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Abstract. A new chemical mechanism for the oxidation of biogenic vildadrganic compounds (BVOCS) is presented and
implemented in the Model of Atmospheric composition at Gllodind Regional scales using Inversion Techniques for Trace
gas Emissions (MAGRITTE v1.1). With a total of 105 organiesigs and over 265 gas-phase reactions, 69 photodissocia-
tions and 7 heterogeneous reactions, the mechanism theathémical degradation of isoprene — its main focus — as well
as acetaldehyde, acetone, methylbutenol and the familyoofoterpenes. Regarding isoprene, the mechanism incoggora
a state-of-the-art representation of its oxidation schanwunting for all major advances put forward in recent tagcal

and laboratory studies. The recycling©H radicals in isoprene oxidation through the isomerisatiby @-hydroxyperoxy
radicals is found to enhan€&H concentrations by up to 40% over Western Amazonia in the thaylayer, and by 10-15%
over Southeastern U.S. and Siberia in July. The model amth@sical mechanism are evaluated against the suite of chémi
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 productboaigh

the aerosol hydrolysis of tertiary and non-tertiary ngsatemain poorly constrained. The comparisons for mettngiei indi-

cate a very low nitrate yield 3 - 10~%) in the CH30,+NO reaction. The oxidation of isoprene, acetone and acetattiehy

OH is shown to be a substantial source of enols and keto-erraisaply through the photolysis of multifunctional carbds
generated in their oxidation schemes. Oxidation of thosésdsy OH radicals constitutes a sizable source of carboxylic acids
estimated at 9 TgHC(O)OH) yr—* and 11 TgCH3C(O)OH) yr—1, or ~20% of their global identified source. The ozonoly-
sis of alkenes is found to be a smaller sourc&l6fO)OH (6 TgHC(O)OH yr—1) than previously estimated, due to several

factors including the strong deposition sink of hydroxyhydfydroperoxide (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 biog&ds (BVOCSs) are generally very reactive, their chemicagrde
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 8092. Even far away from those regions, longer-lived inedates
generated in their oxidation (e.g. organic nitrates andxgritrates) have a large impact on nitrogen oxides (NOyjlybxyl
radical OH) and ozone levels (Paulot et al., 2012).

Among the BVOCs, isoprene has by far the largest global eomissof the order of 500 Tg yr', representing about 50%
of all BVOCs; other major biogenic compounds in terms of eiss include the monoterpenes, methanol, acetone, deetal
hyde, and ethanol (Guenther et al., 2012). The complex d&mégradation mechanism and the profound impact of is@pre
on air quality and the climate has been the topic of numerels (Trainer et al., 1987; Claeys et al., 2004; Lelieveld gt a
2008; Hofzumahaus et al., 2009; Toon et al., 2016; Carlt@h e2018; Mao et al., 2018), laboratory (Tuazon and Atkimso
1989; Paulot et al., 2009a, b; Crounse et al., 2011; Wolfé e2@12; Kwan et al., 2012; Lin et al., 2013; Fuchs et al., 201
Bates et al., 2014, 2016; Nguyen et al., 2015a, 2016; Sclesanttal., 2015; Teng et al., 2017; Novelli et al., 2018b; Beet al.,
2019), theoretical (Peeters et al., 2009; Kjaergaard €2@1.2; Crounse et al., 2013; Peeters et al., 2014; Peet@idguyen,
2012; Liu et al., 2017; Praske et al., 2018; Mgller et al., ®04nd modelling studies (Stavrakou et al., 2010; Pauldt et a
2012; Taraborrelli et al., 2012; Jenkin et al., 2015; Sqetral., 2015; Travis et al., 2016; Lelieveld et al., 2016y&#t al.,
2018; Stadtler et al., 2018; Mao et al., 2018; Li et al., 2018)

Our understanding of isoprene oxidation has expandeddaeraly in the last decade. Most importantly perhaps, tudi-tr
tional views regarding the fate of large, multifunctionatpxy radicals formed in the oxidation of isoprene and odi/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 aret@xy radicals (Peeters et al., 2009; Crounse et al., 2Gig &t al.,
2017). The impact of the 1,6 H-shifts in allylic peroxy raaleformed in the oxidation of isoprene B\ is enhanced by their
thermal instability allowing fast interconversion of théfekent peroxy isomers/conformers (Peeters et al., 200®h that
the 1,6 H-shifts can compete with the conventional bimdkcieactions for the entire pool of initial peroxys, whictegtly
affects the product yields (Peeters and Muller, 2010; Peeteal., 2014; Teng et al., 2017). Other examples of persxyer-
ization reactions shown to be of importance include 1,4katde H-shifts (Asatryan et al., 2010; Crounse et al., 20h&)the
very fast enol-H-shifts (Peeters and Nguyen, 2012) as vgellyalroperoxide H-shifts (Jgrgensen et al., 2016). Thethegu
autoxidation reactions generate multifunctional hydrogiles shown in some cases (in monoterpene oxidation) ¢d &ech
extremely low volatility as to play a crucial role in SOA arlded condensation nuclei (CCN) formation (Crounse et 8l1,3
Jokinen et al., 2014, 2015), while in other cases, they alieveel to be an important source of HOx radicals through pho-
todissociation (Peeters and Muller, 2010; Wolfe et al.,2Q1u et al., 2017, 2018). The recycling HfO, radicals associated
with peroxy H-shifts and their subsequent reactions, a$ agelvith other previously unsuspected reactions such asiggo
formation from activated hydroxy hydroperoxy radicals@aet al., 2009a) has led to a reassessment of the overgdldn
of isoprene (and other BVOCs) é&nH andHO,, levels, now found to be fairly consistent with HOx measuretaé isoprene
photooxidation experiments (Fuchs et al., 2013; Novelilet2018b) as well as in field experiments in isoprene-t@mhi;NOXx
environments (Bottorff et al., 2018). The importance opisme-derived epoxides stems from their major role as psecs
of SOA demonstrated by laboratory and field measurementddRet al., 2009a; Surratt et al., 2010; Lin et al., 2012,301
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Finally, the impact of isoprene on NOx levels has been alsgaleated due to a better assessment of organic nitrat@form
tion in isoprene oxidation by)H (Paulot et al., 2009b; Lee et al., 2014; Teng et al., 2017;lerg et al., 2018) anN O3
(Kwan et al., 2012; Schwantes et al., 2015; Wennberg et@lL8Pas well as of the balance between NOx-recycling path-
ways such as photolysis (Mdiller et al., 2014) and NOXx teridosses through heterogeneous hydrolysis in aqueousasros
(Romer et al., 2016) and dry deposition (Nguyen et al., 2D15b

A proper model assessment of the role of BVOCs in the glologiasphere 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 abld@s
due to computational cost concerns, oversimplified mecmasmare clearly not appropriate as tools to explore the itrgfac
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 cavers
oxidation of isoprene, monoterpenes, methanol, acetastaldehyde, ethanol and 2-methyl-3-butene-2-ol (shanded as
methylbutenol or MBO). This mechanism is implemented in el of Atmospheric composition at Global and Regional
scales using Inversion Techniques for Trace gas EmissMASRITTE v1.1) 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, twus
being put on the formation yield of important products. Regay 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 anaitatory
studies, and on the very recent experimental investigatiderndt et al. (2019). For other reactions not addressdldse
studies, it also relies on the Master Chemical MechanismNN(Saunders et al., 2003; Jenkin et al., 2015) and on our own
evaluation. The mechanism also incorporates importantmeshanistic developments related to e.g. the revisitezlabhy-
droperoxycarbonyl photolysis (Liu et al., 2017, 2018) amglflate of enols and keto-enols produced from such proce3ses
to these developments, the oxidation of isoprene as well ether compounds (e.g. acetone and acetaldehyd@)bgntails
a previously unsuspected source of formic and acetic asidyfiich atmospheric observations suggest the existenleegd
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 (Stetzs.,
2017; Allen et al., 2018).

The complete chemical mechanism of BVOC oxidation is presseim Sect. 2. The parameterization of Henry’s law con-
stants and dry deposition velocities is presented and a&tedlin a companion paper (Miller et al., 2018). Simulatieita
the MAGRITTE model and the updated chemical mechanism a&sepited in Sect. 4, including an evaluation against aigorn
measurements over the Eastern United States (Sect. 4.3)@edentation of the global sources of carboxylic acidst(3e4)
and glyoxal(Sect. 4.5) resulting from the implementatibthe chemical mechanism.
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2 Thechemical mechanism of BVOC oxidation in MAGRITTE

The list of chemical species and the complete gas-phase BdM@ation mechanism are given in Tables 1-3.
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 torpounds: ISOPBO2 and ISODO2 resulting from addition
of OH to carbons 1 and 4, respectively, and ISOPEO?2 resuitorg OH addition to the central carbons (see Peeters et al.
(2014) regarding carbon numbering). For example, ISOPBOR2des the 1,2-OH-peroxy as well as the 1,4-OH-peroxy kwhic
can undergo a 1,6-H shift leading taya-hydroperoxy aldehyde (HPALD1) and other products. TheratiOH addition to

C, to addition to G is 37:63 (Wennberg et al., 2018). Based on a detailed stetadg-analysis, the bulk isomerisation rate of
ISOPBO2 and ISOPDO2 was shown to increase linearly withitherate (:,,) of the traditional peroxy reaction (Peeters et al.,
2014). The reason for this behaviour is that at fguthe ratio of theZ-6-OH-peroxys over the lower-energiyOH-peroxys is
close to their equilibrium ratio, of order of onty0.01, whereas at the higl limit, where all peroxys have a similar lifetime,
their ratio is governed by their initial formation brancgimatio, which is an order magnitude higher (Peeters et Qll42
Teng et al., 2017). The following expressions of the bulkidégdnerisation rates are obtained by linear regressioneobttk
rates between 285 and 305 K, based on the experimental éssiofahe peroxy unimolecular reaction rates (Teng et @lL72
Wennberg et al., 2018):

ke pgor= 3-409 - 1012 exp (—10698/T) + k, - 1.07 - 10~% - exp (64/T) (1)

ke ppos= 4253 - 105 - exp (—7254/T) + k, - 2.33- 1077 - exp (3662/T) 2)

The steady-stat&-0-OH-peroxy /3-OH-peroxy ratio is essentially always established in tinecsphere and remains con-
stant in time at given temperature aN®/HO- levels, as implied in our approach to represent the bulk>peisomerization
rate. Note that the steady-state ratio used here, base@ &thkinetic coefficients of Teng et al. (2017), differs only $lity
from the ratio based on the kinetic coefficients of LIM1 (Reett al., 2014) and MCM 3.3.1 (Jenkin et al., 2015).

For the practical purposes of model implementation, thé& Bdmerisation rates being dependent on the concentgation
of NO andHO,, these reactions are split artificially into an unimolecuéaction and several pseudo-two-body reactions of
ISOPBO2 and ISOPDO2 witNO andHO,.

For the 1,5 H-shift reactions of the-OH-peroxy radicals, we use their theoretically estimatads (Peeters et al., 2014)
multiplied by 0.95 for ISOPBO2, and 0.94 for ISOPDO2, to aguofor the small fraction ob-OH-peroxy radicals not
undergoing those reactions (see Sect. 2.1.3). This pagaien of the bulk 1,5 and 1,6-H-shifts leads to productdsdan
excellent agreement with an exact estimation based on ti&ti&iparameters of Wennberg et al. (2018), as seen on Fig. 1.
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Figure 1. Contributions of H-shift isomerisations aneOH-peroxy bimolecular reactions to the total reactivifysmprene peroxy radicals
resulting from addition to carbon 1 (top panel) and 4 (lowangd), as function of their bimolecular reactivity, at 295\Kennberg et al.,

2018). The red crosses denote the yields of the parametenzssed in the MAGRITTE mechanism.

2.1.2 Productsfrom theisomerization of the Z-§-OH-peroxys

The 1,6 H-shift of theZ-5-OH-peroxysHOCH;—C(CH3)=CH—-CH,0, (Case 1) andO,CH,—C(CH3)=CH-CH>OH
(Case II) forms allylic radicals, e.@Z-HOC°H—C(CH3)=CH—CH,OOH < Z-HOCH=C(CHj3)—C°H—CH;OOH for
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Case |. Therefore, two second-generation peroxys cantresubxyi (Z-HOCH(0O,)—C(CH3)=CH—-CH,OOH) and per-
oxy ii (Z-HOCH=C(CH3)—CH(O2)—CH2OOH), in an approximate ratio of 40:60, and two pathways are ¢pgmoduct
formation (Peeters et al., 2014). The subsequent chenigsgiiyen here for Case |, unless stated otherwise. Peroasdily
eliminatesHO,, at a rate 0~~2000 s! (Hermans et al., 2005) to produ#ZeO=CH—C(CH3)=CH—-CH;OOH (HPALD1)
(Peeters et al., 2014, 2009; Crounse et al., 2011; Teng 804l7). Peroxy: may isomerise by a fast 1,6 enol-H-shift, promptly
at~1.510° s7! and thermally at-10* s7!, to form Z-O=CH-C°(CH;3)—CH(OOH)—CH,OOH (Peeters and Nguyen,
2012; Peeters et al., 2014) that in part arises chemicallyaaed such that it can promptly undergo concei@dd-loss and
ring-closure to an hydroperoxy-carbonyl epoxiZeHOOCHQ—(J{"—OC(CH3)—CHO (HPCE), as proposed and observed by
Teng et al. (2017), and for another part lead to a third-gaiter peroxy,Z-O=CH—C(CH3)(02)—CH(OOH)—-CH>;OOH
(DIHPCARP1) (Peeters et al., 2014). The DIHPCARP radicasensuggested (Peeters et al., 2014) to either undergo a fast
aldehyde-H-shift and eliminate¢O and expelOH to form dihydroperoxy carbonyls, or react withiO and HO, to result
mainly in OH + CH3C(O)CHO (MGLY) + HOOCH>CHO (HPAC) (Case 1), 0lOH + OCHCHO + CH3C(O)CH2OOH
(HPACET) (Case Il). While th& O elimination above may be fast enough to outfi addition for Case | (Novelli et al.,
2018b), this appears less likely for Case II, for which theieashould be about 2 kcal mol higher (Méreau et al., 2001).
Note that HPAC and HPACET were observed by Teng et al. (20iid)in a ratio to HPALDs nearly independent of tN®
level. Secondly, it is estimated using statistical ratetiiehat the 1,6 enol-H-shift above can occur for about hddfievits
peroxy precursor is still chemically activated such that tbsulting radical contains close to 30 kcal molinternal energy
(Peeters et al., 2014), sufficient for prompt HPCE epoxideédion.

In this work, the quantitative product distribution frometli,6 H-shift of theZ-6-OH-peroxys is adopted from the re-
cent experimental study of Berndt et al. (2019), supportetl @mplemented by computational results of the LIM1 paper
(Peeters et al., 2014). Note that the 1,6 H-shifts of Z4h& OH-peroxys occur for-85% by tunneling (Coote et al., 2003) at
energies lower than 2 kcal mol below the barrier top, such that the Boltzmann populatiengtis only marginally affected
by theO--loss that occurs only at energies above this range; thertifere is no reason to suspect (Wennberg et al., 2018) that
the agreement between experimental results (Teng et al7) 20d the TST-predicted rate constants of Peeters ef(dl4]2s
fortuitous. The Berndt et al. investigation offers seva@dvantages: (i) the reaction time was so short (8 s) that cansiary
products could be formed; (ii) due to the absenc®& 6f and near-absence &fO,, essentially only the products of th&d-
OH-peroxy 1,6 H-shift could be formed, so excluding potalrititerferences; (iii) the peroxy radicals could also beeyled;
(iv) the sampled products and peroxy radicals could be egaaititatively converted into ion-complexes, detectgdhigh-
resolution mass spectrometry capable of measuring comatiamis as low as *0cm~3. Hydroxyl radicals were prepared by
reacting 162 cm=3 of O3 with 2.10'' cm~2 of tetramethylethylene, in presence of 2?2 cm~2 of isoprene. At 8 s reaction
time, the modeled total ISOPOO concentration is102cm—3, of which 610° cm™3 Z-5-OH-peroxys (50% Case | isomer
HOCH;C(CHj3)=CHCH204, and 50% Case Il isomé&y,CH,C(CH3)=CHCH>OH at 8 s). Integrated over the entire reac-
tion time of 8 s, the modeled ratio of these two peroxys isclr@:1.0. Using the isomer-specific 1,6 H-shift rates 0663
and 3.7 s for Z-5-OH-peroxys | and Il (Teng et al., 2017), the expected tataitation rate of isomerization products at 8
sis 1.210° cm~3 s~ . For these conditions, Berndt et al. measured the followmmcentrations at 8 €£5HgO3 (HPALDS):
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2.310° cm™3; C5HgO4 (hydroperoxy carbonyl epoxides): 416° cm~—3; C,HgO; (dihydroperoxy carbonyls): 6.20° cm~3;
CsHyOs5 (the second-generation peroxys above):107cm~3 ; andC5Ho O~ (the third-generation peroxys): 31%° cm=3.

In principle, these values are minimum concentrations. &€ nor HPACET was detected. The detected product and per-
0oXxy concentrations account together for 60% of the moded&ad products at 8 s using the experimental kinetic pararsete
of Teng et al. (2017), which, together with the uncertasjtieaves room for some other products. The theoreticallyei®
parameters of Peeters et al. (2014) predict a higher prdounagtion from theZ-9-OH-peroxy isomerization at 8 s, but this is
due to a too low LIM1-predicte®,-loss from the peroxys, such that the populations ofZhie OH-peroxys at 8 s are still too
close to their high initial formation fraction and attairethmuch lower final steady-state fraction too late.

The Berndt et al. results thus give the following producldseat 8 s: HPALDs: 76%; HPCE: 15%; dihydroperoxy carbonyls:
2%; while 5.5% of the reacted-d-OH-peroxys is present as second-generation per0x¥k O and 1% as third-generation
peroxysCsHgO7. The HPALD vyield determined by Berndt et al. is much highartthat of Teng et al. (2017). However,
another, non-HPALD(5HsO3 compound observed by Teng et al. could be speculated to beharpietale formed from
HPALDs on the walls of the 1 m sampling tubing. Another oba&on of Berndt et al. indirectly supports a high HPALD yield
The concentration of the second-generation peroxys lsrggty high, given that the peroxys of typare expected to react at a
rate of~2000 s ! and those of typé even at> 10* s~!, such that at the givedi-5-OH-peroxys concentrations, and using the
experimental 1,6 H-shift rates féf-9-OH-peroxys | and 11, they should be present in a quasi- stesate concentration of only
about 1@ cm~2. This indicates that a large fraction of tigHyO5 peroxys areZ, E'-HOCH=C(CH3)—CH(O,)—CH,OOH
isomers of peroxyi (and similar for Case Il) with th®H pointing outwards, away from the peroxy function, such thay
cannot undergo the 1,6 enol-H-shift, and can only be rembydrepeated P»-loss and re-addition, to finally convertf £’ -
HOCH(0O2)C(CH3)=CHCH>OOH peroxysi that quickly expelHO, to form additional HPALDs. Such a high fraction of
Z,E' peroxysii is consistent with the computational results (Peeters e2@l4) on the various transition states for the 1,6
H-shift of the Z-0-OH-peroxys. For Case |, &, Z'-TS with theOH inward was found to account for about 67% of the rate
and aZ, E’-TS with OH outward for 33%, while for Case Il twd@, E’-TSs account for 69% and4, Z’-TS for 31% of the
rate. For the conditions of Berndt et al. at 8 s, with the irdégd 1,6 H-shift rate due fer92% to the Case Il- and fer8% to
the Case 1Z-6-OH-peroxys, the weighted average~85% reaction througlt, /- and 35% througt¥, Z’-structures. Taken
together, the above strongly suggests that, contrary teeusgtive suggestion in the LIM1 paper, the-E' isomerism of the
transition states is conserved in the allylic-radical pretd and in the resulting peroxysandii. A statistical rate estimate for
the prompt internal rotation of th@H in the Z, E'-hydroxyl-allyl product radicals, with computed barrigt kcal mol-! and
imaginary frequency close to 100 crhy and for a nascent vibration energy of 21 kcal mglpredictsk ~ 10° s71, or 10
times slower than collisional stabilization followed by;-addition. Therefore, allowing for 10% internal rotatiohtbe OH
in the nascenf, £’ product isomers to form the more stable, H-bonded’ forms, about 40% of the allylic radicals and
their Os-adducts would end up with theH inwards and~60% with theOH outwards in the Berndt et al. conditions. Further
adopting also the spin densities in the allylic productecalof the LIM1 paper, i.e. 0.4 on carbon 1 and 0.6 on carborr 3 fo
Case | (and similarly 0.4 on carbon 4 and 0.6 on carbon 2 foe @dsas well as the corresponding 40:60 branching ratio
for peroxyi andi: formation, the mechanism above would result in 40% direchidion of HPALDs through peroxy; only
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24% enol-H-shift products through, Z’ peroxyi:, and 36% formation of the slowly reactirifj £’ peroxyzi, which in the
Berndt et al. conditions would lead to ca. 31% indirect HPAuduction througl),-loss and re-addition of th&, £’ peroxy

11 to form peroxyi, while around 5% still survives a8, £’ peroxyi: in the short reaction time available. The so predicted
overall 71% HPALD yield, based on computational resultefithie LIM1 paper, is strikingly close to the experimentalgie
of Berndt et al.. Moreover, at a total product formation maité.2- 10" cm~3 s, the 31% contribution due t&, £’ peroxyii
reacting to HPALDs at 8 s implies a reaction rate of-B08 cm~3 s, or at the measured, E’-peroxyii concentration of
1.7.10° cm~3, an effective rate constant of 2.2's Since on average 2.5 cycles©$-loss and re-addition are required to form
HPALD from Z, E’ peroxyii through peroxyi, anO,-loss rate of 6 s! is derived, which is typical for hydroxy-allyl peroxys
such as the very similar initigd- and E-6-OH-peroxys from isoprene (Teng et al., 2017).

The 15% HPCE yield measured by Berndt et al. is compatiblb thié product radical of the 1,6 enol-H-shift &t 7’-
peroxyii arising for a large fraction with sufficient chemical actiea to overcome the barrier of ca. 15 kcal mélfor
the concerted ring-closure ar@@H loss. The theory-based 24% enol-H-shift products througioxy i, above, comprises
the HPCE epoxides and products of the third-generationysr®IHPCARP). Adopting the experimental 15% HPCE yield
would leave room for some 10 % DIHPCARP-derived productsytdth, apparently, the dihydroperoxy carbonyls account fo
only a small fraction of 2%. The minimum concentration of BI®IPCARPs in the Berndt et al. experiment is 3& cm~3,
while their loss rate by aldehyde-H shift (followed by eitli#) elimination orO»-addition) should be about 2°$ according
to Maller et al. (2019), and 673 according to Novelli et al. (2018c), such that their expeateaction rate is 0.7—2.10°
cm~3 s71, or 6-18% of the overall products formation rate of- 1 cm~3 s~! above. Subtracting the 2% dihydroperoxy
carbonyls leaves 4-16 % going to other products, consistiéhthe ~8% estimated above, and in line with the expectation,
in the introduction of this section, that the acyl producatifehyde-H-shift in the most abundant DIHPCARP (Case |8sdo
not eliminateCO but rather add®), to continue the autoxidation chain by forming fourth-gextiem peroxysCsHgOg, with
HOOCH;—C(CHj3)(02)—CH(OOH)—C(0O)OOH (DHPAO?2) likely the most stable isomer after fast hydropéte-H shifts
(Jgrgensen et al., 2016) because it allows three H-bondkiohwwo are synergic and therefore stronger (Dibble, 208ii)ce
(other) fast H-shifts for this isomer are not possible, it caly react withNO or HO,. The main resulting oxy product radical
should decompose rapidly (Vereecken and Peeters, 20@HPACET +OH + OCHC(O)OOH.

