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Abstract. A new chemical mechanism for the oxidation of biogenic vitdadrganic compounds (BVOCS) is presented and
implemented in the Model of Atmospheric composition at @Glodnd Regional scales using Inversion Techniques for Trace
gas Emissions (MAGRITTE v1.1). With a total of 105 organiesies 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 incéegora
a state-of-the-art representation of its oxidation schanwmunting for all major advances put forward in recent tegcal

and laboratory studies. The recycling©H radicals in isoprene oxidation through the isomerisatib& &-hydroxyperoxy
radicals is found to enhan€&H concentrations by up to 40% over Western Amazonia in the dayrayer, 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 productsoaitih

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

cate a very low nitrate yielo( 3 - 10~%) in the CH3 O,+NO reaction. The oxidation of isoprene, acetone and acetpttiehy

OH is shown to be a substantial source of enols and keto-eraisaply through the photolysis of multifunctional carbds
generated in their oxidation schemes. Oxidation of thosdsdyy OH radicals constitutes a sizable source of carboxylic acids
estimated at 9 TgHC(O)OH) yr—! and 11 TgCH3C(O)OH) yr—!, or ~20% of their global identified source. The ozonoly-
sis of alkenes is found to be a smaller sourc&l6f(O)OH (6 Tg HC(O)OH yr—1) than previously estimated, due to several
factors including the strong deposition sink of hydroxyhydtydroperoxide (HMHP).

1 Introduction

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

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

Among the BVOCs, isoprene has by far the largest global éomissof the order of 500 Tg yr, representing about 50%
of all BVOCs; other major biogenic compounds in terms of esioiss include the monoterpenes, methanol, acetone, deetal
hyde, and ethanol (Guenther et al., 2012). The complex atamieégradation mechanism and the profound impact of is@pre
on air quality and the climate has been the topic of numerels (irainer et al., 1987; Claeys et al., 2004; Lelieveldlet a
2008; Hofzumahaus et al., 2009; Toon et al., 2016; Carlt@h. e2018; Mao et al., 2018), laboratory (Tuazon and Atkinso
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; Sclesattl., 2015; Teng et al., 2017; Novelli et al., 2018b; Heeh al.,
2019), theoretical (Peeters et al., 2009; Kjaergaard g€2@12; Crounse et al., 2013; Peeters et al., 2014; Peetgidguyen,
2012; Liu etal., 2017; Praske et al., 2018; Mgller et al., ®0dnd modelling studies (Stavrakou et al., 2010; Pauldt et a
2012; Taraborrelli et al., 2012; Jenkin et al., 2015; Sqeiral., 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 expandedaeradily in the last decade. Most importantly perhaps, duti-tr
tional views regarding the fate of large, multifunctionatpxy radicals formed in the oxidation of isoprene and odivOCs
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 BH is enhanced by their
thermal instability allowing fast interconversion of thiéferent peroxy isomers/conformers (Peeters et al., 20809h that
the 1,6 H-shifts can compete with the conventional bimdkecieactions for the entire pool of initial peroxys, whickegtly
affects the product yields (Peeters and Miiller, 2010; PPeeteal., 2014; Teng et al., 2017). Other examples of persomyer-
ization reactions shown to be of importance include 1,4talde H-shifts (Asatryan et al., 2010; Crounse et al., 20h#)the
very fast enol-H-shifts (Peeters and Nguyen, 2012) as veefiyalroperoxide H-shifts (Jgrgensen et al., 2016). Thdtmegu
autoxidation reactions generate multifunctional hydrogiles shown in some cases (in monoterpene oxidation) &b fech
extremely low volatility as to play a crucial role in SOA arlded condensation nuclei (CCN) formation (Crounse et 8i1.2
Jokinen et al., 2014, 2015), while in other cases, they alievieel 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 HO, radicals associated
with peroxy H-shifts and their subsequent reactions, as agelvith other previously unsuspected reactions such asidpo
formation from activated hydroxy hydroperoxy radicalsaet al., 2009a) has led to a reassessment of the overadlam
of isoprene (and other BVOCs) @éH andHO5, levels, now found to be fairly consistent with HOx measuretaé isoprene
photooxidation experiments (Fuchs et al., 2013; Novekilet2018b) as well as in field experiments in isoprene-imli;NOx
environments (Bottorff et al., 2018). The importance opieme-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 alsvaleated due to a better assessment of organic nitrateform
tion in isoprene oxidation bH (Paulot et al., 2009b; Lee et al., 2014; Teng et al., 2017;r\Werg et al., 2018) anN O3
(Kwan et al., 2012; Schwantes et al., 2015; Wennberg et@l8Ras well as of the balance between NOx-recycling path-
ways such as photolysis (Miller et al., 2014) and NOXx teridosses through heterogeneous hydrolysis in aqueousa@eros
(Romer et al., 2016) and dry deposition (Nguyen et al., 2D15b

