and in issues such as air quality and the in-
teraction between the biosphere, the atmosphere and thatelirequires the implementation of up-to-date, statdefart
chemical mechanisms in large-scale (global or regionaljet® Whereas completely explicit mechanisms are not abigs
due to computational cost concerns, oversimplified meshasmare clearly not appropriate as tools to explore the itgfac
mechanistic changes, especially in the context of the rapadution of our understanding of the mechanisms. We ptesen
here a semi-explicit mechanism of intermediate complexitprporating the major advances reported above. It cabers
oxidation of isoprene, monoterpenes, methanol, acetastalaehyde, ethanol and 2-methyl-3-butene-2-ol (shantded as
methylbutenol or MBO). This mechanism is implemented inNMadel of Atmospheric composition at Global and Regional
scales using Inversion Techniques for Trace gas EmissMASRITTE v1-0.1) which is based on the previous global model
IMAGES (Muller and Brasseur, 1995; Stavrakou et al., 20092015; Bauwens et al., 2016).

Given the very large uncertainties in monoterpene oxidatioeir treatment is still very crude in the mechanism, s
being put on the formation yield of important products. Reggg isoprene, the mechanism relies on the Leuven Isoprene
Mechanism (Peeters et al., 2009, 2014) and on the extersiphgit Caltech oxidation mechanism (ca. 900 reactiorts400
species) recently presented by Wennberg et al. (2018)dlmsa critical appraisal of the relevant theoretical anditatory
studieg andon the very recentexperimentalnvestigationof Berndt et al. (2019) For other reactions not addressed in those
studies, it also relies on the Master Chemical MechanismN)(Saunders et al., 2003; Jenkin et al., 2015) and on our own
evaluation. The mechanism also incorporates importantmeshanistic developments related to e.g. the revisitedabhy-
droperoxycarbonyl photolysis (Liu et al., 2017, 2018) dmeifate of enols and keto-enols produced from such proced3ses
to these developments, the oxidation of isoprene as well aher compounds (e.g. acetone and acetaldehyd@)bgntails
a previously unsuspected source of formic and acetic asidyliich atmospheric observations suggest the existenleege
missing sources (Paulot et al., 2011; Stavrakou et al., ; 202t et al., 2015) especially since th&C(O)OH source due to
alkene ozonolysis through the Criegee Intermedidig OO recently turned out smaller than previously thought (Shedzs.,
2017; Allen et al., 2018).

The complete chemical mechanism of BVOC oxidation is presskim Sect. 2. The parameterization of Henry’s law con-
stants and dry deposition velocities is presented and atedun a companion paper (Miller et al., 2018). Simulatiorib
the MAGRITTE model and the updated chemical mechanism asepted in Sect. 4, including an evaluation against aigorn
measurements over the Eastern United States (Sect. 4.8)medentation of the global sources of carboxylic acidst(ge4)
and glyoxal(Sect. 4.5) resulting from the implementatibthe chemical mechanism.

2 Thechemical mechanism of BVOC oxidationin MAGRITTE

The list of chemical species and the complete gas-phase BdM@ation mechanism are given in Tables 1-3.
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2.1 |Isoprene+ OH
2.1.1 Initial stepsof mechanism

To limit the number of species and reactions, the OH-addoatsed from the reaction of isoprene with OH are not exgiicit
represented, and the isoprene peroxys are lumped into ¢brepounds: ISOPBO2 and ISODO2 resulting from addition of
OH to carbons 1 and 4, respectively, and ISOPEQO?2 resultorg DH addition to the central carbons (see Peeters et al4j201
regarding carbon numbering). For example, ISOPBO2 indule 1,2-OH-peroxy as well as the 1,4-OH-peroxy which can
undergo a 1,6-H shift leading toda-hydroperoxy aldehyde (HPALD1) and other products. The@raftiOH addition to G to
addition to G is 37:63 (Wennberg et al., 2018)scountingfor-thefastinterconversiorpf-5—andé-OH-peroxyBasedon a
detailedsteady-statanalysis the bulk isomerisation rate of ISOPBO2 and ISOPDO2 was sttovincrease linearly with the
sink rate §,) of the traditional peroxy reaction (Peeters et al., 20Thgreasorfor this behaviouis thatatlow k,, theratio of

the Z-0-OH-peroxysoverthe lower-energy3-OH-peroxyss closeto their equilibriumratio, of orderof only ~0.01,whereas

at the high k, limit, whereall peroxyshavea similar lifetime, their ratio is governedby their initial formationbranchin
ratio, which is an ordermagnitudehigher(Peeters et al., 2014; Teng et al., 201 Thefollowing expressions of the bulk 1,6

isomerisation rates are obtained by linear regressionebthk rates between 285 and 305 K, based on the experimental

estimates of the peroxy unimolecular reaction r = eng et al., 2017; Wennberg et al., 2018)

kisopeo2= 3.409 - 10'2 - exp (—10698/T) + k, - 1.07 - 10~> - exp (64/T")

kisoppoz= 4.253 - 10% - exp (—7254/T) + k, - 2.33 - 10~ " - exp (3662/T)

kiopaoy= 3:409- 1012 exp (~10698/T) + k, - 10710~ - exp (64/T) @)

isoppop= 4253 10° - exp (~7254/T) 1k, 233107 - exp(3662/T) 2)

time atgiventemperaturandNO/HO, levels asimpliedin ourapproacho representhebulk peroxyisomerizatiomate Note
thatthe steady-stateatio usedhere,basedn the RO, Kinetic coefficientsof Teng et al. (2017) differs only slightly from the
ratio basedonthekinetic coefficientsof LIML (Peeters et al,, 2014) aMCM 3.3.1(Jenkin et al,, 2015) .

For the practical purposesof modelimplementationthe bimsleesiarbulk isomerisationratesbeing dependenbn the

concentrationsf NO andHO,, thesereactionsaresplit artificially into anunimoleculareactionandseverapseudo-two-body
reactionsof ISOPBO2andISOPDO2with NO andHO»,

Forthel,5H-shiftreactions of thgl-OH-peroxyradicalswe usetheirtheoreticallyestimatedateg Peeters et al., 2014) multiplied
by 0.95for ISOPB0O2,and0.94 for ISOPDO2,to accountfor the small fraction of o-hydroxyperoxyradicalswhich-atNO

4
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Figure 1. Contributionsof H-shift isomerisationsand §-OH-peroxy bimolecular reactionsto the total reactivity of isopreneperox

radicals resulting from addition to carbon1 (top panel) and 4 (lower panel), as function of their bimolecular reactivity, at 295 K

Wennberg et al., 2018)Theredcrosseslenotethe yields of the parameterizationsedin the MAGRITTE mechanism.

fevelsbelew-OH-peroxyradicalsnotundergoinghosereactiongseeSect.2.1.3).This parameteriziowf the bulk 1ppbvearry
lessthan,5 %-ofthereactivefluxthed—HPALDyieldintheandl,6-H-shiftsleadsto productyieldsin excellentagreement

with anexactestimationbasedn thekinetic parametersf Wennberg et al. (2018)asseernon Fig. 1.



10

15

20

25

30

2.1.2 Productsfrom theisomerization of the Z-6-OH-peroxys
The1,6 H-shiftistakenequalto25%(Teng-etal-2017)pf the Z-9-OH-peroxysHOCH, —C(CH3)=CH—-CH;0, (Casel)

andO,CH,—C(CH3)=CH—CH,OH (Casdl) formsallylic radicalse.g.Z-HOC°H—C(CH3)=CH—-CH;OOH < Z-HOCH=C(CHj

for Casel. Therefore two second-generatioperoxyscanresult,peroxyi (Z-HOCH(O2)—C(CH3z)=CH—-CH,OOH) and
peroxy i (Z-HOCH=C(CH3)—CH(O2)—-CH>OOH), in_an approximateratio of 40:60,and two pathwaysare opento

roductformation(Peeters et al., 2014)The subsequenthemistryis given herefor Casel, unlessstatedotherwise Perox

i readily eliminatesHO, at a rate of ~2000s~! (Hermans et al., 2005) tproduceZ-O=CH—C(CH3)=CH—CH>OOH
HPALD1) (Peeters et al., 2014, 2009; Crounse et al., 2011; Teng €04l7) .Peroxyi: mayisomeriseoy afastl,6enol-H-shift,

romptlyat~1.510’ s~! andthermallyat>10* s~!, toform Z-O=CH-C°(CH3)—CH(OOH)—CH,OOH (Peeters and Nguyen, 201

in partarisehemicallyactivatedsuchthatit canpromptlyundergaoncerted>H-lossandeinyereperoxyarbonylperexyradicals
ring-closureto anhydroperoxy-carbongpoxide Z-HOOCH, —. 25000 C(CHz) — CHO (HPCE) aspropose@ndobserved
by Teng et al. (2017)andfor anothepartleadto athird-generatiomeroxy,Z-0=CH-C(CHy)(O2) ~CH(OOH)—~ CH,00H
(DIHPCARPY) (Peeters et al,, 2014]The DIHPCARP radicalsweresuggestedPeeters et al,, 2014) titherundergoa fast
aldehyde-H-shifand eliminate CO andexpel OH to form dihydroperoxycarbonylsor reactwith NO and HO., to result
mainlyin OH + CH3C(O)CHO (MGLY) + HOOCH,CHO (HPAC) (Casel), or OH + OCHCHO + CH;C(0)CH,O0H
(HPACET)(Cassll). While theCO eliminationabovemaybefastenougito outrunO additionfor Casel (Novelli et al., 2018b)

this appeardesslikely for Casell, for which the barriershouldbe about2 kcal mol~! higher(Méreau et al., 2001)Notethat
HPAC and HPACET were observedoy Teng et al. 2017) a%%seme@%@%%&r&as&&me&&mal@ap%h&rest

independendf theNO level. Secondlyit is estimatedisingstatisticalratetheorythatthe 1,6 enol-H-shiftabovecanoccurfor
abouthalf while its peroxyprecursois still chemicallyactivatedsuchthattheresultingradicalcontainscloseto 30 kcalmol—!

internalenergy(Peeters et al., 2014¥yuyfficientfor promptHPCEepoxideformation.

In this work, the quantitativeproductdistributionfrom the 1,6 H-shift of theZ-5-OH-peroxys—Hewever;thepropesed
fermationroutewouldreguireis adoptedrom therecenexperimentastudyof Berndt et al. (2019)supporteéndcomplemented
by computationatesultsof theLIM1 paper(Peeters et al., 2014Notethatthe 1,6 H-shiftsof the Z-J-OH-peroxysoccurfor

~85% by tunneling(Coote et al., 2003) atnergiedower than2 kcal mol~! belowthe barriertop, suchthatthe Boltzmann

populationthereis only marginallyaffectedoy the Osle
is-unlikely-te-be-competitivewith-the-loss that occursonly at energiesabovethis range;thereforethereis no reasonto
suspectWennberg et al., 2018) thtteagreemenbetweerexperimentatesults(Teng et al., 2017) andthe TST-predictedate

constantsof Peeters et al. (2014) fertuitous. The Bemd et al, investigationffers severaladvantagesti) the reactiontime
wassoshort(8 s)thatno secondarproductssouldbeformed(ii) dueto theabsencef NO andnear-absencef HO,expuision
#em—thamﬂaJ—hyd%epe%e*y—pe#e*yadreﬁte—femq— mm&%%%%)
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Besidesbimoleculareactionavith- NOandHO-—0OH-peroxyl,6 H-shift couldbeformed soexcludingpotentialinterferences;

convertednto ion-complexesdetectedvy high-resolutiormassspectrometrycapableof measuringoncentrationgslow as
10% e, Hydroxylradicalswerepreparedy reactingl0'2 cm* of Os with 2:10"" cm”* of tetramethylethylenén presence
0f 2,510 cm”? of isopreneAt 8 sreactiontime, themodeledtotal ISOPOOconcentratioris 1.210° cm™?, of which 6:10°

cm_? Z-5-OH-peroxyg50%Casd isomerHOCH,C(CH;)=CHCH,0,, and50%Casel isomerO,CH,C(CH;)=CHCH,OH
. Integratedover the entire reactiontime of 8 s, the modeledratio of thesetwo peroxysis circa 0.8:1.0.Using the

isomer-specificl,6 H-shift ratesof 0.36s! and3.7 s™! for Z-6-OH-peroxysl| and II ., 2017) the expected

total formation rate of isomerizationproductsat 8 s is 1.210° cm~? s~*. For theseconditions Berndt et al. measuretthe
following concentrationat8s: CsHs Os (HPALDs): 2.3107 cm”?; C5HsO4 (hydroperoxycarbonylepoxides)4.610° cm”?;
C4Hz05 @M&%M&WM%C%% MM%M
C5HyO7 (the BiH
M@%‘mwm
was detected.The detectedoroductand peroxy concentrationgccounttogetherfor 60% of the modeledtotal productsat

someotherproducts.Thetheoreticallyderivedparametersf Peeters et al. (2014) predechigherproductformationfrom the

2%; while 5.5%o0f thereacted”Z-9-OH-peroxyss presentissecond-generatigrerox sC5H905 and&nel#e#mdmyd#epeﬁeweapbenyls

B@MQAQSL‘&@HQJ&WAXWCSMO?
C5Hs O3 compoundobservedy Tengetal. couldbe speculatedo bea perhemiketaléormedfrom HPALDS on thewalls of
the second-generatioperoxysis strikingly high, given that the peroxysof type i are expectedo reactat a rate of ~-2000
s . .andthoseof type ii evenat > 10 s”!, suchthat at the given Z-)compoundsincluding-hydroperoxyacetaldehyde
be presenin a quasi-steady-stateoncentratiorof only about10' cm”?. This indicatesthata largefraction of the C5Hy Os
peroxysareZ, E'-HOCH=C(CHj)—CH(O,)—CH,OOH isomersof peroxyii (andsimilar for Casdl) with the OH pointing

(repeated O,-lossan e-additiontofinally convertio Z, E’-HOCH(O4)C(CH3)=CHCH,OOH

eroxys: thatquickly expelHO- to form additionalHPALDs. Sucha high fractionof Z, £’ peroxysi: is consistentvith the



10

15

20

25

30

35

computationatesults(Peeters et al., 2014) dhevarioustransitionstatedor the 1 whichwereebservednthelabeorateryand

guantifiedrelativete-6 H-shift of the sumefHPALDs by Fergetat{2017-Z-0-OH-peroxys.For Casel, a Z. Z'-TS with
the OH inward wasfound to accountfor about67% of therateanda Z, E’-TS with OH outwardfor 33%, while for Case

A A A A A A A A A A A I A R N I N I T N I N N N N N I N NN NI AN AN R AN A A A A AR A AN AN AAANAAARAANAASAAS

Il two Z, E’-TSsaccountfor 69% anda 7. Z’-TS for 31% of the rate. For the conditionsof Berndt et al. a8 s, with the

integrated1 6 H-shift rateduefor ~92%to the Casell- andfor ~8% to the Casel- Z-0-OH-peroxysthe weightedaverage
Is ~65%reactionthrough, £~ and35%throughZ, Z'-structuresTakentogetherthe abovestronglysuggestshat, contrary
productsandin the resultingperoxys: andii. A statisticalrate estimatefor the promptinternalrotation of the OH in the
Z.I'-hydroxyl-allyl productradicals with computedbarrier12 kcal mol”’ andimaginaryfrequencycloseto 100¢m™, and
for anascenvibrationenergyof 21 kcalmol™ ", predictsk ~ 10° s~ *, or 10timesslowerthancollisionalstabilizationfollowed
by O,-addition.Thereforeallowing for 10%internalrotationof the OH in thenascentZ, £’ productisomersto form themore
stable H-bondedZ, 7’ forms,about40%of theallylic radicalsandtheir O,-adductswould endup with the OH inwardsand
~60% with the OH outwardsin the Berndt et al, conditionsFurtheradoptingalso the spin densitiesin the allylic_product
radicalof theLIM1 paperj.e. 0.4oncarbonl and0.6 on carbon3 for Casel (andsimilarly 0.4.0n carbon4 and0.6.on carbon
2 for Casell), aswell asthe corresponding0:60branchingratio for peroxy: andii formation,the mechanisnabovewould
resultin 40%directformationof HPALDs throughperoxy:, only 24%enol-H-shiftproductshroughZ, 7' peroxyii, and36%
formationof the slowly reactingZ, £’ peroxyii, whichin theBerndt et al. conditions/ould leadto ca.31%indirectHPALD
productionthroughO,-lossandre-additionof the Z, I peroxyii to form peroxy:, while around5% still survivesas 7, £
peroxyii in theshortreactiontime available Thesopredictecoverall 71%HPALD yield, basecbn computationatesultsfrom
the LIM1 paperis strikingly closeto the experimentalield of Berndt et al. Moreover,at a total productformationrate of
12107 em”® s7', the 31%contributiondueto Z. £’ peroxyii reactingto HPALDs at 8 s implies a reactionrate of 3.8 10°
cm® s, or atthe measuredz, £/-peroxyii concentratiorof 1.7-10° cm?, aneffectiverateconstanbf 2.2s!. Sinceon
average?.5cyclesof O,-lossandre-additionarerequiredto form HPALD from Z, £ peroxyii throughperoxyi, an O,-loss

rateof 6 s—1 is derived,which is typical for hydroxy-allyl peroxyssuchasthe very similar initial Z- and E-6-OH-peroxys
fromisoprengTeng et al., 2017) .

HPAGET—FelaHveyreleISM@FeHFgeF(eempaﬁ&bl&e%haP; % HPCE yield measuredy Berndt et al. iscompatiblewith the

produgtradicalofthe 1.6 enolH:shiftof
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3.510° cm*, while their lossrateby aldehyde-Hshift (followed by eitherCO eliminationor O,-addition)shouldbe about
25" accordingto Mgller et al. (2019) and6 " accordingto Novelli et al. (2018¢) suchthattheir expectedreactionrate
is 0.7-2.110° cm~3 s~!, or 6-18%o0f the overall productsformationrateof 1.210" cm~ s~! above.Subtractinghe 2%
11) doesnoteliminateCO butratheraddsO, to continuetheautoxidatiorchainby formingfourth-generatioperoxysC's Hy O,
with HOOCH, —C(CHz) (02) - CH(OOH) - C(0)OOH (DHPAO2)likely themoststableisomerafterfasthydroperoxide-H
Since(othen)fastH-shiftsfor this isomerarenot possiblejt canonly reactwith NO_or HO,. Themainresultingoxy product
radicalshoulddecomposeapidly (Vereecken and Peeters, 2009) iIRBACET + OH + OCHC(O)OOH. NeverthelessiPAC

In atmosphericonditions the variousperoxysareall in guasi-steadgtate which means~5% moreHPALD production
the8:92ratio of the Berndtetal. experimen(Teng et al., 2017)suchthatabout43%of the second-generatiaadicalswould

representhe Z-5-OH-peroxyisomerisationsis
ISOPBO2 — 0.75 (HPALD1 4+ HO3) + 0.15 (HPCE + OH) + 0.1 (DHPMEK + CO + OH)

ISOPDO2 — 0.75 (HPALD2 + HO») 4 0.15 (HPCE + OH) + 0.1 (DHPAO2)

Here,HPCE is a mixture of 18% Casel and82% Casell compoundslts oxidationby OH proceedsnainly by aldehyde-H
abstractionforming a carbonylradical;the sameradicalcanalsobe formedthroughOH-abstractiorof the hydroperoxide-H

in HPCE ,followed by a 1,6 aldehyde-H-shiftThe carbonylradicalcanundergaconcertedCO eliminationandring opening,
forming CH3C(O)CH(O2)CH2 OOH (for Casd) or OCHC(O-)(CH3)CH2OOH (for Casdl). Thelatterperoxyundergoesa

ienAltheugh4 H-shiftto CO elimination
couldbedominantnthecaseofDIHRPCARPL+ OH + CH3C(O)CH>OOH (HPACET).SuchH-shift beingnot openfor the
Casel peroxyradical,it reactsprimarily with NO or HO,, leadingfor the mostpartto CHC(O)CH(0°)CH>OOH that
promptly decomposemto either CH;C(O) + OCHCH,O0H (HPAC), or HCHO + OH + MGLY. Photolysisof HPCE can
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2.1.3 Traditional chemistry of theinitial 6-OH peroxy radicals

Thereactionsof ISOPBO2andISOPDO2with NO andHO, generatea mixture of 3- andJ-OH-peroxyreactionproducts.

peroxylifetime of 50's) andassumedhereto be constantThe absolutesrror on productyields dueto this assumptiomoes
not exceedd.5%in mostatmospherically-relevamonditions(RO-, lifetime betweenl0 and 100s). As MAGRITTE is not
with NO form Z- and £-3-OH-allyloxy radicalsthat wereshown(Nguyen and Peeters, 2015)itderconvertapidly andto
allows rotationof the OH in the hydroxy-allyl groupover the barrierof ~12 kcal mol~' (Peeters et al., 2014) arlderefore

%MWW&M%HO@HC@H@ CHCH20H
and HOC°HCH=C(CH;)CH>OH._a-Addition of O»a 0
resultingfromthe H-shiftin BIHRCARP2Z for 45%(Teng et al., 2017)resultsin C; hydroxyaldehydeBALD1 andHALD2
(4.1-and 1,4-HCSin Wennberg et al. (2018)HALDL and HALDZ in the MCM) + HO,. y-Addition of O (for 55%)
resultin Z, Z'-enol-peroxyswhich were shown (Peeters and Nguyen, 2012) tadergovery fast 1,6 enol-H:shiftsleading
to next-generatioperoxysthatcanisomerizeby 1,4 aldehyde-thifts facing a barrierof only 20.2kcal mol”; indeed for
1,4 aldehyde-H-shiftén similar hydroperoxy-formyl-peroxysith barriersof 20.6-21.%cal mol”!, ratesof ~-1.5s"" were
calculatedandthe productswereshownto quickly lose CO andOH (Liu et al., 2017) Here,theexpectedroductsare OH +
CO + CH3C(0)CH(OOH)CH,OH or OCHC(CH;3)(OOH)CH2OH., At very highNO asin somelaboratoryconditionsthe
NOreactionwill dominateandyield eitherMGLY + GLYALD + OH or GLY + HYAC + OH, soexplainingtheseobserved
first-generatiomproductyPaulot et al., 2009b; Galloway et al,, 2011) .

2.1.4 Hydroperoxycarbonyl photolysis

The isoprene oxidation mechanigm-particularthe BIHRCARP pathways)generates several hydroperoxycarbonyls. Pho-
tolysis is expected to dominate the loss of @hydroperoxy aldehydes (e.g. HFAO=CHCH,OOH) and of several hy-

droperoxyketones (among which HPACETE; C(O) CH,OOH) due to estimated near-unit quantum yields and to the strong
enhancement of the absorption cross sections caused hyténadtion between the hydroperoxy and carbonyl chromiegsho
(Jorand et al., 2000; Liu et al., 2018). The expected likedyanpathway in the photolysis @thydreperexypropanal-hydroperoxy-prog
was theoretically determined to be a 1,5 H-shift in the Sfedeading to enol formation (along with triplet]D at an esti-

mated yield of 84%, whereas intersystem crossing (ISC)ltirguin C—C scission (i.e. formygliminatienreleasg and OH
expulsion, makes up the rest (Liu et al., 2018). Similardgedre expected (and adopted here) for e.g. HPAC and HPACET.
However, the enol yield should be lower for heavier compauhae to expected faster ISC rates. It is taken to be 50% for e.g
CH3C(O)CH(OOH)CH=0 (HPKETAL) andO=CHC(OOH)(CH3)CH=0 (HPDIAL). Furthermore, when H-bonding be-
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tween the carbonyl-O and the hydroperoxide-H supposed dergo the H-shift leading to enol formation is not favoured,
e.g. because of possible H-bonds of this hydrogen with anaikygen in the molecule, enol formation is disadvantaged
and therefore neglected here for simpliciEpissituati es i

reactionmithe DIHPCARPsForthesecompeunds thosecasesformyl or acetylehiminatiodoss followed by OH expulsion,

is taken to be the only photolysis channel. Note that, tatlie number of compounds and reactions in the mechaniseraev

hydroperoxycarbonyls are not considered explicitly, aredraplaced by their estimated photolysis products.