In atmospheric conditions, the various peroxys are all iasipsteady state, which mearn®% more HPALD production
from the Z, E’-peroxysii, and~1% more DIHPCARP products than in the Berndt et al. conditia8 s. On the other hand,
the atmospheric steady-state product formation ratio fiteer¥Z-5-OH-peroxys Case | and Case Il is rather 18:82, instead of
the 8:92 ratio of the Berndt et al. experiment (Teng et all,220such that about 43% of the second-generation radicalédw
end up with theOH inwards and~57% with theOH outwards. Taking into account also the above, direct (40%s indirect
(34%) HPALD formation would add up to 74%, while the expedtdCE yield is 16% and that of the DIHPCARP products
around 10%, of which 2% the dihydroperoxy carbonyl DHPMEKkAowledging the large uncertainties in those yields, we
represent theZ-5-OH-peroxy isomerisations as
ISOPBO2 — 0.75 (HPALD1 + HO) 4 0.15 (HPCE + OH) + 0.1 (DHPMEK + CO + OH)

ISOPDO2 — 0.75 (HPALD2 + HO») + 0.15 (HPCE + OH) + 0.1 (DHPAO2)
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Here, HPCE is a mixture of 18% Case | and 82% Case Il compoutsdsxidation byOH proceeds mainly by aldehyde-H
abstraction, forming a carbonyl radical; the same radiaalaso be formed throughH-abstraction of the hydroperoxide-H
in HPCE, followed by a 1,6 aldehyde-H-shift. The carbonglical can undergo concert&tD elimination and ring opening,
forming CH;C(O)CH(O42)CH>OOH (for Case I) otOCHC(O3)(CH3)CH,OOH (for Case Il). The latter peroxy undergoes
a 1,4 H-shift toCO + OH + CH3C(O)CH2,OOH (HPACET). Such H-shift being not open for the Case | peroxdiaa, it
reacts primarily withNO or HO,, leading for the most part t6H;C(O)CH(O°)CH>;OOH that promptly decomposes into
eitherCH3C(O) + OCHCH>OOH (HPAC), orHCHO + OH + MGLY. Photolysis of HPCE can be expected to proceed by
splitting off the formyl radical, leading to the same peroagicals as above.

2.1.3 Traditional chemistry of theinitial -OH peroxy radicals

The reactions of ISOPBO2 and ISOPDO2 wiKi® andHO, generate a mixture of- and§-OH-peroxy reaction products.
The share of thé-OH-peroxy reaction products is small (5% for ISOPBO2 andf6#4SOPDO2 at 297 K for a bimolecular
peroxy lifetime of 50 s) and assumed here to be constant. bbselate error on product yields due to this assumption does
not exceed 0.5% in most atmospherically-relevant conasti®O- lifetime between 10 and 100 s). As MAGRITTE is not
intended to model local urban conditions, we omit the minadpcts of the bimolecular reactions of théydroxyperoxy
radicals, such as their reactions with other peroxy ragicethe hydroperoxides formed from their reactions witb, are
lumped with the3-OH-counterparts, as are also the further-generatioml-epoxides. Besides nitrate formation, the reactions
with NO form Z- and E-6-OH-allyloxy radicals that were shown (Nguyen and Pee045) to interconvert rapidly and to
react both in theZ-form by a fasta-hydroxy-H shift that leaves the products activated by altof 32 kcal mot; this
allows rotation of theDH in the hydroxy-allyl group over the barrier f12 kcal mot! (Peeters et al., 2014) and therefore
dominant formation of the more stable H-bondédZ’ form of the 4-di-OH-allylic radicals, HOC°HC(CH;)=CHCH,OH
andHOC°HCH=C(CH3)CH2OH. a-Addition of O, for 45% (Teng et al., 2017), results ir; @ydroxyaldehydes HALD1
and HALD2 (4,1- and 1,4-HC5 in Wennberg et al. (2018), HALDH&ALD?2 in the MCM) +HO,. v-Addition of O (for
55%) result inZ, Z’-enol-peroxys which were shown (Peeters and Nguyen, 201@)dergo very fast 1,6 enol-H-shifts leading
to next-generation peroxys that can isomerize by 1,4 aldietty shifts facing a barrier of only 20.2 kcal mal indeed, for
1,4 aldehyde-H-shifts in similar hydroperoxy-formyl-pgys with barriers of 20.6-21.2 kcal mol, rates of~1.5 s were
calculated and the products were shown to quickly [68eandOH (Liu et al., 2017). Here, the expected products@ié +

CO + CH3C(O)CH(OOH)CH>OH or OCHC(CH3)(OOH)CH, OH. At very highNO as in some laboratory conditions, the
NO-reaction will dominate and yield either MGLY + GLYALD ©H or GLY + HYAC + OH, so explaining these observed
first-generation products (Paulot et al., 2009b; Gallowegl.e2011).

2.1.4 Hydroperoxycarbonyl photolysis

The isoprene oxidation mechanism generates several hgranogcarbonyls. Photolysis is expected to dominate the ¢ds
all a-hydroperoxy aldehydes (e.g. HPFAO=CHCH-,OOH) and of several hydroperoxyketones (among which HPACET,
CH3C(O)CH20OO0H) due to estimated near-unit quantum yields and to the stemhgncement of the absorption cross sec-
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tions caused by the interaction between the hydroperoxycanabnyl chromophores (Jorand et al., 2000; Liu et al., 2018
The expected likely major pathway in the photolysis of 24oysbroxy-propanal was theoretically determined to be a 1,5
H-shift in the S1 state leading to enol formation (along witplet O,), at an estimated yield of 84%, whereas intersystem
crossing (ISC) resulting in C—C scission (i.e. formyl relegaand OH expulsion, makes up the rest (Liu et al., 2018)i-Sim
lar yields are expected (and adopted here) for e.g. HPAC &ACIHT. However, the enol yield should be lower for heavier
compounds due to expected faster ISC rates. It is taken td¥%efér e.g.CH;C(O)CH(OOH)CH=0 (HPKETAL) and
O=CHC(OOH)(CH3)CH=0 (HPDIAL). Furthermore, when H-bonding between the carbhgdand the hydroperoxide-H
supposed to undergo the H-shift leading to enol formatiamisfavoured, e.g. because of possible H-bonds of this lgeiro
with another oxygen in the molecule, enol formation is disadaged and therefore neglected here for simplicity. ds¢h
cases, formyl or acetyl loss, followed by OH expulsion, isetato be the only photolysis channel. Note that, to limit the
number of compounds and reactions in the mechanism, sdwatedbperoxycarbonyls are not considered explicitly, ared a
replaced by their estimated photolysis products.

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

RCH=CHOH + OH(+03) — RCH(0,)CH(OH)s 2>"*" 1¢(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 2epenol generated in the photolysis of hydroperoxyacetosiest al.,
2018).HC(O)OH should also be formed in the OH-reaction of hydroxyvinylhygtetone 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).

2.15 HPALD photolysis

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

HPALD1 +hy — OH + 0.11 (HO3 + O=CHCH=C(CH3)CH=0 (MBED))
+0.11 (CO + OH + O=CHCH(OOH)C(0)CH3 (HPKETAL))
+0.56 (CO + OH + O=CHCH=C(CH3)(OH) (HMVK))
+0.22 (CO + CH3C(02)=CHCH,OHT (V102T))

10
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HPALD2+hy — OH+ 0.18
+0.18
+0.46
+0.18

HO, + O=CHCH=C(CH;3)CH=0 (MBED))

CO + OH + O=CHCH(OOH)C(O)CH; (HPKETAL))
CO + OH + O=CHC(CH3)=CHOH (HMAC))

CO +HOCH,C(CH;3)=CHO," (V2021))

—~ Y~~~

Note that the formation ddCHC(CH3)(OOH)CHO, considered in Wennberg et al. (2018) besiH&KETAL formation
in the second photolysis channel of ed€RALD, 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@nBnal photolysis (Thuner et al., 2003), the photolysis o0
methylbutenedialN\IBED) should be very fast (lifetime of minutes) and lead to a forstype compound as major product,
as well as methylmaleic anhydridelM AL) and other compounds. Relying on MCM for the further oxidawnf the furanone
by OH, we replaceM BED by its assumed photooxidation products:

MBED 2% 0,55 (—OH + 2C0, + HCHO + CH5COs)

+0.20 MMAL 4+ 0.15 (MGLY + CO + HO32 + CO3) + 0.10 (GLY + CH3CO3 + CO»)

The major sink of the enolEMAC andHM VK should be their reaction withH, leading in part to formic acid formation
(see Table 2). Based on the experimental study of Yoon e1@99), photolysis of the analogous ketone-enol form ofyacet
lacetone CH;C(O)CH=C(OH)CH3) yieldsOH and a vinylic co-product radical up to a wavelength of 312 with anOH
appearance rate of 18! or higher around 300 nm, implying a quantum yield at atmosptpgessure 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 obtainedtfrem
acetylacetone study of Nakanishi et al. (1977). By analogly the CH,=CH?® + O, reaction (Mebel and Kislov, 2005), we
assume that the vinylic co-product radicalsHYIAC andHM VK photolysis react rapidly witld, to give HCO + MGLY
andCH3CO + GLY, respectively.

The activated vinylperoxy radicalsl 02f andv202f from HPALD photolysis might be stabilized by collisions amatiergo
reactions withNO, HO, andNOs, (Liu et al., 2017), but a more probable fate is decompositidebel and Kislov, 2005), to
CH3CO + GLYALD in the case 0fV102, andHCO + HYAC, in the case o#/202.

2.2 lsoprene+ Og

The ozonolysis mechanism follows the experimentallyagztimodel of Nguyen et al. (2016), except regarding the fatieeo
Criegee intermediat€H, OO0, formed with a yield of 58% (and assumed to be entirely stadd]). Whereas Nguyen et al.
attributed a significant role to the reaction@f, 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 beljar
dominant at all relevant conditions (Berndt et al., 2014a€&hkt al., 2015; Smith et al., 2015; Lewis et al., 2015; Shepk,e
2017) and is therefore the only reaction considered hereeMork is needed to elucidate the humidity dependence of the
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yields. Reaction with the dimer follows the recent study bégs et al. (2017):

CH>00 + (HQO)Q — 0.55 (HOCHQOOH + HQO)
+0.4(HCHO + H2045 + H20)
+0.05 (HC(0)OH + 2H,0)

2.3 Isoprene+ NOg

The mechanism foNOg-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 tidletian,
followed by O,—addition, forms several peroxy radical isomers lumped orie compoundNISOPO2). Generalizing the
mechanism proposed by Schwantes et al., the reactidiisDPO2 with non-tertiary peroxy radicals proceeds following
NISOPO2 +RO2 — 0.2(NISOPO + RO + O2)
+0.4(0.88NC4CHO + 0.12MACR 4+ 0.12HCHO + 0.12NO2+ ROH)
+0.4(0.74ISOPCNO3 + 0.14ISOPANO3 + 0.12ISOPDNO3 + R'CHO)
whereas for tertiary peroxy radicals the reaction reads
NISOPO2 + RO — 0.5 (NISOPO + RO + O2)
+0.5(0.88NC4CHO + 0.12MACR 4 0.12HCHO + 0.12NO2 + ROH)

The proposed 1,6 H-shift of the trans-[1,4] isomeMNdSOPO2 radicals (Schwantes et al., 2015) is neglected, as it is slow
(4-10~*s~1) compared to the other reactions. The differentisomenrsebky radicaNISOPO have different fates: decompo-
sition to MVK or MACR (for the3-nitroxy oxys), reaction wittD,, (for thed’s), and a fast 1,5 H-shift (Kwan et al., 2012) (ca.
2:10° s~ 1) 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 witO or NO3 forms an enal nitrate);NOCH,C(=CH3)CH=O0, along
with HCHO andHO- (Wennberg et al., 2018). The main expected fate of this eitralte is photolysis, ttNO, + HCHO +
O=CH-C(=CH2)O,. The latter radical can undergo a fast 1,4 H-shift to gi¥@ + OH + H,C=C=0 (ketene). Ketene can
react withOH, at a rate of ca. 1:70~!! molec™* cm® s71, producingCO + °CH,OH (Calvert et al., 2011); it also photolyzes
to ' CH; (or >CHy;) + CO. The fate of methylene is mainly oxidation@0) or CO-, (Baulch et al., 2005). Based on photolysis
parameter data provided by Calvert et al. (2011), photsligssestimated to be slightly less important than ¢Hé-reaction,
and is therefore neglected here for simplicity.

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

NISOPO — 0.42MVK + 0.04 MACR 4 1.54 HCHO + 0.82NO3+ 0.18 NC4CHO + 0.9HO3 4+ 0.72CO

The - and §-nitroxy hydroperoxides formed in ti8ISOPO2 + HO-, reaction are explicitly considered. Their reactions
with OH form nitroxy hydroxy epoxidesItINE) as well as hydroperoxy and nitroxy carbonyls, also exihjicionsidered
in the mechanism. A major product of ttNISOPO2 reaction withNO or RO5, is the enal nitrate NCACHO. Laboratory
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work on an analogous compound (Xiong et al., 2016) has shbamnphotolysis is by far its dominant sink, owing to high
quantum yields and to enhanced absorption cross sectimisitead to the interaction of the nitrate and carbonyl chophore.
The NC4CHO photolysis cross sections and quantum yieldmewendation follow Xiong et al. (2016). As the mechanism and
products are uncertain (Xiong et al., 2016), we tentatiaellgpt a similar photolysis mechanism as for the analogoéd BB,

but with O——NO- bond scission substituted for——OH scission. (see above, Sect. 2.1).

2.4 Monoter pene oxidation

Due to the complexity and poor understanding of monoterpaigation, we adopt a simple parameterization based on box
model simulations ofi- and3-pinene oxidation using the MCMv3.2 (Saunders et al., 2008¢ scope of the parameterization
is limited to the reproduction of total yields of several kgpducts; those yields reflect not only primary productiabdlso
secondary formation. The influence of monoterpenes onatsdje.g HOx, RO>) and on ozone production is therefore likely
not well represented by this simple mechanism. It shouldiessed that even the monoterpene mechanism in MCM is greatl
oversimplified, as it neglects many possibly important patys (in particular H-shift isomerisations in peroxy radg), with
potentially very large effects on radicals and other praslut thorough evaluation of mechanisms against laboratatg will

be needed in order to assess their uncertainties, but i eabpe of the present study.

The parameterization relies on sixty-day simulationsgrened using the Kinetic PreProcessor (KPP) package (Dagtiah,

2002). The photolysis rates are calculated for clear-skgitmns at 30N on July 15th. Although both high-NOx (1 ppBOy,

40 ppbvO3 and 250 ppbyw”O maintained throughout the simulation) and low-NOx simolag (100 pptWNOy, 20 ppbvO3

and 150 ppb¥”O) are conducted, only the low-NOx results are used for tharpaterization. Temperature aHdO are kept

at 298 K and 1% v/v. To determine the product yields, countenmounds are introduced in the equation file (e.g. HCHOa,
MGLYOXa, etc.) having the same production terms as the sgdbiey represent, but without any chemical loss.

The yield of acetone from botlr and—pinene is very close to 100% after several days of reactiolegendent of the NOx
level. The yield of methylglyoxal is low (4% and 5% far and3-pinene, not counting the contribution of acetone oxidatio
by OH). The overall yield of formaldehyde obtained in these satiohs is~4.2 HCHO per monoterpene oxidized, almost
independent oNO,, for both precursors. ThHHCHO yield comes down to 2.3 after subtracting the contributioihacetone
and methylglyoxal oxidation. This yield is further redudey 45% to account for wet/dry deposition of intermediated an
secondary organic aerosol formation. That fraction is @ighut of the same order, as the estimated overall impaeigition
on the average formaldehyde yield from isoprene oxidatie80%6), based on global model (MAGRITTE) calculations. The
higher fraction is justified by the larger number of oxidat&teps and the generally lower volatility of intermediateslved in
formaldehyde formation from monoterpene oxidation. Neheless, this adjustment introduces a significant unceytai the
model results. A sensitivity calculation shows that adugpt lower yield reduction (20% instead of 45%) in the globabiel
(Sect. 4.1) has negligible impact on the calcula&gdHO abundances{~1%) in most regions, but leads to highé€CHO
vertical columns in monoterpene emission regions, 5% over Amazonia and by up to 8% over Siberia. The associated
impact onOH reaches +2% in those regions, due to the additiéita| formation througftHCHO photolysis.
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The overall carbon balance of monoterpene oxidation in teelranism is+50% due to the combined effects of deposition,
SOA formation andCO andCO, formation besides their production through the degradaifdhe explicit products.

2.5 Crossreactionsof peroxy radicals

The channel ratios and rates of the cross reactions of peeahyals generally follow Capouet et al. (2004), excepttiar
peroxy radicals from ISOR3H, for which we follow the recommendations of Wennberg et201@8) (based on measurements
from Jenkin et al. (1998)) and ISOR©3, based on Wennberg et al. (2018) and Schwantes et al. (ZDi&)cross reaction
rates are calculated as twice the geometric mean of theesatfion rates, except for acylperoxy radicals for whighrtéite and
channel data reported for GBO; are used (Atkinson et al., 2006). The self-reaction ratesatained from compiled data
for similar compounds (Capouet et al., 2004; Peeters andek|@010; Atkinson et al., 2006).

2.6 Peroxy radical reactionswith NO and HO.

We adopt the recommendations of Wennberg et al. (2018) fordtes of non-acyl peroxy radical reactions Wi (2.7 -
1072 exp(350/T) cm® molec™! s71) as well as withHO5 (2.82- 10~ exp(1300/T) - [1 — exp(—0.231n)] cm® molec™!
s~!, with n the number of heavy atoms in the radical, excluding the penociety).

We also follow Wennberg et al. (2018) for estimating theatiéryield in the reactions of organic peroxys with NO. The
parameterization is based on the temperature- and predependent expressions proposed by Carter and Atkins@9)19
and by Arey et al. (2001), modified to account for the recomua¢ion by Teng et al. (2015) to relate this yield to the number
(n) of heavy atoms in the peroxy radical, excluding the peroxyaty. The branching ratios of the nitrate pathwajj and
for the oxy radical pathwayttyy) are given by

Yoie(T, M,n,Z) = % (3)
Yoxy(T, M,n,Z) =1 — Yni(T, M,n, Z) (4)
with

A(T,M,n) = % . 0.41{1+[10g10 (ko[M]/koo))*} 7 5)
ko=o-€" (6)
koo = 0.43 - (T/298)8 (7)

wherea = 210722 cm® molec™!. Z is a normalization term adjusted in order to match expertaleteterminations of the
branching ratio, when available. In absence of such canstiis calculated (fom > 2) using
1-— (7))

Z = Ap(n) o (8)
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Figure2. Left panel: Organic nitrate yield in the reaction of peroaglicals withNO calculated following Wennberg et al. (2018) as function
of atmospheric pressure, using temperature profiles tiypicdanuary (in blue) and July (in red) at 40 (zonal average of ECMWF
analyses). The temperature profiles are shown on the rigte pais the number of heavy atoms in the peroxy radical.®er1, the yield

is calculated withz=1 in Eq. 3.

with Ag(n) = A(T=293 K, M=2.45-10' molec. cn7?3, n) and
ap = 0.045-n—0.11 9)

The nitrate yield is further modified according to molecugaucture as recommended in Wennberg et al. (2018). Thendepe
dence of the yields on atmospheric pressure is shown in Figr 2anuary and July at mid-latitudes. For small values of

5 (especiallyn = 1), Yyt decreases with altitude. For large valueside.g.n = 11), the yield increases with altitude due to the
strong temperature dependence of the high-pressure Eqit7).

2.7 CH30:+ OH

Methylperoxy radical CH305) was shown to react rapidly witbH (Bossolasco et al., 2014) although two more recent ex-
perimental studies inferred a lower rate constant (Yan.e@l6; Assaf et al., 2016). The possible pathways include
10  CHs30,+OH 2 CH30 + HO,
2, CH;0H + 0,
% CHy05 + H O
< CH;000H

15 The stabilized trioxide (HsOOOH) formed in channel d has several possible fates, among wkmttion withOH and
uptake by aqueous aerosols followed by decompositiorGiitgOH + O, are expected to be the most important (Mdiller et al.,
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2016). An upper limit of 5% for the yield of Criegee radicalasnalso determined by Assaf et al. (2017), in agreement tth t
theoretical expectation that it should be negligible (Miikt al., 2016). A yield of 0-80.1 for the methoxy 4O, channel
was determined experimentally at low pressure (50 Torrséfst al., 2018), in good agreement with the best theotetica
estimate (0.92, range 0.77-0.97) determined in Miller.gR8l16) and used in our mechanism. It is also consistent tvéth
methanol yield measurements reported recently by Caraven @018) at both low and high pressure (GHI602 at 740
Torr). Those results imply however a methanol yield muchdothan the value (0.23) used in our global model to recoitsile
predictions with atmospheric methanol observations abtehocations (Muller et al., 2016). Note that at low presdiais used

in the experiments by Assaf et al. (2017) and Assaf et al.§P0&tabilisation of the trioxide is negligible, given theadratic
dependence of the stabilisation fractigig{,) on atmospheric pressure (Miller et al., 2016),

fstab= fo '}72 : (T/298)757 (10)

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

The mechanism does not account for the possible reacti@ntbfvith other peroxy radicals. As noted by Miller et al.
(2016), its relevance for larger peroxys (such as thoseddrimthe oxidation of biogenic VOCs) is expected to be lowant
in the case ofH30,. Furthermore, the fate of the stabilised trioxide formedigh yield (Muller 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 isoprenapteopenes and methylbutenol (MBO).