A proper model assessment of the role of BVOCs in the gloloasphere and in issues such as air quality and the in-
teraction between the biosphere, the atmosphere and thatelirequires the implementation of up-to-date, statéefart
chemical mechanisms in large-scale (global or regionaljefso Whereas completely explicit mechanisms are not abigs
due to computational cost concerns, oversimplified mecmasmare clearly not appropriate as tools to explore the itmgfac
mechanistic changes, especially in the context of the rapadution of our understanding of the mechanisms. We ptesen
here a semi-explicit mechanism of intermediate complexitprporating the major advances reported above. It cabers
oxidation of isoprene, monoterpenes, methanol, acetaatalaehyde, ethanol and 2-methyl-3-butene-2-ol (shantded as
methylbutenol or MBO). This mechanism is implemented inMwdel 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 oxidatizeir treatment is still very crude in the mechanism, theus
being put on the formation yield of important products. Réirgg isoprene, the mechanism relies on the Leuven Isoprene
Mechanism (Peeters et al., 2009, 2G4, on the extensive, explicit Caltech oxidation mechanism408 reactions and 400
species) recently presented by Wennberg et al. (20ti8%ed on a critical appraisal of the relevant theoreticdllaboratory
studies, and on the very recent experimental investigatiderndt et al. (2019). For other reactions not addressdlkase
studies, it also relies on the Master Chemical MechanismNMSaunders et al., 2003; Jenkin et al., 2015) and on our own
evaluation. The mechanism also incorporates importantmeshanistic developments related to e.g. the revisitexabhy-
droperoxycarbonyl photolysis (Liu et al., 2017, 2018) dmeifate of enols and keto-enols produced from such procd3ses
to these developments, the oxidation of isoprene as well ather compounds (e.g. acetone and acetaldehyd@)bgntails
a previously unsuspected source of formic and acetic asrdyliich atmospheric observations suggest the existenleegs
missing sources (Paulot et al., 2011; Stavrakou et al., ;2di2t 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 (Shetzs.,
2017; Allen et al., 2018).

The complete chemical mechanism of BVOC oxidation is preskim Sect. 2. The parameterization of Henry’s law con-
stants and dry deposition velocities is presented and ateaduin a companion paper (Muller et al., 2018). Simulatiwith
the MAGRITTE model and the updated chemical mechanism &asepited in Sect. 4, including an evaluation against aigborn
measurements over the Eastern United States (Sect. 4.8)@adentation of the global sources of carboxylic acidst(ge4)

and glyoxal(Sect. 4.5) resulting from the implementatibthe chemical mechanism.
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2 Thechemical mechanism of BVOC oxidationin MAGRITTE

The list of chemical species and the complete gas-phase BdM@fation mechanism are given in Tables 1-3.
21 Isoprene+ OH