The theoretical investigation of the reaction of OH withwialcohol (VA) (So et al., 2014) and with propenols (Lei et al
2018) is the basis for our evaluation of OH-reactions withlerOH-addition generally follows e.qg.

RCH=CHOH + OH(+0,) — RCH(05)CH(OH), 22" 11¢:(0)OH + OH + RCHO
— RCH(OH)CH(OH)O2 — HO2 + RCH(OH)CHO

In the case of vinyl alcohol (generated in HPAC photolydisg formic acid yield is ca. 60% according to So et al. (2014).
Acetic acid is similarly formed from the OH-reaction of 2gpenol generated in the photolysis of hydroperoxyacetosiest al.,
2018).HC(O)OH should also be formed in the OH-reaction of hydroxyvinylnytetone HMVK, HOCH=CHC(O)CHs)
and hydroxymethacroleifiMAC, O=CHC(CH3)=CHOH), although at a lower yield due to the competition with other
possible reactions. Note that the acid-catalyzed tautizat@n of enols is neglected, based on the theoreticaysitithe case

of vinyl alcohol (Peeters et al., 2015).

2.1.5 HPALD photolysis

The HPALD photolysis quantum yield is taken equal to 0.8, mpmmise between the experimental value ©H14 for a G
HPALD proxy (Wolfe et al., 2012) and the theoretical valuet@ally a lower limit) of 0.55 by Liu et al. (2017). The mecha-
nism following HPALD photolysis is based on the theoretitaldy of Liu et al. (2017):

HPALD1 + hy — OH + 0.11 (HO3 + O=CHCH=C(CH3)CH=0 (MBED))
40.11 (CO 4+ OH 4+ O=CHCH(OOH)C(0)CH;3 (HPKETAL))
40.56 (CO 4+ OH 4+ O=CHCH=C(CH3)(OH) (HMVK))
+0.22 (CO + CH3C(04)=CHCH,OH' (V102"))

HPALD2 + hv — OH + 0.18 (HO, + O=CHCH=C(CH3)CH=0 (MBED))
+0.18 (CO + OH + O=CHCH(OOH)C(O)CH; (HPKETAL))
+0.46 (CO 4+ OH + O=CHC(CH3)=CHOH (HMAC))
+0.18 (CO + HOCH,C(CH3)=CHO," (V2021))

11
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Note that the formation ddCHC(CH3)(OOH)CHO, considered in Wennberg et al. (2018) besiH®KETAL formation
in the second photolysis channel of edtRALD, is neglected here as it was found to be minor (Liu et al., 2017

Based on a reaction chamber study of butenedial and 4-g@nagenal photolysis (Thuner et al., 2003), the photolysis o
methylbutenedial\IBED) should be very fast (lifetime of minutes) and lead to a faratype compound as major product,
as well as methylmaleic anhydridelM AL) and other compounds. Relying on MCM for the further oxidatf the furanone
by OH, we replaceM BED by its assumed photooxidation products:

MBED 2% 0.55 (—OH + 2C0, + HCHO + CH3COs)

+0.20 MMAL + 0.15 (MGLY 4 CO + HO3 4+ CO32) 4+ 0.10 (GLY 4+ CH3CO3 + CO>)

The major sink of the enoEMAC andHM VK should be their reaction witbH, leading in part to formic acid formation
(see Table 2). Based on the experimental study of Yoon e1999), photolysis of the analogoketone-enoform of acety-
lacetone CH3C(O)CH=C(OH)CH3) yieldsOH and a vinylic co-product radical up to a wavelength of 312 nith anOH
appearance rate of 18! or higher around 300 nm, implying a quantum yield at atmosphpeessure of order 0.1 (instead
of a near-unit quantum yield as assumed by Liu et al. (20THg.absorption cross sections of the enols are obtainedtirem
acetylacetone study of Nakanishi et al. (1977). By analomly the CH,=CH® + O, reaction (Mebel and Kislov, 2005), we
assume that the vinylic co-product radicalsH¥IAC andHMVK photolysis react rapidly witl©, to give HCO + MGLY
andCH3CO + GLY, respectively.

The activated vinylperoxy radicalsl 02" andv202f from HPALD photolysismight be stabilized by collisions and undergo
reactions withNO, HO, andNOs, (Liu et al., 2017), but a more probable fate is decompositiebel and Kislov, 2005), to
CH3CO + GLYALD in the case o102, andHCO + HYAC, in the case oV202.

2.2 |soprene+ Oj

The ozonolysis mechanism follows the experimentallyadatimodel of Nguyen et al. (2016), except regarding the fatieeo
Criegee intermediat€ H,OO, formed with a yield of 58% (and assumed to be entirely stad). Whereas Nguyen et al.
attributed a significant role to the reaction(@H, OO with the water monomer, motivated by the dependence of teerobd
yields on relative humidity, the reaction 6fH,OO with the water dimer has been shown by several groups to geliar
dominant at all relevant conditions (Berndt et al., 2014a€hbt al., 2015; Smith et al., 2015; Lewis et al., 2015; Shéept.e
2017) and is therefore the only reaction considered hereeMork is needed to elucidate the humidity dependence of the

yields. Reaction with the dimer follows the recent study béfs et al. (2017):
CH200 + (H20) — 0.55 (HOCH,OOH + H50)

+0.4 (HCHO +HyO5 + HQO)
+0.05 (HC(O)OH + 2H,0)

12
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2.3 Isoprene+ NOj

The mechanism foNOs-initiated oxidation follows largely the laboratory study Schwantes et al. (2015). Several minor
pathways are neglected, however, as the further degradagchanism of several products remain unclear. The tiletien,
followed by O,—addition, forms several peroxy radical isomers lumped orie compoundNISOPO?2). Generalizing the
mechanism proposed by Schwantes et al., the reactididSdPO2 with non-tertiary peroxy radicals proceeds following
NISOPO2 4+ RO3 — 0.2(NISOPO + RO + O3)
+0.4(0.88NC4CHO + 0.12MACR + 0.12HCHO + 0.12NO2 + ROH)
+0.4(0.74ISOPCNO3 4+ 0.14ISOPANO3 4+ 0.12ISOPDNO3 + R'CHO )
whereas for tertiary peroxy radicals the reaction reads
NISOPO2 4+ RO2 — 0.5(NISOPO + RO + O3)
+0.5(0.88NC4CHO + 0.12MACR 4 0.12HCHO + 0.12NO2 + ROH)

The proposed 1,6 H-shift of the trans-[1,4] isomeMNdSOPO?2 radicals (Schwantes et al., 2015) is neglected, as it is slow
(4-10~*s~!) compared to the other reactions. The differentisomersabky radicaNISOPO have different fates: decompo-
sition to MVK or MACR (for the3-nitroxy oxys), reaction witlD, (for thed’s), and a fast 1,5 H-shift (Kwan et al., 2012) (ca.
2:10° s71) for the §-(1-ONO,,4-0) radical, outrunning th€,-reaction by a factor of about 4. The isomerisation leadsy af
O»-addition, to a peroxy of which the reaction wikO or NO3 forms an enal nitrate)o.NOCH,C(=CH,)CH=0, along
with HCHO andHO-, (Wennberg et al., 2018). The main expected fate of this eiralte is photolysis, tiNO, + HCHO +
O=CH-C(=CH3)O.. The latter radical can undergo a fast 1,4 H-shift to gi¥e¢ + OH + H,C=C=0 (ketene). Ketene can
react withOH, at a rate of ca. 1:70~ ! molec ! cm® s~!, producingCO + °CH,OH (Calvert et al., 2011); it also photolyzes
to ' CH, (or 2CHs,) + CO. The fate of methylene is mainly oxidation@ or CO, (Baulch et al., 2005). Based on photolysis
parameter data provided by Calvert et al. (2011), photslissestimated to be slightly less important than @lé-reaction,
and is therefore neglected here for simplicity.

Based on the above, the lumped oxy radical undergoes thensad fast reaction

NISOPO — 0.42MVK + 0.04 MACR + 1.54 HCHO + 0.82NO5+ 0.18 NC4CHO + 0.9HO2 + 0.72CO

The 8- and J-nitroxy hydroperoxides formed in tiISOPO2 + HO» reaction are explicitly considered. Their reactions
with OH fermsform nitroxy hydroxy epoxidesIINE) as well as hydroperoxy and nitroxy carbonyls, also exghicionsid-
ered in the mechanism. A major product of IRESOPO2 reaction withNO or RO is the enal nitratélC4CHQ. Laboratory
work on an analogous compound (Xiong et al., 2016) has shieatrphotolysis is by far its dominant sink, owing to high quan
tum yields and to enhanced absorption cross sectionswa#dho the interaction of the nitrate and carbonyl chronoophThe
NC4CHOphotolysis cross sections and quantum yield recommendftilow Xiong et al. (2016)Fhereactionproducedhe

sameoxy-radicalsasin-HRPALD-photolysis(seeaboveAs themechanisnandproductsareuncertain(Xiong et al., 2016) ye
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tentativelyadopta similar photolysismechanisnasfor the analogousiPALDs, but with O——NO, bondscissionsubstituted
for O——OH scission(seeabove Sect.2.1).

2.4 Monoterpene oxidation

modelsimulationf a- andg-pineneoxidationusingtheMCMv3.2 (Saunders et al., 2003Thescopeof theparameterization
secondaryormation, Theinfluenceof monoterpenesn radicals(e.g. HOx, RO,) andon ozoneproductionis therefordikely

notwell representeby this simplemechanismilt shouldbe stressedhateventhemonoterpenenechanisnin MCM is greatl
oversimplified asit neglectananypossiblyimportantpathwaygin particularH-shiftisomerisationsn peroxyradicals) with

otentiallyverylargeeffectsonradicalsandotherproducts A thoroughevaluationof mechanismagainsiaboratorydatawill

beneededn orderto assessheir uncertaintiesbutis out of scopeof the presenstudy.

Theparameterizatioreliesonsixty-daysimulationgerformedisingtheKinetic PreProcessqdKPP)packag€Damian et al., 2002) .

Thephotolysisratesarecalculatedor clear-skyconditionsat 30°N on July 15th. Althoughboth high-NOx(1 ppbvNOx, 40
Ppby O3 and 250 ppbv CO maintainedthroughoutthe simulation)and low-NOx simulations(100 pptv NOx., 20 ppby O
and150ppbv CO) areconductedonly thelow-NOx resultsareusedfor the parameterizationfemperaturandH, O arekept
at 298K and1% vlv. To determinethe productyields, countercompoundgreintroducedn the equationfile (e.9,HCHOa,
MGLYOXa, etc.)havingthe sameproductiontermsasthe speciegheyrepresentbut withoutany chemicaloss.

Theyield of acetondrom botha:- andji—pineneis very closeto 100%afterseverablaysof reactionjndependenf theNOx
level, Theyield of methylglyoxalis low (4% and5% for a- and,3-pinene not countingthe contributionof acetoneoxidation
by OH). The overallyield of formaldehydeobtainedn thesesimulationsis ~4.2 HCHO permonoterpenexidized,almost
independenof NO,, for bothprecursorsThe HCHO yield comesdownto 2.3 after subtractinghe contributionsof acetone
and methylglyoxaloxidation. This yield is further reducedby 45% to accountfor wet/dry depositionof intermediatesand

secondarprganicaerosoformation.Thatfractionis higherbutof thesameorder,astheestimatedverallimpactof deposition
onthe averagdormaldehydeyield from isopreneoxidation(~30%),basedon globalmodel(MAGRITTE) calculationsThe

higherfractionis justified by thelargernumberof oxidationstepsandthe generallylower volatility of intermediatesnvolved

in formaldehyddormationfrom monoterpenexidation.Neverthelessthis adjustmentntroducesa significantuncertaintyin
the modelresults.A sensitivity calculationshowsthat adoptinga lower yield reduction(20% insteadof 45%)in the global
model (Sect.2-1-4.1) hasnegligible impacton the calculatedHCHO abundanceg<~1%) in mostregions,but leadsto
higherHCHO verticalcolumnsin monoterpenemissiorregions by ~5% overAmazoniaandby upto 8% overSiberia.The
associatedmpacton OH reaches-2%in thoseregions dueto the additionalHO, formationthroughHCHO photolysis.
Theoverallcarbonbalanceof monoterpenexidationin themechanisnis ~50%dueto the combinedeffectsof deposition,
SOAformationandCO andCO, formationbesidegheir productionthroughthe degradatiorof the explicit products.
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25 Crossreactionsof peroxy radicals

The channel ratios and rates of the cross reactions of peaohyals generally follow Capouet etal. (2004) exegpenmere

for theperoxy

MN@H for which we follow the recommendationsf Wennberg et al. (2018) (based measurementgom
Jenkin et al. (1998) andISOPNO3, basedon Wennberg et al. (2018) arfschwantes et al. (2015)The cross reaction rates

are calculated as twice the geometric mean of the selfigacites, except for acylperoxy radicals for which the iaate

channel data reported for GBO; are used (Atkinson et al., 2006). The self-reaction ratesoatained from compiled data
for similar compounds (Capouet et al., 2004; Peeters andel|@010; Atkinson et al., 2006).

2.6 Peroxy radical reactionswith NO and HO»

We adopt the recommendations of Wennberg et al. (2018) ®rdtes of non-acyl peroxy radical reactions Wi (2.7 -
10~ 2 exp(350/T) cm® molec ! s71) as well as withHO» (2.82- 10~ 3exp(1300/T) - [1 — exp(—0.2317n)] cm® molec™!
—1, with n the number of heavy atoms in the radical, excluding the penasiety).

FheorganicWe alsofollow Wennberg et al. (2018) fastimatingthe nitrate yield in the reactions of organic peroxys with
NM&WMWf%@W%&@WaM pressure dependent

expressionproposedyy Carter and Atkinson (1989) aria/ Arey et al. (2001) modifiedto accountfor the recommendation
by Teng et al. (2015) toelatethis vield to the number(n) of heavyatomsin the peroxyradical .excludingthe peroxymoiety.

The branchingratios of the nitrat ! athway(Yy;) andfor the oxy radicakerming-pathwayis-given
(Arey-et-ab;200%) by

BolM] o (ho )
Reiw = —F{ +logy (ko [M]/koo)]"}
"1 ¥ ko[M] ks

ko = cexp(-nc) (T/298)~"°

koo = Y2° (T/298) ™=

with-pathway(Yox,) aregivenb

A(T,M,n)

Yite( T Mn,Z)= ——"——F—

nlt( ) ez ) A(T,M,n)—I—Z (3)
Yo(T,M,n,Z) =1 —Yu(T,M,n,Z) (4)
with

ko[ M] 29-1

AT M.n) = — 071 g g1{1+{logio (ko [M]/koo)]"} 5

(TMn) = = e ()
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ko =o€ ©

ks =043 (7/208)°° 0

wherea = 2:1022 cm® molec™ -4, Z is anormalizatiortermadjustedn orderto matchexperimentatieterminationsf the
branchingatio, whenavailable In absencef suchconstraintijt is calculatedfor n > 2) usin

Z:Ao(n)l_ao, (®)

Qg

cm—3, n) and

00 =0.045:n - 0.11 ©

Thenitrateyield is furthermodifiedaccordingo molecularstructureasrecommendeth Wennberg et al. (2018)Thedepen-
dence of the yieldsn atmospherigressureés shown in Fig. 2 foseveralvaluesetnc—tt-hasbeenproposedhatthenitrate

yield-shouldinereasewith-Januaryand July at mid-latitudes.For small valuesof n (especiallyn = 1), Y, decreasesvith
altitude.For largevaluesof n (e.g.n = 11), theyield increasesvith altitudedueto the strongtemperaturelependencef the

2.7 CH;0,+ OH

Methylperoxy radical CH;O2) was shown to react rapidly witbH (Bossolasco et al., 2014) although two more recent ex-
perimental studies inferred a lower rate constant (Yan.eR@lL6; Assaf et al., 2016). The possible pathways include
CH30, + OH 5 CH30 + HO,
2, CH30H 4 0,
% CH0, + H20
4 CH;000H

The stabilized trioxide (Hs OOOH) formed in channel d has several possible fates, among whttion withOH and
uptake by aqueous aerosols followed by decompositiorGitgOH + O, are expected to be the mostimportant (Muller et al.,
2016). An upper limit of 5% for the yield of Criegee radicalasalso determined by Assaf et al. (2017), in agreement héth t
theoretical expectation that it should be negligible (Miikt al., 2016). A yield of 080.1 for the methoxy 405 channel

16



10

15

n=1 3 5 6 11

200 [ - .,‘::‘. Ty T T 200
= 400-— e 1400
o I -
<
g 600 - . 1600 E
» [ 2
N s
o I
o | _ ]

800,July : 800

[ January
1000 N ry1 N PP A X P R IR \H\\ 1000
0.1 1.0 10.0 100.0 220 240 260 280 300

Temperature (K)

RONO, yield (%)

Figure 2. Left panel:Organic nitrate yield in the reaction ebeendanperoxy radicals wittNO {Arey-et-al-2001)-calculatedfollowing
Wennberg et al. (2018sfunetionsfunction of altitudeatmospheripressureusing temperaturandpressurgorofiles typical of January (in
blue) and July (in red) at 40N (zonal average of ECMWF analyses)-The temperaturerofiles are shownon the right panel.n is the
number ofearsenhieavyatomsin theperoxyradical Forn = 1, theyield is calculateduith Z=1in £q,3,_

was determined experimentally at low pressure (50 Torrséfst al., 2018), in good agreement with the best theofetica
estimate (0.92, range 0.77-0.97) determined in Muller.§28l16) and used in our mechanism. It is also consistent tivéh
methanol yield measurements reported recently by Carawan @018) at both low and high pressure (0H@602 at 740
Torr). Those results imply however a methanol yield muchdptiian the value (0.23) used in our global model to recoisile
predictions with atmospheric methanol observations abtertocations (Muller et al., 2016). Note that at low presgais used

in the experiments by Assaf et al. (2017) and Assaf et al.§PQ&tabilisation of the trioxide is negligible, given theadratic
dependence of the stabilisation fractigig{) on atmospheric pressure (Mdiller et al., 2016),

fstab= fo 'p2 : (T/298)75a (10)

wherep is atmospheric pressure (atm) and T is temperature (K).dhailver troposphere, however, stabilisation is significant
with a best theoretical estimate ¢if =0.107. Significant experimental evidence for this partiabsisation was found by
Caravan et al. (2018) at 740 Torr (but not at low pressure).

The mechanism does not account for the possible reactiégntbivith other peroxy radicals. As noted by Miiller et al.
(2016), its relevance for larger peroxys (such as thoseddrim the oxidation of biogenic VOCSs) is expected to be loviant
in the case ofCH30,. Furthermore, the fate of the stabilised trioxide formedigh yield (Miller et al., 2016; Assaf et al.,
2018) in the reaction of largeO-, radicals withOH is so far unexplored.

2.8 Model species and chemical mechanism
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Table 1. Chemical species of the oxidation mechanism of isopreneoteopenes and methylbutenol (MBO).

Notation Chemical formula

C: compounds
HCHO HCHO
CcO CcO
CH3;OH CH3OH
HCOOH HC(O)OH
CH30O0H CH300H
CH3000H CH3000H
CH30NO- CH30NO;
HMHP HOCH:OOH

C> compounds
CH3CHO CH3CHO
GLYALD HOCH>CHO
GLY CHOCHO
C.HsOH C2H50H
CH3COOH  CH3C(O)OH
PAA CH3C(O)OOH
GPA OCHC(O)OOH
ETHLN OCHCH20ONO3
HPAC OCHCH20OO0H
GCO3H HOCH-C(O)OOH
GCOOH HOCHC(O)OH
PAN CH3C(O)OONO,
GPAN HOCH2C(O)OONO,
VA CH,=CHOH

C's compounds
CH3COCH3 CH3C(O)CHs
HYAC CH2,OHC(O)CHg
MGLY CH3C(O)CHO
CoHsCOOH CH3CH2C(O)OH
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Notation Chemical formula
NOA CH3C(O)CH20ONO2
HPACET CH3C(O)CH2,O0H
MVA CH,=C(CH3)OH
DHA CH3C(O)CH(OH)2
C4 compounds
MACR CH2,=CCH3CHO
MVK CH2=CHC(O)CHs
MPAN CH2=CCH3C(O)OONO2
MCO3H CH,=CH(CH3)C(O)OOH
MCOOH CH,=CH(CH3)C(O)OH
MVKOOH 0.55CH3C(O)CH(OOH)CH20OH + 0.45 CH3C(O)CH(OH)CH2,OOH
MACRNO3  OCHC(CH3)(ONO2)CH2OH
MVKNO3 0.2CH3C(O)CH(OH)CH20NO2 + 0.8 CH3C(O)CH(ONO2)CH2OH
MACROH HOCH2C(CH3)(OH)CHO
BIACETOH CH3C(O)C(O)CH,OH
DHBO CHsC(O)CH(OH)CH,OH
HOBA CH3C(O)CH(OH)CHO
DIHPMEK  CH3C(O)CH(OOH)CH,OOH
HPKETAL  CH3C(O)CH(OOH)CHO
HPDIAL OCHC(CH3)(OOH)CHO
HMVK CH3C(O)CH=CHOH
HMAC OCHC(CH3)=CHOH
HMML HOCH:2C(CH;3)0C=0
C’s compounds
ISOP CH,=C(CH3)CH=CH,
MBO CH5C(OH)(CHs)CH=CH,
HCOC5 CH2=C(CH3)C(O)CH20H
ISOPBOOH  0.95CH,=CHC(CH3)(OOH)CH2OH + 0.05 OHCH>C(CH3)=CHCH,OOH
ISOPDOOH  0.94 CHo=C(CH3)CH(OOH)CH,OH + 0.06 OHCH, CH=C(CH3)CH,OOH
ISOPEOOH CH,=C(CH3)CH(OH)CH,OOH
INDOOH HOCH,CH(ONO,)C(CHs)(OOH)CH,OH
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Notation

Chemical formula

ISOPANOS3
ISOPBNO3
ISOPCNO3
ISOPDNO3
ISOPENO3
MBONO3
INCCO
INCNO3
NISOPOOHB
NISOPOOHD
IEPOX
ICHE
HPCE
DHHEPOX
NC4CHO
ISOPBOH
ISOPDOH
HALD1
HALD?2
HPALD1
HPALD?2
MMAL
IHNE

APIN
APINONO2

CH302
CH3CO3
OCHCH202
HOCH2CH202

HOCH>C(CH3)=CHCH;0NO,

CH,=CHC(CH3)(ONO,)CH,OH

HOCH;CH=C(CH;3)CH;0NO

CH,=C(CH3)CH(ONO,)CH,OH

CH3C(=CH,)CH(OH)CH5ONO

0.67 CH3C(OH)(CH3)CH(ONO)CH5OH + 0.33 CH3 C(OH) (CHs) CH(OH) CH,ONO5
HOCH,C(O)C(CHs)(OH)CH20ONO2
HOCH,CH(ONO3)C(CH3)(OH)CH;ONO,

0.9 CH;=CHC(CH3)(OOH)CH20NO; + 0.1 CH,=C(CH3)CH(OOH)CH,ONO;
0.84 HOOCH,CH=C(CH3)CH;ONO5 + 0.26 0:NOCH; CH=C(CH;3)CH,OOH
HOCH.CHOC(CHs)CH,OH

HOCH.CHOC(CH;3)CHO and 3 isomers

0.18 HOOCH.CHOC (CH3)CHO + 0.82 OCHCHOC(CHs) CH, OOH
HOCH,C(CH3)(OOH)CHOCH(OH)

0.75 OCHCH=C(CH3)CH2ONO5 + 0.25 OCHC(CH3)=CHCH;ONO»
CH,=CHC(CH3)(OH)CH20OH

CH,=C(CH3)CH(OH)CH,OH

OCHC(CH3)=CHCH,OH

OCHCH=C(CH3)CH,OH

OCHC(CH3)=CHCHa2(OOH)

OCHCH=C(CH3)CH2(OOH)