Notation Chemical formula

C; compounds
HCHO HCHO
CO CO
CH30OH CH30OH
HCOOH HC(O)OH
CH300H CH300H
CH;000H CH3000H
CH30NO, CH30ONO2
HMHP HOCH>,OOH

C5 compounds
CH3CHO CH3CHO
GLYALD HOCH2CHO
GLY CHOCHO
C.Hs0H C.HsO0H
CH3;COOH  CH3C(O)OH
PAA CH3C(0)OOH
GPA OCHC(O)OOH
ETHLN OCHCH20ONOq
HPAC OCHCH>OOH
GCO3H HOCH-,C(O)OOH
GCOOH HOCH,C(O)OH
PAN CH3C(O)OONO,
GPAN HOCH2C(O)OONO;
VA CH,=CHOH

C'3 compounds
CH3COCH3; CH3C(O)CHgs
HYAC CH2OHC(O)CHs
MGLY CH;3C(O)CHO
C,H;COOH CH3CH2C(O)OH
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Notation Chemical formula
NOA CH3C(O)CH20NO;
HPACET CH3C(0O)CH,O0H
MVA CH,=C(CH3)OH
DHA CH3C(O)CH(OH),
C4 compounds
MACR CH>=CCH3CHO
MVK CH=CHC(O)CHs
MPAN CH,=CCH3C(O)OONO,
MCO3H CH2>=CH(CH3)C(O)OOH
MCOOH CH,=CH(CH3)C(O)OH
MVKOOH  0.55CH3C(O)CH(OOH)CH2OH + 0.45 CHsC(O)CH(OH)CH,OOH
MACRNO3  OCHC(CH3)(ONO2)CH,OH
MVKNO3  0.2CH5C(O)CH(OH)CH2ONOs + 0.8 CH3C(O)CH(ONO2 ) CH,OH
MACROH  HOCH,C(CHs)(OH)CHO
BIACETOH CH3C(0)C(O)CH,OH
DHBO CH3C(0)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 HOCH2C(CH3)0C=0
C’5 compounds
ISOP CH,=C(CH3)CH=CH,
MBO CH3C(OH)(CH3)CH=CH,
HCOC5 CH,=C(CHs)C(O)CH,OH
ISOPBOOH  0.95 CHy=CHC(CH3)(OOH)CH;OH + 0.05 OHCH, C(CHs3)=CHCH,OOH
ISOPDOOH  0.94 CHy=C(CH3)CH(OOH)CH20H + 0.06 OHCH, CH=C(CH3)CH,OOH
ISOPEOOH  CH,=C(CHs)CH(OH)CH,OOH
INDOOH HOCH>CH(ONO,)C(CH3)(OOH)CH,OH
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Notation

Chemical formula

ISOPANO3
ISOPBNO3
ISOPCNO3
ISOPDNO3
ISOPENO3
MBONO3
INCCO
INCNO3
NISOPOOHB
NISOPOOHD
IEPOX
ICHE
HPCE
DHHEPOX
NC4CHO
ISOPBOH
ISOPDOH
HALD1
HALD2
HPALD1
HPALD2
MMAL
ITHNE

APIN
APINONO2

CH302
CH3CO3
OCHCH:202
HOCH2CH20-

HOCH,C/(CHs)=CHCH,0ONO,

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

HOCH,CH=C(CH3)CH,0NO,

CH,=C(CH;3)CH(ONO,)CH,OH

CHsC(=CH,)CH(OH)CH,0NO,

0.67 CH3C(OH)(CH;3)CH(ONO,)CH,OH + 0.33 CH3 C(OH) (CHs) CH(OH) CH,ON O,
HOCH,C(0)C(CHs)(OH)CH,0ONO,
HOCH,CH(ONO,)C(CHs)(OH)CH,0NO,
0.9CH,=CHC(CHs)(OOH)CH,0NO; + 0.1 CH, =C(CH3) CH(OOH)CH,ONO,
0.84 HOOCH, CH=C(CH;3)CH,ONO3 + 0.26 0oNOCH,CH=C(CH3)CH,OOH
HOCHCHOC(CHs)CH,OH

HOCHQ('JH—O'C(CHg)CHO and 3 isomers

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

0.750CHCH=C(CH3)CH,ONO3 + 0.25 0CHC(CH3)=CHCH,ONO
CH,=CHC(CHs)(OH)CH,OH

CH,=C(CHs)CH(OH)CH,OH

OCHC(CH3)=CHCH,OH

OCHCH=C(CH3)CH,OH

OCHC(CHs)=CHCH,(OOH)

OCHCH=C(CH3)CH,(OOH)

O=CCH=C(CH3)C(=0)0

0.57 0:NOCH,C(CH;3)OCHCH,OH + 0.250,NOCH,C(CHs) (OH{"HOCH, and isomers

C'10 compounds
Ci0H16 (sum of monoterpenes)
C10H16(OH)(ONO2)
Peroxy radicals
CH302
CH3C(0)0O2
OCHCH:0-
HOCH:CH20>
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Notation Chemical formula

GCO3 HOCH:(0)CO

Q02 HOCH;CH205

ACETO2 CH3COCH:20:

MVKO2 0.75 CHs COCH(02)CH2OH + 0.25 CH3 COCH(OH)CH2 05

MCO3 CH,=C(CHs)C(0)2

ISOPBO2 0.95HOCH2C(CHs)(0O2)CH=CH: + 0.05 OHCH>C(CH3)=CHCH:0.

ISOPDO?2 0.94 CHo=C(CH3)CH(02)CH,OH + 0.06 OHCH, CH=C(CH3)CH3 05

ISOPEO2 CH5C(=CH,)CH(OH)CH,04

DIHPCARP1 CH3C(OO)(CHO)CH(OOH)CH.OOH

DIHPCARP2 OCHCH(OO)C(CHs)(OOH)CH,OOH

DHPAO2 HOOCH;C(CHs)(0O2)CH(OOH)C(O)OOH

KPO2 0.5CH3C(O)CH(0O2)CH20O0H + 0.5 CH3C(O)CH(OOH)CH202

IEPOXAO2 HOCH2CH(OH)C(CH3)(O2)CHO

IEPOXBO2  HOCH,C(OH)(CHs)CH(O2)CHO

C5902 HOCH2C(CH3)(02)C(O)CH2OH

INAO2 0.73HOCH2C(0O2)(CH3)CH(OH)CH20ONO2 4 0.27HOCH2C(OH)(CH3)CH(O2)CH2ONO2

INBO2 0.85HOCH2CH(O2)C(CHs)(ONO2)CH2OH + 0.1502,CH, CH(OH)C(CH3) (ONO2)CH,OH

INCO2 0.67HOCH2CH(OH)C(0O2)(CH3)CH20ONO2 4 0.33HOCH2CH(O2)C(OH)(CH3)CH20ONO2

INDO2 HOCH>CH(ONO2)C(CHs)(02)CH2OH

NISOPO2 0.450,CH, CH=C(CH3)CH,ONO; + 0.42 CH,=CHC(CHs)(O2)CH20ONO2+
0.08502NOCH>CH=C(CH3)CH2032 + 0.045 CH>=C(CH3)CH(O2) CH2ONO2

MBOO2 0.67 CH3C(OH)(CH3)CH(O2)CH20OH + 0.33 CH3C(OH)(CH3)CH(OH)CH20O>

APINOHO2 peroxy radical fromAPIN + OH

APINO302 peroxy radical fromAPIN 4 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); the PAN-like compounds formation and decomposition ratage calculated with k=
%0.3{”“%10“0”’]/k°°>/1'414]2}_1. Units for 2°*-, 2"~ and 3-order reactions are’s, cnPmolec”'s™! and cnimolec 257!,
References: 1, MCM (Saunders et al., 2003; Jenkin et al5)2@1 Nguyen et al. (2016); 3, Wennberg et al. (2018); 4, ltiale(2013);
5, Peeters and Muller (2010); 6, Capouet et al. (2004); 7jnata et al. (2006); 8, Peeters et al. (2014); 9, St. Clait.e2916); 10,
D’Ambro et al. (2017); 11, Lee et al. (2014); 12, Jacobs ef20114); 13, Paulot et al. (2009b); 14, Bates et al. (2016)SEhwantes et al.
(2015); 16, Xiong et al. (2016); 17, Crounse et al. (2012);G#oss et al. (2014); 19, Burkholder et al. (2015); 20, Ngugeal. (2015a);
21, Galloway et al. (2011); 22, Praske et al. (2015); 23, \al.e2013); 24, Baeza-Romero et al. (2007); 25, Magneroh ¢2@05); 26,
Taraborrelli et al. (2012); 28, So et al. (2014); 29, Assalef2016); 30, Assaf et al. (2018); 31, Muller et al. (2013); Allen et al. (2018);

34, Chan et al. (2009).

Reaction Rate Ref. Note

Cs compounds

ISOP + OH — 0.586 ISOPBO2 + 0.3441SOPDO2 + 0.02ISOPEO2 2.7(—11) exp(360/T) N1
+0.10HO; + 0.05 ACETO2 + 0.05HCHO + 0.05 CO5

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

ISOP + O3 — 0.41 MACR +0.17MVK + 0.86 HCHO + 0.03MCOOH  1.03(—14) exp(—1995/T) 2 N2
40.3C03 + 0.3HO5 + 0.1 CH304 + 0.24 CO + 0.05 CH3COs3
+0.140H + 0.58 (0.55 HMHP + 0.4 HCHO + 0.4H,0,
+0.05HCOOH)

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

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

ISOPBO2 4 NO3 — NO + 0.95 MVK + 0.95 HCHO + 0.973HO, 2.3(—12) 1,3
+0.023HALD1 + 0.027 MVKOOH + 0.027 CO + 0.027 OH

ISOPBO2 + 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 + 2HO» 6.6(—14)

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

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

ISOPBO2 + CH30; — 0.5MVK + 1.5HCHO + 0.7HO 2.0(—12) 3
+0.5ISOPBOH

ISOPBO2 + CH3CO3 — MVK + HCHO + HO3 + CH305 4 CO» 1.8(—12) exp(500/7) 6,7
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Reaction Rate Ref. Note

ISOPBO2 — 0.75HPALD1+ 0.75HO2 + 0.15 HPCE 3.409(+12) exp(—10698/T) N4
+0.250H +0.1CO +0.1CO + 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 + OH — 0.85IEPOX + 0.15DHHEPOX + OH 1.7(—=11) exp(390/T) 9,3,10 N6

ISOPBOOH + OH — 0.75ISOPBO2 + 0.2HCOOH + 0.3HO2 4.6(—12) exp(200/7) 9,3 N7
+0.05HCHO 4 0.050H + 0.25 MVK

ISOPDO2+ NO — NO2 +0.94 MACR + 0.94HCHO + HO- Kroz2no- 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 Krozano- Yait(T, M,6,1.3) 1,3 N3

ISOPDO2+ NO3 — NO2 + 0.94 MACR + 0.94HCHO + HO2 2.3(—12) 1
+0.027HALD2 + 0.037HYAC + 0.066 CO + 0.066 OH

ISOPDO2+ HO2 — 0.941ISOPDOOH + 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 — 0.5MACR + 1.25HCHO + HOx 2.0(—12) 3
+0.25ISOPDOH + 0.25 HCOC5 + 0.25 CH3 OH

ISOPDO2+ CH3CO3 — 0.9MACR + 0.9HCHO + 0.9HO> 2.0(—12)exp(500/T) 6,7
+0.9CH302 4+ 0.9CO2 + 0.1 CH3COOH + 0.1 HCOC5H

ISOPDO2 — 0.75HPALD2+ 0.75HO2 + 0.15HPCE 4.253(+8) exp(—T7254/T) N4
+0.150H + 0.1 DHPAQ?2 +6.29(—19) exp(4012/T) - [NO]

+4.9(—20) exp(4962/T) - [HO2]

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

HPCE 4+ OH — 1.82CO + 0.820H + 0.82HPACET + 0.18 KPO2  2.5(—11) N5

KPO2+NO — NO32 +0.5CH3CO3 + 0.5 HPAC 2.7(—12)exp(350/T) N5
+0.5HCHO +0.50H + 0.5 MGLY

KPO2+ NO3z — NO2 +0.5CH3CO3 + 0.5 HPAC 2.3(—12) N5
+0.5HCHO + 0.50H + 0.5 MGLY

KPO2+HO2; — OH+0.5CH3CO3 + 0.5HPAC 2.26(—13)exp(1300/T) N5
+0.5HCHO + 0.50H + 0.5 MGLY

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

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

DHPAO2+HO2; — 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 4 OH — 0.6ISOPDO2 + 0.32 HCOOH + 0.48 HO» 4.1(—12) exp(200/7) 9,3 N8
+0.08 HCHO + 0.08 OH + 0.4 MACR
ISOPEO2+ NO — MACR + HO2 + HCHO + NO» Kro2no- Yoxy(T,M,6,1.27) 1,3 N3
ISOPEO2+ NO — ISOPENO3 Kro2no- Yoi(T,M,6,1.27) 1,3 N3
ISOPEO2+ HO2 — ISOPEOOH 2.1(—13) exp(1300/T) 1,3
ISOPEO2 +ISOPBO2 — 0.7TMVK + 1.4HCHO + 1.4HO» 1.2(—12) 5
+0.3ISOPBOH + 0.7MACR + 0.3HCOC5
ISOPEO2 + ISOPDO2 — MACR + HCHO + HO2 4+ 0.5 HCOC5H 1.1(—11) 5
+0.5ISOPDOH
ISOPEO2 + ISOPEO2 — MACR + HCHO + HO. 5.0(—12) 5
+0.5HCOC5 + 0.5ISOPDOH
ISOPEOOH + OH — 0.83HYAC + 0.83GLY + 0.17TMACR + HO2  1.0(—10) 1 N9
ISOPENO3+ OH — HYAC + ETHLN + HO, 6.0(—11) 1,11 N9
ISOPBNO3 + OH — 0.85INBO2 + 0.15IEPOX + 0.15NO2 8.4(—12)exp(390/T) 1,3
INBO2 — 2HO2 + CO + MVKOOH + NO2 7.5FE12 % exp(—10000/T) 3 N11
INBO2+ NO — HNO3 Krozno- Yoit(T,M,11,6.3) 1,3 N12
INBO2+ NO — 1.85NO2 + 0.85 GLYALD + 0.85 HYAC Kro2no- Yoxy(T,M,11,6.3)  1,13,3
+0.15MACRNO3+ 0.15HO2 + 0.15bHCHO
INBO2+NO3 — 1.85NO2 + 0.85 GLYALD + 0.85 HYAC 2.3(—12) 1
+0.15MACRNO3 4 0.85HO2 + 0.15bHCHO
INBO2+ HO2 — HNO3 2.5(—13) exp(1300/T) 1,3 N13
ISOPDNO3 + OH — 0.85INDO2 4 0.15IEPOX + 0.15NO> 3.9(—11) 1,3
INDO2 — 3HO2+2CO+OH+ HYAC+ NO2 7.5E12 % exp(—10000/T) 3 N14
INDO2+ NO — HNOs Kroono- Yo (T, M,11,7.9) 1,3 N12
INDO2+ NO — HCHO + HO2 + MVKNO3 + NO2 Krozno- Yoxy(T, M, 11,7.9)  1,3,11,12
INDO2+NO3 — HCHO + HO2 + MVKNO3 4+ NO2 2.3(—12) 1
INDO2+ HO2 — 0.39INDOOH + 0.65 HCHO + 0.65 HO> 2.5(—13) exp(1300/T) 1,3
+0.65 MVKNO3
INDOOH + OH — 0.39INDO2 + 1.22HO2 4 0.61 CO 9.2(—12) 1 N15
+0.61MVKNO3 + 0.61 OH
IEPOX + OH — 0.19ICHE + 0.58IEPOXAO2 + 0.23IEPOXBO2  4.4(—11)exp(—400/T) 3 N16
ICHE+ OH — 0.2800H + 1.28 CO +0.28HYAC 4 0.72MVKO2 1.5(—11) N17
ICHE+ OH — CO +HO2 + 0.28HPDIAL + 0.72HPKETAL 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) N19

IEPOXAO2 — CO +2.5HO, + 1.50H + 0.5 HOBA 1.875(13) exp(—10000,/T) N20
+ 0.5HPDIAL

TIEPOXAO2+ NO — NO2 +HO2 + 0.8 MGLY 4+ 0.8 GLYALD Kro2no 1,3
+0.2DHBO +0.2CO

IEPOXAO2+ HO3 — OH + HO3 + 0.8 MGLY + 0.8 GLYALD 1.6(—13) exp(1300,/T) 3 N21
+0.2DHBO +0.2CO

IEPOXAO2+ HO3 — CO + HO3 + OH + DHBO 0.8(—13) exp(1300/7) N22

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

IEPOXBO2 — 1.5C0 + 3HO5 + 0.5 MGLY + 0.5 HPKETAL 1.875(13) exp(—10000/T) N23

IEPOXBO2+ NO — NO2 +HO2 + 0.8 GLY + 0.8 HYAC Kro2no 1,3
+0.2MACROH + 0.2CO

IEPOXBO2 + HO, rightarrowOH + HO5 + 0.8 GLY + 0.8 HYAC 1.6(—13) exp(1300,/T) 3 N21
+0.2MACROH + 0.2CO

IEPOXBO2 + HO3 — CO + HO, + OH + MACROH 0.8(—13) exp(1300/7) 3 N24

HCOCS5 + OH — C5902 3.81(—11) 1

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

C5902 4+ NO3 — HYAC + GCO3 4+ NO 2.3(—12) 1

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

C5902 4+ CH302 — HYAC + GCO3+ HCHO + HO» 9.2(—14) 1

(5902 4+ CH3CO3 — HYAC 4+ GCO3 4+ CO2 + CH302 1.8(—12) exp(500/T) 6,7

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

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

HPALD1+ OH — 0.450H + 1.35CO2 + 0.5 HCHO 4+ 0.65 CH3CO3 ~ 1.0(—11) 5,3 N27
+0.2MMAL + 0.15MGLY +0.15CO + 0.1 GLY

HPALD1+4+ OH — MVK + OH + 0.5CO 4 0.5 CO4 0.5(—11) 5,3 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) 5,3 N27

HPALD1+ O3 — 0.35 MGLY +0.27GLY + 1.190H + 0.65CO 2.4(—17) 1
+0.65CH3CO3 + 0.08H202 + 0.73HPAC

HPALD2+ OH — 0.450H + 1.35CO2 + 0.5 HCHO 4+ 0.65 CH3CO3  1.0(—11) 5,3 N28
+0.2MMAL 4+ 0.15MGLY + 0.15CO 4+ 0.1 GLY

HPALD2+ OH — MACR +OH+0.5C0O 4+ 0.5CO2 0.5(—11) 5,3 N28
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Reaction Rate Ref. Note
HPALD2+ OH — MACR + OH + COq 1.5(—11) 5,3 N28
HPALD2+ OH — OH+2CO +2HO2 + HPACET 0.8(—11) 5,3 N28
HPALD2+ OH — ICHE 1.4(—11) 5,3 N28
HPALD2+ O3 — 0.27THPACET + 1.70H + 0.28 HO» 2.4(—17) 1
+0.5CO+0.73MGLY +0.74 GLY 4+ 0.02CO2
MMAL + OH — MGLY 4+ HO2 4+ 2CO2 1.5(—12) 1 N29
DIHPMEK + OH — 20H + CH3CO3 + 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
+0.4CH3COs3 + 0.4HO2
HPDIAL + OH — OH + CO + MGLY 3.0(—11) N32
NISOPO2+NO — 1.82N0O2 4+ 0.42MVK + 0.04 MACR Kroz2no 1,153 N33
+1.54HCHO + 0.18NC4CHO + 0.9HO2 4+ 0.72CO
NISOPO2+NO3 — 1.82NO2 4+ 0.42MVK + 0.04 MACR 2.3(—12) 1,15,3
+1.54HCHO + 0.18NC4CHO + 0.9HO2 4+ 0.72CO
NISOPO2+ HO2 — 0.535 NISOPOOHD + 0.22NISOPOOHB 2.5(—13)exp(1300/T) 1,153
+0.2450H + 0.245N0O2 + 0.225 MVK + 0.02MACR + 0.245 HCHO
NISOPO2 + NISOPO2 — 0.17TMVK + 0.11 MACR + 0.7HCHO 2.0(—12) 15,3 N34
40.42N0O2 + 0.78NC4CHO + 0.36 HO2 + 0.28 CO
+0.59ISOPCNO3 + 0.11 ISOPANO3 + 0.1ISOPDNO3
NISOPO2+ CH302 — 0.08 MVK + 0.06 MACR + 0.95HCHO 7.5(—13) 15,3 N34
+0.21NO2 4+ 0.39NC4CHO + 0.38HO2 4+ 0.14CO + 0.4 CH3OH
+0.29ISOPCNO3 + 0.06 ISOPANO3 + 0.056 ISOPDNO3
NISOPO2+ CH3CO3 — 0.38 MVK + 0.05 MACR + 1.39HCHO 2.0(—12)exp(500/T) 15,3 N34
+0.75N0O2 + 0.25 NC4CHO + 0.81 HO2 4 0.64 CO 4+ 0.9 CH302
+0.9C0O2 4+ 0.1CHsCOOH
NISOPO2+ISOPBO2 — 0.71MVK + 0.08 MACR + 1.33HCHO 7.5(—13) 15,3 N34
+0.47NO2 + 0.53NC4CHO + 0.95HO2 4 0.36 CO + 0.5ISOPBOH
NISOPO2+ISOPDO2 — 0.08 MVK + 0.26 MACR + 0.55 HCHO 6.8(—12) 15,3 N34
+0.21NO2 + 0.39NC4CHO + 0.38HO2 4+ 0.14CO + 0.4ISOPDOH
+0.29ISOPCNO3 + 0.06 ISOPANO3 + 0.05 ISOPDNO3 + 0.4 HCOC5
NISOPOOHD + OH — NISOPO2 3.4(—12)exp(200/T) 3 N35
NISOPOOHD + OH — OH + NC4CHO 7.5(—12)exp(20/T) 3 N35
NISOPOOHD + OH — 0.19CO 4 0.95HO2 + 0.430H + 0.69NOA 2.37(—11)exp(390/T) 3 N36
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Reaction Rate Ref.  Note
+0.19HCHO + 0.5 HPAC 4 0.07HPACET + 0.07 ETHLN
+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 4+ 0.76 OH + 0.09 CO 8.72(—12)exp(390/T) N39
+0.33HO2 + 0.09HCHO + 0.15HPAC + 0.04 HYAC
+0.04ETHLN + 0.51IHNE
IHNE + OH — 0.23HMVK + 0.03HMAC + 0.82HCHO + 0.8 NO2 3.22(—11)exp(—400/T) 3 N40
+0.8CO 4+ 0.17NOA + 0.45MGLY +0.72HO> + 0.38 OH
+0.03MVKNO3 + 0.09HYAC + 0.09CO2
NC4CHO + OH — 0.45C0O2 4+ 1.08 CO + 0.85HO + 0.58 NOA 4+ 0.5 OH 4.1(—11) 15,3 N41
+0.12HCHO + 0.12MGLY +0.17TNO2 4+ 0.11 MVKNO3
+0.05ICHE + 0.14CH3COs3 + 0.14 ETHLN
NC4CHO 4+ NOs — HNO3 + CO2 + 0.75NOA + 0.75CO + 0.75HO, 6.0(—12) exp(—1860/T) 1,3 N41
+0.25CH3CO3 4 0.25 ETHLN
NC4CHO + O3 — 0.555NOA + 0.89 CO + 0.89 OH + 0.445 MGLY 4.4(—18) 1
+0.445H02 + 0.075H202 4- 0.445NO2 4 0.52 GLY
+0.0350CHCOOH
ISOPCNO3 + O3 — 0.555 NOA + 0.52 GLYALD + 0.07 C: Hs COOH 2.8(—17) 1,11
+0.075H202 +0.89 OH + 0.445NO> + 0.445 MGLY
+0.445HO2 + 0.445 CO + 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 + 0.08IEPOX + 0.08 NO> 2.04(—11)exp(390/T) 3 N43
INCO2 — 4HO; +2CO + OH + NOA 1.256(13) exp(—10000/T) 3 N44
INCO2 +NO — INCNO3 Kroono- Yo (T, M,11,4.7) 3
INCO2+ NO — NO3z + HO3 + NOA + GLYALD Kroono® Yoxy(T, M,11,4.7) 3 N43
INCO2+NO3 — NO2 + HO2 + NOA 4+ GLYALD 2.3(—12) 1 N43
INCO2 4 HO2 — 0.32INCCO 4 0.11INCO2 + 0.57NOA +0.57GLYALD  2.5(—13)exp(1300/7’) 3 N45
+0.57HO2 4 0.46 OH
INCCO + OH — HCHO + 3HO2 + CH3CO3 +2CO + NOg 3.3(—12) 1 N46
INCNO3+ OH — 0.445INCCO +0.414 GLY + 0.414HO2, 1.98(—12) 1 N47
+0.555NOA +0.141 GLYALD + NOo
ISOPANO3+ O3 — 0.555HYAC + 0.555 ETHLN + 0.89 OH 2.8(—17) 1,11
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Reaction Rate Ref.  Note
+0.445N0O2 + 0.445 GLY + 0.445HO2 + 0.055H2 O3
ISOPANO3+ OH — 1.20H 4 0.6,CO 4+ 0.6 CH3CO3 + 0.6 ETHLN 7.5(—12)exp(20/T) 3 N42
+0.4HO2 + 0.4NC4CHO
ISOPANO3+ OH — 0.96INAO2 + 0.04IEPOX + 0.04NO2 2.95(—11)exp(390/T) 3 N43
INAO2 — 3HO: + CO + CH3CO3 + OH + ETHLN 5.092(12) exp(—10000/T) 3 N48
INAO2+NO — HNO3 Kroono- Yoi(T,M,11,2.3) 1 N12
INAO2+NO — 0.86 HYAC 4 0.86 ETHLN + 0.14 MVKNO3 Kroono- Yoxy(T,M,11,2.3) 3 N43
+0.14HCHO + HO2 + NO2
INAO2+NO3 — 0.86 HYAC 4+ 0.86 ETHLN + 0.14 MVKNO3 2.3(—12) 1 N43
+0.14HCHO + HO2 + NO2
INAO2+HO2 — 0.32C0O + 0.64HO2 + 0.330H 4 0.18INAO2 2.6(—13)exp(1300/T) 3 N49
+0.44HYAC + 0.44 ETHLN + 0.06 HCHO + 0.38 MVKNO3
HALD1+ OH — CO+20H+ CO2 4+ 0.5CH3CO3 + 0.5 HMVK 1.5(—11) N50
HALD1+ OH — 0.65IEPOXAO2 + 0.35 GLYALD 4 0.35 MGLY + 0.35HO> ~ 2.2(—11) N51
HALD1+NO3 — 2CO + CO2 +30H+ HO2 + CH3CO3 + HNO3 5.6(—12)exp(—1860/T) N50
HALD1+ O3 — 0.55 GLYALD + 0.55MGLY + 0.90H 2.4(—17) 1
+0.45C0O 4 0.45CH3CO3 + 0.45HO2 + 0.45 GLY
HALD2+ OH — 0.5CO 4 1.50H + 0.5 CH3CO3 + 0.5CO2 1.5(—11) N50
+0.5PGA +0.5HMAC
HALD2+ OH — 0.35IEPOXBO2 + 0.6 HYAC 4 0.65 GLY + 0.65 HO> 2.2(—11) N51
HALD2+ NO3 — CO+20H + CH3CO3 + PGA + HNO3 5.6(—12)exp(—1860/T) N50
HALD2+ O3 — 0.5 HYAC + 0.55 GLY +0.90H + 0.9HO- 2.4(-17) 1
+0.9C0O 4 0.056H202 + 0.45 MGLY
C, compounds
MACR 4 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.+ 03 — 0.9MGLY +0.12HCHO +0.1CO +0.10H 1.4(—15) exp(—2100/T) N2
+0.1CH3CO3 + 0.88 (0.55 HMHP + 0.4HCHO + 0.4 H202
+0.05HCOOH)
MACR 4+ NO3 — MCO3 + HNO3 3.4(—15) 1
MCO3+NO — CO2+ 0.65 CH302 + 0.65CO 4 0.35 CH3CO3 8.70(—12)exp(290/T) 1
+HCHO + NO2
MCO3+NO3 — CO2 +0.65CH302 + 0.65CO + 0.35 CH3COs3 4.0(—12) 1
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Reaction