2.1.1 Initial stepsof mechanism

To limit the number of species and reactions, the OH-addoatsed from the reaction of isoprene with OH are not exgiicit
represented, and the isoprene peroxys are lumped into ¢brepounds: ISOPBO2 and ISODO2 resulting from addition of
OH to carbons 1 and 4, respectively, and ISOPEO?2 resultorg @H addition to the central carbons (see Peeters et al4J201
regarding carbon numbering). For example, ISOPBO2 induke 1,2-OH-peroxy as well as the 1,4-OH-peroxy which can
undergo a 1,6-H shift leading tod-hydroperoxy aldehyde (HPALD1) and other products. TheoratiOH addition to G

to addition to G is 37:63 (Wennberg et al., 2018). Based on a detailed ststadg-analysis, the bulk isomerisation rate of
ISOPBO2 and ISOPDO2 was shown to increase linearly with itlersite :,,) of the traditional peroxyeactionreactions
(Peeters et al., 2014). The reason for this behaviour isathlaiv %, the ratio of theZ-0-OH-peroxys over the lower-energy
(3-OH-peroxys is close to their equilibrium ratio, of orderaily ~0.01, whereas at the high, limit, where all peroxys
have a similar lifetime, their ratio is governed by theittiali formation branching ratio, which is an order magnitinigher
(Peeters et al., 2014; Teng et al., 2017). The following esgions of the bulk 1,6 isomerisation rates are obtainedbgai
regression of the bulk rates between 285 and 305 K, baseceaxfferimental estimates of the peroxy unimolecular reacti
rates (Teng et al., 2017; Wennberg et al., 2018):

kS opop= 3-409-10'2 - exp (—10698/T) + k, - 1.07 - 10~ - exp (64/T) (1)

ko ppon= 4-253 - 105 - exp (—7254/T) + k, - 2.33 - 107 - exp (3662/T) 2)

The steady-stat&-5-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)peisbmerization
rate. Note that the steady-state ratio used here, base@ 8Othkinetic coefficients of Teng et al. (2017), differs only sitty
from the ratio based on the kinetic coefficients of LIM1 (FRegtet al., 2014) and MCM 3.3.1 (Jenkin et al., 2015).

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

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 pagaieh of the bulk 1,5 and 1,6-H-shifts leads to productdgen
excellent agreement with an exact estimation based on tiegikiparameters of Wennberg et al. (2018), as seen on Fig. 1.
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Figure 1. Contributions of H-shift isomerisations adeOH-peroxy bimolecular reactions to the total reactivifysmprene peroxy radicals
resulting from addition to carbon 1 (top panel) and 4 (lowaned), as function of their bimolecular reactivity, at 295\Wennberg et al.,

2018). The red crosses denote the yields of the parameternizessed 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(CH;3)=CH—CH,0- (Case |) andO,CH;—C(CH3)=CH—CH,OH
(Case Il) forms allylic radicals, e.gZ-HOC°H—C(CH3)=CH—CH2OO0H <« Z-HOCH=C(CHj3)—C°H—CH,OOH for
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Case |. Therefore, two second-generation peroxys cantyesubxyi (Z-HOCH(O2)—C(CH3)=CH—CH2OOH) and per-
oxy it (Z-HOCH=C(CH3)—CH(O2)—CH2OO0H), in an approximate ratio of 40:60, and two pathways are apgmoduct
formation (Peeters et al., 2014). The subsequent chenissgiiyen here for Case |, unless stated otherwise. Peroagdily
eliminatesHO, at a rate 0~~2000 s'! (Hermans et al., 2005) to produgeO=CH—C(CH3)=CH-CH,OOH (HPALD1)
(Peeters et al., 2014, 2009; Crounse et al., 2011; Teng 204l7). Peroxy: may isomerise by a fast 1,6 enol-H-shift, promptly
at ~1.510° s ! and thermally at>10* s™!, to form Z-O=CH-C°(CH3)—CH(OOH)—-CH>OOH (Peeters and Nguyen,
2012; Peeters et al., 2014) that in part arises chemicaliyaaed such that it can promptly undergo concer@dd-loss and
ring-closure to an hydroperoxy-carbonyl epoxiZeHOOCHz—('JH_OC(CHg,)—CHO (HPCE), as proposed and observed by
Teng et al. (2017), and for another part lead to a third-ggreer peroxy,Z-O=CH—-C(CHj3)(02)—CH(OOH)—-CH,OOH
(DIHPCARP1) (Peeters et al., 2014). The DIHPCARP radicasawsuggested (Peeters et al., 2014) to either undergo a fast
aldehyde-H-shift and eliminateO and expelOH to form dihydroperoxy carbonyls, or react withO and HO», to result
mainly in OH + CH3C(O)CHO (MGLY) + HOOCH,CHO (HPAC) (Case 1), 0lOH + OCHCHO + CH3C(O)CH,OOH
(HPACET) (Case II). While th€ O elimination above may be fast enough to outfo addition for Case | (Novelli et al.,
2018b), this appears less likely for Case I, for which theieashould be about 2 kcal n1ol higher (Méreau et al., 2001).
Note that HPAC and HPACET were observed by Teng et al. (20iLi)in a ratio to HPALDs nearly independent of tN®
level. Secondly, it is estimated using statistical ratetfiehat the 1,6 enol-H-shift above can occur for about hdlflevits
peroxy precursor is still chemically activated such that tasulting radical contains close to 30 kcal molinternal energy
(Peeters et al., 2014), sufficient for prompt HPCE epoxide&gion.