O=CCH=C(CHj3)C(=0)0

0.57 0:NOCH,C(CHs)OCHCH,OH + 0.2502NOCH,C(CHs ) (OHLCHOCH, and isomers

C10 compounds
C10H16 (sum of monoterpenes)
C10H16(OH)(ONO2)
Peroxy radicals
CH;30-
CH;3C(0)0,
OCHCH202
HOCH>CH202
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Notation

Chemical formula

GCO3

QO2
ACETO2
MVKO2
MCO3
ISOPBO2
ISOPDO2
ISOPEO2
DIHPCARP1
DIHPCARP2
DHPAO2
KPO2
IEPOXAO2
IEPOXBO2
C5902
INAO2
INBO2
INCO2
INDO2
NISOPO2

MBOO2
APINOHO2
APINO302

HOCH2(0O)CO2

HOCH2CH>02

CH3COCH20-

0.75CH3COCH(O2)CH20H + 0.25 CH; COCH(OH)CH20-

CH2=C(CH3)C(0O)2

0.95HOCH>C(CHj3)(02)CH=CH; + 0.05 OHCH>C(CH3)=CHCH20,

0.94 CH2=C(CH;3)CH(02)CH,OH + 0.06 OHCH, CH=C(CH3)CH2 0O
CH3C(=CH2)CH(OH)CH505

CH3C(OO)(CHO)CH(OOH)CH,O0OH

OCHCH(OO)C(CH3)(OOH)CH.O0H

HOOCH:C(CHs3)(02)CH(OOH)C(O)OOH

0.5CH3C(O)CH(O2)CH200H + 0.5 CH3C(O)CH(OOH)CH202
HOCH,CH(OH)C(CHz3)(O2)CHO

HOCH-,C(OH)(CH3)CH(O2)CHO

HOCH2C(CH3)(02)C(O)CH2OH

0.73HOCH,C(02)(CH3)CH(OH)CH20ONO3 + 0.27 HOCH, C(OH) (CH3)CH(O2) CH2ONO»
0.85HOCH>CH(O2)C(CH3)(ONO2)CH20H + 0.150.,CH>CH(OH)C(CH3)(ONO2)CH,OH
0.67HOCH,CH(OH)C(02)(CH3)CH2ONO2 + 0.33 HOCH, CH(O2)C(OH) (CH3) CH2ONO,
HOCH2CH(ONO2)C(CH3)(02)CH2,OH

0.4502CH2CH=C(CH3)CH2ONO3 + 0.42 CH2,=CHC(CH3)(O2)CH2ONO2+
0.08502NOCH,CH=C(CH3)CH202 + 0.045 CHy=C(CH3)CH(O2) CH2ONO,

0.67 CH3C(OH)(CH3)CH(O2)CH2OH + 0.33 CH; C(OH)(CH3) CH(OH)CH202

peroxy radical fromAPIN + OH

peroxy radical fromAPIN + O3
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Table 2. Chemical mechanism and rates. Read(—11) as 2.7-10"''; T=temperature (K);[M] is air density (molec.cm®);
Kroano=2.7(—12) exp(350/T);
%0‘3{”“%10““0[M]/’“°°>/““4]2}_1 . Units for °*-, 2"?- and 3-order reactions are’$, cmPmolec's™ ! and cnfmolec?s™'.
References: 1, MCM (Saunders et al., 2003; Jenkin et al5)202, Nguyen et al. (2016) ; 3, Wennberg et al. (2018) ; 4, ltiale(2013) ;
5, Peeters and Miiller (2010) ; 6, Capouet et al. (2004) ; 7,inAtn et al. (2006) ; 8, Peetersetal. (2014); 9, St. Clail.€2a16) ;
10, D’Ambro etal. (2017); 11, Leeetal. (2014); 12, Jacoks.g014); 13, Paulotetal. (2009b); 14, Bates etal. (20165,
Schwantes et al. (2015) ; 16, Xiong et al. (2016) ; 17, Croetse. (2012) ; 18, Gross et al. (2014) ; 19, Burkholder et2016) ; 20,
Nguyen et al. (2015a) ; 21, Galloway et al. (2011); 22, Praska. (2015); 23, Vuetal. (2013); 24, Baeza-Romero et @072 ;
25, Magneron et al. (2005) ; 26, Taraborrelli et al. (20128, Bo et al. (2014) ; 29, Assafetal. (2016); 30, Assafet 818 ; 31,
Miiller et al. (2016) ; 32, Allen et al. (2018) ; 34, Chan et aD@9) .

the PAN-like compounds formation and decomposition ratege calculated with k=

Reaction Rate Ref. Note
Cs compounds

ISOP + OH — 0.586 ISOPBO2 + 0.3441SOPDO2 + 0.02ISOPEO2 2.7(—11) exp(360,/T) N1
+0.10HO2 +0.05 ACETO2 + 0.05 HCHO + 0.05COx»

ISOP +NO3 — NISOPO2 3.15(—12) exp(—450/T") 1

ISOP + 03 — 0.41 MACR +0.17MVK + 0.86 HCHO + 0.03MCOOH  1.03(—14) exp(—1995/T) 2 N2
4+0.3C0O2 +0.3HO2 +0.1CH302 4+ 0.24 CO + 0.05 CH3COg3
+0.140H + 0.58 (0.55 HMHP + 0.4 HCHO + 0.4 H2O>
+0.05HCOOH)

ISOPBO2+ NO — NO2 4+ 0.95MVK + 0.95HCHO + 0.973HO» Kroono Yoxy(T, M,6,1.19) 3 N3
+0.023HALD1 + 0.027MVKOOH + 0.027CO + 0.027OH

ISOPBO2+ NO — 0.96ISOPBNO3 4 0.04ISOPANO3 Kroono- Yoie(T,M,6,1.19) 3 N3

ISOPBO2 + NO3 — NO2 +0.95 MVK + 0.95HCHO + 0.973HO2 2.3(—12) 1,3
+0.023HALD1 + 0.027 MVKOOH + 0.027 CO + 0.027 OH

ISOPBO2 4 HO; — 0.94ISOPBOOH + 0.06 OH 2.1(—13) exp(1300/T") 1,34
+0.06 MVK + 0.06 HCHO + 0.06 HO>

ISOPBO2 + ISOPBO2 — 2MVK +2HCHO + 2HO2 6.6(—14)

ISOPBO2 +ISOPBO2 — 0.5HO2 + 0.5 HALD1 4+ 0.5CO + 0.50H 1.1(—13)
+0.5MVKOOH

ISOPBO2 4 ISOPDO2 — 0.9MVK + 1.8HCHO + 1.8 HO» 3.08(—12) 3
+0.1ISOPBOH + 0.9MACR + 0.1HCOC5

ISOPBO2 + CH302 — 0.5 MVK + 1.5 HCHO + 0.7HO2 2.0(—12) 3
+0.5ISOPBOH

ISOPBO2 + CH3CO3 — MVK + HCHO + HO2 + CH302 4+ CO2 1.8(—12) exp(500/T) 6,7
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Reaction Rate Ref. Note

ISOPBO2 — 0.75HPALD1 + 0.75HO2 4 0.15 HPCE 3.409(+12) exp(—10698/T) N4
+0.250H +0.1CO + 0.1 CO + 0.1 DIHPMEK +2.89(—15) exp(414/T) - [NO]

+2.26(—16) exp(1364/T) - [HO]

ISOPBO2 — MVK + HCHO + OH 9.9(+10) exp(—9746/T) 8

ISOPBOOH 4 OH — 0.85IEPOX + 0.15DHHEPOX + OH 1.7(—11) exp(390/T) 9,3,10 N6

ISOPBOOH 4 OH — 0.75ISOPBO2 + 0.2HCOOH + 0.3HO> 4.6(—12)exp(200/T) 9,3 N7
+0.05HCHO + 0.050H + 0.25 MVK

ISOPDO2+ NO — NO2 +0.94MACR + 0.94 HCHO + HO» Krozno- Yoxy(T, M,6,1.3) 1,3 N3
+0.027HALD2 + 0.033HYAC + 0.066 CO + 0.066 OH

ISOPDO2 + NO — 0.944ISOPDNO3 + 0.056 ISOPCNO3 Krozno- Yait(T, M,6,1.3) 1,3 N3

ISOPDO2+ NO3 — NO2 4+ 0.94MACR + 0.94 HCHO + HO» 2.3(—12) 1
+0.027THALD2 + 0.037HYAC + 0.066 CO + 0.066 OH

ISOPDO2 + HO3 — 0.941 ISOPDOOH + 0.059 OH 2.1(—13) exp(1300/T") 1,3
+0.059 MACR + 0.059 HCHO + 0.059 HO»,

ISOPDO2+ ISOPDO2 — 1.6 MACR + 1.6 HCHO + 1.6 HO2 5.74(—12) 3
+0.2HCOC5 + 0.2ISOPDOH

ISOPDO2+ CH302 — 0.5 MACR + 1.25HCHO + HO2 2.0(—12) 3
+0.25ISOPDOH + 0.25 HCOC5 + 0.25 CHs OH

ISOPDO2+ CH3CO3 — 0.9MACR + 0.9 HCHO + 0.9HO2 2.0(—12) exp(500/T) 6,7
+0.9CH302 4 0.9CO2 4+ 0.1 CH3COOH + 0.1 HCOC5

ISOPDO2 — 0.75HPALD2 4 0.75HO, +0.15 HPCE 4.253(48) exp(—7254/T) N4
+0.150H 4 0.1 DHPAO?2 +6.29(—19) exp(4012/T) - [NO]

+4.9(—20) exp(4962/T) - [HO4]

ISOPDO2 — MACR + HCHO + OH 1.77(4+11) exp(—9752/T) 8

HPCE + OH — 1.82C0O + 0.820H + 0.82HPACET + 0.18 KPO2  2.5(—11) N5

KPO2+NO — NOz 4 0.5CH3CO3 + 0.5 HPAC 2.7(—12) exp(350/T) N5
+0.5HCHO + 0.50H + 0.5 MGLY

KPO2+ NO3 — NO3 +0.5CH3CO3 + 0.5 HPAC 2.3(—12) N5
+0.5HCHO +0.50H 4 0.5 MGLY

KPO2 +HO> — OH +0.5CH3CO3 + 0.5 HPAC 2.26(—13) exp(1300/T") N5
+0.5HCHO +0.50H 4+ 0.5 MGLY

DHPAO2+NO — NO2 + HPACET + OH + PGA 2.7(—12) exp(350/T) N5

DHPAO2+ NO3 — NO2 + HPACET + OH 4+ PGA 2.3(—12)

DHPAO2 +HO> — OH + HPACET + OH + PGA 2.64(—13) exp(1300/T) N5
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Reaction Rate Ref. Note

ISOPDOOH + OH — 0.85IEPOX + 0.15DHHEPOX + OH 3.0(—11)exp(390/T) 9,3,10 N6

ISOPDOOH + OH — 0.6ISOPDO2 + 0.32HCOOH + 0.48 HO» 4.1(—12) exp(200/T) 9,3 N8
+0.08 HCHO + 0.080H + 0.4 MACR

ISOPEO2+ NO — MACR + HO2 + HCHO + NO Kroono- Yoxy(T, M,6,1.27) 1,3 N3

ISOPEO2+ NO — ISOPENO3 Kroono- Yoit(T, M,6,1.27) 1,3 N3

ISOPEO2 4 HO, — ISOPEOOH 2.1(—13) exp(1300/T) 1,3

ISOPEO2 4+ ISOPBO2 — 0.7TMVK + 1.4HCHO 4 1.4HO» 1.2(—12) 5
+0.3ISOPBOH + 0.7MACR + 0.3HCOC5

ISOPEO2 4+ ISOPDO2 — MACR + HCHO + HO2 4+ 0.5 HCOC5 1.1(—11) 5
+0.5ISOPDOH

ISOPEO2+ ISOPEO2 — MACR + HCHO + HO» 5.0(—12) 5
+0.5HCOC5 + 0.5ISOPDOH

ISOPEOOH 4 OH — 0.83HYAC 4 0.83GLY + 0.17MACR + HO2  1.0(-10) 1 N9

ISOPENO3 + OH — HYAC + ETHLN + HO» 6.0(—11) 1,11 N9

ISOPBNO3+ OH — 0.85INBO2 + 0.15IEPOX 4 0.15NOy 8.4(—12) exp(390/T) 1,3

INBO2 — 2HO2 + CO + MVKOOH + NO3 7.5F12 % exp(—10000/T) 3 N11

INBO2+ NO — HNOs3 Kroono- Yoir(T,M,11,6.3) 1,3 N12

INBO2+ NO — 1.85NO5 + 0.85 GLYALD + 0.85 HYAC Krozno- Yoxy(T, M,11,6.3)  1,13,3
+0.15MACRNO3 + 0.15HO2 + 0.15HCHO

INBO2+ NO3 — 1.85NO2 + 0.85 GLYALD + 0.85 HYAC 2.3(—12) 1
+0.15MACRNO3 + 0.85HO2 + 0.15HCHO

INBO2+ HO2; — HNO3 2.5(—13) exp(1300/T) 1,3 N13

ISOPDNO3+ OH — 0.85INDO2 + 0.15IEPOX + 0.15NO> 3.9(—11) 1,3

INDO2 — 3HO; +2CO + OH 4+ HYAC + NO» 7.5E12 x exp(—10000/T) 3 N14

INDO2+ NO — HNOs3 Kroono: Yoir(T,M,11,7.9) 1,3 N12

INDO2+ NO — HCHO + HO2 + MVKNO3 4+ NO2 Kroono: Yoxy(T, M,11,7.9)  1,3,11,12

INDO2+ NO3 — HCHO + HO2 + MVKNO3 + NO 2.3(—12) 1

INDO2 + HO2 — 0.39INDOOH + 0.65 HCHO + 0.65 HO 2.5(—13) exp(1300/7) 1,3
+0.65MVKNO3

INDOOH + OH — 0.39INDO2 + 1.22HO2 + 0.61 CO 9.2(—12) 1 N15
+0.61MVKNO3 +0.61 OH

TEPOX + OH — 0.19ICHE + 0.58IEPOXAO2 + 0.23IEPOXBO2 4.4(—11) exp(—400/T) 3 N16

ICHE + OH — 0.280H + 1.28 CO + 0.28HYAC + 0.72MVKO2 1.5(—11) N17

ICHE + OH — CO + HO> 4 0.28 HPDIAL + 0.72 HPKETAL 2.2(—11) exp(—400/T) N18
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Reaction Rate Ref. Note

IEPOXAO2 — DHBO + OH + CO 1.0(7) exp(—5000/T) 3 N19

IEPOXAO2 — CO +2.5H02 + 1.50H 4+ 0.5 HOBA 1.875(13) exp(—10000/T) 3 N20
+ 0.5 HPDIAL

TEPOXAO2+ NO — NO2 +HO2 + 0.8 MGLY + 0.8 GLYALD Kro2no 1,3
+0.2DHBO +0.2CO

TEPOXAO2+HO2 — OH+HO2 + 0.8 MGLY + 0.8 GLYALD 1.6(—13) exp(1300/T) 3 N21
+0.2DHBO +0.2CO

IEPOXAO2+ HO2; — CO +HO2 + OH + DHBO 0.8(—13)exp(1300/T) 3 N22

IEPOXBO2 — MACROH + OH + CO 1.0(7) exp(—5000/T") 3 N19

IEPOXBO2 — 1.5C0O 4+ 3HO2 + 0.5 MGLY + 0.5 HPKETAL 1.875(13) exp(—10000/T) 3 N23

IEPOXBO2+ NO — NO2 +HO2 +0.8GLY + 0.8HYAC Kroano 1,3
+0.2MACROH +0.2CO

IEPOXBO2 + HO> rightarrowOH + HO2 + 0.8 GLY + 0.8 HYAC 1.6(—13) exp(1300/T") 3 N21
+0.2MACROH + 0.2CO

IEPOXBO2 + HO2 — CO + HO2 + OH + MACROH 0.8(—13) exp(1300/T) 3 N24

HCOC5+ OH — C5902 3.81(—11) 1

C5902 4+ NO — HYAC 4+ GCO3 + NO2 Krozno 1

C5902 +NO3 — HYAC + GCO3 + NO» 2.3(—12) 1

5902 +HO2 — HYAC 4+ GCO3 4+ OH 2.4(—13) exp(1300/T) 1,3 N25

C5902 + CH302 — HYAC + GCO3 + HCHO + HO2 9.2(—14) 1

C5902 + CH3CO3 — HYAC + GCO3 + CO2 + CH302 1.8(—12) exp(500/T") 6,7

ISOPBOH + OH — DHBO + CO 3.85(—11) 10 N26

ISOPDOH + OH — 0.9DHBO 4 0.9CO + 0.1HCOC5 + 0.1 HO2 7.38(—11) 10 N26

HPALD1+ OH — 0.450H + 1.35CO2 + 0.55 HCHO + 0.65 CH3CO3  1.0(—11) 53 N27
+0.2MMAL + 0.15MGLY + 0.15CO + 0.1 GLY

HPALD1+OH — MVK+OH+0.5C0O+0.5CO2 0.5(—11) 53 N27

HPALD1+ OH — MVK + OH + CO2 1.5(—11) 5,3 N27

HPALD1+ OH — MVKOOH + OH + CO 1.4(—11) 5,3 N27

HPALD1+ OH — ICHE 0.8(—11) 53 N27

HPALD1+ O3 — 0.35 MGLY +0.27GLY + 1.190H + 0.65 CO 2.4(—17) 1
+0.65CH3CO3 + 0.08 H2O2 4 0.73HPAC

HPALD2+ OH — 0.450H + 1.35CO2 + 0.55 HCHO + 0.65CH3CO3  1.0(—11) 53 N28
+0.2MMAL + 0.15MGLY + 0.15CO 4+ 0.1 GLY

HPALD2+ OH — MACR + OH +0.5C0O 4+ 0.5CO2 0.5(—11) 53 N28

25



Reaction Rate Ref. Note
HPALD2+ OH — MACR + OH + COq 1.5(—11) 5,3 N28
HPALD2+ OH — OH+2CO + 2HO, + HPACET 0.8(—11) 5,3 N28
HPALD2+ OH — ICHE 1.4(—11) 53 N28
HPALD2+ O3 — 0.27THPACET + 1.70H + 0.28 HO 2.4(-17) 1
+0.5CO 4 0.73MGLY + 0.74 GLY + 0.02CO2
MMAL + OH — MGLY +HOs +2CO» 1.5(—12) 1 N29
DIHPMEK + OH — 20H + CH3CO3 4 CO + HCHO 1.63(—11) 1 N30
DIHPMEK + OH — OH + HPKETAL 1.28(—11) 1
HPKETAL+ OH — 0.60H + CO + 0.6 MGLY 3.0(—11) N31
+0.4CH3CO3 4+ 0.4HO,
HPDIAL + OH — OH + CO + MGLY 3.0(—11) N32
NISOPO2+NO — 1.82NO2 4+ 0.42MVK + 0.04 MACR KRroz2no 1,15,3 N33
+1.54HCHO + 0.18 NC4CHO + 0.9HO2 + 0.72CO
NISOPO2+ NO3 — 1.82NO2 4+ 0.42MVK + 0.04 MACR 2.3(—12) 1,15,3
+1.54HCHO + 0.18 NC4CHO + 0.9HO2 + 0.72CO
NISOPO2 + HO; — 0.535 NISOPOOHD + 0.22NISOPOOHB 2.5(—13)exp(1300/T) 1,153
+0.2450H + 0.245N0O2 4 0.225 MVK + 0.02MACR + 0.245 HCHO
NISOPO2 + NISOPO2 — 0.17MVK + 0.11 MACR + 0.7HCHO 2.0(—12) 15,3 N34
+0.42NO2 + 0.78NC4CHO + 0.36 HO2 + 0.28 CO
+0.59ISOPCNO3 + 0.11ISOPANO3 + 0.1ISOPDNO3
NISOPO2 + CH302 — 0.08 MVK + 0.06 MACR + 0.95 HCHO 7.5(—13) 15,3 N34
+0.21NO2 4 0.39NC4CHO + 0.38HO2 + 0.14 CO + 0.4 CH30OH
+0.29ISOPCNO3 + 0.06ISOPANO3 + 0.05 ISOPDNO3
NISOPO2 4 CH3CO3 — 0.38 MVK + 0.05 MACR + 1.39HCHO 2.0(—12)exp(500/7) 15,3 N34
+0.75N0O2 4+ 0.25 NC4CHO + 0.81HO2 4 0.64 CO + 0.9 CH3 02
+0.9CO2 + 0.1 CH3COOH
NISOPO2 +ISOPBO2 — 0.71 MVK + 0.08 MACR + 1.33HCHO 7.5(—13) 15,3 N34
40.47NO2 4+ 0.53NC4CHO + 0.95HO2 + 0.36 CO 4+ 0.5 ISOPBOH
NISOPO2+ISOPDO2 — 0.08 MVK + 0.26 MACR + 0.55 HCHO 6.8(—12) 15,3 N34
+0.21NO2 4+ 0.39NC4CHO + 0.38HO2 + 0.14 CO + 0.4ISOPDOH
+0.29ISOPCNO3 + 0.06 ISOPANO3 + 0.05 ISOPDNO3 4+ 0.4 HCOC5
NISOPOOHD + OH — NISOPO2 3.4(—12)exp(200/T) N35
NISOPOOHD + OH — OH + NC4CHO 7.5(—12) exp(20/7) 3 N35
NISOPOOHD + OH — 0.19CO + 0.95HO2 + 0.43OH + 0.69 NOA 2.37(—11)exp(390/T) 3 N36
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Reaction Rate Ref.  Note
+0.19HCHO + 0.5 HPAC + 0.07THPACET + 0.07ETHLN
+0.24THNE
NISOPOOHD + O3 — 0.20H + 0.87NOA 1.3(—17) 15 N37
+0.13HPACET + 0.84 HPAC + 0.16 ETHLN
NISOPOOHB + OH — NISOPO2 3.4(—12)exp(200/T) N38
NISOPOOHB + OH — 0.23 GLYALD + 0.47NOA + 0.76 OH 4 0.09 CO 8.72(—12)exp(390/T) N39
+0.33HO2 + 0.09HCHO + 0.15HPAC + 0.04 HYAC
+0.04ETHLN + 0.51 THNE
IHNE + OH — 0.23HMVK + 0.03HMAC + 0.82 HCHO 4 0.8 NO, 3.22(—11) exp(—400/T) 3 N40
+0.8CO 4+ 0.17NOA + 0.45 MGLY + 0.72HO> 4 0.38 OH
+0.03MVKNO3 + 0.09HYAC + 0.09CO2
NC4CHO + OH — 0.45CO2 4+ 1.08 CO + 0.85HO2 + 0.58 NOA + 0.5 OH 4.1(-11) 15,3 N41
+0.12HCHO + 0.12MGLY + 0.17NO2 + 0.11 MVKNO3
+0.05ICHE 4 0.14 CH3COg3 + 0.14 ETHLN
NC4CHO + NO3 — HNOj3 + CO2 + 0.75NOA +0.75CO + 0.75 HO» 6.0(—12) exp(—1860/T") 1,3 N4l
+0.25CH3CO3 + 0.25 ETHLN
NC4CHO + O3 — 0.555 NOA 4 0.89 CO + 0.89 OH + 0.445 MGLY 4.4(—18) 1
+0.445HO2 +0.075H202 + 0.445NO2 4 0.52 GLY
+0.035OCHCOOH
ISOPCNO3 + O3 — 0.555 NOA + 0.52 GLYALD + 0.07 C.HsCOOH 2.8(—17) 1,11
+0.075H202 4+ 0.89 OH + 0.445NO> 4+ 0.445 MGLY
+0.445HO2 + 0.445CO + 0.445 HCHO
ISOPCNO3+ OH — 1.20H + 1.2CO + HO2 + 0.6 NOA + 0.4NC4CHO 7.5(—12)exp(20/T) 3 N42
ISOPCNO3 + OH — 0.92INCO2 + 0.08 IEPOX + 0.08NO. 2.04(—11)exp(390/T) 3 N43
INCO2 — 4HO2 +2CO + OH + NOA 1.256(13) exp(—10000/T) 3 N44
INCO2+ NO — INCNO3 Kroono- Yait(T, M,11,4.7) 3
INCO2 + NO — NO3 + HO3 + NOA + GLYALD Kroono- Yoxy(T, M,11,4.7) 3 N43
INCO2 + NO3 — NO2 + HO2 + NOA + GLYALD 2.3(—12) 1 N43
INCO2 +HO3 — 0.32INCCO + 0.11INCO2 + 0.57NOA +0.57GLYALD  2.5(—13)exp(1300/T) 3 N45
+0.57HO2 4+ 0.46 OH
INCCO 4+ OH — HCHO 4+ 3HO2 + CH3CO3 +2CO + NO> 3.3(—12) 1 N46
INCNO3 + OH — 0.445INCCO + 0.414 GLY + 0.414HO» 1.98(—12) 1 N47
+0.555 NOA + 0.141 GLYALD + NOg
ISOPANO3 + O3 — 0.555 HYAC + 0.555 ETHLN + 0.89 OH 2.8(—17) 1,11
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Reaction Rate Ref.  Note
+0.445N0O2 4 0.445 GLY + 0.445HO2 + 0.055 H2 O2
ISOPANO3 4 OH — 1.20H +0.6,CO 4 0.6 CH3CO3 + 0.6 ETHLN 7.5(—12) exp(20/T) 3 N42
+0.4HO2 + 0.4NC4CHO
ISOPANO3 4 OH — 0.96 INAO2 + 0.04TEPOX + 0.04NO> 2.95(—11)exp(390/T) 3 N43
INAO2 — 3HO3 + CO 4+ CH3CO3 + OH 4+ ETHLN 5.092(12) exp(—10000/T) 3 N48
INAO2+NO — HNO3 Kroano- Yoit(T, M,11,2.3) 1 N12
INAO2+NO — 0.86 HYAC + 0.86 ETHLN + 0.14 MVKNO3 Kroono- Yoxy(T,M,11,2.3) 3 N43
+0.14HCHO + HO2 + NO2
INAO2+NO3 — 0.86 HYAC + 0.86 ETHLN + 0.14 MVKNO3 2.3(-12) 1 N43
+0.14HCHO + HO2 + NO2
INAO2 +HO3 — 0.32C0 +0.64HO2 + 0.330H + 0.18 INAO2 2.6(—13) exp(1300/T") 3 N49
+0.44HYAC + 0.44ETHLN + 0.06 HCHO + 0.38 MVKNO3
HALD1+ OH — CO+20H+ CO2 + 0.5CH3CO3 + 0.5 HMVK 1.5(—11) N50
HALD1 + OH — 0.65IEPOXAO2+ 0.35 GLYALD + 0.35 MGLY + 0.35HO>  2.2(—11) N51
HALD1 +NO3 — 2CO 4 CO3 + 30H + HO3 4+ CH3CO3 + HNO3 5.6(—12) exp(—1860/T) N50
HALD1+ O3 — 0.55 GLYALD + 0.565 MGLY + 0.90H 2.4(—17) 1
+0.45C0O +0.45CH3CO3 + 0.45HO2 + 0.45 GLY
HALD2+ OH — 0.5CO+ 1.50H 4+ 0.5CH3CO3 4+ 0.5CO2 1.5(—11) N50
+0.5PGA +0.5HMAC
HALD2+ OH — 0.35IEPOXBO2 + 0.65 HYAC + 0.65 GLY + 0.65 HO» 2.2(—11) N51
HALD2 4 NO3 — CO 4 20H 4 CH3CO3 + PGA + HNO; 5.6(—12) exp(—1860,/T) N50
HALD2+ O3 — 0.55HYAC + 0.55 GLY +0.90H 4+ 0.9HO. 2.4(—17) 1
4+0.9CO 4+ 0.05H202 + 0.45 MGLY
C,4 compounds
MACR + OH — CO + 0.036 HPACET + 0.036 HO2 + 0.964 HYAC 4.4(—12) exp(380/T) 3 N52
+0.964 OH
MACR + OH — MCO3 2.7(—12)exp(470/T")
MACR + O3 — 0.9MGLY +0.12HCHO 4 0.1 CO + 0.1 0H 1.4(—15) exp(—2100/T) N2
+0.1CH3CO3 + 0.88 (0.55 HMHP + 0.4HCHO + 0.4H205
+0.056HCOOH)
MACR +NO3 — MCO3 + HNO3 3.4(—15)
MCO3+NO — COz + 0.65 CH302 + 0.65 CO + 0.35 CH3CO3 8.70(—12) exp(290/T)
+HCHO + NO;
MCO3+NO3 — CO2 4+ 0.65CH302 + 0.65CO 4 0.35 CH3COs3 4.0(—12) 1
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Reaction Rate Ref. Note
+HCHO + NO»