Rate

Ref. Note

+HCHO + NO2

MCO3 +HO2 — MCO3H

MCO3 + HO2 — MCOOH + O3

MCO3+ HO2 — CO2 4 0.65 CH302 + 0.65CO + 0.35 CH3COs3
+HCHO + OH

MCO3 + CH302 — 0.585 CH302 4 0.585CO + 0.315 CH3CO3
+1.9HCHO +0.9HO2 +0.9CO2 + 0.1 MCOOH

MCO3 + CH3CO3 — 1.65CH302 +0.65CO + 0.35 CH3CO3
+HCHO +2CO2

MCO3 +ISOPBO2 — 0.65 CH302 + 0.65CO + 0.35 CH3CO3
+2HCHO + MVK 4+ HO2 4+ CO2

MCO3 4 ISOPDO2 — 0.585CH302 + 0.585CO + 0.315CH3CO3
+1.8HCHO + 0.9MACR + 0.9HO2 + 0.9CO2
+0.1MCOOH + 0.1HCOC5

MCO3 4+ NO2 — MPAN

MPAN — MCO3 4+ NO2

MPAN + OH — HYAC + CO + NOs

MPAN + OH — HMML + NO3

MPAN + O3 — HCHO 4 CH3CO3 4+ NO3 + CO2

MCO3H + OH — MCO3

MCO3H + OH — 0.83HYAC + 0.83CO + 0.17HMML + OH

MCOOH + OH — CO2 + 0.65 CH302 + 0.65CO
+0.35CH3CO3 + HCHO

HMML + OH — 1.13CO 4 1.050H + 0.39HO2 + 0.48 CH3 CHO
+0.87CO2 4 0.44CH3CO3 + 0.08 CHs COOH

MVK + OH — MVKO2

MVK + O3 — 0.313CH3CO3 4 0.545 MGLY + 0.129HO»
+0.19CO 4 0.220H + 0.8 HCHO + 0.136 CH3 CHO
+0.165CO2 4 0.245H2 02 + 0.275 HMHP
-+0.025HCOOH + 0.006 CH; COOH)

MVKO2+ NO — 0.28 MGLY + 0.28 HCHO + 0.28 HO»
+0.72GLYALD 4 0.72CH3CO3 + NO2

MVKO2+ NO — MVKNO3
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2.43(—13) exp(980/T)
1.25(—13) exp(980/T")
4.15(—13) exp(980/T)
2.0(—12) exp(500/T)
5.4(—12)exp(500/T)

1.8(—12) exp(500/T)

2.0(—12) exp(500/T)

ko = 3.28(—28)(300/T)%®"

koo = 1.125(—11)(300/T)*1%5

1.6(16) exp(—13500/T)
7.5(—12)

2.25(—11)

8.2(—18)

3.6(—12)

1.3(~11)

1.51(~11)

4.33(—12)

2.6(—12) exp(610/7T)
8.5(—16) exp(—1520/T)

Kro2no- Yoxy(T', M, 6,4.6)

Kroano- Ynit(T', M, 6,4.6)

1,18

1,18

1,18

1,6,7

1,6,7

1,6,7

16,7

1,19

20

R T

N53

1 N54

1,21,22 N55

22



Reaction Rate Ref. Note

MVKO2+NO3z — 0.28 MGLY + 0.28HCHO + 0.28HO» 2.3(—12) 1 N55
+0.72GLYALD + 0.72CH3CO3 + NOg

MVKO2 +HO3z — 0.35 GLYALD + 0.35 CH3CO3 + 0.52OH 2.1(—13) exp(1300/T) 22,3 N55
+0.174HO2 4+ 0.48 MVKOOH + 0.13BIACETOH
+0.04 MGLY + 0.04 HCHO

MVKO2+ CH302 — 0.14 MGLY + 0.36 GLYALD 1.16(—12) 1 N55
+0.36 CH3CO3 4+ 0.89 HCHO + 0.64 HO2 + 0.25 DHBO
+0.18 BIACETOH + 0.07THOBA + 0.25 CH3OH

MVKO2 + CH3CO3 — 0.25 MGLY + 0.65 GLYALD 2.0(—12) exp(500/T) 1,6,7
+0.65CH3CO3 4+ 0.25 HCHO + 0.25HO2 + 0.9CH302
+0.9C0O2 4+ 0.1CH3COOH + 0.1 DHBO

MVKOOH + OH — 0.55 BIACETOH + 0.55 OH + 0.45 HOBA 4.5(—11) N56

MACRNO3+ OH — 0.5HYAC + 0.5 MGLY + 0.5HO2 + 0.5CO  3.0(—12) 1 N57
+0.5C0O2 + NO-

MVKNO3+ OH — 0.5 BIACETOH + 0.4 GLY + 0.4 CH3COs3 1.76(—12) 1 N58
+0.1MGLY 4+ 0.1CO2 +0.5HO2 + NO>

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

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

HOBA +NO3z — 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 — HO5 4 0.84 HYAC 4 0.84 OH + 0.84 CO 2.4(—11)exp(70/T) 3 N60
—0.160H +0.16 MGLY 4+ 0.16 HO2 4+ 0.16 CO>

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

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

HMAC 4+ NO3 — CO +20H + CH3CO3 + CO2 + HNOg 3.4(—15) N63

Cs compounds

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

HPACET 4 OH — MCLY + OH 8.39(—12)

HPACET 4 OH — ACETO2 1.9(—12) exp(190/T)
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Reaction

Rate

Ref. Note

ACETO2+NO — NO2 + HCHO + CH3CO3

ACETO2+NO — NOA

ACETO2+ NO3 — NO2 + HCHO + CH3COg

ACETO2+HO;2 — 0.85HPACET
+0.15HCHO +0.15CH3CO3

ACETO2+ CH302 — 0.3CH3CO3 + 0.8HCHO + 0.3HO»
+0.2HYAC +0.5MGLY + 0.5CH3OH

ACETO2 + CH3CO3 — CH3COOH + MGLY

ACETO2+ CH3CO3 — CH302 + CO2 + CH3CO3 + HCHO

ACETO2+ ACETO2 — HYAC + MGLY

ACETO2+ ACETO2 — 2CH3CO3 + 2HCHO

HYAC + OH — MGLY + HOq

MGLY + OH — 0.6 CH3CO3 + 0.4CH302 + 1.4CO + H20

MGLY + NOs — HNO3 + CO + CH3CO3

NOA + OH — MGLY + NOq

MVA + OH — 0.5CH3COOH + 0.5 HCHO + 0.5 OH

+0.5HYAC + 0.5HO

DHA + OH — 1.39HO:2 + 0.48 CH3CHO + 0.87COx

+0.44CH3CO3 4 0.08 CH3COOH + 0.13CO + 0.05 OH

C, compounds

GLYALD + OH — 0.78 GCO3 + 0.22 GLY + 0.22HO2

GLYALD + NO3 — GCO3 + HNO3

GCO3+NO — NO2 +HO2 +HCHO + CO2

GCO3+NO3 — NO2 +HO2 + HCHO + CO2

GCO3+HO2 — 0.21GCO3H + 0.04 GCOOH + 0.04 O3
+0.75HO2 + 0.75HCHO 4 0.750H + 0.75 CO2

GCO3 + CH302 — 1.9HCHO + 1.8 HO2 + 0.1 GCOOH + 0.9 CO2

GCO3 + CH3CO3 — CH302 + HO2 + HCHO + 2CO2
GCO3+NO2 — GPAN

GPAN — GCO3 + NOg

GPAN 4 OH — HCHO + CO + NO2
GCO3H + OH — GCO3
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Kroano: Yoxy(T, M,4,5.2)
Krozno- Ynit(T, M, 4,5.2)
2.3(—12)

8.6(—13) exp(700/T)

3.8(—12)
2.5(—12)
2.5(—12)
3.0(—12)
5.0(—12)

1.46(—13) exp(1100/T) - (T/300)*°

1.9(—12) exp(575/T)
3.36(—12) exp(—1860,T)
6.7(—13)

9.0(—11)

8.0(—12) exp(70/T)

7.84(—13) exp(980/T)

1.8(—12) exp(500/T")
5.4(—12) exp(500/T)

ko = 3.28(—28)(300/T)557
koo = 1.125(—11)(300/T)*10®
ko = 1.1(—5) exp(—10100/T)
koo = 1.9(17) exp(—14100/T)
1.12(—12)

6.19(—12)

1 N64

N N~ N

1,23
1,24

N65

3,19 N66

1,25

1

1

1
1,17,26

1,6,7
1,6,7

1,19

1,19



Reaction Rate Ref.  Note
GLY 4 OH — 0.72HO3 + 0.28 OH + 1.55 CO + 0.45 CO4 3.1(—12) exp(340/T) 1 N67
GLY +NO3 — HNO3 + 0.72HO5 + 0.28 0H + 1.55CO + 0.45C02  1.4(—12exp(—1860/T") 1 N67
HPAC+ OH — GLY + OH 1.0(—11) 1 N68
HPAC + OH — 0.25CO +HCHO + OH + 0.75CO2 1.8(—11) 1 N68
HPAC + OH — OCHCH:02 1.90(—12)exp(190/T") 1
C2H50H + OH — 0.95CH3CHO 4 0.95HO> 4 0.05 HOCH2CH202  3.0(—12) exp(20/T) 1
CH3CHO 4 OH — 0.95 CH3CO3 + 0.056 OCHCH202 4.7(—12)exp(345/T) 1
CH3CHO 4+ NO3 — CH3CO3 +HNO3 1.4(—12) exp(—1860/T) 1
OCHCH202 +NO — NOs + HCHO + CO + HO» Kro2no 1
OCHCH202 + NO3 — NO2 + HCHO + CO + HO» 2.3(—12) 1
OCHCH,0, + HO2 — HPAC 1.4(—13) exp(1300/T) 1,3
OCHCH>03 + CH302 — 1.25 HCHO + 0.5CO + HOo 2.0(—12) 1,5

+0.25 GLY 4+ 0.25 CH30H + 0.25 GLYALD
CH3CO3 4+ NO — NO3 + CH302 + CO 7.5(—12) exp(290/T) 1
CH3CO3 4+ NO3 — NOz + CH302 4+ CO2 4.0(—12) 1
CH3CO3 + HO2 — 0.31 PAA 4 0.16 CHs COOH + 0.16 O3 7.84(—13) exp(980,/T) 1,18

+0.563CH302 4 0.53OH + 0.53CO2
CH3CO3 4+ CH302 — HCHO + 0.9HO2 + 0.9 CH302 2.0(—12) exp(500/T) 6,7

+0.9CO2 +0.1CH3COOH
CH3CO3 4+ CH3CO3 — 2CH302 +2CO02 2.9(—12) exp(500/T) 6,7
CH3CO3 + NO2 — PAN ko = 3.28(—28)(300/T)5-57 1,19

koo = 1.125(—11)(300/T) 10
PAN — CH3CO3 4+ NO, ko = 1.1(—5) exp(—10100/T) 1,19
koo = 1.9(17) exp(—14100/T)

PAA + OH — CH3CO3 3.7(—12) 1
CH3COOH + OH — CH302 + CO» 3.15(—14) exp(920/T) 1,19
ETHLN 4+ OH — HCHO + NO3 + CO2 2.0(—12) 1 N69
ETHLN +NO3 — HCHO + NO3 + CO» 1.4(—12) exp(1860,/T) 1
VA + OH — 0.64HCOOH + 0.64 HCHO + 0.64 OH 6.8(—11) 28 N70

+0.36 GLYALD + 0.36 HO»
PGA +OH — CO + CO2 + OH 1.6(—11) 1

C; compounds

CH302 +NO — NOs + HCHO 4 HO, 2.8(—12) exp(300/T) 19
CH305 +NO — CH30NO, 2.8(—12)exp(300/T) - Yae(T, M,1,50.) 19  N71
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Reaction Rate Ref. Note
CH302 +NO3 — NOz + HCHO + HO» 1.2(—12) 1
CH302 +HO2 — 0.9CH300H + 0.1 HCHO 4.1(—13) exp(750/T) 19
CH302 + CH302 — 2HCHO + 2HO- 9.5(—14) exp(390/T) 19
/(140.0382exp(1130/T))
CH302 + CH302 — HCHO + CH30H 9.5(—14) exp(390/T") 19
/(1+26.2exp(—1130/T))
CH302 4+ O3 — HCHO 4+ HO. 2.9(—16) exp(—1000/T") 19
CH302 + OH — 0.92HCHO + 1.84HO> + 0.08 CH; OH 1.6(—10) - (1 — fetab) 28-31 N72
CH302 + OH — CH3000H 1.6(—10) - fstab 31 N72
CH3000H + OH — HCHO + HO» 2.2(—11) 31
CH3000H — 0.2CH350H + 0.8 HCHO + 1.6 HO- 1.1(14)(T/300)35 exp(—12130/T) 31
CH3000H + (H20)2 — CH30H 3.0(—15) exp(—2500/T) 31 N73
CH300H + OH — 0.3HCHO + 0.30H + 0.7 CH30> 3.8(—12) exp(200/T) 19
CH30NO> + OH — HCHO 4 NO, 8.0(—13) exp(—1000/T) 19
HMHP 4 OH — 0.45HCOOH + 0.450H 1.3(—12) exp(500/T) 332 N74
+0.55HCHO + 0.55HO,
CH30H + OH — HCHO + HO» 2.9(—12) exp(—345/T) 19
HCHO + OH — CO +HO» 55(—12) exp(125/T) 19
HCHO + NO3 — CO +HO» +HNO; 5.8(—16) 19
HCOOH + OH — CO2 + HO» 4.5(—13) 1
oxidation of monoter penes
APIN + OH — APINOHO2 + 0.1 HCOOH + 1.3HCHO 1.2(—11) exp(440/T) 1 N75
+CH3COCH3s + 0.2GLY + 0.05 MGLY
APIN + O3 — APINO302 +0.150H 4 0.1 HCOOH 8.05(—16) exp(—640/T) 1 N75
+1.3HCHO + 0.06 HMHP + CH3COCHj3
+0.2GLY + 0.05 MGLY
APIN 4+ NO3 — 0.74NO3 4 0.26 APINONO?2 1.2(—12) exp(490/T) 1 N75
+1.3HCHO + CH3COCH3 + 0.2GLY + 0.05 MGLY
APINOHO2+ NO — 0.74NO2 + 0.26 APINONO2 Krozno 1 N76
APINOHO2 4+ NO3 — NO» 2.3(—12) 1
APINOHO2+ HO; — products 2.6(—13)exp(1300/T) 1
APINO302+ NO — 0.74NO2 + 0.26 APINONO2 Kro2no 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 + 0.992 CH3 COCH3 4 1.31 HO2 1.0(—17) 1 N77
+0.01CH3CHO 4 0.89CO2 4 0.168 HMHP + 0.64 CO

MBOO2+NO — MBONO3 Kroono- Yail(T,M,7,2.4) 1,34 N78

MBOO2+ NO — 0.67GLYALD + CH3COCH3s + HO2 Kroono- Yoxy(T, M, 7,2.4) 1 N78
4+0.33HCHO + 0.33CO2 + NO2

MBOO2+ NOs — 0.67 GLYALD + CH3COCH3 4+ HO2 2.3(—12) 1 N78
4+0.33HCHO + 0.33CO2 + NO2

MBOO2+ HO2 — 0.67CO + CH3COCH3 +2HO5 +1.33CO2  2.3(—13) exp(1300/T) 1,3 N79

MBONO3 + OH — NO3 +0.67CO +0.33CO2 2.0(—12) 1 N80

+CH3COCH3 4 2HO2

2.9 Notesto Table?2

N1. Rate equal to 90% of evaluation (Burkholder et al., 2@@%)ccount for isoprene—OH segregation (Pugh et al., 2&e8 Sect. 2.1.1 for
main products. The minor addition channels (7%) includedrdwyperoxy radical[SOPEO?2) as well as unsaturated carbonyls along with
HO.2. The unsaturated carbonyls are replaced by their majdréudxidation products at highO according to MCM ACETO2 + HCHO

+ HO2 + CO2).

N2. See Sect. 2.2. The stabilized Criegee intermedi@i®,(O0) is currently not a model compound; its production is repthby the
products of its main atmospheric sink, the reaction withevatimer, namely0.55 HMHP + 0.4 HCHO + 0.4H2 02 4 0.06 HC(O)OH
(Sheps et al., 2017).

N3. Y”“(T7 M,n,Z) denotes the nitrate yield, as defined in Sect. Z.6 adjusted to match laboratory-based estimates at roonittm s
(~298 K and 1 atm): 14% and 13% for the 1,2- and 4,3-isoprenedxyg@eroxys, and 12% for th&hydroxyperoxys (Wennberg et al.,
2018).YY(T, M,n, Z) (equal tol — Y™ (T, M,n, Z)) is the oxy radical channel branching ratio. The reactiavdpcts account for the
relative proportions off- andd-hydroxyperoxys (Sect. 2.1.3) as well as for the differengaic nitrate yields in their reactions wit¥O.

N4. Bulk 1,6-H-shift reaction. See Sect. 2.1.1 for the rate] Sect. 2.1.2 for the products.

N5. See Sect. 2.1.2 for details.

N6. Addition channels (Wennberg et al., 2018). The prodieidg account for the small contribution of tiiehydroxyperoxy pathways.
The minord-IEPOX compounds are lumped withIEPOX. The non-IEPOX products observed by St. Clair et2016) in presence afO
(HYAC, GLYALD, HPAC, CH3CHO) as well as the dihydroxy dihydroperoxiddSQP(OOH),) proposed to be a potentially significant
component of isoprene SOA in low-NOXx conditions (Liu et 2016) are assumed to have a negligible yield in most atmospt@nditions

due to the proposed isomerisation of the peroxy radical éorm the reaction (D’Ambro et al., 2017). The further cheryisf the dihydroxy
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hydroperoxy epoxide resulting from this isomerisation,HHEPOX, is not considered. Its saturation vapour pressigstisated to be of the
order of 310~2 atm at 298 K using a group contribution method (Comperndltg.e2011), i.e. three orders of magnitude lower than the
estimated vapour pressure@EPOX (310° atm). The Henry’s law constant (HLC) of DHHEPOX estimatedescribed in Miiller et al.
(2018) is equal to~ 3-10° M atm™~! at 298 K, almost three orders above the estimated value ROX DHHEPOX is therefore very
probably more soluble and prone to loss by deposition or S@#étion than IEPOX, which has been shown to deposit verigisapn
vegetation (Nguyen et al., 2015b) and to be a prominent S@&ypsor (Surratt et al., 2010). Furthermore, the produtctheooxidation

of DHHEPOX by OH (at a rate estimated at 2.1-10 ** molec.* cm® s~!) are also expected to consist, for the most part, of highly
oxygenated products prone to deposition and heterogengake.

N7. Abstraction of hydroperoxide-H (75%) and of hydraxyH (25%) (Wennberg et al., 2018). The latter leads to a ragioaposed to
undergo epoxide formation (Wennberg et al., 2018); we medgihes very minor and uncertain pathway as the product wggested to be
due to an impurity (St. Clair et al., 2016). Addition Of to the radical formd# O, + O=CHC(CHs)(OOH)CH=CH,. The main fate of
the unsaturated hydroperoxy aldehyde is photolysis to ah BHOCH=C(CH3)CH=CH, (80%) or toHCO + OH + MVK (20%) (see
Sect. 2.1.4). The enol reacts primarily Oy addition to the first carbon, followed by a 1,5 H-shift@d + HC(O)OH + MVK.