In this work, the quantitative product distribution frometid,6 H-shift of theZ-5-OH-peroxys is adopted from the re-
cent experimental study of Berndt et al. (2019), supportadi @mplemented by computational results of the LIM1 paper
(Peeters et al., 2014). Note that the 1,6 H-shifts of #h& 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 populati@netis only marginally affected
by theO,-loss that occurs only at energies above this range; theréiiere 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 ettdl4)2s
fortuitous. The Berndt et al. investigation offers severddantages: (i) the reaction time was so short (8 s) that conskary
products could be formed; (ii) due to the absenc& @f and near-absence 8fO,, essentially only the products of tt#o-
OH-peroxy 1,6 H-shift could be formed, so excluding potaintiterferences; (iii) the peroxy radicals could also beeybed;
(iv) the sampled products and peroxy radicals could be emiaaititatively converted into ion-complexes, detectgdigh-
resolution mass spectrometry capable of measuring caratiems as low as ¥0cm~3. Hydroxyl radicals were prepared by
reacting 16 cm~3 of O3 with 2.10'! cm~3 of tetramethylethylene, in presence of 22 cm~2 of isoprene. At 8 s reaction
time, the modeled total ISOPOO concentration is102cm—2, of which 610° cm—3 Z-5-OH-peroxys (50% Case | isomer
HOCH2C(CH3)=CHCH>04, and 50% Case Il isomé&),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 isac@8:1.0. Using the isomer-specific 1,6 H-shift rates 06&3
and 3.7 s! for Z--OH-peroxys | and Il (Teng et al., 2017), the expected tataifation rate of isomerization products at 8

sis 1.210° cm—2 s~!. For these conditions, Berndt et al. measured the followongentrations at 8 €5HgO3 (HPALDS):
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2.310" cm~3; C5HgO4 (hydroperoxy carbonyl epoxides): 416° cm~3; C,HgO5 (dihydroperoxy carbonyls): 6.20° cm~3;
CsHyO5 (the second-generation peroxys above):107cm~3 ; andCsHyO~ (the third-generation peroxys): 31%° cm—3.