MCO3 + HOz — MCO3H 2.43(—13) exp(980/T) 1,18

MCO3 + HOz — MCOOH + O3 1.25(—13) exp(980/T) 1,18

MCO3 + HO2 — CO2 + 0.65CH302 4 0.65CO +0.35CH3CO3  4.15(—13) exp(980/T) 1,18
+HCHO + OH

MCO3 + CH302 — 0.585 CH502 + 0.585CO + 0.315 CH3COs3 2.0(—12) exp(500/7") 1,6,7
+1.9HCHO + 0.9HO2 + 0.9 CO2 4+ 0.1 MCOOH

MCO3 + CH3CO3 — 1.65 CH302 + 0.65 CO + 0.35 CH3COs3 5.4(—12) exp(500/T) 1,6,7
+HCHO +2CO>

MCO3 +ISOPBO2 — 0.65 CH302 + 0.65 CO 4 0.35 CH3CO3 1.8(—12) exp(500/T") 1,6,7
+2HCHO 4+ MVK + HO» + CO»

MCO3 + ISOPDO2 — 0.585 CH502 + 0.585CO + 0.315CH3CO3 ~ 2.0(—12) exp(500/7) 1,6,7
+1.8HCHO + 0.9MACR.+ 0.9HO> + 0.9 CO»
+0.1MCOOH + 0.1HCOC5

MCO3 +NO; — MPAN ko = 3.28(—28)(300/1)°%7 1,19

koo = 1.125(—11)(300/T)* 1%

MPAN — MCO3 4 NO, 1.6(16) exp(—13500/T) 1

MPAN + OH — HYAC + CO 4 NO3 7.5(—12) 20

MPAN + OH — HMML + NO3 2.25(—11) 20

MPAN + O3 — HCHO + CH3CO3 + NO3 + CO» 8.2(—18) 1

MCO3H + OH — MCO3 3.6(—12) 1

MCO3H + OH — 0.83HYAC + 0.83CO 4 0.17HMML + OH 1.3(—11) 1

MCOOH 4 OH — CO» 4+ 0.65 CH3 02 4 0.65 CO 1.51(—11) 1
40.35CH3CO3 + HCHO

HMML + OH — 1.13CO + 1.050H + 0.39HO> + 0.48 CH; CHO ~ 4.33(—12) N53
40.87CO2 +0.44 CH3CO3 + 0.08 CH3; COOH

MVK + OH — MVKO?2 2.6(—12) exp(610/T)

MVK + O3 — 0.313CH3CO3 + 0.545 MGLY + 0.129 HO» 8.5(—16) exp(—1520/T) 1 N54
40.19CO 4 0.220H + 0.8 HCHO + 0.136 CH; CHO
40.165CO2 + 0.245H202 + 0.275 HMHP
+0.025 HCOOH + 0.006 CH3 COOH)

MVKO2+NO — 0.28 MGLY + 0.28 HCHO + 0.28 HO» Krozno- Yoxy(T, M, 6,4.6) 1,21,22 N55
+0.72GLYALD + 0.72CH3CO3 + NO.

MVKO2 + NO — MVKNO3 Krozno- Yait(T, M, 6,4.6) 22
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Reaction Rate Ref. Note

MVKO2+ NO3 — 0.28MGLY + 0.28HCHO + 0.28 HO4 2.3(—12) 1 N55
+0.72GLYALD + 0.72CH3CO3 + NO»

MVKO2 +HO3 — 0.35 GLYALD + 0.35 CH3CO3 + 0.52OH 2.1(—13) exp(1300/T") 22,3 N55
+0.174HO2 4+ 0.48MVKOOH + 0.13BIACETOH
+0.04 MGLY + 0.04 HCHO

MVKO2+ CH302 — 0.14 MGLY + 0.36 GLYALD 1.16(—12) 1 N55
+0.36 CH3CO3 + 0.89 HCHO + 0.64 HO2 + 0.25 DHBO
+0.18 BIACETOH + 0.07HOBA + 0.25 CH3OH

MVKO2+ CH3CO3 — 0.25MGLY + 0.65 GLYALD 2.0(—12) exp(500/T") 1,6,7
+0.65CH3CO3 +0.25 HCHO + 0.25HO2 + 0.9 CH3 02
+0.9C0O2 +0.1CH3COOH + 0.1 DHBO

MVKOOH + OH — 0.55 BIACETOH + 0.55 OH + 0.45HOBA —11) N56

MACRNO3+ OH — 0.5 HYAC+ 0.5MGLY 4+ 0.5HO2 4+ 0.5CO  3.0(—12) 1 N57
+0.5C02 + NO2

MVKNO3+ OH — 0.5 BIACETOH + 0.4 GLY + 0.4CH3COs3 1.76(—12) 1 N58
+0.1MGLY 4+ 0.1CO2 4+ 0.5HO2 + NO2

MVKNO3+ OH — HOBA + NO- 0.44(—12) 1 N58

HOBA 4+ OH — 0.84 MGLY 4+ HO2 4+ 0.16 CH3CO3 + 0.32CO 2.45(—11) 1,14 N59

HOBA +NO3 — HNO3 + MGLY + HO. 5.6(—12) exp(—1860/T") 1

DHBO + OH — 0.61 BIACETOH + 0.39 HOBA 8.7(—12) exp(70/T) 14

MACROH + OH — HO2 4 0.84 HYAC 4 0.84 OH + 0.84 CO 2.4(—11)exp(70/T) 3 N60
—0.160H+0.16 MGLY + 0.16 HO2 4+ 0.16 CO2

BIACETOH + OH — CH3CO3 +2CO + HO» 2.69(—12) 14

HMVK + OH — HCOOH + OH + MGLY 6.0(—11) N61

HMVK + OH — HO2 + HOBA 2.4(—11) N61

HMAC + OH — 0.5HCOOH + 0.5 OH + 0.5 MGLY 3.0(—11) N62
+0.5CO +0.50H +0.5DHA

HMAC 4 OH — 0.89CO + 1.34OH + 0.78 CH3CO3 2.7(—11) N63
+0.89CO2 4+ 0.44HO2 4+ 0.22 MGLY

HMAC +NO3 — CO+20H+ CH3CO3 + CO2 + HNO3 3.4(—15) N63

Cs compounds

CH3COCH3 4+ OH — ACETO2 1.33(—13) +3.82(—11) exp(—2000/7) 1

HPACET + OH — MGLY + OH 8.39(—12)

HPACET + OH — ACETO?2 1.9(—12) exp(190/7T) 1
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Reaction Rate Ref. Note
ACETO2 +NO — NO2 + HCHO + CH3COs3 Krozno- Yoxy(T, M, 4,5.2) 1
ACETO2 +NO — NOA Krozno- Yaie(T, M, 4,5.2) 1 N64
ACETO2 +NO3; — NO2 + HCHO + CH3CO3 2.3(—12) 1
ACETO2 +HO2 — 0.85HPACET 8.6(—13)exp(700/T) 1,19
+0.15HCHO +0.15CH3CO3
ACETO2 + CH302 — 0.3CH35CO3 + 0.8 HCHO + 0.3 HO» 3.8(—12) 7
+0.2HYAC +0.5MGLY +0.5CH3;OH
ACETO2 + CH3CO3 — CH3COOH + MGLY 2.5(—12) 7
ACETO2 + CH3CO3 — CH302 4+ CO; + CH3;CO3 + HCHO 2.5(—12) 7
ACETO2 + ACETO2 — HYAC +MGLY 3.0(—12) 7
ACETO2 + ACETO2 — 2CH35CO3 + 2HCHO 5.0(—12) 7
HYAC + OH — MGLY + HO» 1.46(—13) exp(1100/T) - (T//300)*° 1,23
MGLY + OH — 0.6 CH3CO3 + 0.4CH302 + 1.4CO + H20 1.9(—12) exp(575/T) 1,24
MGLY + NO3 — HNO3 + CO + CH5COs3 3.36(—12) exp(—1860/T) 1
NOA +OH — MGLY + NO» 6.7(—13) 1
MVA + OH — 0.5CH3COOH + 0.5 HCHO + 0.50H 9.0(—11) N65
+0.5HYAC +0.5HO>
DHA + OH — 1.39HO> + 0.48 CH3CHO + 0.87 CO- 8.0(—12) exp(70/T) 3,19 N66
+0.44CH5CO3 + 0.08 CH3COOH + 0.13CO + 0.050H
C, compounds
GLYALD + OH — 0.78 GCO3 + 0.22 GLY +0.22HO. 1.0(—11) 1,25
GLYALD + NO3 — GCO3 + HNO3 1.4(—12) exp(—1860/T) 1
GCO3+NO — NOz +HO2 + HCHO + CO2 6.7(—12) exp(340/T) 1
GCO3 +NO3 — NO3 + HO2 +HCHO + CO» 4.0(—12) 1
GCO3 + HO2 — 0.21GCO3H + 0.04 GCOOH + 0.04 O3 7.84(—13) exp(980/T) 1,17,26
+0.75HO2 4+ 0.75 HCHO + 0.750OH 4 0.75 CO2
GCO3 + CH302 — 1.9HCHO + 1.8 HO2 + 0.1 GCOOH +0.9CO2  1.8(—12)exp(500/7) 1,6,7
GCO3 + CH3CO3 — CH302 +HO2 + HCHO + 2CO» 5.4(—12)exp(500/T) 1,6,7
GCO3 +NO2 — GPAN ko = 3.28(—28)(300/T)5-%7 1,19
koo = 1.125(—11)(300/7) "1
GPAN — GCO3+ NO2 ko = 1.1(—5) exp(—10100/T) 1,19
koo = 1.9(17) exp(—14100/T)
GPAN 4 OH — HCHO + CO +NO, 1.12(—12) 1
GCO3H + OH — GCO3 6.19(—12) 1
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Reaction Rate Ref.  Note
GLY + OH — 0.72HO2 +0.28 OH + 1.55CO + 0.45 CO> 3.1(—12) exp(340/T) 1 N67
GLY +NO3 — HNO3 + 0.72HO2 +0.2800H + 1.55CO +0.45CO>  1.4(—12exp(—1860/T) 1 N67
HPAC + OH — GLY + OH 1.0(—11) 1 N68
HPAC + OH — 0.25CO + HCHO + OH + 0.75CO> 1.8(—11) 1 N68
HPAC 4 OH — OCHCH»0» 1.90(—12) exp(190/T) 1
C2H50H 4 OH — 0.95 CH3 CHO 4 0.95HO2 + 0.05 HOCH5CH202  3.0(—12) exp(20/7) 1
CH3CHO 4 OH — 0.95 CH3CO3 4 0.05 OCHCH2 04 4.7(—12) exp(345/T) 1
CHsCHO + NOs — CH5COs 4+ HNOs 1.4(—12) exp(—1860/T) 1
OCHCH202 +NO — NO2 + HCHO + CO + HO2 Krozno 1
OCHCH203 + NO3 — NO3 + HCHO + CO + HO» 2.3(—12) 1
OCHCH2032 4+ HO2 — HPAC 1.4(—13)exp(1300/7) 1,3
OCHCH205 + CH305 — 1.25 HCHO + 0.5 CO + HO» 2.0(—12) 1,5

+0.25GLY +0.25 CH30H + 0.25 GLYALD
CH3COs3 + NO — NO3 + CH503 + CO» 7.5(—12) exp(290/T) 1
CH3CO3 + NO3 — NOy + CH304 + CO; 4.0(—12) 1
CH3CO3+HO2 — 0.31PAA +0.16 CH3COOH + 0.16 O3 7.84(—13) exp(980/T) 1,18

+0.53CH302 4+ 0.530H + 0.53CO2
CH3COs3 + CH305 — HCHO 4 0.9HO3 4 0.9 CH3 04 2.0(—12) exp(500/7) 6,7

+0.9C0O2 +0.1CH3COOH
CH3CO3 4+ CH3C0O3 — 2CH3042 +2CO0> 2.9(—12) exp(500/T) 6,7
CH3CO3 + NO3 — PAN ko = 3.28(—28)(300/T)%*" 1,19

koo = 1.125(—11)(300/T)*1°°
PAN — CH3CO3 + NO» ko = 1.1(—5) exp(—10100/7) 1,19
koo = 1.9(17) exp(—14100/T)

PAA + OH — CH3CO3 3.7(—12) 1
CH3COOH + OH — CH30; + CO; 3.15(—14) exp(920/7T) 1,19
ETHLN + OH — HCHO + NO3 + CO» 2.0(—12) 1 N69
ETHLN + NO3 — HCHO +NOs + CO» 1.4(—12) exp(1860/T) 1
VA + OH — 0.64 HCOOH + 0.64 HCHO + 0.64 OH 6.8(—11) 28 N70

+0.36 GLYALD + 0.36 HO2
PGA +OH — CO +CO, + OH 1.6(—11) 1

C; compounds

CH302 + NO — NO» + HCHO + HO> 2.8(—12) exp(300/T) 19
CH30: +NO — CH30NO, 2.8(—12) exp(300/T) - Yni(T, M,1,50.) 19  N71
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Reaction Rate Ref. Note
CH302 +NO3g — NO2 + HCHO + HO» 1.2(—12) 1
CH302 +HO2 — 0.9CH300H + 0.1HCHO 4.1(—13) exp(750/T) 19
CH305 + CH302 — 2HCHO + 2HO» 9.5(—14) exp(390/T) 19
/(140.0382exp(1130/7"))
CH302 + CH302 — HCHO + CH3OH 9.5(—14)exp(390/T) 19
/(1426.2exp(—1130/T"))
CH302 + O3 — HCHO + HO» 2.9(—16) exp(—1000/T) 19
CH302 + OH — 0.92HCHO + 1.84 HO2 + 0.08 CH; OH 1.6(—10) - (1 — fstab) 28-31 N72
CH;30; + OH — CH;000H 1.6(—10) - fota 31 N72
CH3000H + OH — HCHO + HO» 2.2(—11) 31
CH3000H — 0.2CH30H 4 0.8 HCHO + 1.6 HO> 1.1(14)(T/300)3® exp(—12130/T) 31
CH3000H + (H20)2; — CH30H 3.0(—15)exp(—2500/T) 31 N73
CH300H + OH — 0.3HCHO + 0.30H + 0.7CH30> 3.8(—12) exp(200/T) 19
CH30NO; + OH — HCHO + NO» 8.0(—13) exp(—1000/T) 19
HMHP 4 OH — 0.45 HCOOH + 0.450H 1.3(—12) exp(500/T") 332 N74
+0.55HCHO + 0.55 HO>
CH30H + OH — HCHO + HO2 2.9(—12)exp(—345/T) 19
HCHO 4 OH — CO + HO» 55(—12) exp(125/T) 19
HCHO 4 NO3 — CO + HO3 + HNO3 5.8(—16) 19
HCOOH + OH — CO3 + HO» 4.5(—13) 1
oxidation of monoterpenes
APIN + OH — APINOHO2+ 0.1 HCOOH + 1.3HCHO 1.2(—11) exp(440/T) 1 N75
+CH3COCHs3 + 0.2GLY 4 0.0 MGLY
APIN + O3 — APINO302+ 0.150H + 0.1HCOOH 8.05(—16) exp(—640/T) 1 N75
+1.3HCHO + 0.06 HMHP + CH3COCH3
+0.2GLY + 0.05 MGLY
APIN 4 NOj3 — 0.74NO> + 0.26 APINONO2 1.2(—12) exp(490/T) 1 N75
+1.3HCHO + CH3COCH3s 4 0.2 GLY + 0.05 MGLY
APINOHO2+ NO — 0.74NO2 4 0.26 APINONO2 Krozno 1 N76
APINOHO2+NO3 — NO» 2.3(—12) 1
APINOHO2 + HO2 — products 2.6(—13)exp(1300/T) 1
APINO302+ NO — 0.74NO2 + 0.26 APINONO2 Krozno 1 N76
APINO302+ NO3 — NO; 2.3(—12) 1
APINO302 + HO2 — products 2.6(—13)exp(1300/T") 1
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Reaction Rate Ref.  Note
APINONO2+ OH — NO; 4.5(—12) 1
MBO oxidation
MBO + OH — MBOO2 8.1(—12)exp(610/T) 1
MBO + O3 — 0.308 HCHO 4+ 0.992 CH3COCH3 + 1.31HO> 1.0(—17) 1 N77

+0.01CH3CHO +0.89 CO2 + 0.168 HMHP + 0.64CO

MBOO2 +NO — MBONO3

MBOO2+NO — 0.67GLYALD + CH3COCH3z 4+ HO2
+0.33HCHO +0.33CO2 + NO-

MBOO2+NO3 — 0.67GLYALD + CH3COCH3s + HO2
+0.33HCHO + 0.33CO2 4+ NO-

MBOO2+HO32 — 0.67CO + CH3COCH3 + 2HO2 4+ 1.33CO2

MBONO3 + OH — NO3 4+ 0.67CO 4 0.33CO2
+CH3COCH3 +2HO-

Kroono: Yoie(T, M,7,2.4) 1,34 N78
Kroono: Yoxy(T, M,7,2.4) 1 N78

2.3(—12) 1 N78

2.3(—13) exp(1300/7) 1,3 N79
0(—12) 1 N80

2.9 Notesto Table2

N1. Rate equal to 90% of evaluation (Burkholder et al., 2@@%)ccount for isoprene—OH segregation (Pugh et al., 2GEBextSect.2.1.1
for main products. The minor addition channels (7%) incladg/droxyperoxy radicalSOPEQO2) as well as unsaturated carbonyls along
with HO». The unsaturated carbonyls are replaced by their majdrduaxidation products at highO according to MCM ACETO2 + HCHO

+HO- + CO2).

N2. SeeextfordetailsSect.2.2. The stabilized Criegee intermediatel{. OO) is currently not a model compound; its production is regthc
by the products of its main atmospheric sink, the reactigh water dimer, namel§.55 HMHP + 0.4 HCHO + 0.4H2O2 + 0.05 HC(O)OH

(Sheps et al., 2017).

AreY danntagthe nrassure-andtemneraturedenendenn i
n

N3.

faetorY ™ (T', M, n, Z) denoteghe nitrateyield, asdefinedin Sect.2.6. Z is adjusted to match laboratory-based estimates at roomi-con

tionss ~298K and1 atm): 14% and 13% for the 1,2- and 4,3-isoprdne@hexynitrate(lSOPBNO3andiSOBNO3)+respectively

- droxyperoxysand12%for thed-hydroxyperoxygWennberg et al., 2018Y,*Y (T, M, n, Z) (equaltol — Y"(T M. n, 7))

is theoxy radicalchannebranchingatio. Thereactionproductsaccountor therelativeproportionsof 3- andd-hydroxyperoxygSect.2.1.3)

aswell asfor thedifferentorganicnitrateyieldsin their reactionswith NO.
N4. Bulk 16-isemerisatiorrate-Seetext6-H-shift reaction.SeeSect.2.1.1for therate,andSect.2.1.2for the products.

N5. SeeSect.2.1.2for details £5em

NSN6. Addition channels (Wennberg et al., 2018). Tireductyields accountfor the small contributionof the §-hydroxyperoxypathways.