N8. Abstraction of hydroperoxide-H (60%) and of hydroxyH (40%), followed by similar reactions as f6BfOPBOOH (see previous
note). Hydroperoxyx-H abstraction is neglected.

N9. Assume fast reaction of MCM product withH, followed by fast reaction wittNO, neglecting side products.
N10.INBO2 is a mix of two peroxys (see Table 1). Assume 85% external &6l ihternalOH-addition tolSOPBNO3.

N11. The rates of the 1,5 and Iyéhydroxy-H-shifts from thez; HOCH- group in the radicalsliOCH>C(CH3)(ONO2)CH(O2)CH>OH
andHOCH,C(CHj3)(ONO2)CH(OH)CH-O-, respectively, suggested by Wennberg et al. (2018) areressequal to 0.02°s at 298
K (instead of 0.05 5! in Wennberg et al. (2018)), at the lower end of the range estichby Maller et al. (2019) fas-hydroxy H-shifts,
given the unfavorable H-bonding between the peroxy growpthe hydroxy-H of the othel’4 or Cs alcohol group. The nitroxyhydroxy
hydroperoxycarbonyls formed from the H-shift are assurogzhbtolyze rapidly, releasingCO, NO, and a hydroxyhydroperoxy carbonyl
(here,CH3C(O)CH(OOH)CH>OH andCH3C(O)CH(OH)CH>OOH, respectively, or MVKOOH).

N12. Assume fast hydrolysis of the dinitrate in the aque@uesol phase, as it bears a tertiary nitrate group. The lyadsproduct (besides
HNO3) is very soluble and can be assumed to remain in the partécplease.

N13. The hydroperoxide bears a tertiary nitrate group anchasl to undergo hydrolysis in the aerosol phase. The hyslsgtyoduct (besides

HNO3) is assumed to remain in the aerosol phase.

N14. As forINBO2 (see Note N11), the 1.5-hydroxy-H-shift in the peroxfi{OCH>C(O2)(CH3)CH(ONO2)CH>OH is assumed to
be 2.5 times slower compared to Wennberg et al. (2018). Tthexghydroxy hydroperoxycarbonyls formed from the H-shife assumed
to photolyze rapidly, releasinlCO, NO- and a hydroxyhydroperoxy carbonyifQCH,C(OOH)(CH3)CHO). The latter compound
photolyzes also very rapidly, idCO + OH + HYAC.

N15. The hydroperoxy aldehyd®ECHC(CHs)(OOH)CH(ONO2)CH2OH or INDHPCHO in MCM) formed in the reaction is assumed
to photolyze rapidly tdiCO + OH + CH3C(O)CH(ONO2)CH2OH.

N16. Thetrans andcis isomers are lumped, adopting theins to cis ratio (2:1) of Bates et al. (2016). The epoxide-retainingdoicts are
lumped intol CHE.
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N17. Formyl-H abstraction from the carbonyl hydroxyepde.g.HOCHg('JH—O'C(CHg)CHO and isomers) primarily formed from
IEPOX + OH. The isomer distribution follows Wennberg et al. (2018)abstraction is followed by concert&dO elimination and ring
opening,02-addition leading taCH3C(O)CH(O2)CH2>OH (for the major isomer) an@CHC(O2)(CHs)CH2OH (minor) which under-
goes a 1,4 aldehyde H-shift, €O + OH + HYAC.

N18. Hydroxyl«-H abstraction from the carbonyl hydroxyepoxides (seeipte/note), at a rate taken equal to half the OH-reaction rate
constant of3-IEPOX. It is followed by ring opening to give (for the mairoimer)OCHC(CH3)(0°)CH=CHOH, followed by 1,5 enol-H
shift andO»-addition to formOCHC(CHs3)(OH)CH(O2)CHO. This is followed by a fast 1,5 aldehydic-H shift and (for eglapart) by

CO elimination to give, afteD;-addition, CH3C(O)CH(OOH)CHO + HO..

N19. The 1,4 H-shift irlOCH.C(OH)(CH;)CH(02)CHO and its isomer is taken to be fast (0:5'sat 298 K), following Wennberg et al.
(2018).

N20. The 1,5 H-shift ilTHOCH,CH(OH)C(CHj3)(02)CHO formsHO2 + O=CHC(OOH)(CH3)CH(OH)CHO assumed to photolyze
rapidly either toCHO + OH + CH3C(O)CH(OH)CHO (HOBA), or to CHO + HO2 + OCHC(OOH)(CH3)CHO (HPDIAL).

N21. Oxy radical channel (65%) (Wennberg et al., 2018).

N22. The hydroperoxide channel (35%) forfdis=CHC(OOH)(CH3)CH(OH)CH2OH, assumed to photolyze very rapidly BCO +
OH + CH3C(O)CH(OH)CH>OH.

N23. The 1,5 H-shift rHOCH>C(OH)(CH3)CH(O2)CHO formsHO, + O=CHC(OH)(CH3)CH(OOH)CHO assuming to photolyze
rapidly either toCHO + OH + OCHC(CHs)(OH)CHO, or to CHO + HO» + CH3C(O)CH(OOH)CHO (HPKETAL). The hydroxy-
dialdehyde is assumed to react exclusively vitH, forming CO + MGLY + HO-.

N23. The hydroperoxide channel (35%) forfdis=CHCH(OOH)C(OH)(CH3)CH2OH, assumed to photolyze very rapidly BCO +
OH + O=CHC(OH)(CH3)CH>OH.

N25. Neglect hydroperoxide channel, i.e. assume formatiamxy radical +OH. Note that if the hydroperoxide is formed, it is expected to
photolyze rapidly (Liu et al., 2018), for a large part to tlaene products as the oxy radical pathway.

N26. Based on D’Ambro et al. (2017), the mdit-addition channel forms a hydroxyperoxy of which the maite fem low-NO regions
should be reaction witfiO-, followed by reaction of the hydroperoxide withH, forming HOCH>CH(OH)C(CHs)(OOH)CHO as
main product C7500H in MCM). Note that isomerisation of the hydroperoxy forms@&C7500H (along withHO;). C5700H is aa-
hydroperoxyaldehyde, assumed to photolyze rapidly (Lai.e2018) toHCO+OH+CH3C(O)CH(OH)CH,OH, therefore regenerating
OH andHOs.

N27. The branching ratios are from Peeters and Mdiller (20L0B¢ further mechanism mostly follows Wennberg et al. (30h8wever,
collisional deactivation of the radicaDCHC(CH3)C°CH2(OOH)) formed in the minoOH-addition channel is neglected, since epoxide
formation should be largely dominant, as for the radicaifed by OH-addition tdSOPOOH, for which epoxide formation constitutes ca.
90% of the sink. The unsaturated dialdehyole CHC(CH3)=CHCH(O) (MBED) undergoes very fast photolysis and is replaced by its

oxidation products, as described in Sect. 2.1.5.

N28. Branching ratios from Peeters and Miller (2010), fartmechanism from Wennberg et al. (2018), except for théstatial stabili-
sation of the radical formed in the major addition channdijclv is neglected (see previous note). As above, the urgatudialdehyde
O=CHC(CH3)=CHCH(O) should photolyze rapidly to compounds replaced by thethmreaction products. The hydroxyhydroperoxy
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aldehydeHOOCH2C(CHs)(OH)CH=O0 should photolyze rapidly to (and is therefore replaced§¢)O + HO, + CH3C(O)CH2,OOH
(HPACET).

N29. The peroxy radicalHs;C(O)CH(OH)C(0O)O3) formed in the reaction is replaced by its further oxidatpnducts in presence of
NO.

N30. H-abstraction fror®’H group leads t€’H3; C(O)C(O)CH2OOH which can be assumed to photolyze very rapidiid + CH3; C(O)O-
+ HCHO + CO. H-abstraction of th€H, group yieldsCH3;C(O)CH(OOH)CHO (HPKETAL).

N31. The acyl radical formed frof@H;C(O)CH(OOH)CHO through aldehydic H-abstraction can add to form an acylperoxy radical
which (upon reaction witiNO) leads toCO2 + OH + MGLY. Note that the acyl radical can also decomposé&’tdo + OH + MGLY.
Abstraction of the hydroperoxidH is followed by a 1,4 H-shift of the peroxy radic@lH; C(O)CH(O2)CHO to the same acyl radical
as above. H-abstraction from the carbon bearingdkE group (40% of reactivity) leads t6H3;C(O)C(O)CHO assumed to photolyze
rapidly toCH3;CO + CO + HCO.

N32. The acyl radical formed fro®® CHC(CHj3)(OOH)CHO can addO- to form an acylperoxy radical which (upon reaction wii®)
leads toCO2 + OH + MGLY. Note that the acyl radical can also decompos€@+ OH + MGLY.

N33.NISOPO2 is a mix of several radicals (Schwantes et al., 2015; Wemnéteal., 2018). The dinitrate formed in the reaction is igabr
as its further chemistry is unclear.

N34. See Sect. 2.3. A higher self-reaction rate was used by&tes et al. (2015) in their kinetic modelling, but thersuiggestion that it

might be overestimated (Schwantes et al., 2015).
N35. H-abstraction frorHOOCH,CH=C(CH3)CH2ONO3 and isomer.

N36. OH-addition totHOOCH>CH=C(CH3)CH2ONO., (for 84%) and isomer (16%). The mechanism follows Wennbegd.€2018),
except that 1) the 1,5-H shift in the pero€, NOCH-C(O2)(CH3)CH(OH)CH>OH (and isomer) formed in the reaction is neglected, as
it should be slow due to stabilization by H-bonding betwdengeroxy and hydroxy groups, 2) epoxide formation (ca. 98lalyis neglected,

3) the minor pathways in the bimolecular reactions of therbygperoxy radicals (e.g. dinitrate formationRO»+NO and dihydroperoxide
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 withNO or HO-, and 5) the nitroxy hydroperoxy aldehyde
OCH-C(CHs)(OOH)CH20ONO:z is assumed to photolyze rapidly (Liu et al., 2018YXHO + OH + CH3C(O)CH2ONO:s.

N37. The minor products C3CNO2 and C3CPO2 are replaced lyraeskfurther oxidation product (NOA). The nitrooxy hydromey
epoxide (IHPE) formed in the reaction (Schwantes et al.52@lneglected and the other yields are increased for cdralamce.

N38. H-abstraction fronHo=CHC(CH3)(OOH)CH2ONO; and isomer.

N39. OH-addition toCH,=CHC(CH3)(OOH)CH20ONO- and isomer. The mechanism follows Wennberg et al. (2018} simplica-
tions similar to the case of th&hydroperoxynitrates (see Note N36). The peroxy rad@aNOCH2C(CHs)(OOH)CH(OH)CH20-
(INPHO23 in Schwantes et al. (2015)) is assumed to react fastMdhor NOs, leading toO>:NOCH2C(CH3)(OOH)CHO (C4CPNA in
Schwantes et al.) assumed to photolyze rapidly (Liu et @L82toCHO + OH + NOA.

N40. IHNE is a mix of two3- and twod-nitroxy hydroxyepoxides. The mechanism follows Wennledrgl. (2018). The peroxy radi-
cals O:NOCH2C(OH)(CH3)C(O)CH202 and HOCH2C(O2)(CH3)CH2ONO3 formed from thes-IHNE are replaced by the prod-

ucts of their reaction witiNO, neglecting dinitrate formation and minor oxy decompesitproducts. The radicad=C°CH2ONO
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formed in these reactions ad@s, forming an acylperoxy radical replaced by its further teacproduct in presence dfO, i.e. CO2

+ HCHO + NO3. The peroxyO:NOC(OH)(CH3)CH(O2)CHO undergoes a fast 1,4 H-shift outrunning bimolecular reastj forming
CO + OH + O:NOCH2C(OH)(CH3)CHO, which is assumed to photolyze rapidly 80, + HCHO + MGLY + HO» (Mdller et al.,
2014). The carbonyl nitroxyepoxides (ICNE in Wennberg gtafte assumed to react withH, following the Caltech reduced mecha-
nism: ICNE +OH — 2CO + 0.35NOA + 0.65 MGLY + 0.6310, + 0.65NO,. The peroxysO:NOCH.C(OH)(CH3)CH(O2)CHO
and OCHC(O2)(CHs)CH(OH)CH20ONO, formed from thed-IHNE undergo fast H-shift reactions outrunning the bincolar reac-
tions, formingCO + OH + eitherO>.NOC(OH)(CH3)CH(O2)CHO (in the first case) o€H3C(O)CH(OH)CH>ONO- (second case)
(Wennberg et al., 2018).

N41. TheOH-reaction rate was measured by Xiong et al. (20166fHC(CH3)=CHCH2ONO.. The yields account for ti§C4CHO
isomer distribution estimated by Schwantes et al. (2015%¢.OH-reaction essentially follows Wennberg et al. (20A8)ehyde H-abstraction
from OCHCH=C(CH3)CH2ONO- by eitherOH or NO3 leads to an acylperoxy radical here replaced biNit&-reaction product accord-
ing to MCM (CO2 + CO +HO2 + NOA). Note that alternative reaction pathways proposed by Weret al. also lead eventually to
CO + NOA. OH-addition generates peroxy radicals undergoing fast isisatéon (Schwantes et al., 2015) leading to the nitroxyrbyd
aldehydeO2NOCH2C(OH)(CH3)CHO assumed to photolyze rapidly 88O, + HCHO + HO2 + MGLY; the nitrooxy hydroperox-
yaldehydeO>NOCH,C(CHs3)(OOH)CHO assumed to photolyze rapidly #6€CO + OH + NOA; and the nitrooxy hydroperoxyketone
CH3C(O)CH(OOH)CH2ONO; assumed to photolyze t6H;CO + OH + OCHCH>ONO> (ETHLN).

N42. Abstraction ofv-hydroxy H in ISOPCNO3KOCH,CH=C(CH3)CH20ONO-) and ISOPANO3KIOCH,C(CH3)=CHCH2>ONO)
Wennberg et al. (2018), leading in part to photolabile hpéroxynitroxy carbonyls (e.g0.NOCH2C(OOH)(CH3)CHO) assumed to
photolyze rapidly (to eitheHCO + OH + NOA for ISOPCNO3, olCH3CO3 + OH + ETHLN for ISOPANO3).

N43. OH-addition to ISOPCNO3H{OCH;CH=C(CH3)CH20ONO2 and ISOPANO3 HOCH,C(CH3)=CHCH2ONO). The mecha-
nism follows Wennberg et al. (2018), except that two différdihydroxy nitroxyperoxy radicals are lumped into oneicat (INCO2 or
INAO2). In each case, only one of the two peroxy isomers waks an 1,5-H-shift. For simplicity, and since the H-shiftidnates largely
the fate of the peroxy undegoing it, the bimolecular reaxtiare the reactions of the isomer which does not undergo-ttaftd

N44. INCO2 includes two isomers, only one of whidho(NOCH2C(O2)(CHs)CH(OH)CH2OH) undergoes an 1.5 H-shift. It leads to
HO2 + O:NOCH2C(OOH)(CH3)CH(OH)CHO, assumed to be rapidly followed by fast photolysis (Liu et2018) toCHO + HO2 +
02NOCH>C(OOH)(CH3)CHO, itself followed by photolysis t€HO + OH + CH3C(O)CH20ONO> (NOA).

N45. Mechanism adapted from Wennberg et al. (2018). ThedpgtoxideHOCH,CH(OOH)C(OH)(CH3)CH2ONO formed with a 43

% yield is assumed to react withH, primarily by a-hydroperoxide-H abstraction, formif@H + HOCH.C(O)C(OH)(CH3)CH2ONO,
(INCCO), and by abstraction of the terminal hydroperoxide hydrnogeregeneratéNCO2.

N46. The dicarbonyl nitrat€®)>:NOCH>C(CH3)(OH)C(O)CHO formed in the reaction is assumed to photolyze rapidiyHGO +
02NOCH2C(CHj3)(OH)—C°=0, which decomposes (for a large part) ifii® + HO2 + OoNOCH2C(O)CHs (NOA).

N47. The mechanism follows the MCM. Among the three considehannels, formation @>NOCH(CHO)C(CHs)(OH)CH20ONO-
+ HO,, is assumed to be followed by photolysis of the carbonyl citét toNO- + GLY + NOA + HO, (Miller et al., 2014).

N48. INAO2 includes two peroxy isomers. The minor perdk CH,C(OH)(CH3)CH(O2)CH2ONO- can undergo an 1,5-hydroxy-
H-shift leading toHO, + OCHC(OH)(CH3)CH(OOH)CH2ONO2 (Wennberg et al., 2018), which is assumed to photolyze hapid
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(Liu etal., 2018) toCHO + HO2 + CH3C(O)CH(OOH)CH2ONOo, itself followed by photolysis t€¢H;CO + OH + OCHCH2ONO2
(ETHLN).

N49. Adapted from Wennberg et al. (2018). The hydroperopideluct (50% yieldHOCH,C(CH3)(OOH)CH(OH)CH2ONOo) is as-
sumed to react witlDH, following the mechanism of the MCM and leading in parie-=CHC(CHs)(OOH)CH(OH)CH2ONO2 which
is assumed to photolyze rapidly to gi¢d10 + OH + CH3C(O)CH(OH)CH>ONOo.

N50. The aldehyde-H-abstraction channel yidliSCH,CH=C(CH3)C(O)O2 or HOCH>C(CH3)=CHC(O)O. that should isomerize
by 1,6 H-shifts of armx-hydroxy-H to form the doubly resonance-stabilized radica HOC°H—CH=C(CH3)—C(O)OOH (Case I) orZ-
HOC°H—-C(CH3)=CH—-C(O)OOH (Case Il). As for the similar 1,6 H-shifts in the initidl-6-OH-peroxys (see Sect. 2.1.2), the product
radicals are expected to arise in both theZ’ and Z, E’ forms, here assumed in a 50:50 ratio. The expe€igeddition-energy to these
doubly resonance-stabilized radicals is as low as 15 kchl psuch thaD»-additiona to theOH-group onC; (or C,) is likely to result in
O2-loss instead of concerted eliminationld®-, whereas),-addition at they position leads for 50% t&, Z’-peroxys that undergo fast 1,6
enol-H-shifts facing barriers of only 10 kcal mdl, similar to the H-shifts leading to DIHPCARPs (Peeters gt4114). The product radical
of these H-shifts add9, to form DIHPCARP analogues that may readily isomerize bglaydie-H-shift, promoted by H-bonding. The result-
ing radicals are assumed to elimin&t® and OH to yield OCHC(CHj3)(OOH)C(O)OOH or CH3C(O)CH(OOH)C(O)OOH, which
are expected to photolyze rapidly (Liu et al., 2018) i(t0 + HO» + OH + CH3C(O)C(O)OOH or CH3CO3 + OH + OCHC(O)OOH,
respectively. Pyruvic peracid photolyzes radidly iGtH; CO + CO5 + OH, while its reaction withOH is very slow (Saunders et al., 2003).
Peroxy glyoxylic acid (PGA) is considered explicitly. Th@% Z, E’-peroxys that also arise by O»-addition can react quasi-exclusively
with NO and HO., here assumed in a 50:50 ratio, to form mainly oxy radicalg. @, E’-HOCH=CHC(CHj3)(0°)C(O)OOH) that
quickly decompose int€ O + OH + eitherCH3C(O)CH=CH2OH (HMVK) or OCHC(CH3)=CH,OH (HMAC).

N51. OH-addition channel, with rates from Neeb (2000); Pesett al. (2004). FoObH-addition 3 to the formyl, we follow Wennberg et al.
(2018), with product radicals IEPOXAO2 and IEPOXBO?2 ideatito those resulting fromi-IEPOX + OH. The peroxys fronOH-addition
« to the formyl are unlikely to undergo 1,5 aldehyde-H-shiftee to unfavorable expected H-bonding pattern, but shailter react with
NO or HOq, 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 hydroxypgsaresulting fronOH addition toMACR (Crounse et al., 2012; Wennberg et al.,
2018).

N53. Rate from MCM. The reactions occurs byhydroxy-H abstraction, after which the 3-ring opens tarfadhe 10-15 kcal mol' more
stableHOCH=C(CH3)—C(0)O°, the latter stabilized by acyloxy resonance. Direct elamion of CO» as proposed in the MCM appears
not likely, since theC; =C2——C3 bond is~10 kcal mol™! stronger than ilCHz;——C(O)O° due to the neighbouring double bond. The
most likely fate is a 1,5 enol-H shift t©=CHC°(CH3)C(=0)OH (with double “vinoxy" resonance-stabilization), exotiméc for some
25-30 kcal mot*, and almost barrierless. After addif, one can expect a 1,4 aldehyde-H-shift followed®y elimination (barriet~7
kcal mol™!) andOH loss to yield pyruvic acid. The latter is replaced by its miggis products (Burkholder et al., 2015), i.e. 0B, +
0.48CH3CHO + 0.87CO3 + 0.44CH3C(0O)O2 + 0.08CH3C(O)OH + 0.13CO + 0.050H.

N54. See Note N2 regarding the stabilized Criegee interate@H-OO). Pyruvic acid is replaced by its photolysis products (seeipus
Note).

N55. MVKO?2 is a mix of CH3C(O)CH(O2)CH20H (72%) andCH3C(O)CH(OH)CH20O2 (28%). The ratio is adjusted so that the
glycolaldehyde yield ilMVKO2 + NO is 69% (Galloway et al., 2011), taking the nitrate yield (4B)aske et al., 2015) into account.
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N56. MVKOOH is a mix of CHs C(O)CH(OOH)CH>OH (55%) andCH3C(O)CH(OH)CH2OOH (45%). The fractions account for the

different hydroperoxide yields in the reaction of theirpestive peroxy radical precursors withO.

N57. Reaction rate taken equal to the average of the MCM amdstitucture activity relationship (SAR) of Neeb (2000). ése 50%
formyl-H absraction and 50% alcoholic-H absraction. Therfer leads ultimately to hydroxyaceton&\©- (in presence oNO). The latter
leads to a nitrooxydialdehyde assumed to photolyze imnglimto methylglyoxal NOs andHCO.

N58. The reactiodM VKNO3 + OH is split into two reactions sincBlVKNO3 represents two isomer§;HzC(O)CH(ONO2)CH.OH
(for 80%) andCH3C(O)CH(OH)CH2(ONOs2) (for 20%). For the first, assume 50% alcoholic-H abstradiidiiHz C(O) CH(ONO2)CHO
assumed to photolyze (for ca. 80%) i@, + GLY + CH3CO, the rest reacting witlwH to form eventually MGLYHO2+CO- (in the

presence oNO). For the second compound, ignore alcoholic-H absraction.

N59. Assume fast reaction of the acylperoxy radical (84%eacttive flux) withNO. Assume fast photolysis @H3;C(O)C(O)CHO (16%
of flux) into CH;CO + CO + HCO.

N60. Assume immediate reaction of prod@CHC(CHs)(OH)CHO with OH, forming MGLY + HO- + CO2 upon reaction wittiNO.

N61. The dominant OH-addition, ttHO).CHCH(O2)C(O)CHs, is followed by a 1,5 H-shift from an alcohol-H to the peroxsogp
and decomposition (So et al., 2014). The minor addition nhaforms HOC°HCH(OH)C(O)CHs which reacts withO, to HO2 +
CH3C(O)CH(OH)CHO.

N62. The dominant OH-addition (80~ molec ! cm® s™'), to O=CHC(CH3)(02)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).