In principle, these values are minimum concentrations. WAE nor HPACET was detected. The detected product and per-
0Xxy concentrations account together for 60% of the modedad products at 8 s using the experimental kinetic pararmete
of Teng et al. (2017), which, together with the uncertastleaves room for some other products. The theoreticaliyet
parameters of Peeters et al. (2014) predict a higher prddunation from theZ-5-OH-peroxy isomerization at 8 s, but this is
due to a too low LIM1-predicte®--loss from the peroxys, such that the populations oAk 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 productdget 8 s: HPALDs: 76%; HPCE: 15%; dihydroperoxy carbonyls:
2%; while 5.5% of the reacted-6-OH-peroxys is present as second-generation per@x¥s Os and 1% as third-generation
peroxysCsHyO7. The HPALD vyield determined by Berndt et al. is much higherttihat of Teng etal. (2017). However,
another, non-HPALD(C;HgO3 compound observed by Teng et al. could be speculated to beharmiketale 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 lsrsgty high, given that the peroxys of typare expected to react at a
rate 0of~2000 s ! and those of typé& even at> 10* s~1, such that at the gived-5-OH-peroxys concentrations, and using the
experimental 1,6 H-shift rates féf-5-OH-peroxys | and Il, they should be present in a quasi- stesate concentration of only
about 10 cm~3. This indicates that a large fraction of theHoO5 peroxys areZ, E'-HOCH=C(CH3)—CH(O2)—CH,OOH
isomers of peroxy: (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 ,-loss and re-addition, to finally convertf £’ -
HOCH(0O42)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 g2@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 tw@, 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 irdéed 1,6 H-shift rate due fer92% to the Case II- and for8% to
the Case IZ-5-OH-peroxys, the weighted average\$5% reaction througlr, E’- and 35% througl¥, Z’-structures. Taken
together, the above strongly suggests that, contrary teeusgtive suggestion in the LIM1 paper, the-FE isomerism of the
transition states is conserved in the allylic-radical pretd and in the resulting peroxysindii. A statistical rate estimate for
the prompt internal rotation of theH in the Z, E’-hydroxyl-allyl product radicals, with computed barriet kcal mol-! and
imaginary frequency close to 100 crh and for a nascent vibration energy of 21 kcal mglpredictsk ~ 10° s!, or 10
times slower than collisional stabilization followed by;-addition. Therefore, allowing for 10% internal rotatiohtbe OH
in the nascenZ, £’ 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 productecatiof 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@gsas well as the corresponding 40:60 branching ratio

for peroxy: andii formation, the mechanism above would result in 40% direghfdion of HPALDs through peroxy, only
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24% enol-H-shift products through, Z’ peroxyii, and 36% formation of the slowly reactiri§y E’ peroxyii, which in the
Berndt et al. conditions would lead to ca. 31% indirect HPA@duction througl,-loss and re-addition of thg, £’ peroxy

11 to form peroxy:, while around 5% still survives a8, E’ peroxyi: in the short reaction time available. The so predicted
overall 71% HPALD yield, based on computational resulterfiiie LIM1 paper, is strikingly close to the experimentalgie
of Berndt et al.. Moreover, at a total product formation mafté.2 10" cm—3 s~!, the 31% contribution due t&, E’ 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 peroxy;, anO,-loss rate of 6 5! is derived, which is typical for hydroxy-allyl peroxys
such as the very similar initidf - and £-6-OH-peroxys from isoprene (Teng et al., 2017).

The 15% HPCE yield measured by Berndt et al. is compatibla wié product radical of the 1,6 enol-H-shift &t Z’-
peroxyii arising for a large fraction with sufficient chemical actiea to overcome the barrier of ca. 15 kcal mélfor
the concerted ring-closure artaH loss. The theory-based 24% enol-H-shift products througyioxy i7, 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 productsjtith, apparently, the dihydroperoxy carbonyls account fo
only a small fraction of 2%. The minimum concentration of BigIPCARPs in the Berndt et al. experiment is 3® cm3,
while their loss rate by aldehyde-H shift (followed by eitli& elimination orO,-addition) should be about 2°$§ according
to Mgller et al. (2019), and 673 according to Novelli et al. (2018c), such that their expéateaction rate is 0.7—210°
cm~3 s71, or 6-18% of the overall products formation rate of-1& cm—2 s~! above. Subtracting the 2% dihydroperoxy
carbonyls leaves 4-16 % going to other products, consigtignthe ~8% estimated above, and in line with the expectation,
in the introduction of this section, that the acyl producatifehyde-H-shift in the most abundant DIHPCARP (Case 18do
not eliminateCO but rather add$§)- to continue the autoxidation chain by forming fourth-gexiem peroxy<;HgOg, with
HOOCH;—C(CHj3)(02)—CH(OOH)—C(O)OOH (DHPAO2) likely the most stable isomer after fast hydropéte-H shifts
(Jorgensen et al., 2016) because it allows three H-bondgiohvwwo are synergic and therefore stronger (Dibble, 208#)ce
(other) fast H-shifts for this isomer are not possible, it caly react withNO or HO5. The main resulting oxy product radical
should decompose rapidly (Vereecken and Peeters, 200 PACET +OH + OCHC(O)OOH.