Theminor §-IEPOX compoundsarelumpedwith 3-IEPOX. Thenon-IEPOX products observed by St. Clair et al. (2016) irspnee ofNO

(HYAC, GLYALD, HPAC, CH3CHO) as well as the dihydroxy dihydroperoxiddS OP(OOH).) proposed to be a potentially significant
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component of isoprene SOA in low-NOx conditions (Liu et 2016) are assumed to have a negligible yield in most atmosptenditions
due to the proposed isomerisation of the peroxy radical éorm the reaction (D’Ambro et al., 2017). The further chemgisf the dihydroxy
hydroperoxy epOX|de resultlng from this isomerisati{HEPOX is not considereds-assumede-undergoheterogeneousptakeand
%@WVWW
than the estimatedvapour pressureof 3-IEPOX (3-10°° atm). The Henry’s law constant(HLC) of DHHEPOX estimatedas described

rapidly on vegetation(Nguyen et al., 2015b) anih be a prominentSOA precursor(Surratt et al., 2010) Furthermorethe productsof the

oxidationof DHHEPOXby OH (at a rateestimatedat ~ 2.1-10~** molec! cm® s~1) arealsoexpectedo consist,for the mostpart, of

highly oxygenatedroductsproneto depositionandheterogeneousgptake.

NBEN7. Abstraction of hydroperoxide-H (75%) and of hydroxyH (25%) (Wennberg etal., 2018) The latter leads to a rdl@mposed to

undergo epoxide formatios

«Wennberg et al., 2018) .

we neglectthis very minor anduncertainpathwayasthe productwassuggestedo be dueto animpurity (St. Clair et al., 2016) Addition of
02 to theradicalforms HO. + O=CHC(CH3)(OOH)CH=CH-, The main fate of the unsaturated hydroperoxy aldehyde iwpfsis to
an enolLHOCH=C(CH3)CH=CH; (80%) or toHCO + OH + MVK (20%) (see Sect. 2.1.4). The enol reacts primarily(3y addition
to the first carbon, followed by a 1,5 H-shift @H + HC(O)OH + MVK.

NZN8. Abstraction of hydroperoxide-H (60%) and of hydroxyH (40%), followed by similar reactions as felSOPBOOH (see previous
note). Hydroperoxyx-H abstraction is neglected.

N8N9. Assume fast reaction of MCM product withH, followed by fast reaction witiNO, neglecting side products.

N10.INBO2 is a mix of two peroxys (see Table 1). Assume 85% external &4l ibternalOH-addition tolSOPBNO3. Fhe-
N11, The ratesof the 1,5 and 1,6H-shiis-in-the-dihyarexynitroxy-peresxy radieals{e-g--a-hydroxy-H-shiftsfrom the C1 HOCH,
groupin the radicalsHOCH,C(CHs ) (ONO2)CH(O2)CH2 OH and HOCH>C(CHs) (ONO2)CH(OH)CH202 mgﬂxg[ysuggested
by Wennberg et al. (2018) aneglectedecaustheirrates(eguattoassumeaqualto 0.02s™ ' at298K (insteadf 0.05s ' in Wenrnberg-et-ak)sheld
be-lowered due-to-1)-the-influence of the-nitrate grouprand-2)- Wennberg et al, (2018) Jt the lower end of the rangeestimatedoy
Mgiller et al. (2019) for-hydroxyH-shifts,giventheunfavorableH-bonding betweethe peroxygroupandthehydroxy-Handperoxygroup
of the other,Cs or Cs alcoholgroup. Thenitroxyhydroxyhydroperoxycarbonylformedfrom the H-shift areassumedo photolyzerapidy,
releasingICO, NO2 andahydroxyhydroperoxygarbonyl(here CH3C(O) CH(OOH) CH,OH andCH3 C(O) CH(OH)CH2OOH, respectively,
or MVKOOH). _

N12. Assumefasthydrolysisof thedinitratein theagueouserosobhaseasit bearsatertiarynitrategroup.The hydrolysisproduct(besides
HNO3) is very solubleandcanbe assumedo remainin the particulatephaseHewevertherateestimationisveryuncertainandthe H-shifts

b sianificant
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NZIN13. The hydroperoxide bears a tertiary nitrate group and adumendergo hydrolysis in the aerosol phase. The hydrofysiduct

(besidedINO3) is assumed to remain in the aerosol phase.

arlimi Q0 \actimatadh aQ @ N14) A< in NoteNO
S a a > S a u

fasthydrelysisofdinitrate-AsN14.As for INBO2 (seeabevdNoteN11), theH-shiftsintheperoxys{e-g-1.5a-hydroxy-H-shiftin theperoxy
HOCH2C(0O2)(CH3z)CH(ONO2)CH2OH FWennberg-et-al-{2018)-armglected-15emis assumedo be 2.5 timesslowercomparedo
Wennberg et al. (2018)The nitroxyhydroxy hydroperoxycarbonyl$ormed from the H-shift are assumedo photolyzerapidly, releasin

HCO, NO _and a hydroxyhydroperoxycarbonyl(HOCH,C(OOH)(CHs)CHO). The latter compoundphotolyzesalso very rapidly, to
HCO + OH + HYAC.

NI3N15. The hydroperoxy aldehydeD=CHC(CHs)(OOH)CH(ONO2)CH2OH or INDHPCHO in MCM) formed in the reaction is
assumed to photolyze rapidly #6CO + OH + CH3C(O)CH(ONO2)CH2OH.

NI4N16. Thetrans andcis isomers are lumped, adopting themns 10 cis ratio (2:1) of Bates et al. (2016). The epoxide-retaining products
are lumped intdCHE.

NI5N17. Formyl-H abstraction from the carbonyl hydroxyepoxidesg(HOC&CHT'C(CH@CHO and isomers) primarily formed from
TEPOX + OH. The isomer distribution follows Wennberg et al. (2018)abbtraction is followed by concert&dO elimination and ring
opening,02-addition leading taCHs C(O)CH(O2)CH2OH (for the major isomer) an@CHC(O2)(CHs)CH2OH (minor) which under-
goes a 1,4 aldehyde H-shift, @O + OH + HYAC.

N16N18. Hydroxyl-a-H abstraction from the carbonyl hydroxyepoxides (seeiptevnote),at a ratetakenequalto half the OH-reaction
rate constantof 5-IEPOX. It is followed by ring opening to give (for the main isomé)CHC(CH3)(0°)CH=CHOH, followed by 1,5
enelie-Henol-H shift andO»-addition to formOCHC(CH3z)(OH)CH(O2)CHO. This is followed by a fast 1,5 aldehydic-H shift and (for
a large part) byCO elimination to give, afte©,-addition,CH;C(O)CH(OOH)CHO + HOs.

NE7N19. The 1,4 H-shiftinHOCH,C(OH)(CHs)CH(O2)CHO and its isomer is taken to be fast (0:5'sat 298 K), following Wennberg et al.
(2018).

N48N20. The 1,5 H-shift inHOCH,CH(OH)C(CHs)(02)CHO forms HO» + O=CHC(OOH)(CH3)CH(OH)CHO assumed to pho-
tolyze rapidly either t&”HO + OH + CH3C(O)CH(OH)CHO (HOBA), or to CHO + HO2 + OCHC(OOH)(CH3)CHO (HPDIAL).

NI9N21. Oxy radical channel (65%) (Wennberg et al., 2018).

N20ON22. The hydroperoxide channel (35%) forfds=CHC(OOH)(CH3)CH(OH)CH2OH, assumed to photolyze very rapidly ExCO
+ OH + CH3C(O)CH(OH)CH2OH.

N2IN23. The 1,5 H-shift inHOCH>C(OH)(CH3)CH(0O2)CHO formsHO» + O=CHC(OH)(CH3)CH(OOH)CHO assuming to pho-
tolyze rapidly either taCHO + OH + OCHC(CHs)(OH)CHO, or to CHO + HO; + CH3C(O)CH(OOH)CHO (HPKETAL). The
hydroxydialdehyde is assumed to react exclusively With, forming CO + MGLY + HO..

N22N23. The hydroperoxide channel (35%) fords=CHCH(OOH)C(OH)(CH3)CH2OH, assumed to photolyze very rapidly BExCO
+ OH + O=CHC(OH)(CH3)CH2OH.

N23N25. Neglect hydroperoxide channel, i.e. assume formatiorxpfadical +OH. Note that if the hydroperoxide is formed, it is expected
to photolyze rapidly (Liu et al., 2018), for a large part te game products as the oxy radical pathway.
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N24N26. Based on D’Ambro et al. (2017), the madii-addition channel forms a hydroxyperoxy of which the mabe fa low-NO regions
should be reaction witfilO2, followed by reaction of the hydroperoxide withH, forming HOCH,CH(OH)C(CH3)(OOH)CHO as
main product C7500H in MCM). Note that isomerisation of the hydroperoxy formsal7500H (along withHO2). C5700H is aa-
hydroperoxyaldehyde, assumed to photolyze rapidly (Lal.e2018) toHCO+OH+CH3;C(O)CH(OH)CH2OH, therefore regenerating
OH andHO:x.

N25N27. The branching ratios are from Peeters and Miiller (2010g.flitther mechanism mostly follows Wennberg et al. (2018)yéwer,
collisional deactivation of the radicaDCHC(CH3)C°CH2(OOH)) formed in the minolOH-addition channel is neglected, since epoxide
formation should be largely dominant, as for the radicained by OH-addition tdSOPOOH, for which epoxide formation constitutes ca.
90% of the sink. The unsaturated dialdehyale CHC(CH3)=CHCH(O) (MBED) undergoes very fast photolysis and is replaced by its
oxidation products, as described in Sect. 2.1.5.

N26N28. Branching ratios from Peeters and Mdiller (2010), furthechanism from Wennberg et al. (2018), except for the cohisi sta-
bilisation of the radical formed in the major addition chahmwhich is neglected (see previous note). As above, thatureted dialdehyde
O=CHC(CH3)=CHCH(O) should photolyze rapidly to compounds replaced by theth&rreaction products. The hydroxyhydroperoxy
aldehydeHOOCH2C(CHs3)(OH)CH=O0 should photolyze rapidly to (and is therefore replacedi¢)O + HO» + CH3C(O)CH,OOH

HPACET

N27N29. The peroxy radical(H3C(O)CH(OH)C(O)0O-) formed in the reaction is replaced by its further oxidatwoducts in presence
of NO.

N28N30. H-abstraction fromCH group leads taCH3C(O)C(O)CH2OOH which can be assumed to photolyze very rapidlyOH +
CH3C(0O)O2 + HCHO + CO. H-abstraction of th€’ H» group yieldsCH3C(O)CH(OOH)CHO (HPKETAL).

N29N31 The acyl radical formed fronH;C(O)CH(OOH)CHO through aldehydic H-abstraction can add to form an acylperoxy
radical which (upon reaction witNO) leads toCO2 + OH + MGLY . Note that the acyl radical can also decompos€(+ OH + MGLY .
Abstraction of the hydroperoxidH is followed by a 1,4 H-shift of the peroxy radicalHsC(O)CH(O2)CHO to the same acyl radical
as above. H-abstraction from the carbon bearingQkEd group (40% of reactivity) leads t6H3C(O)C(O)CHO assumed to photolyze
rapidly toCH3CO + CO + HCO.

N3ON32. The acyl radical formed frodd CHC(CH3z)(OOH)CHO can addO- to form an acylperoxy radical which (upon reaction with
NO) leads toCO2 + OH + MGLY . Note that the acyl radical can also decompos€@@+ OH + MGLY .

N3IN33. NISOPO2 is a mix of several radicals (Schwantes et al., 2015; Wemnéeal., 2018). The dinitrate formed in the reaction is

ignored, as its further chemistry is unclear.

: N34. SeeSect. 2.3. A higher self-reaction rate was used by Schwantes et al5(2id their kinetic modelling, but there is
suggestion that it might be overestimated (Schwantes,&Gl5).

N33N35. H-abstraction frorHOOCH;CH=C(CH3)CH20ONO. and isomer.

N34N36. OH-addition tatHOOCH2CH=C(CH3)CH2ONO- (for 84%) and isomer (16%). The mechanism follows Wennbeed. €2018),
except that 1) the 1,5-H shift in the pero®s NOCH>C(O2)(CHs)CH(OH)CH2OH (and isomer) formed in the reaction is neglected, as it
should be slow due to stabilization by H-bonding betweerptdrexy and hydroxy groups, 2) epoxide formation (ca. 9%dyie neglected,

3) the minor pathways in the bimolecular reactions of thertyygperoxy radicals (e.g. dinitrate formationiRO.+NO and dihydroperoxide
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formation inRO2+HO-, also the minor oxy decomposition channel proposed by Wengnét al.) are neglected since their yields are small
and uncertain, 4) the peroxys are replaced by the produdtseofreactions witiNO or HO2, and 5) the nitroxy hydroperoxy aldehyde
OCH-C(CH3)(OOH)CH20ONOsz is assumed to photolyze rapidly (Liu et al., 2018HO + OH + CH3C(O)CH2ONOs5.

N35N37. The minor products C3CNO2 and C3CPO2 are replaced by assfumier oxidation productNOA). The nitrooxy hydroperoxy
epoxide (IHPE) formed in the reaction (Schwantes et al.52@&lneglected and the other yields are increased for cdralamce.

N36N38. H-abstraction fronCH,=CHC(CH3)(OOH)CH2ONO2 and isomer.

N37N39. OH-addition toCH,=CHC(CH3)(OOH)CH20ONO- and isomer. The mechanism follows Wennberg et al. (2018}, siinplica-
tions similar to the case of thiehydroperoxynitrates (see No84N36). The peroxy radicaDoNOCH2C(CH3)(OOH)CH(OH)CH20-
(INPHO23 in Schwantes et al. (2015)) is assumed to react fastMidhor NOs3, leading toO2:NOCH>C(CHj3)(OOH)CHO (C4CPNA in
Schwantes et al.) assumed to photolyze rapidly (Liu et BL82toCHO + OH + NOA.

N38N40. IHNE is a mix of two3- and twod-nitroxy hydroxyepoxides. The mechanism follows Wenntedrgl. (2018). The peroxy radi-
cals OoNOCH>C(OH)(CH3)C(O)CH202 andHOCH>C(O2)(CH3s)CH2ONO, formed from theg-IHNE are replaced by the prod-
ucts of their reaction witiNO, neglecting dinitrate formation and minor oxy decompositproducts. The radicad=C°CH2ONO2
formed in these reactions ad@s, forming an acylperoxy radical replaced by its further teacproduct in presence afO, i.e. CO»

+ HCHO + NOa. The peroxyO:NOC(OH)(CH3)CH(O2)CHO undergoes a fast 1,4 H-shift outrunning bimolecular reasti forming
CO + OH + O2NOCH:C(OH)(CH3)CHO, which is assumed to photolyze rapidly 80, + HCHO + MGLY + HO- (Mdiller et al.,
2014). The carbonyl nitroxyepoxide$C(\NE in Wennberg et al.) are assumed to react witH, following the Caltech reduced mecha-
nism: ICNE + OH — 2CO + 0.35NOA + 0.65MGLY + 0.65HO. + 0.65NO,. The peroxysO:NOCH.C(OH)(CH;)CH(O2)CHO
and OCHC(0O2)(CH3)CH(OH)CH20ONO- formed from thei—IHNE undergo fast H-shift reactions outrunning the bimolecuésrc-
tions, formingCO + OH + eitherO:NOC(OH)(CH3)CH(O2)CHO (in the first case) oCH3C(O)CH(OH)CH2ONO- (second case)
(Wennberg et al., 2018).

N39N41. The OH-reaction rate was measured by Xiong et al. (2016) G&rHC(CH3)=CHCH2ONO.. The yields account for the
NC4CHO isomer distribution estimated by Schwantes et al. (201b¢ OH-reaction essentially follows Wennberg et al. (2028)ehyde
H-abstraction fromtOCHCH=C(CH3)CH2ONO- by eitherOH or NOg3 leads to an acylperoxy radical here replaced byNi@-reaction
product according to MCM({O2 + CO + HO2 + NOA). Note that alternative reaction pathways proposed by Wernet al. also lead
eventually toCO + NOA. OH-addition generates peroxy radicals undergoing fast issaton (Schwantes et al., 2015) leading to the ni-
troxy hydroxy aldehydeD:NOCH,C(OH)(CH;)CHO assumed to photolyze rapidly 802 + HCHO + HO2 + MGLY; the nitrooxy
hydroperoxyaldehyd®,NOCH-C(CHsz)(OOH)CHO assumed to photolyze rapidly #CO + OH + NOA, and the nitrooxy hydroper-
oxyketoneCH3C(O)CH(OOH)CH20ONO- assumed to photolyze t6H3CO + OH + OCHCH2ONO2 (ETHLN).

N4ON42. Abstraction ofa-hydroxy H in thes-hydrexynitrates(e-g-ISOPCNO3(HOCH,CH=C(CH3)CH2ONO2) —Fhe-mechanism
fellews-and ISOPANO3 (HOCH2C(CH3)=CHCH20ONO2) Wennberg et al. (2018), leading in part to photolabile hpéroxynitroxy
carbonyls (e.9g0:NOCH2C(OOH)(CH3)CHO) assumed to photolyze rapididgrete-to eitherHCO + OH + {NOA for ISOPCNO3or
CH;CO5 + OH + ETHLN for ISOPANO3.

N41N43. OH-addition tathes-hydroxyritratede-g4SOPCNOIHOCH, CH=C(CH;) CH, ONO, andISOPANO3HOCH, C(CH;3)=CHCH, ONO

The mechanism follows Wennberg et al. (2018), exceptdhdwvo different dihydroxy nitroxyperoxy radicals are lumpeddrne radical

(3INCO2 or INAO2). In eachcaseonly oneof thetwo peroxyisomersundergoesan 1,andepexideformation{ca-8%yieldy-isneglected.
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N42-The-1-5-H-shift-in-N44, INCO2 includestwo isomers,only one of which (O2NOCH>C(0O2)(CHs)CH(OH)CH>OHleading)
undergoesin1.5H-shift. It leadsto HO2 + O:NOCH2C(OOH)(CH3)CH(OH)CHOis-, assumed to be rapidly followed by fast photolysis
(Liu etal., 2018}0 CHO + HO2 + O:NOCH>C(OOH)(CH3)CHO, itself followed by photolysis t€¢ HO + OH + CH3C(O)CH2ONO»
(NOA).

N43N45. Mechanism adapted from Wennberg et al. (2018). The hydoajue{e-6zHOCHCH(OOH)C(OH)(CHs)CH2ONO- }-formed
with a 43 % yield is assumed to react witH{ca—-5-10—"1 melec—Lem®s=1), primarily by abstractionof-its-a-hydroperoxide
hydregenhydroperoxide-Habstractionforming OH + HOCH2C(O)C(OH)(CH3)CH2ONO2 (INCCO), and by abstraction of the termi-
nal hydroperoxide hydrogen to regenerBte_02.

N44N46. The dicarbonyl nitrat® >, NOCH2C(CHs)(OH)C(O)CHO formed in the reaction is assumed to photolyze rapidlyItcO +
02NOCH2C(CH3)(OH)—-C°=0, which decomposes (for a large part) iti@® + HO2 + OoNOCH2C(O)CHsz (NOA).

N45N47. The mechanism follows the MCM. Among the three considehethoels, formation db.NOCH(CHO)C(CHz)(OH)CH20NO»
+ HO3 is assumed to be followed by photolysis of the carbonyl ditéttoNO2 + GLY + NOA + HO. (Miiller et al., 2014).

N46-N48.INAO2 includestwo peroxyisomersTheminor peroxyHOCH2 C(OH) (CH3)CH(O2) CH2ONO2 canundergaanl,5a-hydroxy-H-shift

leadingto HO2 + OCHC(OH)(CH3)CH(OOH)CH20NO- (Wennberg et al., 2018)whichis assumedo photolyzerapidly(Liu et al., 2018) to
CHO + HO» + CH3C(O)CH(OOH)CH20NO, itself followed by photolysisto CH;CO + OH + OCHCH2ONO2 (ETHLN).

N49. Adaptedfrom Wennberg et al, (2018) The hydroperoxideproduct (50% yield, HOCH,C(CHs)(OOH)CH(OH)CH,0ONO,) is
assumedo reactwith OH, following the mechanismof the MCM andleadingin part to O=CHC(CHz)(OOH)CH(OH)CH20NO:
whichis assumedo photolyzerapidly o give CHO + OH + CH3C(O)CH(OH)CH;ONO3,

N50. The aldehyde-H-abstractiochannelyields HOCH, CH=C(CHz)C(0O)O2 or HOCH>C(CH3)=CHC(O)O2 thatshouldisomerize

by 1,6 H-shifts of an a-hydroxy-H to form the doubly resonance-stabilizesidicals Z-HOC® H—CH=C(CH;)—C(0O)OOH (Casel) or
Z-HOC°H-C(CH3)=CH—-C(O)OOH ._As for the similar 1,6 H-shifts in the initial Z-6-OH-peroxys(seeSect.2.1.2), the
productradicalsareexpectedo arisein boththe 7, Z' and Z, £ forms, hereassumedn a 50:50ratio. The expected)-addition-energyo
thesedoubly resonance-stabilizewdicalsis aslow as15 keal mol~", suchthat O.-additiona o the OH-groupon C: (or Ca) s likely to
fast1,6enol-H-shiftsfacingbarriersof only 10kcalmol ™, similarto theH-shiftsleadingto DIHPCARPSPeeters et al., 2014 heproduct

radicalof theseH-shifts addsO- to form DIHPCARP analogueshat may readilyisomerizeby aldehyde-H-shiftpromotedby H-bonding.
Theresultingradicalsareassumedio eliminateCO andOH toyield OCHC(CH3z)(OOH)C(O)OOH or CH3C(O)CH(OOH)C(O)OOH,

whichareexpectedo photolyzerapidly (Liu et al., 2018) intaCO + HO» + OH + CH3C(0O)C(O)OOH or CH3CO3 + OH + OCHC(O)OOH,

respectivelyPyruvicperacidohotolyzesadidlyinto CHs CO + CO; + OH, while its reactionwith O is very slow(Saunders et al, 2003) .
with NO and HO,, hereassumedn a 50:50 ratio, to form mainly oxy radicals(e.q. Z. -HOCH=CHC(CHz)(O%)C(O)OOH) that
quickly decomposénto COs + OH + eitherCH;C(O)CH=CH,OH (HMVK) or OCHC/(CHs)=CH,OH (HMAC).
N51,0H-additionchannelith ratesfrom Neeb (2000); Peeters et al, (2004pr OH-additions to theformyl, we follow Wennberg et al (2018)
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theformyl areunlikely to undergol,5 aldehyde-H-shiftslueto unfavorableexpectedd-bondingpattern but shouldratherreactwith NO or

HO2, to yield mainly GLYALD + MGLY + HO- for HALD1 or HYAC + GLY + HO- for HALD2 (Peeters et al., 2004) .
N52.Account for the fast isomerisations of the hydroxyperoxguiting fromOH addition toMACR (Crounse et al., 2012; Wennberg et al.,

2018).

mol~! morestableHOCH=C(CHs)—C(0)0°, the atterstabilizedby acyloxy resonanceDirect eliminationof CO: asproposedn the
MCM appearsiotlikely, sincethe C;=C,——Cs bondis ~10kcalmol~" strongetthanin CHz——C(0)O° dueto theneighbouringdouble
bond.Themostlikely fateis a 1,5 enol-Hshift to O=CHC®(CH3)C(=0)OH (with double*vinoxy" resonance-stabilizationgxothermic
for some25-30kcal mol-", andalmostbarrierlessAfter addingO., onecanexpecta 1,4 aldehyde-H-shiffollowed by CO elimination
(barrier~7 kcal mol~') andOH lossto yield pyruvic acid. The latteris replacedby its photolysisproducts(Burkholder et al., 2015)i.e.
0.39HO2 +0.48CH3CHO + 0.87CO> + 0.44CH3C(0)O2 + 0.08 CH3C(0O)OH + 0.13CO + 0.050H.

N54. SeeNote N2 regardinghe stabilizedCriegeeintermediatg§ CH>O0). Pyruvicacidis replacedoy its photolysisproducts(seeprevious

Note).
N55. MVKO?2 is a mix of CH3C(O)CH(O2)CH20H (72%) andCH3C(O)CH(OH)CH202 (28%). The ratio is adjusted so that the

glycolaldehyde yield ilMVKO2 + NO is 69% (Galloway et al., 2011), taking the nitrate yield (4®)aske et al., 2015) into account.