N63. Combines the minor addition channel (1@ ! molec! cm® s~!) and the aldehyde-H abstraction channel 05! molec™*
cm® s71). The minor addition channel leads 0, + O=CHC(CH;)(OH)CH=0, which reacts primarily wittOH, leading to an acyl
radical which can eliminat€O and give MGLY +HO- or form an acylperoxy radical which can undergo a shift ofaldehyde-H to the
peroxy group. The resulting radical can either lose CO, gmhueaction withO2, form HO, + CO + CH3C(O)C(O)OOH (PPYR),
or react withO4 and then withNO or HO», forming CO2 + HO2 + PPYR. The H-abstraction channel leads to an acylperoxy radical,
O=C(02)C(CH3)=CHOH, which undergoes a enol 1,6 H-shift followed ky,-addition, toO=C(OOH)C(O2)(CH3)CH=O0. The
latter radical undergoes a 1,4 H-shift of the aldehyde-gBilileg toCO + OH + PPYR. PPYR is assumed to photolyze rapidly @H;CO
+ CO2 + OH (Saunders et al., 2003).

N64. The nitrate yield is 1.3% at room conditions (298 K, 1)atm
N65. Assume equal rates for the two addition channels. Sete 5é.4.
N66. The reaction leads to pyruvic acid (along wiikv-), assumed to photolyze very rapidly according to Burkhoktel. (2015).

NG67. Yields calculated at room conditions. The acylper@dical resulting fron, addition to theHCOCO radical (ca. 17% of the reactive
flux) is replaced by the final reaction products in presend@@©@fandO; (i.e. CO + HO2 + COy).

N68. Contrary to MCM, consider aldehyde-H abstractiondileg in part toCO + OH + HCHO (for 25%) and in part ta1OOCH2CO3
(75%) which (upon reaction witthO) leads toCO2 + OH + HCHO.
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N69. Reaction rate taken equal to the average of the MCM amdttiicture activity relationship (SAR) of Neeb (2000). dRrcts assume

fast reaction of peroxy radical witRO.
N70. The minor channel (8%, formation 6fH(OH).CH20O-) proposed by So et al. (2014) is neglected.

N71. The methyl nitrate yield adopted here i¢@ * at 298 K and 1 atm, or ca.B0° in the lower stratosphere, at the lower end of the
range ((5-10)L0~°) estimated by Flocke et al. (1998) based on stratospkficONO- observations.

N72. See Sect. 2.7 for details.

N73. The water dimer concentration (molec.chis calculated using
[dimer = p- K,, - [H20]? /[M] (12)

wherep is atmospheric pressure (atm}J4O] and M are the water vapour and dry air number density (matec’), and K, (atm') is

approximated following Scribano et al. (2006) :

K, =4.7856 - 10 " exp(1851.09/T — 5.10485 - 10 T') (12)

N74. Rate reported by Wennberg et al. (2018). H-abstra@toon hydroperoxide group, followed by decomposition oftiyelroxymethylper-

oxy radical, is slightly dominant (Allen et al., 2018). Hsataction from the carbon is followed YH expulsion.

N75. The rate constant is far-pinene although the compourdPIN is a surrogate for all monoterpenes. For the products, se@8e.4.
N76. The 26% yield is the assumed overall organic nitraten&ion from monoterpenes (Rindelaub et al., 2015).

N77. Several carbonyl intermediates formed in the readienassumed to react rapidly with OBH3;C(OH)(CH3)C(O)O2 is assumed
to react withN O, forming CO2 + CH3C(O)CHs + HO».

N78. The organic nitrate yield i10% at room conditions (295 K and 1 atm) (Chan et al., 2009)ei##s the major isomer peroxy radical
leads toCH3C(O)CHs + GLYALD + HO2 upon reaction wittNO, the other isomer leads #CHO + HO, + CH3C(OH)(CHs)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 validated by comparisonk alitmber measurements, in particular regarding the ptioduaf radicals,
acetone and formaldehyde (Novelli et al., 2018a), and tieperoxy radical isomerisation reactions proposed by katab. (2015) can be

neglected due to their low rates and resulting impacts.
N79. The hydroperoxides formed in the reaction are replageatie OH-reaction products in presenced0.

N80. Average reactivity of the two isomer dihydroxynitat&he products are replaced by th@-reaction products in presenceld.

2.10 Photodissociations

The photolysis reactions are listed in Table 3. In many cabegphotolysis parameters are directly obtained from exntal studies, or can
be assumed identical to the parameters for other, similapoonds (e.g. the absorption cross sections of many orggidioperoxides are
assumed identical to those 6H3sOOH). For nitrooxycarbonyls and for hydroperoxycarbonylsyieer, analysis of the (scarce) available
laboratory data indicates that the interaction betweenvtloechromophores has a strong influence on the reaction mechand on the

photodissociation parameters (Miiller et al., 2014; Liulgt2018). The absorption cross sections for these classgsJ) are calculated
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(a) hydroperoxycarbonyls and keto-enols (b) nitroxycarbonyls

10'175 T T T 3 T T T
: 1 NC4CHO
I 1 10"°F =
10k “ HMAC/HMVK E F ]
3 HPDIAL ] . 1
= 1 ETHLN
. Wl HC(O)CH,O0H ~ INCCO
E 10°F  MVKOOH 1§
E ] 102 a
I : MVKNO3 ]
10-20._
10% . . . 10% . . .
280 300 320 340 360 280 300 320 340 360
Wavelength (nm) Wavelength (nm)

Figure 3. Absorption cross sections (in émmolec™') of (a) hydroperoxycarbonyls and keto-enols (HMAC and HMY#nd (b) nitrooxy-
carbonyls. Species notation as in Table 1.

based on available cross section data for structurallyl@immonofunctional compounds and on wavelength-deperetgr@ncement factors

derived for nitrooxycarbonyls (Mdller et al., 2014) and fydroperoxycarbonyls (Liu et al., 2018) based on avail&dieratory data.
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Table 3. Photodissocation reactions. The last column gives theopatet (/) calculated using the TUV model (Madronich, 1993) for a #eni
angle of 30 and 300 DU ozone. References: 1, Burkholder et al. (2015%62h and Ehhalt (2015); 3, Shaw et al. (2018); 4, Pinho et al.
(2005); 5, Jenkin et al. (2015); 6, Atkinson et al. (2006)L.i0, et al. (2018); 8, Muller et al. (2014); 9, Barnes et al.43% 10, Xiong et al.
(2016); 11, Liu et al. (2017); 12, Nakanishi et al. (1977), Back and Yamamoto (1985).

Reaction Crosssection  Quantumyield Products J (s7Y)
HCHO — CO +2HO» 1 2 3.4(-5)
HCHO — Hs 4 CO 1 2 5.2(-5)
CH3CHO — CH305 + CO + HO» 1 1 5.0(-6)
CH3CHO — VA 1 3 1.7(-6)
GLYALD 2% HCHO + CO + 2HO, 1 1 1.2(-5)
1%, CH3;0H + CO
%, OH + OCHCH,0,
GLY — 2CO +2HO, 1 1 7.6(-5)
GLY — 2CO + H, 1 1 1.6(-5)
GLY — HCHO + CO 1 1 3.1(-5)
CH3COCH3 — CH3CO3 + CH505 1 1 5.5(-7)
MGLY — CH3COs3 + CO + HO, 1 1 1.4(-4)
MACR 2 MCO3 + HO 1 4 5 2.1(-6)
2%, 0.35CH3CO3 + HCHO + 1.65CO + 0.65 CH3 02 + HO»
MVK 2% C3Hg + CO 1 1 5 4.5(-6)
2%, CH3CO3 + HCHO + CO + HO»
CH300H — HCHO +HO» + OH 1 1 5.6(-6)
HMHP — HCOOH + OH + HO, 1 b 4.8(-6)
ISOPBOOH — MVK +HCHO + HO; + OH 1° b 5 5.6(-6)
ISOPDOOH — MACR +HCHO + HO5 + OH 1° b 5 5.6(-6)
ISOPEOOH — MACR + HCHO + HO, + OH 1¢ b 5 5.6(-6)
MACROH — HYAC + CO + 2HO» 6 6 5 6.2(-5)
MVKOOH 22 CH3CO3 + HO, + HPAC 7 7 5/ 1.3(-4)
5%, CH3C05 + GLYALD + OH
CH30NOy — HCHO + HO5 + NO» 1 1° 9.0(-7)
PAN 2% CH3CO3 + NO, 1 1 7.3(-7)
2%, CH50, 4+ CO2 + NOs
PAA — CH50; + OH + CO, 1 b 5 7.9(-7)
HYAC 2% CH5COs + HCHO + HO, 1 1 1 1.9(-6)
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Reaction Crosssection  Quantumyield  Products J (s71)
2%, GCO3 + CH50,
2%, CH30, 4+ CO + HCHO + HO,
2% OH+ ACETO2
INDOOH — NO; + GLYALD + HYAC + OH 6 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» & 8 3.6(-4)
MVKNO3 — 0.8 (CH3CO3 + GLYALD + NO») & 5 5.7(-5)
+0.2(MGLY + HCHO + NO3)
INCCO — NO2 + HYAC + GCO3 6 8 5 1.4(-5)
INCNO3 — NO3 + HCHO + HO; + MVKNO3 6" b h 1.9(-6)
INCNO3 — NOy + GLYALD + NOA + HO, 6 h 2.9(-6)
NOA — CH5COs + HCHO 4 NO, 5 3.2(-5)
ETHLN — HCHO + CO + HO2 + NO, 8 1.7(-4)
NC4CHO 2% NO, +1.15HO; + 1.35CO3 + 0.55 HCHO 10 1d 5" 3.9(-4)
+0.65CH5CO3 + 0.2MMAL + 0.15 MGLY
+0.15CO +0.1GLY —0.550H
NC4CHO 2% NO; + OH + CO + 0.5 HPKETAL + 0.5 HPDIAL
NCACHO 2% NO, + CO + OH + 0.3HMVK + 0.7HMAC
NC4CHO 22 NO, 4 1.7CO + 0.3MVKO2 + 0.7HYAC
DHBO — CH3CO3 + GLYALD 5 5 5 2.7(-6)
HOBA — MGLY 4 CO +2HO» 5" 5" 7.9(-6)
HOBA — CH3CO3 + GLY +HO, 6" 6" 1.9(-6)
HCOC5 — CH3CO3 + HCHO 4+ GCO3 5 5 5 2.3(-6)
ICHE 2% 2C0 + HO, + OH + HYAC 67 67 0 6.2(-5)
2%, CO +HO3 + MVKO2 0
HPCE — HO» 4 1.82CO + 0.82OH + 0.82 HPACET + 0.18 KPO?2 67 67 p 6.2(-5)
MCO3H — OH + CO3 + 0.65 (CH304 + CO + HCHO) 19 b 5 7.9(-7)
+0.35(CH3CO3 + HCHO)
GCO3H — OH + HO5 + HCHO + CO» 19 b 5 7.9(-7)
HPAC 2% vaA 7 7 7 3.6(-4)
2%, HO, + CO + HCHO + OH
HPACET 2% MvA 7 7 7 1.3(-4)
2%, CH3COs + HCHO + OH
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Reaction Crosssection  Quantumyield Products J (s71)

HPKETAL %% HMVK 7 7 r 5.4(-4)

2%, CH5COs + OH + GLY

2%, CO +HO3 + OH + MGLY

50%

HPDIAL %% HMAC 7 7 r 5.2(-4)
2%, CO +HOs + OH + MGLY
DIHPMEK — OH + CH3CO3 + HPAC 7 7 5" 1.3(-4)
BIACETOH 2% CH5CO3 + GCO3 6° 6° t 7.1(-5)
2%, CH3CO3 + CO + HO, + HCHO
HPALD1 2% 0.450H + 1.15HO; + 1.35CO4 + 0.55 HCHO 1 u 11 4.2(-4)

+0.65CH3CO3 + 0.2MMAL + 0.15MGLY 4+ 0.15CO + 0.1 GLY

11%

— 20H+ CO + HPKETAL

56%

%, €O +20H+HMVK
2%, CO + CH5CO3 + GLYALD
HPALD2 %% 0.450H + 1.15HO, + 1.35CO5 + 0.55 HCHO 1 u 11+ 4.2(-4)

+0.65CH3CO3 + 0.2MMAL + 0.15MGLY +0.15CO + 0.1 GLY

18% 9 0OH + CO + HPKETAL

2%, 0 4+ 20H + HMAC

8% 900+ HO» + HYAC

HMAC — OH+ CO + HO2 + MGLY 12 v w 1.0(-5)

HMVK — OH + CH3CO3 + GLY 12 v w 1.0(-5)

PGA — CO+HO3 + CO2 + OH T T 5 1.1(-4)

APINONO2 — NO» 67 b 2.9(-6)
Notes:

a) Total quantum yield of 0.004.
b) Unit quantum yield.
5 ¢)As for CH;OOH.

d) As fori—C3H7CHO.
e) Total quantum yield of 0.8.
f) See Sect. 2.1.4 regarding hydroperoxycarbonyl photlgsid note N56 above.
g) As for CH3CH(ONO2)CHs.

10 h) Oxy radical decomposition follows Vereecken and Pee2069).
1) Oxy decomposition as iENDO2 + NO (Table 2).
7) Sum of absorption cross sections@f;C(O)C2Hs andn—C4HoONOo.
k) Asn—C4HyONOs>.
) Quantum yield of 1 below 336 nm, zero above (Xiong et al.,6)01

15 m) NC4CHO photolysis followsHPALD?2 photolysis for 75% andiIPALD1 for 25% (isomer distribution of Schwantes et al. (2015)).



10

15

20

25

30

35

n) For the aldehyde channel, ugéC,Hs; CHO); for the ketone channel, usgHYAC).

0) C-C scission leading tB(lCO and the same product radicals as in the formyl-H-abstnagaghway in ICHE+OH (Note N17).

p) C-C scission leading tHCO and the same product radicals as in the formyl-H-abstnagathway in HPCE+OH (Sect. 2.1.2).

q) As for CH3C(O)OOH.

r) See Sect. 2.1.4 regarding hydroperoxycarbonyl photlysi

s) Photorate taken as 25% #{CH3C(O)C(O)CHs) based on the experimental photorate determination okBretsal. (2015).

t) The reaction gives dominantlyHs;C°O + HOCH2C°O. The latter radical is formed with an internal energy ragdietween 5 and 20
kcal mol~*. Below ~11.5 kcal mor*, it mostly addsO-; above that threshold, it mostly dissociates1® + CH,OH (barrier~11 kcal
mol~') (Méreau et al., 2001)).

u) Absorption cross sections 8 ACR, quantum yield of 0.8. See Sect. 2.1.5 for the products.

v) Quantum yield of 0.1 below the threshold of 312 nm (see Sett5).

w) See Sect. 2.1.5.

x) For peroxyglyoxylic acid, use the same photolysis paramseds for glyoxylic acid (Back and Yamamoto, 1985). The twranyield is
equal to 0.71.

2.11 Uptake by aerosols

The heterogeneous reactions on aerosols are listed in Zatith their associated reactive uptake coefficients. Tte(pg for the heteroge-
neous uptake of a chemical compound on aqueous aerosolslitated using

A
A= Dy T 4@ )’ (13)
whereA is the aerosol surface density (€em™2), r, is the number mean particle radius (ctb), is the gas-phase diffusivity parameterized
as described in Miiller et al. (2008),is the mean molecular speed (cm'$, and~ the reactive uptake coefficient (Table 4). The aerosol
surface density is calculated following (Stavrakou et2009b). Aqueous aerosols include inorganic (sulfate/amuama/nitrate/water) and
carbonaceous (OC and BC) calculated by the model as deddnils¢avrakou et al. (2013) and sea-salt aerosol from the ®@AGonitoring
Atmospheric Composition and Climate) Reanalysis (appsnddnt/datasets/data/macc-reanalysis/levtype=sfc/)

The heterogeneous uptake of alkyl nitrates by aqueousa@sradiowed by their hydrolysis has been suggested as aantis organic
nitrate sink and a large source of nitric acid in forestedirenvnents (Romer et al., 2016). Since tertiary nitratesensdrown in the lab-
oratory to undergo hydrolysis much faster than primary aszbsdary nitrates, we neglect the hydrolysis of non-tertidtrates while
assuming fast hydrolysis of tertiary nitrates from isoprehhe reactive uptake coefficient)(calculated by Marais et al. (2016) based on
measured hydrolysis rates of a primary and a secondary Xxyuitcate from isoprene in neutral solution (Jacobs et2il14) is much too
low (1.3107 —5.210~°) to account for the loss observed during the Southern Oxkiafash Aerosol Study (SOAS) campaign (Romer et al.,
2016), due to the relatively low estimated Henry's law cansof isoprene hydroxynitrates. A much highef0.03) is assumed here for
the major (tertiary) 1,2-hydroxynitrate from isoprene @BBNO3), such that heterogeneous loss is its dominant rfiatieei troposphere,
whereas the uptake of non-tertiary isoprene hydroxymisré neglected. Although crude, this assumption leads tmd model agreement
against aircraft observations of isoprene hydroxynirateer the Southeastern U.S. (see Sect. 4.2). Furthernhereatculated average
for the sum of isoprene hydroxynitrates weighted by thespeetive abundances 480.02, consistent with the upper limit (0.02) inferred

for the isoprene hydroxynitrate family by Wolfe et al. (20&sed on SOAS measurements. An uncertain, but likelyfggnt, fraction of
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Table 4. Heterogeneous reactions on aqueous aerosotienotes the reactive uptake coefficient. References: Tid.gf al. (2005);
2, Marais et al. (2016); 3, Fisher etal. (2016); 4, Mullerlet(2016). Notes:) The dependence on aerosol pH (Marais et al., 2016;
Stadtler et al., 2018) is ignored.

Reaction 5y 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 0.03 b
MACRNO3 — MACROH + HNO3 0.03 b
APINONO2 — HNOg3 + product 0.005 3
CH3000H — CH30H + O2 0.1 4

the monoterpene nitrates (represented in the mechanisnubigae lumped compound APINONO2) is assumed to be tertiadyusmder-
goes hydrolysis (Browne et al., 2013, 2014) witke 0.005 (Fisher et al., 2016). Other, minor tertiary nitsaenerated in the mechanism
(INB1OOH, INB20OOH, INBINO3 in MCM) are also assumed to urgterapid uptake followed by hydrolysis in the aerosol, gatieg
HNOs3 and a usually very soluble and condensable co-product &skstorremain in the particulate phase. The saturation vap@assures
of those hydrolysis products (hydroperoxy triols and nijrériol) are calculated to be in the range (4—4@) ° atm using the group con-
tribution method of Compernolle et al. (2011), i.e. thredevs of magnitude below the estimated vapour pressure pfese dihydroxy
epoxide (IEPOX). The assumed rapid aerosol sink of therdigittNBINO3 O.NOCH(CH2OH)C(CHs)(ONO2)CH2OH) generated
in the oxidation of isoprene hydroxynitrates B has a potentially significant impact on toRRONO- levels, due to its long expected
chemical gas-phase lifetime, with &i-rate constant 0f-2-10~*2 molec™! cm® s~! (Saunders et al., 2003). However, a global model
sensitivity simulation ignoring the aerosol sink of INB1R@nd assuming similar gas-phase sink reactions as for tiiteatié INCNO3
(HOCH2CH(ONO2)C(CH3)(OH)CH2ONO2) shows that dinitrate hydrolysis depletes tdBDNO- levels by only~3% globally, in
spite of its strong impact on total dinitrate abundancest¢feof 10).

The hydrolysis of non-tertiary nitrates is slow comparetettiary nitrates, and is therefore neglected here. Gessakpartitioning might
occur, leading to possible loss by aerosol dry or wet dejoosithis loss could be significant if repartitioning of pauiate nitrates to the gas

phase would be inhibited (Fisher et al., 2016). These effaic however very uncertain, and are not considered hesafipticity.

3 Box model comparison with other isoprene mechanisms

3.1 Description of smulations

The isoprene mechanism is evaluated against the MCMv3Bthjned from http://mcm.leeds.ac.uk/MCM/ (Jenkin et2015), and the
Caltech reduced mechanism (version 4.3) obtained fronyhibxpdoi.org/10.22002/D1.247 (Wennberg et al., 2018 Taltech mechanism
is also available in its explicit (“full") version, which ever does not include the further degradation of many teaihgpecies down to
CO2 and is therefore not appropriate for comparison. We perf8®@rhour simulations starting at 9 AM with 2 ppbv isoprenemperature

is set to 298 K, and thH>O mixing ratio is 1%. Two scenarios are considered: a highzIS€@nario with 1 ppbWOx (also 40 ppbvO3 and
250 ppbvCO) and a low-NQ scenario with 100 pptiWO (with 20 ppbvO3 and 150 ppbvCO). The photolysis rates are calculated for
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clear-sky conditions in mid-July at 38, with 300 DU ozone and an albedo of 0.05 using the Troposph#traviolet and Visible (TUV)
photolysis model of Madronich (1993). For computationdicefncy, the photorates are parameterized as a functioolaf genith angle

using MCM-type expressions (Saunders et al., 2003),
J=1-(cosx)™ -exp(—n/cosx) (14)

where the parametelrsn andn are obtained from TUV calculations at three zenith anglés30° and 60). For convenience, the numbering
of the photodissociations is the same as in the MCM, excepthfase (e.g. hydroperoxycarbonyls) for which the MCM fdilsck on
simpler, monofunctional model compounds. Since Wennbiead) €018) does not provide specific recommendations #cticulation of
photorates, we use our own expressions in their mechanisenCaltech mechanism files do include noontime photoraimatsts, but their
derivation is unclear, and their use in the intercomparigounld lead to large discrepancies with both MCM and MAGRIT®Escuring the
interpretation of differences. To further facilitate tigerpretation, the same inorganic chemistry and the sates of the major reactions of
CH302 andCH3CO3 (with NO, HO2 andNO-) as well as of PAN-like compounds are adopted in the threeharésms. Heterogeneous
uptake on aerosols are also included, calculated assumimgrasol surface density 6f 107 cm? cm~2 with uptake coefficients as in

Table 4. All rate coefficient expressions are available @MAGRITTE mechanism repository (http://doi.org/10.18/78.021042).

3.2 Comparison resultsfor HO,,

The temporal evolution of key compounds concentrationsutailed with the three mechanisms using the Kinetic Prefsmr (KPP)
package (Damian et al., 2002) are displayed on Fig. 4 (fai-N@x) and 5 (low-NOXx). The initial isoprene is more rapidignsumed at
high-NOx (< 2 hours) than at low-NOx~ 5 hours) due to higheDH levels ¢ 107 vs. ~ 2 - 10° molec. cn®). There is generally a much
better level of agreement between the mechanisms at highdé@pared to low-NOx. The Caltech mechanism leads to thieelsi) H
levels. At low-NOX, the Caltech-based avera@&] during the first 4 hours of the numerical experiment is bydegof 1.25 and 1.32 higher
than with the MCM and MAGRITTE mechanisms, respectivelye Taltech-based model predicts also higHér. (by a factor of~1.1),
CH303 (~1.3) and especiallgH;CO3 (~1.4). The differences between the three mechanisms do neeéxa few percent at high-NOx.
There are several causes for the large differences at low NOx

The first reason is that the Caltech mechanism includes @&hijrectOH yield (1.5) in the bulk 1,6-isomerisation of isoprene pgrox
radicals. This production is the result of the high assunieldl pyf DIHPCARP (0.6) in this reaction and of the high dirétt and secondary
(1.5) yield of OH radical resulting from the degradation of DIHPCARPs. Fenthore, the3-HPALDs also formed in the 1,6-isomerisation
of isoprene peroxys are mainly lost by photolysis, leadm@gdditionalHOx production. As a sensitivity test, the model was run with
the MAGRITTE mechanism modified by replacing the bulk 1,6Hiftsreaction of isoprene peroxys by its representatiorhi €Caltech
mechanism. This change alone increaS&k concentrations by about 15% compared to the standard MAGR K Iimulation, and reduces
also the discrepancies fofO5, CH3O2 andCH3COs.