In atmospheric conditions, the various peroxys are all iasipsteady state, which mean®% more HPALD production
from the Z, E’-peroxysii, and~1% more DIHPCARP products than in the Berndt et al. conditiatn8 s. On the other hand,
the atmospheric steady-state product formation ratio fiteer¥ -6-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 radiaalédw
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 expedt#RICE 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 + HO3) + 0.15 (HPCE + OH) + 0.1 (DHPMEK + CO + OH)

ISOPDO2 — 0.75 (HPALD2 + HO2) + 0.15(HPCE + OH) + 0.1 (DHPAO2)
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Here, HPCE is a mixture of 18% Case | and 82% Case |l compouisdsxidation 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 carbongical can undergo concertéd) elimination and ring opening,
forming CH3C(O)CH(O2)CH2OOH (for Case 1) otOCHC(O2)(CH3)CH,OOH (for Case Il). The latter peroxy undergoes
a 1,4 H-shift toCO + OH + CH3C(O)CH,OOH (HPACET). Such H-shift being not open for the Case | peroxiaa, it
reacts primarily withNO or HO», leading for the most part t6H;C(O)CH(O°)CH>;OOH that promptly decomposes into
eitherCH;C(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 pereagicals as above.

2.1.3 Traditional chemistry of theinitial §-OH peroxy radicals

The reactions of ISOPBO2 and ISOPDO2 wiih andHO, generate a mixture g#- andd-OH-peroxy reaction products.
The share of thé-OH-peroxy reaction products is small (5% for ISOPBO2 andf6e4SOPDO2 at 297 K for a bimolecular
peroxy lifetime of 50 s) and assumed here to be constant. bsel@e error on product yields due to this assumption does
not exceed 0.5% in most atmospherically-relevant conuhti® O, lifetime between 10 and 100 s). As MAGRITTE is not
intended to model local urban conditions, we omit the minmdpcts of the bimolecular reactions of thédydroxyperoxy
radicals, such as their reactions with other peroxy ragicbhe hydroperoxides formed from their reactions witb, are
lumped with the3-OH-counterparts, as are also the further-generatioil-epoxides. Besides nitrate formation, the reactions
with NO form Z- and E-5-OH-allyloxy radicals that were shown (Nguyen and Peet045) 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 ef12 kcal mot-! (Peeters et al., 2014) and therefore
dominant formation of the more stable H-bondédZ’ form of the ¢-di-OH-allylic radicals, HOC°HC(CH3)=CHCH,OH
andHOC°HCH=C(CHj3)CH;OH. a-Addition of O, for 45% (Teng et al., 2017), results ir; @ydroxyaldehydes HALD1
and HALD?2 (4,1- and 1,4-HC5 in Wennberg et al. (2018), HALDM&IALD2 in the MCM) +HO,. v-Addition of O, (for
55%) result inZ, Z’-enol-peroxys which were shown (Peeters and Nguyen, 20612)dergo very fast 1,6 enol-H-shifts leading
to next-generation peroxys that can isomerize by 1,4 aldetty shifts facing a barrier of only 20.2 kcal midt indeed, for
1,4 aldehyde-H-shifts in similar hydroperoxy-formyl-pgys with barriers of 20.6-21.2 kcal nol, rates of~1.5 s*! were
calculated and the products were shown to quickly [68eandOH (Liu et al., 2017). Here, the expected products@ie +

CO + CH3C(O)CH(OOH)CH,OH or OCHC(CH3)(OOH)CH2OH. 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; Gallowteal.e2011).