N48-N56. MVKOOH is a mix of CH3C(O)CH(OOH)CH2OH (55%) andCH3C(O)CH(OH)CH2OOH (45%). The fractions account
for the different hydroperoxide yields in the reaction ddittrespective peroxy radical precursors witk,.

N49N57. Reaction rate taken equal to the average of the MCM and thetste activity relationship (SAR) of Neeb (2000). Assub®So
formyl-H absraction and 50% alcoholic-H absraction. Therfer leads ultimately to hydroxyacetoné\0- (in presence oNO). The latter

leads to a nitrooxydialdehyde assumed to photolyze imnheglianto methylglyoxal NO2 andHCO.

N5ON58. The reactiodMVKNO3 + OH is splitinto two reactions sindel VKN O3 represents two isomer6Hz; C(O) CH(ONO2)CH2 OH
(for 80%) andCH3C(O)CH(OH)CH2(ONO2) (for 20%). For the first, assume 50% alcoholic-H abstradtdtiH; C(O) CH(ONO2)CHO
assumed to photolyze (for ca. 80%) iM®- + GLY + CH3CO, the rest reacting witloH to form eventuallyMGLY +HO2+CO- (in the
presence oNO). For the second compound, ignore alcoholic-H absraction.

N5IN59. Assume fast reaction of the acylperoxy radical (84% of tieadlux) with NO. Assume fast photolysis @§H3C(O)C(O)CHO
(16% of flux) intoCH3CO + CO + HCO.

N52N60. Assume immediate reaction of prod’@CHC(CH3)(OH)CHO with OH, forming MGLY + HO2 + CO2 upon reaction with
NO.

N53N61. The dominant OH-addition, t¢HO),CHCH(O2)C(O)CHas, is followed by a 1,5 H-shift from an alcohol-H to the peroxy
group and decomposition (So et al., 2014). The minor additftannel form$lOC°HCH(OH)C(O)CHs which reacts witfO, to HO» +
CH3C(O)CH(OH)CHO.

N54N62. The dominant OH-addition (30~ " molec ' cm® s™'), to O=CHC(CHs)(O2)CH(OH)s, is followed by an H-shift from either
an alcohol-H (50%) or from the aldehyde-H (50%) to the pergrgup, leading to eitheHC(O)OH + OH + MGLY or CO +OH +
CH3C(O)CH(OH)2 (DHA).
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N55N63. Combines the minor addition channel (1@ ' molec ' cm® s') and the aldehyde-H abstraction channel {105'" molec™*

cm® s71). The minor addition channel leads D, + O=CHC(CH3)(OH)CH=0, which reacts primarily wittOH, leading to an acyl
radical which can eliminat€ O and giveMGLY + HO. or form an acylperoxy radical which can undergo a shift ofafiehyde-H to the
peroxy group. The resulting radical can either lose CO, gr@hueaction withO,, form HO, + CO + CH3C(O)C(O)OOH (PPYR),

or react withO2 and then withNO or HO2, forming CO2 + HO2 + PPYR. The H-abstraction channel leads to an acylperoxy radical,
0=C(02)C(CH3)=CHOH, which undergoes anelicenol 1,6 H-shift followed byO.-addition, toO=C(OOH)C(O2)(CHz)CH=O0.

The latter radical undergoes a 1,4 H-shift of the aldehydéebiding toCO + OH + PPYR. PPYR is assumed to photolyze rapidly to
CH3CO + CO2 + OH (Saunders et al., 2003).

N56N64. The nitrate yield isi-61.3% at room conditiong298K, 1 atm)
N57N65. Assume equal rates for the two addition channels tSe¢Sect. 2.1.4
NS58N66. The reaction leads to pyruvic acid (along wifl2), assumed to photolyze very rapidly according to Burkhokteal. (2015).

N59N67. Yields calculated at room conditions. The acylperoxy cabliesulting fromO- addition to theHCOCO radical (ca. 17% of the
reactive flux) is replaced by the final reaction products #spnce oNO andOs (i.e. CO + HO2 + COy).

NBON68. Contrary to MCM, consider aldehyde-H abstraction, legdirpart toCO + OH + HCHO (for 25%) and in part tdalOOCH2CO3
(75%) which (upon reaction witNO) leads toCO2 + OH + HCHO.

NBIN69. Reaction rate taken equal to the average of the MCM andthetste activity relationship (SAR) of Neeb (2000). ProgLessume

fast reaction of peroxy radical witNO.
N62N70. The minor channel (8%, formation 6fH(OH)2CH20O-) proposed by So et al. (2014) is neglected.

N63N71 The methyl nitrate yield adopted here i4@ * atreemeendition298K andl atm or ca. 510 ° in the lower stratosphere, at the
lower end of the range ((5-1)0°) estimated by Flocke et al. (1998) based on stratosph#igONO, observations.

N64-SeetextN72, SeeSect.2.7 for details.

NB5N73. The water dimer concentration (molec.ch) is calculated using
[dimef = p- K, - [H20]* /[ M] (11)

wherep is atmospheric pressure (atm}]4O] and M are the water vapour and dry air number density (motec?), and K, (atm™ ') is
approximated following Scribano et al. (2006) :

K, =4.7856 - 10~ % exp(1851.09/T — 5.10485 - 10> T) (12)

N66N74. Rate reported by Wennberg et al. (2018). H-abstractiom filee-carbeydroperoxidegroup followed by OH-eliminationsis
decompositiorof the hydroxymethylperoxyadical,is slightly dominant (Allen et al., 2018). H-abstraction frdmeroperoxidegroupthe
carbonis followed bydecempesitierefthehydrexymethylperoxyradiealOH expulsion
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preduetsor theproducts seeSection2.4.

NBIN76. The 26% yield is the assumed overall organic nitrate foilangtom monoterpenes (Rindelaub et al., 2015).

N7ON77. Several carbonyl intermediates formed in the reactioraaseimed to react rapidly with OKH3C(OH)(CH3)C(O)Ox is as-
sumed to react wittNO, forming CO2 + CH3C(O)CH3 + HOa.

NZIN78. The organic nitrate yield istesete~10% at room conditiong295 K and 1 atm) (Chan et al., 2009). Whereas the major iso-
mer peroxy radical leads t6€HsC(O)CHs + GLYALD 4+ HO» upon reaction withNO, the other isomer leads tHCHO + HO» +
CH3C(OH)(CH3)CHO which is here replaced by its OH-reaction product in presesfdNO, namelyCO» + CH3C(O)CHs + HO».
Note that the MCMv3.3.1 mechanism for MBO was recently \atkdl by comparisons with chamber measurements, in paticdarding
the production of radicals, acetone and formaldehyde (Nateal., 2018a), and that the peroxy radical isomerigat&actions proposed by

Knap et al. (2015) can be neglected due to their low ratesesdting impacts.
N72N79. The hydroperoxides formed in the reaction are replacetié®H-reaction products in presencedO.

N73N80. Average reactivity of the two isomer dihydroxynitratesieTproducts are replaced by thelti-reaction products in presence of
NO.

2.10 Photodissociations

Thephotolysisreactiongarelistedin Table3. In manycasesthephotolysisparameteraredirectly obtainedrom experimentastudiesor can
be assumeddenticalto the parameter$or other,similar compoundge.g.the absorptioncrosssectionsof manyorganichydroperoxidesre

assumeddenticalto thoseof CH3;OOH), For nitrooxycarbonylsandfor hydroperoxycarbonyldjowever,analysisof the (scarcejvailable

laboratorydataindicatesthat the interactionbetweenthe two chromophoresasa stronginfluenceon the reactionmechanisnandon the
hotodissociatiorparametergMiller et al., 2014; Liu et al., 2018)The absorptioncrosssectionsfor theseclassegFig. 3) are calculated

basedn availablecrosssectiondatafor structurallysimilar monofunctionacompoundsndon wavelength-dependeehhancemerfactors
derivedfor nitrooxycarbonyldMdller et al., 2014) andlor hydroperoxycarbonylfliu et al., 2018) basedn availablelaboratorydata.
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(a) hydroperoxycarbonyls and keto-enols (b) nitroxycarbonyls
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Figure 3. Absorption cross sections(in cm? molec=!) of (a) hydroperoxycarbonylsand keto-enols(HMAC and HMVK), and (b
nitrooxycarbonylsSpeciesiotationasin Tablel.
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Table 3. Photodissocation reactions. The last column gives theopaiat (/) calculated using the TUV model (Madronich, 1993) for a
zenith angle of 30 and 300 DU ozone. References: 1, Burkholder et al. (2015)R&h and Ehhalt (2015) ; 3, Shaw et al. (2018) ; 4,
Pinho et al. (2005) ; 5, Jenkin et al. (2015) ; 6, Atkinson e{2006) ; 7, Liu et al. (2018) ; 8, Miiller et al. (2014) ; 9, Baset al. (1993) ;
10, Xiong et al. (2016) ; 11, Liu et al. (2017) ; 12, Nakanistale (1977) ; 13, Back and Yamamoto (1985) .

Reaction Crosssection Quantumyield Products J (s™')
HCHO — CO +2HO, 1 2 3.4(-5)
HCHO — H, + CO 1 2 5.2(-5)
CH3CHO — CH305 4+ CO +HO, 1 1 5.0(-6
CH3CHO — VA 1 3 1.7(-6
GLYALD 2% HCHO + CO + 2HO, 1 1 1.2(-5
2%, CH30H + CO 1 1
%, OH + OCHCH, 05 1 1
GLY — 2C0 +2HO» 1 41 7.6(-5)
GLY — 2CO +H, 1 41 1.6(-5)
GLY — HCHO 4 CO 1 41 3.1(-5)
CH3COCH3 — CH3CO3 + CH302 1 1 5.5(-7
MGLY — CH3CO3 4 CO 4+ HO» 1 1 1.4(-4
MACR 2% MCO3 + HO, 1 54° 65  21(-6
2%, .35 CHs COs + HCHO + 1.65CO + 0.65 CH3 05 + HO» 1 a 6
MVK 2 C3He + CO 1 1 65  45(-6
2%, CH5CO3 + HCHO + CO 4+ HO, 1 1 &
CH300H — HCHO + HO2 + OH 1 1 5.6(-6)
HMHP — HCOOH + OH + HO. 1 b 4.8(-6)
ISOPBOOH — MVK + HCHO + HO» 4+ OH 1° b 65 5.6(-6
ISOPDOOH — MACR + HCHO + HO, + OH 1° b 65 5.6(-6
ISOPEOOH — MACR + HCHO + HO, + OH 1° b 65 5.6(-6
MACROH — HYAC + CO +2HO» 76" 767 65 6.2(-5
MVKOOH 2% CH3CO;3 + HO, + HPAC 87 87° 65/ 1.3(-4
2%, CH3CO3 + GLYALD + OH 8 8 6
CH3;0NO3 — HCHO +HO3 + NO; 1 1 9.0(-7)
PAN ™% CH3CO3 4 NO2 1 1 7.3(-7)
2%, CH3045 + CO2 + NO3 1 1t
PAA — CH302 + OH + CO, 1 b 65 7.9(-7
HYAC 22 CH3CO3 + HCHO + HO, 1 1 1 1.9(-6



Reaction Crosssection  Quantumyield  Products J(s™h
2%, GCO3+ CH302 1 1 1
2%, CH302 + CO + HCHO + HO» T 1 T
2%, OH + ACETO2 T T %
INDOOH — NO2 + GLYALD + HYAC + OH 767 b h 2.9(-6)
INDOOH — OH + 0.15 (HYAC + GLYALD + NO.) 1° b i 5.6(-6)
+0.85 (HCHO + HO2 + MVKNO3)
MACRNO3 — HYAC + CO + HO2 + NO; 98 98 98 3.6(-4)
MVKNO3 — 0.8 (CH3CO3 + GLYALD + NO>) 98 98 65 5.7(-5)
+0.2(MGLY + HCHO + NO,)
INCCO — NO2 + HYAC + GCO3 76 98 65 1.4(-5)
INCNO3 — NO; + HCHO + HO2 + MVKNO3 76" b 1.9(-6)
INCNO3 — NO3 + GLYALD + NOA + HO: 769 b h 2.9(-6)
NOA — CH3CO3 4+ HCHO + NO» 109 68 75 $63.2(-5)
ETHLN — HCHO + CO + HOz + NO; 78 58 68 1.7(-4).
NC4CHO 22 NO, 4 1.15HO; + 1.35CO; + 0.55 HCHO 910 910 95™  3,9(-4)
+0.65CH3CO3 +0.2MMAL +0.15MGLY L EL 62
+0.15CO +0.1GLY —0.550H
NC4CHO **% NO; + OH + CO + 0.5 HPKETAL + 0.5 HPDIAL
NC4CHO % NO, + CO + OH + 0.3HMVK + 0.7HMAC
NC4CHO 2% NO; + 1.7CO +0.3MVKO2 + 0.7HYAC
DHBO — CH3COj3 + GLYALD 65 65 65 2.7(-6)
HOBA — MGLY + CO +2HO 65" 65" 65 7.9(-6)
HOBA — CH3CO;3 + GLY + HOx 76" 76" 1.9(-6).
HCOC5 — CH3COs + HCHO 4+ GCO3 5 5 5 2.3(-6).
ICHE 2% 2C0 + HO, + OH + HYAC 6 6¢ o 6.2(-5)
2% 0O + HO2 + MVKO2 o
HPCE — HO2 +1.82CO + 0.820H + 0.82 HPACET + 0.18 KPO2 67 6% D 6.2(-5)
MCO3H — OH + CO3 + 0.65 (CH302 + CO + HCHO) 14 b 65 7.9(-7).
+0.35(CH3CO3 + HCHO)
GCO3H — OH + HO2 + HCHO + CO, 19 b 65 7.9(-7).
HPAC 22 vA 87 87 14 3.6(-4)
2, HO» + CO + HCHO + OH
HPACET 2% MVA 87 87° 87" 1.3(-4)
2%, CH3CO3 + HCHO + OH
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Reaction Crosssection  Quantumyield Products J (s™')
HPKETAL 2% HMVK 87 87° r 5,4(-4)
2%, CH3C03 + OH + GLY
2%, €O+ HO2 + OH + MGLY

HPDIAL 2% HMAC 87 87° r 5.2(-4)

%, CO 4+ HO, + OH + MGLY
DIHPMEK — OH + CH3COj3 + HPAC 87 87° 65" 1.3(-4
BIACETOH 2% CH;3CO3 + GCO3 86° 8-61° t 7.1(-5

2%, CH3CO3 + CO + HO, + HCHO 7 7 6
HPALD1 2% 0.450H + 1.15HO; + 1.35 CO5 + 0.55 HCHO g tu_ 12411Y 4.2(-4
40.65CH3CO3 4+ 0.2MMAL 4 0.15 MGLY +0.15CO + 0.1 GLY

2%, 20H 4 CO + HPKETAL

%, €O +20H + HMVK

2%, CO + CH3CO3 + GLYALD
HPALD2 2% 0.450H + 1.15HO; + 1.35COs + 0.55 HCHO 1= tu 12211 4.2(-4

40.65 CH3CO3 + 0.2MMAL 4 0.15MGLY +0.15CO + 0.1 GLY

18%, 90H + CO + HPKETAL

4%, CO +20H + HMAC

2%, 200 4+ HO, + HYAC
HMAC — OH + CO + HO5 + MGLY 1312 4 w. 1.0(-5)
HMVK — OH + CH3CO3 + GLY 1312 4 w. 1.0(-5)
PGA — CO 4+ HO; + CO5 4+ OH z z 5 11(4)
APINONO2 — NO» 767 b 2.9(-6

Notes:

a) Total quantum yield of 0.004.

b) Unit quantum yield.

c) As for CH;OOH.

d) As fori—CsH7CHO.

e) Total quantum yield of 0.8.

f) SeetextSect.2.1.4regarding hydroperoxycarbonyl photolysis, and fé#8-N56 above.
g) As for CHsCH(ONO;)CHs.

h) Oxy radical decomposition follows Vereecken and Pee069).

1) Oxy decomposition as ilNDO2 + NO (Table 2).

J) Sum of absorption cross sections@fl3C(O)C2Hs andn—C4HgONOo.
k) As n—C4HoONOs,.

1) Gresssection -
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#)-Quantum yield of 1 below 336 nm, zero abd¥dong et al., 2016)
om) NC4CHO photolysis followsHPALD2 photolysis for 75% an@IPALD1 for 25% (isomer distribution of Schwantes et al. (2015)).
p)-Astorn) Forthealdehydeshannelyse,/(C2Hs CHO); for theketonechanneluseJ (HYAC).

C-Cscissioneadingto HCO andthe sameproductradicalsasin theformyl-H-abstractiorpathwayin HPCE+OH(Sect.2.1.2).
q) As for CH3C(O)OOH.

r) SeetextSect.2.1.4regarding hydroperoxycarbonyl photolysis.

s) Photorate taken as 25% $f-{Praske-et-al-—2018)H3C(0O) C(O) CHz) basedntheexperimentaphotoratedeterminatiorof Praske et al. (2015)
1) Thereactiongivesdominantly CHsC°O + HOCH,C°0, The latter radicalis formedwith aninternalenergyrangingbetweers and20

keal mol~". Below ~11,5kcal mol”", it mostly addsO-; abovethatthresholdt mostly dissociateso CO + CH2OH (parier~11 keal

mol~!) (Méreau et al., 2001) ).
u) Absorption cross sections 8 ACR, quantum yield of 0.8. SeextSect.2.1.5for the products.

+v) Quantum yield of 0.1 below the threshold of 312 nm (sséSect.2.1.9.
»}-Seetextw) SeeSect.2.1.5.
equalto 0,71,

211 Uptakeby aerosols

The heterogeneous reactions on aerosols are listed in Zatte their associated reactive uptake coefficients. Ttee(Pg for the heteroge-
neous uptake of a chemical compound on aqueous aerosolsutated using

A

A D ) (3
where A is the aerosol surface densitypém® mem ™), 7, is the number mean particle radiusigm), D, is the gas-phase diffusiv-
ity parameterized as described in Miller et al. (2008)is the mean molecular speeg+cm s~ '), and~y the reactive uptake coeffi-
cient (Table 4). The aerosol surface density is calculatdidviing (Stavrakou et al., 2009b). Aqueous aerosols ielinorganic (sul-
fate/ammonium/nitrate/water) and carbonaceous (OC andcBICulated by the model as described in Stavrakou et al3Rénd sea-salt
aerosol from the MACC (Monitoring Atmospheric Compositamd Climate) Reanalysis (apps.ecmwf.int/datasetsfdatad-reanalysis/levtype=sfc/).

The heterogeneous uptake of alkyl nitrates by aqueousasradiowed by their hydrolysis has been suggested as aamntiz organic
nitrate sink and a large source of nitric acid in forestedremments (Romer et al., 2016). Since tertiary nitratesvgdiown in the laboratory
to undergo hydrolysis much faster than primary and secgmutmates, we neglect the hydrolysis of non-tertiary niggawhile assuming fast
hydrolysis of tertiary nitrates from isoprene. The reaetiptake coefficienty) calculated by Marais et al. (2016) based on measured hydrol
ysis rates of a primary and a secondary hydroxynitrate frsmpriene in neutral solution (Jacobs et al., 2014) is muchoted1.310~7 —
5.2:10~°) to account for the loss observed during the Southern Oxilzsh Aerosol Study (SOAS) campaign (Romer et al., 2016)ialtlse
relatively low estimated Henry’s law constant of isopregdroxynitrates. A much highey (8-20.03 is assumed here for the major (tertiary)
1,2-hydroxynitrate from isoprene (ISOPBNO3), such thaetegeneous loss is its dominant fate in the troposphereresls the uptake of
non-tertiary isoprene hydroxynitrates is neglected. @ligh crude, this assumption leads to a good model agreeg@nsaaircraft observa-

tions of isoprene hydroxynitrates over the Southeaste®n (dee Sect. 4.2). Furthermore, the calculated averémehe sum of isoprene hy-
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Table 4. Heterogeneous reactions on aqueous aerosolienotes the reactive uptake coefficient. References: id.&f al. (2005);
2, Marais et al. (2016); 3, Fisher etal. (2016); 4, Millerlet(2016). Notes:) The dependence on aerosol pH (Marais et al., 2016;
Stadtler et al., 2018) is ignored.

Reaction ¥ Ref.
GLY — GLY (aerosol) 2.9(-3) 1

IEPOX — IEPOX (aerosol) 4.2(-3) 2*
HMML — HMML (aerosol) 1.3(—4) 2"

ISOPBNO3 — ISOPBOH + HNO3  6-+0.03
MACRNO3 — MACROH + HNO3  6-+0.03
APINONO2 — HNO3 + product 9-640.005
CH3000H — CH30H + O2 0.1

A W o o

droxynitrates weighted by their respective abundance®i62, consistent with the upper limit (0.02) inferred foe taoprene hydroxynitrate
family by Wolfe et al. (2015) based on SOAS measurements.eenain, but likely significant, fraction of the monotemnpenitrates (rep-
resented in the mechanism by a unique lumped compound APDIEIé assumed to be tertiary and undergoes hydrolysis (Beatal.,
2013, 2014) withy = 8:63-0.005 (Fisher et al., 2016). Other, minor tertiary nitrates gatest in the mechanismNB1EO-INB1OOH,
INB20OOH, INB1NO3 in MCM) are also assumed to undergo rapithke followed by hydrolysis in the aerosol, generattilyOs and a
usually very soluble and condensable co-product assumeiiitain in the particulate phase. Thgdrolysisef-saturationvapourpressures

of thosehydrolysis products(hydroperoxytriols and nitroxy triol) are calculatedto be in the range(4—40)10~1° atm using the grou

contributionmethodof Compernolle et al. (2011).e. threeordersof magnitudebelowtheestimated/apourpressuref isoprenedihydrox

epoxide(IEPOX). The assumedapid aerosalsink of the dinitrate INBINOS (0-NOCH(CHzOH)C(CHs) (ONO2)CH2 OH) generated
in the oxidationof isoprenehydroxynitratesby OH hasa potentially significantimpacton total RONO: levels, dueto its long expected
chemicalgas-phaséfetime, with an OH-rate constaniof ~2:10~ > molec_” cm’ s_" (Saunders et al., 2003However,a global model
(HOCH,CH(ONO2)C(CHy)(OH)CH,ONO:) showsthat dinitratehydrolysisdepletesiotal RONO levelsby only ~3% globally, in

Thehydrolysisof non-tertiary nitrates is slow compared to tertiary nitsand is therefore neglected here. Gas-aerosol partiganight
occur, leading to possible loss by aerosol dry or wet dejposithis loss could be significant if repartitioning of pauiate nitrates to the gas
phase would be inhibited (Fisher et al., 2016). These effa@ however very uncertain, and are not considered hesaiipticity.

3 Box model comparison with other isoprene mechanisms
3.1 Description of smulations

The isoprenemechanismis evaluatedagainstthe MCMv3.3.1, obtainedfrom http://mcm.leeds.ac.uk/MCMUenkin et al., 2015)andthe
Caltechreducednechanisnfversiond.3)obtainedrom http://dx.doi.org/10.22002/D1.24Wennberg et al., 2018)TheCaltechmechanism
version,which howeverdoesnot includethe further degradatiorof manyterminal speciesdown to

is alsoavailablein its explicit

CO2 _andis thereforenot appropriatdor comparisonWe perform30-hoursimulationsstartingat 9 AM with 2 ppbvisoprene Temperature
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is sefto 298K, andthe O mixing atiois 1%, Two scenarioveconsideredahigh-NO, scenarianith 1 ppbvNO. (also40ppbvO; and
250 ppby CO) anda low-NO, scenariowith 100 ppty NO,. (with 20 ppbv Os and 150 ppbv CO). The photolysisratesarecalculatedior
clear-skyconditionsin mid-July at 30°N, with 300 DU ozoneandanalbedoof 0.05usingthe TropospheridJltraviolet and Visible (TUV

I =L loosx)” exp(on/ cosx) 4

CH302 andCH3COs3 (with NO, HO2 andNO3) aswell asof PAN-like compoundsareadoptedn the threemechanismsteterogeneous

3.2 Comparison resultsfor HO
The temporalevolution of key compoundsconcentrationgalculatedwith the three mechanismaising the Kinetic PreProcessofKPP)

ackage(Damian et al., 2002) ardisplayedon Fig. 4 (for high-NOx) and5 (low-NOXx). The initial isopreneis morerapidly consumedat
levels At Jow-NOX, theCaltech-baseeveragd OH] duringthefirst 4 hoursof thenumericalexperiments by factorsof 1.25and1.32higher
CH302 (~1.3)andespeciallyCHsCOs (~1.4). The differencesbetweerthe threemechanismsio not exceeda few percentat high-NOX.
Thereareseverakausedor thelargedifferencesatlow NOXx..