A second reason for lowéiOx levels lies in the yield oHOx and other radicals in the photolysis of several major hydropycarbonyls
(e.g. HPAC, HPACET and HPKETAL). This yield is much lower inronechanism, as it accounts for the major enol-forming okhan
(Liu et al., 2018), which does not produce any radical. Thesetions generate ori@H and either oné1O» or oneCH3COg3 radical in
the Caltech mechanism, which assumes either scission @ theC bond followed byOH expulsion, or equivalently, dire€dH release
followed by spliting off of either formyl or acetyl radicah second sensitivity calculation with the MAGRITTE mechsmi modified by
assuming that the photolysis of those hydroperoxycarisopgdceeds as in the Caltech mechanism further incréaBelsy almost 10%, in
the first hours. Even larger increases are calculat@®fb6) for CH3;O2 andCH3COs.
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Figure 4. Box-model calculated mixing ratios of key compounds at 1vpidx. MCM results in black, Caltech mechanism in green, this

work in red. ISOPN is the sum of isoprene hydroxynitrate N2 the sum of organic nitrates), RO2NO2 the sum of PANSs.
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Figure 5. As Fig. 4, for 100 ppt NOx. The dashed red line correspondssimalation using the MAGRITTE mechanism with the Caltech
representation of the isoprene peroxy 1,6 H-shift and ohiliroperoxycarbonyl photolysis reactions.
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A lesser, but significant, factor also contributing to thiéedences includes the higher bulk 1,6-isomerisationdyielthe reduced Caltech
mechanism, in large part due to the neglect of the minHraddition pathways to the central carbons of isoprene, ivt@present 7% of the
total ISOP + OH reaction flux in our mechanism.

The results of a sensitivity calculation using the MAGRITiTEchanism modified by adopting the Caltech reduced mechasisresen-
tation of 1) isoprene peroxy 1,6 H-shift yield and produetsd 2) hydroperoxycarbonyl photolysis reactions are shawhig. 5 (“Hybrid
mechanism”, dashed red lines). The residual differenceedesm Caltech and the modified MAGRITTE mechanisms are venliga few
percent) forHOy, CH302 andCH3COs3.

3.3 Comparison resultsfor isoprene products

The three mechanisms agree well for the main isoprene dsidptoducts (e.g. MVK, MACR, HCHO) when accounting for éifénces
in OH levels and in the HPALD yield in the bulk 1,6-isomerisatiohisoprene peroxys (0.25, 0.5 and 0.75 in the Caltech, MCM and
MAGRITTE mechanisms). The lower yield of primary hydroxiyates (ISOPN) in ISOPO2+NO reactions in the MCM (10%,v43%
following Wennberg et al. (2018)) explains the lower MCM IBR and total organic nitrates (RONO2) concentrations dyttie first hours.
Note that higher ISOPN and RONO?2 levels (by a factordf2) are calculated when the aerosol sink of tertiary rég@ not considered.

In spite of the similar ISOPN concentrations in the threeu@ttions, the calculated RONO?2 levels decrease more seaftér the initial
peak in the Caltech simulation than in the MAGRITTE and emllgche MCM simulation (Fig. 5). This is partly explained bifferences
in OH, as seen from the lower discrepancy in RONO2 found betweerCHitech and hybrid mechanism simulations which realizg ve
similar OH levels. An additional cause of difference in RONO2 levelthis 1,5 H-shift in dihydroxy nitroxyperoxy radicals (INBG&d
INDO2) formed from theOH-oxidation of isoprene hydroxynitrates. This H-shift faimydroperoxynitroxy carbonyls assumed to photolyze
very rapidly, releasin@NO- and therefore removing RONO?2. It is the dominant sink of éhpsroxys in the Caltech simulation, while it
is neglected in the MCM, and assumed to proceed at a slone(0&2 s') in our mechanism, due to the influence of H-bonding (see
Notes N11 and N14). This also explains the higher abundaitte @arbonylhydroxynitrates (MVKNO3 and MACRNO3) in thedW and
MAGRITTE simulations (Fig. 5), as those are partly formeahfrthe bimolecular reactions of the peroxys INBO2 and INDO?2.

Dinitrates make up only a very small contribution to totalfRROR levels in the simulations{0.5% at low-NOx,<3% at high-NOXx). The
dinitrates formed from ISOP+OH are indeed mostly tertiarg therefore assumed to hydrolyze rapidlyH® O3 and an alcohol. When the
aerosol sink of those nitrates is neglected, their cortiobuto total RONO2 becomes substantial (13 pptv out of 5% pptow-NOX) in the
MCM simulation, but remains low in the Caltech simulatien2 pptv). This large difference stems mostly from lower dati¢ yield in the
reactions of dihydroxy nitroxyperoxy radicals withO in the Caltech mechanism, due to the strong reduction ofitd gue to the nitrate
group. Moreover, the MCM neglects the photolysis of thetdités, which represents about one third of their total @enosol-related) sink
according to our estimation. Both the aerosol reactionstlaadlinitrate yield are acknowledged as very uncertain,gvew and the overall
impact of dinitrates could be larger than assumed in our an@sm.

The total peroxynitrate (RO2NO2), methylglyoxal and glgbgoncentrations calculated in the three simulationsrareasonable agree-
ment. The differences in RO2NO2 level are partly relatediffer@nces in yield of thd1OCH2C(O)O- radical (GCO3) in the photolysis
of CH3C(O)C(O)CH20OH, equal to 1 in the MCM, 0.5 in our mechanism, and 0 in the Chltaechanism (see Noten Sect. 2.10).

The production of methanol, however, is much larger with MAGTE than with the MCM (factor of 3) and with the Caltech manfsm
(factor of 8). A large part of this difference is due to &3O, + OH reaction (Sect. 2.7), which accounts for about half @& OH
production at low NOx, and even more at high NOx. In additidwe, rate of theaCH302 4+ RO reactions has a unique value for BIO»

compounds (3802 molec=! cm?® s7! at 298 K ) in the MCM, much lower than in the Caltech and MAGRHETechanism for isoprene
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hydroxyperoxys (210~ 2 molec.* cm?®). Finally, although the full Caltech mechanism includ&d; OH formation in the reaction of e.g.
ISOPDO2 (4,3-ISOPOO) witkH3 O, this production is neglected in the reduced Caltech masimrexplaining the very low Caltech-
calculated methanol levels on Fig. 4-5.

Very large differences are also found for formic acid. Infirg hour of the experiment, MAGRITTE predicts lower fornoatrates due to
lower direct HCOOH formation from the ozonolysis of isopgem particular, the primary HCOOH yield is only about 3% iABERITTE,
about 6 times less than in both the MCM and Caltech mecharasmh% H>O mixing ratio). HMHP HOCH>OOH) being not formed
in the MCM, the overall HCOOH production from alkene ozorsidy(both direct and indirect through HMHP oxidation) igklly higher
in MAGRITTE than in MCM, whereas it is about twice higher iret@altech mechanism. At later times, the formation of foragid due
to the reactions of enols (VA, HMAC and HMVK) witbH becomes a larger source than the ozonolysis of isoprenetsdeédradation
products according to MAGRITTE, especially at low-NOx. T@altech mechanism includes an additional HCOOH produgtiathway
through the oxidation of secondary isoprene nitrates (&t C(O)CH(ONO2)CH2OH) by OH, which becomes significant at high-NOx.
This mechanism proposed by Paulot et al. (2009b) involvesattion of arv-hydroxy-H, followed byO2-addition and by a rearrangement
leading toNO3 + HCOOH + MGLY, instead of the expected fast dissociation of thydroxyperoxy radical inté1O» and a dicarbonyl.
This mechanism is ignored in our mechanism, as it is highigglex and likely faces a much higher barrier than the F&sSt expulsion (at
~1000 s*, Hermans et al. (2005)).

Finally, the production of acetic acid is relatively sinmila the three mechanisms. The slightly lower acetic acidipetion in the Caltech
run is primarily due to a lowe€H3;C(O)OH yield in the CH3sC(O)O3 + HO reaction (0.13 vs. 0.16 in MCM and MAGRITTE) and to
the neglect ofCH3C(O)OH formation through reactions of isoprene peroxys wWitis COs. It is partly compensated by highéH;CO3
levels in the Caltech simulation, especially at low-NOxeTAGRITTE mechanism includes an additional acetic acida®through
the OH-oxidation of CH,=C(CH3)OH (MVA) generated from the photolysis of hydroperoxyacetdtfACET. This source accounts for
~28% and 38% of the tot&lH3C(O)OH source at high- and low-NOX, respectively.

4 Regional and global modelling
4.1 Model description and simulations

The MAGRITTE v1.1 model calculates the distribution of 182mical compounds, among which 141 species undergo treanspoesses
(advection, deep convection and turbulent diffusion) miodel. MAGRITTE can be run either globally &t @atitude) x 2.5° (longitude)
resolution, or regionally at 0°5¢<0.5° resolution. The lateral boundary conditions of the regionadel are provided by the global model.
In the vertical, the model uses a hybrig-pressure) coordinate, with 40 levels between the Earthiase and the lower stratosphere (44
hPa level). The meteorological fields are provided by ECMWRAHNterim analyses (Dee et al., 2011). Most model pararizstions,
including the transport scheme and the chemical mechamisemthropogenic and biomass burning VOCSs, inherit fromM&GES model
(Muller and Brasseur, 1995; Stavrakou et al., 2009a, b, 2B&atiwens et al., 2016). The deposition scheme is describadcompanion
paper (Muller et al., 2018).

The model uses anthropogenic emissions of CO, NOx, OC, BSé&n from the HTAPv2 dataset for year 2010 (Janssens-Maenhalt, et
2015). Following Travis et al. (2016), the anthropogenicxX\gnissions over the U.S. are first scaled down to match the tot& (3.5
TgNl/yr) for the year 2013 reported by the National Emissiovehtory (NEI), and the U.S. NOx emissions due to industiy tiansport
are further reduced by 60% to match observed aircraff M@icentrations and nitric acid deposition data, condistéth the recommen-
dation of Anderson et al. (2014). Anthropogenic NMVOC eriaiss are provided by the EDGARvV4.3.2 inventory (Huang et28117) for
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the year 2012. The global annual anthropogenic NMVOC sosrte4 TgNMVOC (118 TgC). Biomass burning emissions (78 TQrO\C
or 45 TgC in 2013) are obtained from the Global Fire Emissiatabase version 4 (GFEDA4s) (van der Werf et al., 2017) andeatieally
distributed according to Sofiev et al. (2013).

Isoprene, monoterpene and MBO fluxes (366, 91.5 and 0.93 fiegpectively, in 2013) are calculated by the MEGAN-MOHYCAN
model (Mller et al., 2008; Guenther et al., 2012; Bauwera.eR018) and are available online (http://emissions@amie.be). Biogenic

emissions of acetaldehyde and ethanol (amounting to 92 &rbg8C) yr*

globally) are parameterized as in Millet et al. (2010). The
methanol biogenic emissions are provided by an inverse hirglstudy constrained by spaceborne methanol abundamatare estimated
at 37.5 Tg(C) yr' (Stavrakou et al., 2011). Biogenic emission<af, (scaled to a global total of 4 Tg(C) yt), CH2O (1.6 Tg(C) yr ')
andCH3;C(O)CH; (18 Tg(C) yr ') are also provided by MEGAN (Guenther et al., 2012) (avédain 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=1) (Milller et al., 2018), similar to previous model estimasoStavrakou et al., 2011; Fischer et al., 2012; Millet gt2010). Finally,
oceanic emissions of alkyl nitrates are also included, dbasecomparisons with aircraft campaign measurements gisially proposed by
Neu et al. (2008), but taking into account the updated aitegre calibration of the campaign data (Simpson et al. 120The adopted rates
over Tropical oceans (2@ — 10N) are6 - 10%, 2.5-10%, 10% and10® molec. cm? s~ for C1, Cy, Cs and G. 3 alkyl nitrates, respectively;
3-107,3-107, 1.5-107 and10” molec. cn 2 s~! over the Southern Ocean-10°S); a uniform rate of0” molec. cm? s~! is adopted
elsewhere over ice-free oceans. The calculated globakemssare respectively 0.35, 0.3, 0.2 and 0.25 Tg(C) (o114, 0.08, 0.07 Tg(N))
for C;, Cz, Cs and higher alkylnitrates.

MAGRITTE is run for a period of 18 months starting on July 1120both at the global scaleq(22.5° resolution) and regional scale for

the U.S. (0.8x0.5°, 10-54 N, 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(R&t al., 2012), whereas ozonolysis and W@s-reaction contribute for-9%
and 5%, respectively. The isomerisation reactions cottieofate of about one fifth of the total flux of hydroperoxy s formed from the
reaction of isoprene witkbH (16.5% and 3% for the 1,6 and 1,5 H-shifts, respectively)weleer, the contribution of 1,6 H-shift is much
higher, by about one order of magnitude, for the peroxysltiagurom OH-addition to carbon C4 than for those resulting from addit
C1 (Peeters et al., 2014; Wennberg et al., 2018). Furthextius contribution is dependent on temperature and onatheantrations oNO
andHO. radicals, as illustrated on Fig. 6: of the order of 50% overote forests such as Amazonia, it dropst85% over the Southeastern
U.S. and below 20% over cooler, more NOx-polluted areasG#baddition).

The isomerisation reactions of isoprene peroxys regeméfax, (HO» + OH) radicals, in part directly (see Sect. 2.1.2) and in part
from subsequent reactions of the isomerisation produde®LiDs in particular. However, as discussed in Sect. 3.1r¢hiEsed isomerisa-
tion product distribution of the MAGRITTEV1.1 mechanisnonsistent with recent experimental findings (Berndt et20119), lowers the
regeneration oOH compared with distributions assuming a large yieldOd radicals and dihydroperoxycarbonyls (Peeters et al., 2014
Wennberg et al., 2018) assumed to release additid@al through fast photolysis. Furthermore, our recently pregaanol-forming pathway
in the fast photolysis of several key hydroperoxycarbogglg. HPACET and HPAC) also decreases the recyclingléfcompared with the
previous assumption @ —OH bond scission. The overall impact of isoprene peroxy rddécanerisation reactions on boundary-layer av-
eragedOH concentrations reaches up to about 40% over Western Ameaodi10-15% over Southeastern U.S. and Siberia in July{kig.

whereas their impact cHO- is comparatively lower, as it does not exceed 20% over Amazdine isomerisation reactions lead also to
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(a) 1,6 isom. fraction, C1-addition (b) 1,6 isom. fraction, C4-addition

Figure 6. Calculated percentage contribution oféZrydroxyperoxy 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).

Change in PBL OH (%)

-

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

(column average, July 2013).

reduced isoprene nitrate formation, by up~td0% over Amazonia, as tiRO2 + NO reactions compete with unimolecular reactions. The
decreased NOx loss through organic nitrate formation antiepeemoval implies longer NOx effective lifetime and higy concentrations
(by a few % over Amazonia), in spite of the high@H levels and increased NOx loss througl, + OH. These changes lead to slightly
enhanced; concentrations over Amazonia (a few percent). The impa¢di@R O concentrations and vertically-integrated columns is very
small, also of the order of a few percent at most.

The dry or wet deposition of organic (peroxy-)nitrates amal itreversible sink of organic nitrates through hydraysi other processes

on aerosols are significant net sinks of NOx over vegetategisgiBrowne et al., 2014; Romer et al., 2016; Fisher et al6RAs shown on
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Figure 8. Percentage ratio of annual NOx net loss due to organic eifoamation (i.e., their combined aerosol sink and depmsisink) to

the total annual NOx emission. Blank areas are those withallyaaveraged NOx emissions lower than10° molec. cm? s+,

Fig. 8, the combined deposition and aerosol sink of orggmecaxy-)nitrates is found to be the dominant sink of NOx awzenforests in
South America and Africa, as well as over boreal forests e$a and Canada during the summer. This fraction even dgc&6 over the
most remote areas (e.g. Western Amazonia) where high iseed low NOX levels both contribute to IdWH concentrations (of the order
of 10° molec. cm 2 during daytime in the boundary layer). These estimatesldhmiconsidered with caution given the large uncertainties
in the assumed aerosol uptake coefficient and poor unddimstpanf aerosol chemical processes. Over the Southeast&n(&0-94.8W,
29.5-40'N) during August-September 2013, the MAGRITTE model caltiohs (regional version over the U.S., D/&solution) suggest
that the NOXx sink through aerosol hydrolysis amounts to 14%@x emissions in the region, whereas the deposition of iogaitrates
and peroxynitrates account for additional 7 and 5% of NOxssians. The estimated total net loss of NOx throlRfpNO, formation
amounts therefore to 21% of NOx emissions, in good agreemihtprevious calculations using the GEOS-Chem model @ishal.,
2016) (21%). This agreement might be partly fortuitousegithe important differences between the two studies regatte nitrate yield
in the ISOPO2 + NO reactions (9% in Fisher et al. and 13% in our study) and reggithe treatment oRONO, aerosol sink: a unique
uptake coefficient (0.005) was used by Fisher et al. for affiene nitrates except nitroxyacetone and ethanal nitrditereas only tertiary
nitrates are assumed to undergo aerosol hydrolysis in ady gtvith v=0.03). Non-tertiary nitrates might partition to the a@loghase
and possibly undergo processes preventing their everdgledge to the gas-phase, in which case the overall NOx sloilaged here is
underestimated.

Although SOA is not a focus of this study, SOA formation prses are included in the model. The largest source of SOA isfitake
of IEPOX, with a global flux (49 Tg or 25 TgC y) of magnitude similar to previous model estimates, of théeorof 40 Tg yr!
(Lin et al., 2012; Stadtler et al., 2018). These estimatevary uncertain, since the reactive uptake parametesizased in models ignores
the complexity of SOA formation which involves the partiting of semi-volatile compounds and chemical transforametiin the gaseous
and particulate phases (D’Ambro et al., 2018). Glyoxal isther well-identified source of SOA, amounting to 10 Tg Yyglobally (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., 20T2e
dihydroxy dihydroperoxidesI§OP(OOH)») formed from the oxidation of ISOPOOH byH were recently estimated to be a dominant
source of SOA (Stadtler et al., 2018); in our mechanism,ette@gnpounds are ignored since their yields are believed teeb#gible in
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atmospheric conditions (D’Ambro et al., 2017). The majon#BPOX products ofOH-addition to ISOPOOH are dihydroxy hydroperoxy
epoxides (DHHEPOX), also believed to form SOA as discusdede(Note N6). Their global production in the model amouat80 Tg
yr~! (12 TgC yr1). Assuming that their reactive uptake is as effective adB&OX, and neglecting gas-phase oxidation®§l (which
generates other low-volatility compounds also expectefdim SOA), we estimate with the model that SOA formation acts for two-
thirds of the sink of DHHEPOX (i.e. 20 Tg yt), whereas dry/wet deposition makes up the rest. If confirrifesiwould make DHHEPOX
the second-largest contribution to isoprene SOA.

Other SOA formation pathways are implied, but not explcigpresented by the MAGRITTE mechanism, such as the hyslsobf
dihydroxy dinitrates (Note N12) and dihydroxy hydroperaxjrates (Note N13). The hydrolysis products, nitroxy- dwydroperoxy-triols
are expected to be of very low volatility and remain mostlythia aerosol phase, as their vapour pressures (Compernalle 2011) are
estimated to be very low. Those triols represent only a maumtribution to the global SOA budget, however, as theiinested global
production is~3 Tgyr * (1.2 TgC yr).

4.3 Model evaluation against SEAC*RS campaign measurements

The regional model simulation over the U.S. is evaluatednagaircraft measurements of the NASA SERS (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 charattdsy high emissions of isoprene and other BVOCs.
The observations discussed below are those obtained onABANDC-8 (www-air.larc.nasa.gov/missions/merges/) kestw 9h and 17h
local time. Biomass burning plumes, urban plumes and stipateric air are excluded from the analysis (diagnosed Wifis[CN] > 225
ppt, [NO2] > 4 ppbv, and Q3]/[CO] > 1.25, respectively) (Travis et al., 2016).

Figure 9 presents the observed and calculated averagepraffitizoneN O and VOC oxidation products. The model profiles are averages
based on values interpolated at each measurement locatiotinee. As noted above, the NOx anthropogenic emissiornd inséne model
were strongly reduced, relative to NEI official estimatidnsorder to match the SEARS observations fdkO» (alsoNO) and improve the
agreement for ozone, consistent with the results of Tranas €2016). The model is in excellent agreement withHiieH O profile measured
by the Compact Atmospheric Multispecies Spectrometer (GAkRichter et al., 2015), with only about 3% average overegion below
4 km altitude, whereas a model underestimation of 8% is faetative toHCHO measurements by laser-induced-fluorescence (NASA
GSFC ISAF instrument, Cazorla et al. (2015), not shown on #igThe model performance is also fairly good for the majadpcts of
isoprene + OH, with moderate overestimations of 14%, 1% a®¥d for MVK+MACR, ISOPN (the family of primary hydroxynitras
from isoprene) and ISOPOOH, respectively. Even for ISOPQE model falls well within the measurement uncertaintygea (40%)
(Nguyen et al., 2015b). Note that the modelled MVKMAC acasuior the presumed interference of ISOPOOH in the measurgras
described in Mdller et al. (2018). This correction increals®/KMAC by ~10% on average for this campaign.

The model-calculated HPALD concentrations (dotted lingtenCsHsO3 panel of Fig. 9) are on average about a factor of two lower
than the observed Caltech CIMS (Chemical lonisation Mags®pmetry) signal at the corresponding mass; when adtimgadntribution
of the carbonyl hydroxyepoxides (ICHE), which have the séon@ula (CsHsO3) as HPALD and can be expected to interfere with HPALD
measurements, the model falls within the measurement tamaigr range (50%) with an underestimation decreased t&-@blid line on
Fig. 9). The ICHE compounds are formed from the oxidationEPOX (as well as HPALDs) by H. It is likely than other, unknown
compounds contribute to the CIMS signal at the same mass$s@slaserved in the PROPHET campaign in Michigan, where tRaLiD
contribution to the CIMS measurement at the given mass wasaed at 38% based on the relative contribution of the HPAdeaks to

the total GC area (Vasquez et al., 2018). This is consistéhtour modelled HPALD accounting for 50% of the CIMS measueat, when
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considering also that all isoprene oxidation products appkghtly overestimated by the model as suggested by-2@% overprediction of
modelled ISOPOOH and MVK+MACR relative to the measuremdntspite of the important uncertainties and remaining amkms (e.g.

the identity of additional compounds contributing to theViS signal), this good consistency provides strong supmotthé high HPALD

yield (75%) adopted in this work in the isomerisation{-OH-peroxys from isoprene (Sect. 2.1.2). Lower yield valas proposed in
recent previous work, i.e. 50% (Peeters et al., 2014; Jegtlah, 2015) or 25% (Teng et al., 2017; Wennberg et al., 20d8)Ild lead to

much stronger HPALD underestimations against SERE data.