2.1.4 Hydroperoxycarbonyl photolysis

The isoprene oxidation mechanism generates several hginogpcarbonyls. Photolysis is expected to dominate the éds
all a-hydroperoxy aldehydes (e.g. HPAO=CHCH,OOH) and of several hydroperoxyketones (among which HPACET,
CH3C(O)CH,OOH) 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 hydroperoxycariabnyl chromophores (Jorand et al., 2000; Liu et al., 2018
The expected likely major pathway in the photolysis of 24ogEroxy-propanal was theoretically determined to be a 1,5
H-shift in the S1 state leading to enol formation (along wiriplet O,), at an estimated yield of 84%, whereas intersystem
crossing (ISC) resulting in C—C scission (i.e. formyl relghand OH expulsion, makes up the rest (Liu et al., 2018)i-Sim
lar yields are expected (and adopted here) for e.g. HPAC &&OHET. 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 carlt@wnd the hydroperoxide-H
supposed to undergo the H-shift leading to enol formatiaroisfavoured, e.g. because of possible H-bonds of this lygdro
with another oxygen in the molecule, enol formation is disadaged and therefore neglected here for simplicity. os¢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, sdwatedperoxycarbonyls are not considered explicitly, ared a
replaced by their estimated photolysis products.

The theoretical investigation of the reaction of OH withwlinlcohol (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(O2)CH(OH), L5 H-shit, HC(O)OH+ OH + RCHO
— RCH(OH)CH(OH)O2 — HO3 + 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 hydroperoxyacetosies al.,
2018).HC(O)OH should also be formed in the OH-reaction of hydroxyvinylhygtetone HMVK, HOCH=CHC(O)CH3s)
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 theoretical/sitithe case

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

2.1.5 HPALD photolysis

The HPALD photolysis quantum yield is taken equal to 0.8, mpwmise between the experimental value 01 for a G
HPALD proxy (Wolfe et al., 2012) and the theoretical valuet@ally a lower limit) of 0.55 by Liu et al. (2017). The mecha-
nism following HPALD photolysis is based on the theoretitaldy of Liu et al. (2017):

HPALD1 +hv — OH + 0.11 (HO + O=CHCH=C(CH3)CH=0 (MBED))

+0.11 (CO + OH + O=CHCH(OOH)C(0)CH;3 (HPKETAL))
+0.56 (CO + OH + O=CHCH=C(CH3)(OH) (HMVK))
+0.22 (CO + CH3C(02)=CHCH,OH' (V102T))
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HPALD2 +hy — OH + 0.18 (HO; + O=CHCH=C(CH3)CH=0 (MBED))
+0.18 (CO 4+ OH + O=CHCH(OOH)C(O)CH;3 (HPKETAL))
+0.46 (CO 4+ OH + O=CHC(CH3)=CHOH (HMAC))
+0.18 (CO + HOCH,C(CH3)=CHO," (V2021))

Note that the formation ddCHC(CHj3)(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@agenal photolysis (Thuner et al., 2003), the photolykis o
methylbutenedialNIBED) should be very fast (lifetime of minutes) and lead to a foratype compound as major product,
as well as methylmaleic anhydridel(M AL) and other compounds. Relying on MCM for the further oxidiatf the furanone
by OH, we replacelBED by its assumed photooxidation products:

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

+0.20 MMAL + 0.15 (MGLY 4+ CO + HO2 + CO3) + 0.10 (GLY 4+ CH3CO3 + COs3)

The major sink of the enolEMAC andHMVK should be their reaction witbH, leading in part to formic acid formation
(see Table 2). Based on the experimental study of Yoon e1899), photolysis of the analogous ketone-enol form ofyacet
lacetone CH3C(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 atmosphpeessure of order 0.1 (instead
of a near-unit quantum yield as assumed by Liu et al. (20T1g.absorption cross sections of the enols are obtainedtirem
acetylacetone study of Nakanishi et al. (1977). By analogfy the CH,=CH® + O, reaction (Mebel and Kislov, 2005), we
assume that the vinylic co-product radicalsH¥IAC andHM VK photolysis react rapidly witl®, to give HCO + MGLY
andCH;3;CO + GLY, respectively.