Thefirst reasonis that the Caltechmechanisnincludesa higherdirect OH vyield (1.5) in the bulk 1,6-isomerisatiorof isopreneperox
radicals.This productionis theresultof the highassumegield of DIHPCARP(0.6)in this reactionandof the high direct(1) andsecondary

(1.5)yield of OH radicalresultingfrom the degradatiorof DIHPCARPs Furthermorethe 3-HPALDs alsoformedin the 1,6-isomerisation
mechanismThis changealoneincrease®H concenirationdy ahout15% comparedo the standardWAGRITTE simulation,andreduces
alsothediscrepanciefor HOz, CHsO2 andCHyCOs,

A secondeasorfor lower HO levelsliesin theyield of HOx andotherradicalsin the photolysisof severaimajorhydroperoxycarbonyls
.g. HPAC, HPACET and HPKETAL). This yield is muchlower in our mechanismasit accountsfor the major enol-formingchannel

Liu et al., 2018) which doesnot produceany radical. Thosereactionsgenerateone OH andeitherone HO» or one CH;COs3 radicalin
the Caltechmechanismyvhich assumesitherscissionof the C——C bondfollowed by OH expulsion,or eguivalently,direct OH release

followed by spliting off of eitherformyl or acetylradical. A secondsensitivity calculationwith the MAGRITTE mechanisnmodified b
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Figure 4. Box-modelcalculatedmixing ratiosof key compoundsat 1 ppbv NOx. MCM resultsin black, Caltechmechanisnin green this
work in red.ISOPNis the sumof isoprenehydroxynitrates) RONO2the sumof organicnitrates) RO2NO2the sumof PANSs.
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Figure5. As Fig. 4, for 100 ppt NOx. The dashededline correspondso a simulationusingthe MAGRITTE mechanisnwith the Caltech
representationf theisopreneperoxy1,6 H-shift andof the hydroperoxycarbonybhotolysisreactions.
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assuminghatthe photolysisof thosehydroperoxycarbonylgroceedssin the Caltechmechanisnfurtherincrease$)H by almost10%,in
thefirst hours Evenlargerincreasegrecalculated ~20%)for CH3;O2 andCH3COs,
A lesserput significant,factoralsocontributingto the differencesncludesthe higherbulk 1,6-isomerisatioryield in the reducedCaltech

mechanismin largepartdueto theneglectof the minor OH-additionpathwaygo the centralcarbonof isoprenewhich represen?% of the
total ISOP + OH reactionflux in our mechanism.

Theresultsof asensitivitycalculationusingtheMAGRITTE mechanisnmodifiedby adoptingthe Caltechreducednechanismepresentation

of 1) isopreneperoxy 1,6 H-shift yield and products,and 2) hydroperoxycarbonyphotolysisreactionsare shownon Fig. 5 (“Hybrid

mechanism" dashedred lines). The residualdifferencesbetweenCaltechand the modified MAGRITTE mechanismsre very small (a
few percentor HO.., CHyO» andCH; COs..

3.3 Comparison resultsfor isoprene products
The threemechanismsgreewell for the main isopreneoxidation products(e.g. MVK, MACR, HCHO) when accountingfor differences

in OH levelsandin the HPALD yield in the bulk 1,6-isomerisatiorof isopreneperoxys(0.25,0.5 and 0.75in the Caltech, MCM and

following Wennberg et al. (2018 lainsthelower MCM ISOPNandtotal organicnitratestRONO2)concentrationsluringthefirst hours.

eakin the Caltechsimulationthanin the MAGRITTE andespeciallythe MCM simulation(Fig. 5). Thisis partly explainedby differences

in OH, asseenfrom the lower discrepancyin RONO2found betweenthe Caltechand hybrid mechanismsimulationswhich realizevery
similar OH levels. An additionalcauseof differencein RONO2levelsis the 1,5 H-shift in dihydroxy nitroxyperoxyradicals(INBO2 and
dinitratesformedfrom ISOP+OHareindeedmostlytertiaryandthereforeassumedo hydrolyzerapidiy to HNOs andanalcohol. Whenthe
MCM simulation butremaingiow in the Caltechsimulation(<2 pptv). This largedifferencestemsmostly from lower dinitrateyield in the
reactionsof dihydroxy nitroxyperoxyradicalswith NO in the Caltechmechanismdueto the strongreductionof theyield dueto thenitrate
The total peroxynitrate(RO2NO2), methylglyoxal and glyoxal concentrationsalculatedin the three simulationsare in reasonable
agreementThe differencesin RO2NO2level are partly relatedio differencesin yield of the HOCHC(0)O: radical (GCO3)in the
photolysisof CH;C(0)C(0)CH20H, equalto 1 in the MCM, 0.5 in_our mechanismand in the CaltechmechanismiseeNote ¢ in
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Theproductionof methanolhowever,is muchlargerwith MAGRITTE thanwith the MCM (factor of 3) andwith the Caltechmechanism
factor of 8). A large part of this differenceis dueto the CH;02 + OH reaction(Sect.2.7), which accountsfor abouthalf the CH;OH

roductionat low NOx, and even more at high NOx. In addition, the rate of the CH302 + RO- reactionshas a unique value for all
RO> compounds(3.510~ 2 molec. ! cm® s~* at 298 K ) in the MCM, much lower thanin the Caltechand MAGRITTE mechanism

for isoprenehydroxyperoxys(2:10_"* molec." cnr’). Finally, althoughthe full CaltechmechanismincludesCHs;OH formationin the

about6 timeslessthanin both the MCM and Caltechmechanisnfat 1% H0 mixing ratio). HMHP (HOCH,OOH) beingnot formed

1o the reactionsof enols(VA, HMAC andHMVK) with OH becomesa larger sourcethanthe ozonolysisof isopreneandits degradation
throughthe oxidationof secondarysoprenenitrates(e.q.CHs C(O) CH(ONO2) CH, OH) by OH, which becomessignificantat high-NOX.

Thismechanisnproposecby Paulot et al. (2009b) involvesbstractiorof ana-hydroxy-H,followedby O--additionandby arearrangement
leadingto NO + HCOOH + MGLY, insteadof the expectedastdissociatiorpf the a-hydroxyperoxyradicalinto HO. anda dicarbonyl.

~+1000s ", Hermans et al. (2005) ).

runjs primarily dueto alower CH;C(O)OH yield in the CH3C(0)Os + HO: reaction(0.13vs, 0,16in MCM andMAGRITTE) andto

theneglectof CH; C(O)OH formationthroughreactionsof isopreneperoxyswith CHzCOs. It is partly compensatedy higher CH3COs

the OH-oxidationof CH.=C(CH3)OH (MVA) generatedrom the photolysisof hydroperoxyacetonelPACET. This sourceaccountsfor
~28%and38% of thetotal CH3C(O)OH sourceat high- andlow-NOx, respectively.

4 Regional and global modelling
4.1 Model description and smulations

The MAGRITTE v16-.1 model calculates the distribution #5182 chemical compounds, among whi¢B6141 species undergo transport
processes (advection, deep convection and turbulensfiyin the model. MAGRITTE can be run either globally at(titude) x 2.5°
(longitude) resolution, or regionally at 0.50.5° resolution. The lateral boundary conditions of the regiomadel are provided by the global
model. In the vertical, the model uses a hybrdpressure) coordinate, with 40 levels between the Eartinfase and the lower stratosphere
(44 hPa level). The meteorological fields are provided by BIIVERA-Interim analyses (Dee et al., 2011). Most model patenzations,
including the transport schena@dthe chemicalmechanisnfor anthropogeni@ndbiomassurningVOCs inherit from the IMAGES model
(Muller and Brasseur, 1995; Stavrakou et al., 2009a, b, 2B&bwens et al., 2016). The deposition scheme is describadcompanion
paper (Miller et al., 2018).
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The model uses anthropogenic emissions of CO, NOx, OC, BCSén from the HTAPv2 dataset for year 2010 (Janssens-Maenhal, et
2015). Following Travis et al. (2016), the anthropogenicX\gnissions over the U.S. are first scaled down to match the tot&l (3.5
TgN/yr) for the year 2013 reported by the National Emissiovehtory (NEI), and the U.S. NOx emissions due to industry @ansport
are further reduced by 60% to match observed aircraft M@ncentrations and nitric acid deposition data, condistéh the recommen-
dation of Anderson et al. (2014). Anthropogenic NMVOC enaiss are provided by the EDGARVA4.3.2 inventory (Huang et2117) for
the year 2012. The global annual anthropogenic NMVOC sasrte4 TgNMVOC (118 TgC). Biomass burning emissions (78 TQRMC
or 45 TgC in 2013) are obtained from the Global Fire EmissiataDase version 4 (GFEDA4s) (van der Werf et al., 2017) andeatieally
distributed according to Sofiev et al. (2013).

Isoprenendmeneterpeng monoterpeneand MBO fluxes (36@wne-, 91.5and 0.93 TgC, respectively, in 2013) are calculated by the
MEGAN-MOHYCAN model (Miller et al., 2008; Guenther et alg22; Bauwens et al., 2018) and are available online (h¢tpigsions.aeronomie.be)
Biogenic emissions of acetaldehyde and ethanol (amouttifg and 88 Tg(C) yr' globally) are parameterized as in Millet et al. (2010).
The methanol biogenic emissions are provided by an invemskeliing study constrained by spaceborne methanol abeedaand are esti-
mated at 37.5 Tg(C) yr' (Stavrakou et al., 2011). Biogenic emissiongH, (scaled to a global total of 4 Tg(C) yt), CH-O (1.6 Tg(C)
yr~1) andCH3C(O)CHs (18 Tg(C) yr ') are also provided by MEGAN (Guenther et al., 2012) (avédlain http://eccad.aeris-data.fr).

The model also includes oceanic emissions of methanol (I§(€) yr—'), acetone (39.3 Tg(C) yr') and acetaldehyde (30.4 Tg(C)
yr‘l) (Muller et al., 2018), similar to previous model estimasqaStavrakou et al., 2011; Fischer et al., 2012; Millet gt2010). Finally,
oceanic emissions of alkyl nitrates are also included, dasecomparisons with aircraft campaign measurements gimally proposed by
Neu et al. (2008), but taking into account the updated all«gie calibration of the campaign data (Simpson et al.120The adopted rates
over Tropical oceans (2& — 10N) are6 - 10%, 2.5- 108, 10® and10® molec. cm 2 s™! for C;, Cs, C3 and G. 3 alkyl nitrates, respectively;
3-107,3-107, 1.5-10” and10” molec. cnt? s~! over the Southern Ocean-10°S); a uniform rate 007 molec. cnm? s~ is adopted
elsewhere over ice-free oceans. The calculated globakemssare respectively 0.35, 0.3, 0.2 and 0.25 Tg(C) (01014, 0.08, 0.07 Tg(N))
for Cy, Cs, Cs and higher alkylnitrates.

MAGRITTE is run for a period of 18 months starting on July 1120both at the global scaleq®2.5° resolution) and regional scale for
the U.S. (0.8x0.5°, 10-54N, 65-130 W). Only the results for the year 2013 are discussed hereafte

4.2 Model general results

Oxidation of isoprene by)H radicals is by far the largest sink of isoprene, represgntiB5% of the global sink according to the model
calculations, in agreement with previous model studiesil(®&t al., 2012), whereas ozonolysis and @3-reaction contribute for-9%
and 5%, respectively. The isomerisation reactions cottiofate of about one fifth of the total flux of hydroperoxy k@dé formed from the
reaction of isoprene witlbH (16.5% and 3% for the 1,6 and 1,5 H-shifts, respectively)weier, the contribution of 1,6 H-shift is much
higher, by about one order of magnitude, for the peroxysltiagufrom OH-addition to carbon C4 than for those resulting from additd
C1 (Peeters et al., 2014; Wennberg et al., 2018). Furthexritas contribution is dependent on temperature and onaheentrations oNO
andHO. radicals, as illustrated on Fig. 6: of the order of 50% overote forests such as Amazonia, it dropsi85% over the Southeastern
U.S. and below 20% over cooler, more NOx-polluted areas@#iaddition).
The isomerisation reactions of isoprene peroxys regem&r@t, (HO + OH) radicals, in part directlygsee-preductssf-the HPALDs
of-the-dihydroperoxycarbonyldormedfrom-the-1:4-H-shift-of- the DIHPCARPs;see Sect2:1-12.1.2 and in part fromthe-subse-

guent reactions of the hisomerisatiorproducts HPALDs in particular.
However,asdiscussedn Sect.3.1,therevisedisomerisatiorproductdistributionof the MAGRITTEv1.1 mechanismgonsistentvith recent
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(a) 1,6 isom. fraction, C1-addition (b) 1,6 isom. fraction, C4-addition

Figure 6. Calculated percentage contribution oféZaydroxyperoxy 1,6 H-shift to the overall sink of the pool méroxys resulting from
addition of OH (a) to carbon C1, and (b) to carbon C4 of isopr@olumn average, July 2013). Note the different colorexcad (a) and (b).

experimentalfindings (Berndt et al., 2019) lowers the regeneratiorof OH comparedwith distributionsassuminga large yield of OH

radicalsanddihydroperoxycarbonylgPeeters et al., 2014; Wennberg et al., 2018) asstiarettasedditionalll O, throughfastphotolysis.
Furthermorepur recently proposed enol-forming pathway in the fast plysts of several key hydroperoxycarbonyls (eagd)-decreases
substantialhlHPACETandHPAC) alsodecreasethe recycling ofOH compared with the previous assumptiortsf OH bond scission. The
overall impact of isoprene peroxy radical isomerisati@actins on boundary-layer averagedl concentrations reaches up to abse40%
over Western Amazonia arib10-13% over Southeastern U.S. and Siberia in July (Fig. 7), wisetiegir impact orHO. is comparatively
lower, by-upte-afactoref~2asit doesnotexceed?0%over Amazonia. The isomerisation reactions lead also tocediisoprene nitrate for-
mation, by up to~40% over Amazonia, as theO2 + NO reactions compete with unimolecular reactions. The dee@alOx loss through
organic nitrate formation and partial removal implies lendlOx effective lifetime andhigherconcentrations (by a few % over Amazonia),
in spite of the highe©OH levels and increased NOx loss throujkb. + OH. These changes lead to slightly enhan€edconcentrations
over Amazonia (a few percent). The impacti@HO concentrations and vertically-integrated columns is wengll, also of the order of a
few percent at most.

The dry or wet deposition of organic (peroxy-)nitrates dmel itreversible sink of organic nitrates through hydraysi other processes
on aerosols are significant net sinks of NOx over vegetateaisagiBrowne et al., 2014; Romer et al., 2016; Fisher et @l6R®s shown on
Fig. 8, the combined deposition and aerosol sink of orggmecaxy-)nitrates is found to be the dominant sink of NOx aw@nforests in
South America and Africa, as well as over boreal forests ie®a and Canada during the summer. This fraction even dgc&¥6 over the
most remote areas (e.g. Western Amazonia) where high iseaned low NOx levels both contribute to I&WH concentrations (of the order
of 10° molec. cm® during daytime in the boundary layer). These estimatesldhmiconsidered with caution given the large uncertainties
in the assumed aerosol uptake coefficient and poor unddistanf aerosol chemical processes. Over the Southeast&n(80-94.8W,
29.5-40N) during August-September 2013, the MAGRITTE model catiohs (regional version over the U.S., Df&solution) suggest
that the NOx sink through aerosol hydrolysis amounts4&14% of NOx emissions in the region, whereas the depositiongdric nitrates
and peroxynitrates account for additional 7 and 5% of NOxssions. The estimated total net loss of NOx throlfhNO-, formation

amounts therefore #®4-521% of NOx emissions, in good agreement with previous caltmriatusing the GEOS-Chem model (Fisher et al.,
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Change in PBL OH (%)

Figure7. Calculated change (in %) in boundary lay#H concentration upon inclusion of isomerisation reactidrisaprene peroxy radicals
(column average, July 2013).

Figure 8. Percentage ratio of annual NOXx net loss due to organic eitoamation (i.e., their combined aerosol sink and depmsigink) to

the total annual NOx emission. Blank areas are those withallyaaveraged NOx emissions lower than10° molec. cnm? s™*.

2016) (21%). This agreement might be partly fortuitousegithe important differences-thebetweernthetwo studiesregardingthe nitrate
yield in the ISOPO2 + NO reactions(9% in Fisher et al. and.3% in our study) and regardingthe treatment ofRONO- aerosol sink: a
unique uptake coefficient (0.005) was usedFigher-et-al«{2016frisher et alfor all isoprene nitrates except nitroxyacetone and ethana
nitrate, whereas only tertiary nitrates are assumed torgodeerosol hydrolysis in our study (witf=0-10.03. Non-tertiary nitrates might
partition to the aerosol phase and possibly undergo presge®venting their eventual release to the gas-phase,ighwhse the overall
NOx sink calculated here is underestimated.
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Although SOA is not afocusof this study, SOA formationprocesseareincludedin the model. Thelargestsourceof SOA is the uptake
of IEPOX, with a global flux (49 Tg or 25 TgC yr—') of magnitudesimilar to previousmodel estimatespf the order of 40 Tg yr—*

., 2012; Stadtler et al., 2018) heseestimatesrevery uncertainsincethereactiveuptakeparameterizationsedin modelsignores

the complexity of SOA formationwhich involvesthe partitioning of semi-volatilecompoundsndchemicaltransformationsn the gaseous
and particulatephasegD’Ambro et al., 2018) Glyoxal is anotherwell-identified sourceof SOA, amountingto 10 Tg yr—! 4.3

dihydroxy dihydroperoxideISOP(OOH)-) formedfrom the oxidation of ISOPOOHby OH wererecentlyestimatedo be a dominant
sourceof SOA (Stadtler et al., 2018)in our mechanismthesecompoundsareignoredsincetheir yields are believedto be negligible in
(12TgCyr "), Assumingthattheirreactiveuptakeis aseffectiveasfor IEPOX, andneglectinggas-phasexidationby OH (whichgenerates
second-largestontributionto isopreneSOA.

are expectedo be of very low volatility and remainmostly in the aerosolphase astheir vapourpressuregCompernolle et al., 2011) are

4.3 Mode evaluation against SEAC*RS campaign measurements

The regional model simulation over the U.S. is evaluatedragaircraft measurements of the NASA SEAS (Studies of Emissions and
Atmospheric Composition, Clouds and Climate Coupling bgiBeal Surveys) campaign in August-September 2013 (Toah,62016). For
the most part, the SEARS took place over the Southeastern U.S. in areas chamstidsy high emissions of isoprene and other BVOCs.
The observations discussed below are those obtained onABANC-8 (www-air.larc.nasa.gov/missions/merges/) lestw Oh and 17h
local time. Biomass burning plumes, urban plumes and siphteric air are excluded from the analysis (diagnosed Witfis[CN] > 225
ppt, [NO2] > 4 ppbv, and O3]/[CO] > 1.25, respectively) (Travis et al., 2016).

Figure 9presenipresentshe observed and calculated average profiles of 0¥k, and VOC oxidation productd.he modelprofiles
areaveragedasedn valuesinterpolatedat eachmeasuremeribcationandtime. As noted above, the NOx anthropogenic emissions used in
the model were strongly reduced, relative to NEI officialraations, in order to match the SEARS observations faNO, (alsoNO) and
improve the agreement for ozone, consistent with the resdlTravis et al. (2016). The model is in excellent agreemétit the HCHO
profile measured by the Compact Atmospheric MultispeciescBpmeter (CAMS) (Richter et al., 2015), with only abei36 average
overestimation below 4 km altitude, whereas a model untlerason of 8% is found relative tsl CHO measurements by laser-induced-
fluorescence (NASA GSFC ISAF instrument, Cazorla et al. $20d0t shown on Fig. 9). The model performance is also fgjdgd for the
major products of isoprene + OH, with moderate overestonatdf21%-8%and3014%,1% and24% for MVK+MACR, ISOPN (the family
of primary hydroxynitrates from isoprene) and ISOPOOHpeesively. Evenfor ISOPOOH the modelfalls well within the measurement
uncertaintyrange(40%) (Nguyen et al., 2015b)Note that the modelled MVKMAC accounts for the presumedrfatence of ISOPOOH
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in the measurement, as described in Miller et al. (2018 Ebirection increases MVKMAC by10% on average for this campaigike
goodeensisteney

The model-calculatediPALD concentrationgdottedline on the CsHs O3 _panelof Fig. 9) areon averageabouta factor of two lower
of the carbonylhydroxyepoxidegICHE), which havethe sameformula (Cs HsO:) asHPALD andcanbe expectedo interferewith HPALD
ield (75%) adoptedin this work in the isomerisationof Z-5-OH-peroxysfrom isoprene(Sect.2.1.2). Lower yield valuesas proposed

muchstrongerHPALD underestimationagainstSEAC'RSdata.
Thegoodconsistencyoetween the model results for the major high-NOx and low-N&oprene oxidation products lends confidence in

the major steps of the mechanism. Thalerestimatioexcellentagreementor IEPOX (18%+2% biasbelow 4 km)is-mederatdn-view-of
might be partly fortuitousgiventhe highly uncertain aerosol sink-8835% of the total IEPOX sink in the model simulation), without iain

the model would largely overestimate IEPOX observatidfst-shownonrig—9-themedel-caleulateddPALD-concentrationgpeakings

The slightly too low ISOPN/MVKMAC ratio in the modeb{0364vs-0-0408.036vs. 0.04]) could indicate an overestimation of ISOPN
aerosol sink, although the measurement uncertainti€9% for ISOPN, Fisher et al. (2016)) preclude a firm assessniamosol hy-
drolysis represents-7550% of the total sink of the tertiary hydroxynitrate ISOPBNQO8Bthe model (average over the model domain)
or about40831% of the total ISOPN sinkOn-the-etherhand;the-The model overestimation of the secondary isoprene nitrateg- (M
KNO3+MACRNO3)shewnen{Fig. Ssuggesteitheratoe-highproductionoranunderestimatedink-—Themainprecursere-MACRNG

edyetoun ountecherosolra ionsofeitherMVAKNO or-o

fs-preecursortSORPBNO3 Themodeloverestimatiordor) is small (14%) andsuggestan essentiallycorrectrepresentationf their sources

and sinks, althougherror compensationsemaina possibility. The model overestimatesitroxyacetone (NOAyeachesaimostatacterof
3by ~170% in contrast with the GEOS-Chem underestimation found fshéiiet al.. This compound is mainly produced from multiple

reaction sequences in théOs-initiated oxidation mechanism of isoprea@din the OH-oxidation mechanismof the J-hydroxynitrate
HOCH,CH=C(CH3)CH>ONO> (ISOPCNO3) Although isoprene oxidation b) O3 is primarily a nighttime process, NOA is formed
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Figure 9. Observedred symbols)and modelled(black lines) meanprofiles of 0zone,NO2, NO, andmajor VOC oxidation productsover
North Americaduring the SEAC'RS campaign.The numberof measurementger altitude bin is indicatedon the right for eachplot, The

vertical bin interfacesare0, 0.3,0.6, 1, 1.5 km, andfrom 2 to 8 km by 1 km. The horizontallines indicatethe standarddeviationof the
measurementwithin eachvertical bin. MVKMAC standsor the sumMVK+MACR+0.44 |ISOPOQOH.Both the modelledHPALD (dotted

line) andHPALD+ICHE (solid line) areshownon the Cs HsO3 panel.
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after several oxidation steps favored by daylight. @prere+mechanism is more detailed and in line with the recent mastian

conclusions from laboratory stud{Wennbe@et—al—Z@%é})but it still bears large uncertainties duemhrgheempleaq%y—m—adelmeﬂ

everestimationFirally themodelmightthehigh complexityof themechanismEor examplethe H-shift in thenitroxyperoxyradicallNCO2
(HOCH2CH(OH)C(02)(CH3)CH2ONO2 andisomer)leadsto NOA formation accordingto our mechanismalthoughthis processis

written asonereactionin the mechanismit actuallyinvolvesseveralsteps gachof which is uncertain.The modelmight alsooverestimate
nitrate radical concentrations and therefore also the itapoe ofNO3 as oxidant of isoprene. Although the reaction®ebs with a-major

peroxy radicamwmm(w@re taken into account in the model, magrgtentiallysignificantreactions with unsaturated oxidation products
ofiseprende.gMy ISOPOOH are neglected ithismechanisr{as
m%heMGM—aﬂdeﬂqumeehamsmmmm careful assessment of the role of these reactions migint teler.