The good consistency between the model results for the nhigbrNOx and low-NOx isoprene oxidation products lendsficleamce
in the major steps of the mechanism. The excellent agreefoehEPOX (+2% bias below 4 km) might be partly fortuitous eivthe
highly uncertain aerosol sink{35% of the total IEPOX sink in the model simulation), withetich the model would largely overestimate
IEPOX observations. The slightly too low ISOPN/MVKMAC ratin the model (0.036 vs. 0.041) could indicate an overegiomeof
ISOPN aerosol sink, although the measurement uncertsi@ti80% for ISOPN, Fisher et al. (2016)) preclude a firm assessmemnosol
hydrolysis represents-50% of the total sink of the tertiary hydroxynitrate ISOPBBI@ the model (average over the model domain)
or about 31% of the total ISOPN sink. The model overestinmatibthe secondary isoprene nitrates (MVKNO3+MACRNO3) (Fyis
small (14%) and suggests an essentially correct repraégsntd their sources and sinks, although error compensatiemain a possibility.
The model overestimates nitroxyacetone (NOA)Y70%, in contrast with the GEOS-Chem underestimation fduyn#isher et al.. This
compound is mainly produced from multiple reaction seqasria theNOs-initiated oxidation mechanism of isoprene and in thH-
oxidation mechanism of thé-hydroxynitrate HOCH>,CH=C(CH3)CH2ONO> (ISOPCNO3). Although isoprene oxidation B§Os is
primarily a nighttime process, NOA is formed after severdbation steps favored by daylight. Our mechanism is moteaildel and in
line with the recent mechanistic conclusions from labasagtudies, but it still bears large uncertainties due tohigln complexity of the
mechanism. For example, the H-shift in the nitroxyperoxdical INCO2 HOCH,CH(OH)C(O2)(CH3)CH2ONO- and isomer) leads to
NOA formation according to our mechanism; although thipss is written as one reaction in the mechanism, it actiralgives several
steps, each of which is uncertain. The model might also stienate nitrate radical concentrations and thereforethlsémportance oNO3
as oxidant of isoprene. Although the reactiondN@s; with major peroxy radicals and carbonyls are taken into aetmm the model, many
reactions with unsaturated oxidation products (e.g. ISORPDare neglected in current mechanisms. A careful assegswhé¢he role of
these reactions might be in order.

Despite the model overestimation for NOA, the model undaneges the SEAERS measurement fARONO., (the sum of all organic
nitrates) by~40%. A slightly larger model underestimation (factor of 2sAfound by Fisher et al. (2016), in line with their lowlRONO-
yield in the ISOPO2 NO reactions (see above). There are several possible exiplas&br the discrepancy, including the neglected reac-
tions of NO3 with unsaturated oxidation products from isoprene andrdBWOCs, the neglected formation of unsaturated dinitrétes
the reaction of dinitroxyperoxy radicals (NISOPO2) wKi® (Li et al., 2018), a possible overestimate of the tertiatyaté hydrolysis sink,
in particular for dinitrates, and a misrepresentation kyleand hydroxyalkyl nitrates from other precursors thaspigne. The monoterpene
nitrates are very crudely represented in the model. Inqadati, the assumption of 200% NOX recycling in their reactiath OH could lead
to a significant overestimation ®ONO- loss. Nitrates from ethane, propane, ethene and propedatimii are included in MAGRITTE,
but their concentrations are largely underestimated veigipect to SEAERS observations (not shown on Fig. 9), in part due to underest
mations of precursors emissions, in particular for ethangpane and propene. However, these nitrates account ipa@mall part of the
RONO;, bias (16 pptv altogether out of 120 pptv below 4 km) based on SERE observations and model results. Nitrates from higher
alkanes are crudely included in the model, and their cautioh could be underestimated. MethylnitraeéHs; ONO.) is well reproduced
by the model (Fig. 9), but it makes only a very small contiidot(~5 ppt). The good agreement validates the low nitrate yiedattis the
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Figure 9. Observed (red symbols) and modelled (black lines) meanlgsadf 0zone NO2, NO, and major VOC oxidation products over
North America during the SEATRS campaign. The number of measurements per altitude bimlisaited on the right for each plot. The
vertical bin interfaces are 0, 0.3, 0.6, 1, 1.5 km, and fromd 8 km by 1 km. The horizontal lines indicate the standardatea of the
measurements within each vertical bin. MVKMAC stands fa som MVK+MACR+0.44 ISOPOOH. Both the modelled HPALD (ddtte
line) and HPALD+ICHE (solid line) are shown on tkig HsO3 panel.

mechanism (20~* at room conditions, see Note N71) for ti#130. + NO reaction, well below the experimental determination (1%

57



10

15

20

25

30

35

0.7% in tropospheric conditions) of Butkovskaya et al. 0Although a higher yield~3-10~*) would still remain compatible with the
SEAC'RS measurement (by assuming lower oceanic emissions), higislr values as reported by Butkovskaya et al. would leduite

overestimations o€H3; ONO> mixing ratios in the troposphere.

4.4 Global budget of formic and acetic acid

The calculated global photochemical source of formic acibants to 5.6 TgC or 21 Tg(HC(O)OH) per year (Table 5). Althlouhe
model simulation incorporates newly proposed formatiorclmaeisms, as detailed below, this total is lower than séyeevious model
estimations (Paulot et al., 2011; Stavrakou et al., 2012leMit al., 2015), for several reasons. Firstly, the glabaprene source in our
simulation (366 TgCl/yr) is near the low end of the range of/jies estimates (Arneth et al., 2011; Sindelarova et all420Furthermore,
the formation of1C(O)OH in the oxidation of glycolaldehyde and hydroxyacetone enpénted in several studies is omitted here, since the
original experimental findings by Butkovskaya et al. (200&acould not be confirmed (Orlando et al., 2012) and mightbeoeffective in
atmospheric condition$1C(O)OH production from isoprene ozonolysis (1 TgCl/yr) is lowentlpaevious estimates (e.g. 1.8 and 2.3 TgC/yr
in Paulot et al. (2011) and Stavrakou et al. (2012), respag)i despite our high assumed yield (0.58) of stabilizeg@g®e CH2OO). This

is due to the combination of (1) low direct formation yieldi®€(O)OH in the CH>OO reaction with the water dimer (Sheps et al., 2017),
(2) high deposition sink of HMHP (over50% of its global production) resulting from its high sollityiand high deposition velocities over
forests (Nguyen et al., 2015b; Mdller et al., 2018), and (BHC(O)OH yield of only 0.45 in the reaction of HMHP witbhH recently
estimated from experiment (Allen et al., 2018). The verydjowdel agreement against the SERS measurements of HMHP over the
Southeastern U.S. suggests an essentially correct mqaeksntation of its production and sink rate, and theredétbe contribution of
alkene ozonolysis to the budget of formic acid.

Vinyl alcohol (VA), originally proposed as possible sounféormic acid by Archibald et al. (2007), received full att®n when acetalde-
hyde phototautomerization to VA was shown in the laboratorye efficient (Andrews et al., 2012) and represent a sizlece of formic
acid of the order of 3 TgC/yr (Cady-Perreira et al., 2014;I8liét al., 2015). However, a recent, more detailed experiatevaluation of
the phototautomerization yield led to a downward revisibthe global source to about 0.8 TgCl/yr (Shaw et al., 2018)dod agreement
with our model calculations (Table 5). This source could \ndower if VA tautomerizes back to acetaldehyde (da Sitva.e 2010), but
acid-catalyzed VA tautomerization was shown to be nedkgibnd aerosol-mediated tautomerization remains spa@il@Peeters et al.,
2015).

Another source of VA and of other enols has been identified:photolysis of hydroperoxycarbonyls (Liu et al., 2018).r @esults
(Table 5) indicate that the photolysis of hydroperoxyadefayde (HPAC) is a larger source of VA (and thereforetHg(O)OH) than
CH3;CHO tautomerization. The sources of HPAC (4.7 Tgl/yr globallylude the oxidation of acetaldehyde by OH (35% of totalg, th
photolysis of MVKOOH (35%) and several other pathways irpieme oxidation, in particular through the isoprene hygpexoxy radical
1,6 H-shift pathway. In addition, the photolysis of the HR2d, of C, hydroperoxydicarbonyls (HPDIAL and HPKETAL) also genexat
from the isomerisation pathway, and of nitroxyenals (NC&gHormed from isoprene NOs all lead partly to keto-enols (HMAC and
HMVK) which are oxidized for a large part intHC(O)OH following their reaction withOH, adopting a similar mechanism as for VA
(So etal., 2014). The photolysis and deposition of HMVK andAC are found to be minor sinks~(5% and 10% of their global sink,
respectively). Finally, hydroperoxycarbonyls formednfraninor pathways in the ISOPOOH degradation mechanism arlyzed in part
into other enol compounds, which are partly oxidized#6(O)OH (along with MVK or MACR). The estimated combin&dC(O)OH
source due to hydroperoxycarbonyl photolysis amounts26 ZgClyr, exceeding in magnitude the source due to alkeneabysis (1.5

TgClyr). As seen on Fig. 10(a), the contribution of this seuto near-surfacelC(O)OH concentrations is highest over remote oceanic
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Table 5. Global sources cHC(O)OH in the model simulation.

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

Direct emissions

Biomass burning 0.78 3.0
Biogenic 1.46 5.6
Anthropogenic 0.58 2.2
Photochemical production
ISOP + O3 0.95 3.6
Other Alkenes ozonolysis 0.52 2.0
CoH2 +OH 0.69 2.6
APIN + OH 0.41 1.6
VA + OH 1.66 6.4
from CH3CHO + hv 0.76 29
from OCHCH2OOH + hv 0.90 34
ISOP + OH (various pathways) 1.36 5.2
HMAC/HMVK + OH 0.91 35
ISOPOOH + OH 0.44 17
Total source
Global 8.4 32

areas (up to 50%) and is comparatively much lower over bisrhaming and biogenic emission areas. This is partly dueP®Ciformation
due to oceanic acetaldehyde emissions, and to the sigribane of direct biogenic and pyrogenic emissions to theajliC(O)OH
budget (Table 5). Nevertheless, hydroperoxycarbonylgifsis enhanceHC(O)OH levels by~20% (up to 150 pptv) near the surface over
vegetated areas such as Amazonia (Fig. 10(a)), and 326 at higher tropospheric levels (not shown).

The largest known photochemical source(@f;C(O)OH is the reaction of acetylperoxy radic@HsC(O)O2 with peroxy radicals
(HO2 and RO2), amounting to~16 TgC/yr globally (Table 6). This is very consistent with @yous model estimate (18 TgCl/yr) by
Paulot et al. (2011) but significantly lower than the estemat Khan et al. (2018) (close to 30 TgC/yr). Our calculatedtdbution of
CH3C(0)0O2 4+ RO reactions 2.3 TgClyr) is smaller than in Paulot et al. (201R5.6 TgClyr). It could be underestimated if the
CH3C(O)OH-forming channel ratio for the reactions@H3 C(O)O2 with major non-tertiary peroxy radicals would be signifitgmigher
than the value assumed here for most reactions (0.1), whibased on the case 6H3;C(0O)O2 + CH3O2 (Atkinson et al., 2006). The
high reportedCH3C(O)OH vyield (0.5) (Atkinson et al., 2006) in the case ©H3C(0)O2 + CH3C(O)CH20- is implemented in our
mechanism but assumed to be atypical.

The additional source of acetic acid due to the photolysig/dfoperoxyacetone (HPACET) and involving the oxidatibmethylviny! al-
cohol (MVA) by OH enhances the estimated global photochemical producti6fitigiC(O)OH by 4.3 TgC/yr or 26% (Table 6). The global
source of HPACET (23 TgClyr) is dominated by the acetonybpgradical reaction wittHO- (15 TgCl/yr) and by the isoprene peroxy
isomerisation pathway (2.4 TgClyr through the 1,4 H-shifbtHPCARP2 and 2.7 TgClyr from the photooxidation of canpamydroper-
oxyepoxides ICPE). The precise mechanisms for the formafdHPACET (also HPAC) in the isomerisation pathway remaicartain.
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(a) Contribution to near-surface HCOOH (%)

(b) Contribution to near-surface CH3COOH (%)

Figure 10. Calculated percentage contribution of hydroperoxycaybphotolysis to near-surface concentrations of (a) foramd (b) acetic

acid for the month of July.

Table 6. Global sources o€ HsC(O)OH in the model simulation.

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

Direct emissions

Biomass burning 5.7
Anthropogenic 2.6
Photochemical production
CH3C(0)O2 +HO2 14.0
CH3C(0)0O2 +RO> 2.3
HPACET + hv (+OH) 4.3

from isoprene oxidation 21

from acetone oxidation 15

other 0.7
Other 0.2
Total source
Global 29.1

14.3
6.6

35.0
5.7
10.9

52

3.8

18
0.5

73

Photolysis accounts for 69% of the global HPACET sink, wheneaction wittDH and deposition account for 26 and 5%, respectively. The
only significant sink of MVA, the main product of HPACET phbtsis, is reaction withOH, assumed to forn€H3;C(O)OH (along with

OH andHCHO) with a 50% vyield, 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), up to 23%

(120 pptv) over Southeastern U.S., and 30% (120 pptv) oveszamia.
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Despite the newly-proposed large production of formic acetia through hydroperoxycarbonyl photolysis, our detitetal sources of
those acids remains similar as (or even lower than) in pusvinodelling studies (Paulot et al., 2011; Stavrakou efall2; Millet et al.,
2015; Khan et al., 2018), and is therefore insufficient tdargheir high observed concentrations. Additional searare likely at play, such
as enol formation through other pathways than those coresidesre (e.g. in monoterpene and anthropogenic VOC ogiulatig. through the
photolysis of aldehydes (Tadic et al., 2001a, b)) and theéqategradation of organic aerosols (Paulot et al., 2011ebka and Nizkodorov,
2016).

4.5 Global budget of glyoxal

The global sources of glyoxal as calculated by the model amagarized in Table 7. The model includes an important coution from
(mostly anthropogenic) acetylene and aromatic compoumttsetglyoxal budget. The glyoxal yields in their reactiontwOH (0.74, 0.7,
0.36 and 0.636 for benzene, toluene, xylenes and acetylesgectively) are obtained from the MCM (Saunders et aD32@loss et al.,
2005). Regarding aromatics, this yield includes not onlynpry formation but also later-generation production (Chéller et al., 2016).
Contrary to previous model evaluations (Fu et al., 2008yr&t@u et al., 2009b; Li et al., 2016; Chan Miller et al., 20$iva et al., 2018),
isoprene oxidation is not found to be a very large source yhgll, except for the significant contribution of glycolald/de oxidation by
OH which amounts to~4.7 TgCl/yr of glyoxal. This has several causes. The oxidatibisoprene byNO3 is now an almost negligible
glyoxal source in our mechanism (as in the Caltech mechanishereas an overall yield of 35% glyoxal was inferred fréva MCMv3.2
mechanism (Stavrakou et al., 2009b). First-generatiomglyformation from ISOP + OH with a yield 0£2% at high-NOx through the
6-ISOPO2 +NO — §-ISOPO +NO, pathway (Galloway et al., 2011; Peeters and Nguyen, 2012y&lgand Peeters, 2015) becomes
negligible under ambient atmospheric conditions due tautiienolecular reactions of th&ISOPO2 reactions(§.-elimination leading to
B-1ISOPO2 radicals, and 1,6 H-shift isomerisation) resgliim very small§-ISOPO2 fractions and vanishinglSOPO formation in the
atmosphere (Peeters et al., 2014; Teng et al., 2017).

Furthermore, the oxidation of isoprene hydroxyepoxidésP(®X), which was believed to be a potentially significantogigd source
(Bates et al., 2014; Li et al., 2016), is found to produce Vg glyoxal in atmospheric conditions due to the promb&ast 1,4 H-shift in
the peroxy radicals IEPOXBOHOCHCH(OH)C(CHs)(02)CHO) formed from IEPOX +OH (Wennberg et al., 2018), outcompeting
its reactions witlNO andHO, (see Note N19). The 1,4 H-shift rate is very uncertain anddcba overestimated, but even a factor of 10
reduction of the rate would imply a fairly small glyoxal pradtion due to IEPOX €H (0.6 TgClyear).

Chan Miller et al. (2017) suggested that the DIHPCARPs frioenlt,6 H-shift ob-ISOPO2 partly undergoes a 1,5 H-shift to a dihydroper-
oxy dicarbonyl (DHDC, e.gOCHCH(OOH)C(CHs3)(OOH)CHO) which would quickly photolyze t@H + an oxy radical decomposing
to glyoxal and other products. However, the yield of DIHP@2sRromd-ISOPO2 isomerisation is how estimated to be much lower pinen
viously assumed; furthermore, even under the assumptaritith 1,5 H-shift would be competitive, and although DHD®tplysis should
indeed be very rapid, dire€dH release (followed by decomposition of the resulting oxyical) should be negligible (Liu et al., 2018),
whereas the expected preferred dissociation pathwayviesdbrmyl radical release and subsequent formatio®@HEfand a hydroperoxy
dicarbonyl. The latter might form glyoxal upon further pblysis, but at much lower yields than in the mechanism of Qtidler et al..

Finally, due to the fast photolysis of hydroperoxyacethaidte (HPAC), the fraction of the formed HPAC reacting Wikl 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 frexdduations against
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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
CoH +OH 2.39 5.8
Aromatics +OH 3.78 9.1
Monoterpenes oxidation 3.67 8.9
GLYALD + OH 4.69 11.3
IEPOX +OH 0.08 0.2
OCHCH;OOH + OH 0.38 0.9
HPALDs 0.92 0.6
ISOPOOH +OH 0.89 2.2
ISOP +NO3 0.09 0.2
Other pathways in isoprene oxidation 1.13 2.7
Total source
Global 19.6 47

spaceborne and in situ glyoxal measurements suggest agaagechemical source (Stavrakou et al., 2009b; Li et alL62®ilva et al.,
2018).

5 Conclusions

We have presented a hew BVOC oxidation mechanism for usede-scale tropospheric chemistry-transport models. lsrfocus is
on isoprene, owing to its high chemical complexity and vemgé share of global BVOC emissions: of the 105 organic cbansipecies
included in the mechanism, 97 compounds (74 stable comgoand 23 radicals) are involved in the chemical degradatfdeaprene
alone. This mechanism incorporates all major mechanistiargces from recent studies, in particular those affedtiegpudget oHO and
NOx radicals. Mainly thanks té1O formation in isomerisation reactions of isoprene-deripedoxy radicals, and furth&dH recycling
through secondary reactions, the mechanism goes a longnw@xplaining the large underestimations of model@d concentrations in
isoprene-richNOx-poor areas which prompted the community to searclfdrrecycling mechanisms about a decade ago (Lelieveld et al.,
2008; Hofzumahaus et al., 2009). The representation of tegmene chemistry is much cruder, due to the still very poolesstanding of its
formidably complex mechanism. The simple monoterpene ar@sh included here is only meant to provide an approximggeoduction
of the yield of key OVOCs produced in their oxidation, basadox model simulations with the Master Chemical Mechanist@if).
Although smaller than e.g. the Caltech mechanism or the M&BIL, this isoprene mechanism is larger than most meahanis-
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 whilenigtgiits most
essential predictions, but since its current size and éagfrdetail can be handled by MAGRITTE, we find it useful to kéegs is in order to
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facilitate further analysis of model results and future h@tdsm updates. As pointed out by Wennberg et al. (2018)istimction between
isoprene peroxys resulting fro@H addition to C1 and C4 is essential in view of the order-of-nitagle difference in bulk isomerisation
rates (Fig. 6) and in the difference in the nature of the tegpbroducts. For example, the distinction impacts alsofttie of the first-
generation hydroxynitrates, given the efficient hydraysi the tertiary 1,2-isoprene hydroxynitrate. Note that hilydrolysis rates remain
very uncertain. Due to our assumption of very fast tertidtsate hydrolysis = 0.03), about 50% of the global sink of the 1,2-isoprene
hydroxynitrate is due to this process. The rate might beiplysgo high, but it accounts for the fast overall hydroxyate loss observed
in campaign measurements. This aspect of the mechanisrbevivised when quantitative experimental determinatidrigeterogeneous
processes and rates will become available.

Although many parts of our isoprene mechanism rely on théeClalmechanism, there are notable differences. Most iraptyf the 1,6
H-shift of the Z4-hydroxyperoxy radicals generate HPALD at high yield (7586256% in the Caltech mechanism), whereas the DIHPCARPs
turn out to be minor compounds, undergoing H-shift reasti@iong lines differing from previous work. This producttdizution is fully con-
sistent the recent experimental results of Berndt et al§Gupported and complemented by earlier theoreticaltss®eeters and Nguyen,
2012; Peeters et al., 2014).

Another major difference between the present and prevemmsene mechanisms lies in the very fast photolysis-bydroperoxycarbonyls
(Liu et al., 2018), leading in several important cases tddhmation of an enol which is for a large part oxidized®¥1 into formic or acetic
acid. Also new to this mechanisilC(O)OH is formed from theOH-oxidation of keto-enols (HMVK and HMAC) produced from the
photolysis of several multifunctional carbonyls. Thistpaay of HMVK/HMAC is all the more relevant as their photolyss likely much
slower than previously thought. More generally, the oxa@abf enols formed from the oxidation of isoprene, acetaydie and acetone by
OH is a potentially large, previously unsuspected sourceadioxylic acids here estimated at 9 Hg{(O)OH) yr—! (slightly larger than
the contribution of alkene ozonolysis) and 11 T§l;C(O)OH) yr—!. This source amounts to a significant shar@8% for HC(O)OH
and 15% forCH3C(O)OH) of the total identified global source, which remains howdaegely insufficient to account for the atmospheric
observations for both compounds (e.g., Paulot et al. (90FLyther experimental and theoretical studies of muitifional carbonyl pho-
tolysis and enol oxidation are required to confirm and refisé estimates. The source could be larger due to the negjleantribution of
hydroperoxycarbonyls formed from higher anthropogenic\\@(Cs (e.g. higher ketones and their precursors) and pgssibhoterpenes.
Moreover, the contribution of acetaldehyde photooxidatould be much higher than estimated here, consideringtge Linderestimation
of its calculated concentrations at remote locations (Readl, 2012).

Evaluation of MAGRITTE and of its new chemical mechanismiasfathe SEACRS campaign measurements indicates a good overall
model performance for the main isoprene oxidation proditéserogeneous reactions of IEPOX and organic nitrategnrsals are a large
area of uncertainty, with suggestions of heterogeneodsasiarestimation for tertiary organic nitrates and sink enegtimations for other
isoprene nitrates. The totRIONO» concentrations are underestimated by about 40%, possitelftamisrepresentations of nitrates from
e.g. monoterpenes and anthropogenic precursors. The kenatCH3; ONO-, levels are well reproduced by the model, providing a strong

indication for a very low nitrate yield< 3 - 10~%) in the CH3 02+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 anciggefiles, fortran code for calculating the reaction rates] absorption cross-
sections data files for polyfunctional carbonyls. Otheevaht subroutines of the MAGRITTE model can be made availapbn request
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