Despite the model overestimation festh NOAanrdMVKNO3+MACRNO3NOA, the model underestimates the SEYRS measurement
for RONO2 (the sum of all organic nitrates) Bimestafacterof-two—-A-similarmedelunderestimationy40%. A slightly largermodel
underestimatiorffactor of 2) was found by Fisher et al. (2018)artefthediscrepaneymighbedueto-a, in line with their lower RONO-
yieldin thelSOPO2+ NO reactiongseeabove) Thereareseverapossibleexplanationgor thediscrepancyincludingtheneglectedeactions
of NO; with unsaturatedxidation productsfrom isopreneand other BVOCs, the neglectedformation of unsaturatediinitratesfrom the
particularfor dinitrates,anda misrepresentation of alkyl and hydroxyalky! nitrates frother precursors than isoprenigne monoterpene

nitratesarevery crudelyrepresenteth themodel.In particulartheassumptiorof 100%NOX recyclingin their reactionwith OH couldlead
to asignificantoverestimatiorf RONO- loss.Nitrates from ethane, propane, ethene and propene oxidatéaincluded in MAGRITTE, but

their concentrations are largely underestimated witheetsip SEACRS observations (not shown on Fig. 9), in part due to underatibns
of precursors emissions, in particular for ethane, progenkepropene. However, these nitrates account for only a gerdlof theRONO2
bias (~16 pptv altogether out of 120 pptv below 4 km) based on SERE observations and model results. Nitrates fregnoterpenes
andhigher alkanes are crudely included in the model, and theitribution-4-ard19-ppiv-during SEACIRS)-could be underestimated.
Methylnitrate (CH;ONO-) is well reproduced by the model (Fig. 9), but it makes only eyv@mall contribution £5 ppt). The good
agreement validates the low nitrate yield used in the mdsha(210~* at room conditions, see Note63N71) for the CH302 + NO
reaction, well below the experimental determination (£%.7% in tropospheric conditions) of Butkovskaya et al. @0Although a higher

yield (~3-10~*) would still remain compatible with the SEARS measurement (by assuming lower oceanic emissions), Inigicér values

as reported by Butkovskaya et al. would lead to huge ovenasittns of CH; ONO2 mixing ratios in the troposphere.

4.4 Global budget of formic and acetic acid

The calculated global photochemical source of formic acmants t05-55.6 TgC or 21 Tg C(O)OH) per year (Table 5). Al-
though the model simulation incorporates newly proposeadéion mechanisms, as detailed below, this total is lolvan tseveral previous
model estimations (Paulot et al., 2011; Stavrakou et all22Millet et al., 2015), for several reasons. Firstly, thebgl isoprene source

in our simulation (366 TgClyr) is near the low end of the ran§@revious estimates (Arneth et al., 2011; Sindelarovd. ep@14). Fur-
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Table 5. Global sources ofC(O)OH in the model simulation.

Tg(C)lyr  TgHSOOHHC(O)OHYyr

Direct emissions

Biomass burning 0.78 3.0
Biogenic 1.46 5.6
Anthropogenic 0.58 2.2
Photochemical production
ISOP + O3 0:990.95 383.6
Other Alkenes ozonolysis 0.52 2.0
C2H2 + OH 0.69 2.6
APIN 4 OH 0:420.41 1.6
VA 4+ OH 1-8+1.66 +26.4
from CH3CHO + hv 0.76 29
from OCHCH:OOH + hv  4210.90 4334
ISOP + OH (various pathways) 4-131.36 435.2
HMAC/HMVK + OH 0:580.91 2235
ISOPOOH + OH 0:450.44 17
01205

thermore, the formation ¢ghSOOHHC(O)OH in the oxidation of glycolaldehyde and hydroxyacetone enpénted in several studies is
omitted here, since the original experimental findings bykBuskaya et al. (2006a, b) could not be confirmed (Orlandod.e2012) and
might not be effective in atmospheric conditiokE=66HHC(O)OH production from isoprene ozonolysis (1 TgC/yr) is lowentimevi-
ous estimates (e.g. 1.8 and 2.3 TgCl/yr in Paulot et al. (28idd)Stavrakou et al. (2012), respectively) despite our aggumed yield (0.58)

5 of stabilized Criegee({H>OO). This is due to the combination of (1) low direct formaticield of HEOSHHC(O)OH in the CH, OO0
reaction with the water dimer (Sheps et al., 2017), (2) higiogition sink of HMHP (over50% of its global production) resulting from its
high solubility and high deposition velocities over foseiguyen et al., 2015b; Mdller et al., 2018), and (3) tHe(O)OH yield of only
0.45 in the reaction of HMHP witlbH recently estimated from experiment (Allen et al., 2018) Vbry good model agreement against the
SEAC'RS measurements of HMHP over the Southeastern U.S. suggestssentially correct model representation of its prodmcind

10 sink rate, and therefore of the contribution of alkene ofysis to the budget of formic acid.

Vinyl alcohol (VA), originally proposed as possible sounfdormic acid by Archibald et al. (2007), received full attn when acetalde-
hyde phototautomerization to VA was shown in the laboratorye efficient (Andrews et al., 2012) and represent a sizahlece of formic
acid of the order of 3 TgC/yr (Cady-Perreira et al., 2014;I8fiét al., 2015). However, a recent, more detailed experiaievaluation of
the phototautomerization yield led to a downward revisibthe global source to about 0.8 TgC/yr (Shaw et al., 2018y0od agreement

15 with our model calculations (Table 5). This source could Wendower if VA tautomerizes back to acetaldehyde (da Sitwa.€2010), but
acid-catalyzed VA tautomerization was shown to be nedkgibnd aerosol-mediated tautomerization remains spi@il@Peeters et al.,
2015).
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(a) Contribution to near-surface HCOOH (%) (b) Contribution to near-surface CH3COOH (%)
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Figure 10. Calculated percentage contribution of hydroperoxycaybphotolysis to near-surface concentrations of (a) foramd (b) acetic
acid for the month of July.

Another source of VA and of other enols has been identifieslptiotolysis of hydroperoxycarbonyls (Liu et al., 2018)r @sults (Ta-
ble 5) indicate that the photolysis of hydroperoxyacetayde (HPAC) is a larger source of VA (and thereforedsf©QOHHC(O)OH) than
CH3CHO tautomerization. The sources of HPAE&4.7 Tg/yr globally) include the oxidation of acetaldehyde by @8435% of total),
the photolysis of MVKOOH $135%) and several other pathways in isoprene oxidation, iriquaat through the isoprene hydroxyperoxy
radical 1,6 H-shift pathwegsecenfirmedexperimentath{Crounseetal2011Teng-etal261T) addition, the photolysis of the HPALDs,
of C4 hydroperoxydicarbonyls (HPDIAL and HPKETAL) also genehfrom the isomerisation pathway, and of nitroxyenals (88®)
formed from isoprene NOs all lead partly to keto-enols (HMAC and HMVK) which are oxzéd for a large part inteb€8SHHC(O)OH
following their reaction withOH, fellewing-amechanisasimilaradoptinga similar mechanismmas for VA (So et al., 2014). The photolysis
and deposition of HMVK and HMAC are found to be minor sinks5¢6 and 10% of their global sink, respectively). Finally, hyper-
oxycarbonyls formed from minor pathways in the ISOPOOH ddgtion mechanism are photolyzed in part into other enolpoamds,
which are partly oxidized t6#€8SHHC(O)OH (along with MVK or MACR). The estimated combiné¢#c©OHHC(0O)OH source due
to hydroperoxycarbonyl photolysis amountt@2,25TgC/yr, exceeding in magnitude the source due to alkeneabgsia (1.5 TgClyr). As
seen on Fig. 10(a), the contribution of this sourcede-surfas@ear-surfac& C(O)OH concentrations is highest over remote oceanic areas
(up to 50%) and is comparatively much lower over biomassibgrand biogenic emission areas. This is partly due to HPAG&ion due
to oceanic acetaldehyde emissions, and to the significant sl direct biogenic and pyrogenic emissions to the glslea®SHHC(0O)OH
budget (Table 5). Nevertheless, hydroperoxycarbonylgitsis enhances SOOHHC(O)OH levels by~1520% (up to+26-150pptv) near
the surface over vegetated areas such as Amazonia (Fig),ld{d by> 30% at higher tropospheric levels (not shown).

The largest known photochemical source(@fisC(O)OH is the reaction of acetylperoxy radic@lHsC(O)O2 with peroxy radicals
(HO2 andRO2), amounting to~16 TgClyr globally (Table 6). This is very consistent with @yous model estimate (18 TgClyr) by
Paulot et al. (2011) but significantly lower than the estenat Khan et al. (2018) (close to 30 TgC/yr). Our calculatedtdbution of
CH3C(0O)O2 + RO2 reactions 2.3 TgClyr) is smaller than in Paulot et al. (2011)5.6 TgCl/yr). It could be underestimated if the
CH3C(O)OH-forming channel ratio for the reactions @H3; C(O)O- with major non-tertiary peroxy radicals would be signifittaigher
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Table 6. Global sources o€ H3C(O)OH in the model simulation.

Tg(C)lyr  Tg(CH3C(O)OH)/yr

Direct emissions

Biomass burning 5.7 14.3
Anthropogenic 2.6 6.6
Photochemical production

CH3C(0)0z + HO, 13.814.0 34.535.0

CH3C(0)O2 4+ RO2 2.3 5.7

0102HPACET + hv (+OH)  6.94.3 17.210.9
from isoprene oxidation 4421 11:05.2
from acetone oxidation 1715 4438
other 0:80.7 2418

Other 02 05

Total source
Global 3%+429.1 78573

than the value assumed here for most reactions (0.1), whibhsed on the case 6H3;C(0)O2 + CH302 (Atkinson et al., 2006). The
high reportedCH3;C(O)OH vyield (0.5) (Atkinson et al., 2006) in the case ©H3C(0O)O2 + CH3C(O)CH20- is implemented in our
mechanism but assumed to be atypical.

The additional source of acetic acid due to the photolysisydfoperoxyacetone (HPACET) and involving the oxidatiémethylvinyl
alcohol (MVA) by OH enhances the estimated global photochemical productiég-8fCH3C(O)OH by 4.3 TgC/yr or4326% (Table 6).
The global source of HPACET3£-23 TgClyr) areis dominated by the acetonyl peroxy radical reaction wit®, (15 TgC/yr) and by

= medinthedsoprene peroxy isomerisation pathwalphowing-the-assumption
Wﬂ&%}g{\@l 4 H-shift of DIHPCARP214-and 2.7 7TgC/yr fromDH=|FlGHQ—pheteIAytsPs,—Hg},G/-yr—\EFan—DH=LFlGI=l94=
an LA A 9, he

hotooxidationof carbonylhydroperoxyepoxide$CPE). The precise mechanisms for the formation of HPACET (al®4AE) in the iso-
' ' Bvi meegiemainuncertain Photolysis

cot

merisation pathway
accounts foiZ769% of the global HPACET sink, whereas reaction withl and deposition account fé8-and426 ands%, respectively. The
only significant sink of MVA, the main product of HPACET photsis, is reaction withOH, assumed to fornCH3zC(O)OH (along with
OH andHCHO) with a 50% yield, following a mechanism similar as for VA+@Ho et al., 2014). The calculated contribution of HPACET
photolysis to theCH3C(O)OH concentration (Fig. 10(b)) is highest over forests (exaepreas impacted by biomass burning), ugé4

{20023% (120pptv) over Southeastern U.S., ai@l6{up-te-30030% (120 pptv) over Amazonia.
Despitethe newly-proposedarge productionof formic andaceticthroughhydroperoxycarbonybhotolysis,our derivedtotal sourcef

thoseacidsremainssimilaras(or evenlowerthan)in previousmodellingstudiegPaulot et al., 2011; Stavrakou et al., 2012; Millet et &0.

andis thereforensufficientto explaintheir high observedtoncentrationsAdditional sourcesrelikely atplay, suchasenolformationthrough

otherpathwayshanthoseconsiderecere(e.g.in monoterpenandanthropogenid/OC oxidation,e.g.throughthe photolysisof aldehydes

Tadic et al., 2001a, b)gndthe photodegradationf organicaerosolgPaulot et al., 2011; Malecha and Nizkodorov, 2016) .

Khan et a
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45 Global budget of glyoxal

The global sources of glyoxal as calculated by the model amensarized in Table 7The modelincludesanimportantcontributionfrom

mostly anthropogenicacetyleneandaromaticcompounddo the glyoxal budget.The glyoxal yieldsin their reactionswith OH (0.74,0.7,
0.36and0.636for benzenetoluene xylenesandacetylenerespectivelypreobtainedromtheMCM (Saunders et al., 2003; Bloss et al., 2005) .

Regardingaromaticsthisyield includesnot only primaryformationbutalsolater-generatioproduction(Chan Miller et al., 2016) Contrary
to previous model evaluations (Fu et al., 2008; Stavrakal.e2009b; Li et al., 2016; Chan Miller et al., 2017; Silvaaét 2018), isoprene

oxidation is not found to be a very large source of glyoxatept for the significant contribution of glycolaldehyde a@adion byOH which
amounts to~4.7 TgClyr of glyoxal. This has several causes. The oxidatidsoprene byNO3 is now an almost negligible glyoxal source
in our mechanism (as in the Caltech mechanism), whereasemlbyield of 35% glyoxal was inferred from the MCMv3.2 macism
(Stavrakou et al., 2009bpirect-First-generatiorglyoxal formation from ISOP + OH with a yield 0f2% at high-NOx through thé-

ISOPO2 +NO - 0-1ISOPO+ NO; pathway(Galloway et al., 2011; Peeters and Nguyen, 2012; NguyerPaeters, 2(
negligible under ambient atmospheric conditions due tdfdheunimelecularreactionsunimolecularreactionsof the 6-ISOPO2reactions

(O2-eliminationleadingto 3-ISOPO2radicals and 1,6 H-shiff-ef$-1SOPO2adicalsisomerisationyesulting in very smalb-ISOPO2 frac-
tionsandvanishingd-ISOPOformationin the atmospher@Reectersand-Nguyen 2012 Peetersetal;2 ters et al., 2014; Teng et al., 2017)

Furthermore, the oxidation of isoprene hydroxyepoxidé&P®X), which was believed to be a potentially significantoglyl source
(Bates et al., 2014; Li et al., 2016), is found to produce \ithg glyoxal in atmospheric conditions due to the propbéast 1,4 H-shift in
the peroxy radicals IEPOXBOZHOCH,CH(OH)C(CHs)(02)CHO) formed from IEPOX +OH (Wennberg et al., 2018), outcompeting
its reactions withlNO andHO-, (see NoteNI7N19). The 1,4 H-shift rate is very uncertain and could be ovéresied, but even a factor of
10 reduction of the rate would imply a fairly small glyoxabpluction due to IEPOX -©H (0.6 TgClyear).

Chan Miller et al. (2017) suggested that the DIHPCARPs frioenlt,6 H-shift of-ISOPO2 partly undergoes a 1,5 H-shift to a dihydroper-
oxy dicarbonyl (DHDC, e.gOCHCH(OOH)C(CHs)(OOH)CHO) which would quickly photolyze t®H + an oxy radical decomposing

to glyoxal and other products. Howevéhng yield of DIHPCARPsfrom §-ISOPO2isomerisationis now estimatedo be muchlower than
previously assumedfurthermore even under the assumption that the 1,5 H-shift would be cttiveg and although DHDC photolysis

should indeed be very rapidjrect OH eliminatienreleasgfollowed by decompositiorof the resultingoxy radical) should be negligible
(Liu et al., 2018), whereas the expected preferred disgonipathway involvesermationef-aformylradical+formyl radicalreleaseand

subseguentormationof OH +hyedreperexydicarbonylswhich-anda hydroperoxydicarbonyl. The latter might form glyoxal upon further
photolysis, but at much lower yields than in the mechanisi@lain Miller et al..

Finally, due to the fast photolysis of hydroperoxyacethjdke (HPAC), the fraction of the formed HPAC reacting WilH is small (23%),
and only a fraction of it gives glyoxal (along withH).

There are still large uncertainties in the mechanism, hewend direct experimental constraints on the glyoxabgi@h real atmospheric
conditions are lacking. Further work is needed to refine tieva estimates and identify additional sources, since hex@dduations against
spaceborne and in situ glyoxal measurements suggest aghajechemical source (Stavrakou et al., 2009b; Li et alL62@®ilva et al.,
2018).

5 Conclusions

We have presented a new BVOC oxidation mechanism for usege-kcale tropospheric chemistry-transport models. #mrfocus is on

isoprene, owing to its high chemical complexity and vergéashare of global BVOC emissions: of tB8-105 organic chemical species
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Table 7. Global sources of glyoxal in the model simulation.

Tg(C)lyr  Tg(GLY)lyr

Direct emissions

Biomass burning 1.58 3.8
Photochemical production
CoH2 +0OH 2.39 5.8
Aromatics +OH 3.78 9.1
Monoterpenes oxidation 3.67 8.9
GLYALD + OH 4.69 11.3
IEPOX +OH 0.060.08 0102
OCHCH20OO0H + OH 0-390.38 0.9
HPALDs 035092  0.806
ISOPOOH +OH 0.89 2.2
ISOP +NOs3 0-120.09 0:30.2
Other pathways in isoprene oxidation8-891.13 2227
Total source
Global 18:819.6 4547

included in the mechanisn@t-compounds74-97 compounds(74 stable compounds arb-23 radicals) are involved in the chemical
degradation of isoprene alone. This mechanism incorppedtenajor mechanistic advances from recent studies, ticpéar those affecting
the budget oHO, andNOx radicals. Mainly thanks té1O formation in isomerisation reactions of isoprene-derigedoxy radicals, and
further OH recycling through secondary reactions, the mechanismaytmesy way in explaining the large underestimations of mieded H
concentrations in isoprene-ric,O«-poor areas which prompted the community to searchOfEirrecycling mechanisms about a decade
ago (Lelieveld et al., 2008; Hofzumahaus et al., 2009). Eprasentation of monoterpene chemistry is much crudertaltiee still very
poor understanding of its formidably complex mechanisne $imple monoterpene mechanism included here is only meanmbvide an
approximate reproduction of the yield of key OVOCs produicettheir oxidation, based on box model simulations with theskér Chemical
Mechanism (MCM).

Although smaller than e.g. the Caltech mechanism or the MEBIL, this isoprene mechanism is larger than most meaharniis-
plemented in large-scale models, and probably more ddttikn strictly needed for many modelling purposes, suctheptediction of
isoprene impacts on HOx, NOx, and ozone. Reduction tecksigauld be implemented to lighten the mechanism whilemnigigiits most
essential predictions, but since its current size and éegfrdetail can be handled by MAGRITTE, we find it useful to kéegs is in order to
facilitate further analysis of model results and future haagsm updates. As pointed out by Wennberg et al. (2018)ittimction between
isoprene peroxys resulting fro@H addition to C1 and C4 is essential in view of the order-of-niagle difference in bulk isomerisation
rates (Fig. 6) and in the difference in the nature of the tegpproducts. For example, the distinction impacts alsoftite of the first-
generation hydroxynitrates, given the efficient hydrdysi the tertiarynitrateformedfollewing-Cl-additiorl, 2-isoprenehydroxynitrate
Note that the hydrolysis rates remain very uncertain. Dusitcassumption of very fast tertiary nitrate hydrolysjs=0-+y = 0.03), about
+850% of the global sink of the 1,2-isoprene hydroxynitrate ig doi this process. The rate might be possibly too high, butdbants for
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the fast overall hydroxynitrate loss observed in campaigasurements. This aspect of the mechanism will be revisesh \ghantitative
experimental determinations of heterogeneous processasges will become available.
Although many parts of our isoprene mechanism rely on théeClalmechanism, there are notable differenées-examplewhereas

m&#m%%mwmeﬂmml 6 H-shift of the Z§-hydroxyperoxy radicalsrebypassednthereducedSaltech
i 4-generateHPALD at high yield (75%vs. 25%in the

eeactionsalonglinesdiffering from previouswork. This product
distributionis fully consistenthe recentexperimentakesultsof Berndt et al. (2019) supportedand complementedy earliertheoretical

results(Peeters and Nguyen, 2012; Peeters et al,, 2014) .

A-Anothermajor difference between the present and previous isopnestanisms lies in the very fast photolysisweliydroperoxycarbonyls
(Liu et al., 2018), leading in several important cases tddh@ation of an enol which is for a large part oxidized®¥1 into formic or acetic
acid. Also new to this mechanisti[C(O)OH is formed from theOH-oxidation of keto-enols (HMVK and HMAC) produced from the
photolysis of several multifunctional carbonyls. Thisipaay of HMVK/HMAC is all the more relevant as their photolgss likely much
slower than previously thought. More generally, the oxabf enols formed from the oxidation of isoprene, acetaydie and acetone
by OH is a potentially large, previously unsuspected soofoearboxylic acids here estimated &9 Tg(HC(O)OH) yr~! (slightly
larger than the contribution of alkene ozonolysis) &@dFg{11 Tg(CHsC(O)OH) yr~ . ta-betheasesthis This source amounts t8-26%
asignificantshare(~28%for HC(O)OH and15%for CH;C(O)OH) of the total identified global source, which remains howdsegely
insufficient to account for the atmospheric observationdothcompoundge.g., Paulot et al. (2011)). Further experimental andrttel
studies of multifunctional carbonyl photolysis and enoidation are required to confirm and refine those estimates.sblrce could be
larger due to the neglected contribution of hydroperoxyeayls formed from higher anthropogenic NMVOCs (e.g. hidtetones and their
precursors) and possibly monoterpenes. Moreover, theibotion of acetaldehyde photooxidation could be much éighan estimated
here, considering the large underestimation of its caledlaoncentrations at remote locations (Read et al., 2012).

Evaluation of MAGRITTE and of its new chemical mechanismiagfathe SEACRS campaign measurements indicates a good overall
model performance for the main isoprene oxidation produdeterogeneous reactions of IEPOX and organic nitrateseoosals are a
large area of uncertainty, with suggestions of heterogesnsmk overestimation for tertiary organic nitrates amk sinderestimations for
other isoprene nitrates. The tofRDNO2 concentrations are underestimatedaiyrost50about40%, possibly due to misrepresentations
of nitratesduete-from e.g. monoterpenes and anthropogenic precursors. The lsen@rCH3; ONO- levels are well reproduced by the

model, providing a strong indication for a very low nitraielyd (< 3-10~?) in the CH302+NO reaction.

Code and data availability. The chemical mechanism is available at http://doi.ord/8058/71021042 in KPP (Kinetic Pre-Processor) for-
mat (last access: 15 April 2019), including equation andigsfiles, fortran code for calculating the reaction radesl absorption cross-
sections data files for polyfunctional carbonyls. Otheevaht subroutines of the MAGRITTE model can be made availapbn request
(email: Jean-Francois.Muller@aeronomie.be). The SEREairborne trace gas measurements are available from tS&ANARC Airborne

Science Data for Atmospheric Composition (https://wwwiaic.nasa.gov/missions/merges/, last access: 15 2(t®).
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