The activated vinylperoxy radicalsl 02" andvV202f from HPALD photolysis might be stabilized by collisions amtiergo
reactions withNO, HO, andNOs, (Liu et al., 2017), but a more probable fate is decompositiebel and Kislov, 2005), to
CH3CO + GLYALD in the case 0fV102, andHCO + HYAC, in the case oV202.

2.2 |soprene+ Og

The ozonolysis mechanism follows the experimentallyagatimodel of Nguyen et al. (2016), except regarding the fatieeo
Criegee intermediat€H, 00, formed with a yield of 58% (and assumed to be entirely stadil). 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 beliar
dominant at all relevant conditions (Berndt et al., 2014a€ht al., 2015; Smith et al., 2015; Lewis et al., 2015; Shéept.e
2017) and is therefore the only reaction considered hereeMork is needed to elucidate the humidity dependence of the
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yields. Reaction with the dimer follows the recent study bégs et al. (2017):

10.05 (HC(O)OH -+ 2H,0)

2.3 Isoprene+ NOj

The mechanism foNOs-initiated oxidation follows largely the laboratory study Schwantes et al. (2015). Several minor
pathways are neglected, however, as the further degradagchanism of several products remain unclear. The tidetien,
followed by Os—addition, forms several peroxy radical isomers lumped orie compoundNISOPO?2). Generalizing the
mechanism proposed by Schwantes et al., the reactididSDPO2 with non-tertiary peroxy radicals proceeds following
NISOPO2 4+ RO2 — 0.2(NISOPO + RO + O3)
+0.4(0.88NC4CHO + 0.12MACR + 0.12HCHO + 0.12NO2 + ROH)
+0.4(0.74ISOPCNO3 + 0.14ISOPANO3 + 0.12ISOPDNO3 + R'CHO)
whereas for tertiary peroxy radicals the reaction reads
NISOPO2 + RO2 — 0.5(NISOPO + RO + O3)
+0.5(0.88NC4CHO + 0.12MACR 4 0.12HCHO + 0.12NO2 + ROH)

The proposed 1,6 H-shift of the trans-[1,4] isomeMNdSOPO2 radicals (Schwantes et al., 2015) is neglected, as it is slow
(4-10~*s~!) compared to the other reactions. The differentisomersabky radicaNISOPO have different fates: decompo-
sition to MVK or MACR (for the3-nitroxy oxys), reaction witlD,, (for thed’s), and a fast 1,5 H-shift (Kwan et al., 2012) (ca.
2:10° s71) for the §-(1-ONG,,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 wiNO or NO3 forms an enal nitrate);NOCH,C(=CH;)CH=0, along
with HCHO andHO-, (Wennberg et al., 2018). The main expected fate of this eitralte is photolysis, tiNO, + HCHO +
0O=CH-C(=CH;)0,. 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?® s~1, producingCO + °CH,OH (Calvert et al., 2011); it also photolyzes
to ' CH, (or 2CH,) + CO. The fate of methylene is mainly oxidation@O or CO,, (Baulch et al., 2005). Based on photolysis
parameter data provided by Calvert et al. (2011), photslissestimated to be slightly less important than @ié-reaction,
and is therefore neglected here for simplicity.

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

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

The 8- and J-nitroxy hydroperoxides formed in ti8ISOPO2 + HO- reaction are explicitly considered. Their reactions
with OH form nitroxy hydroxy epoxidesIHNE) as well as hydroperoxy and nitroxy carbonyls, also exiyiconsidered
in the mechanism. A major product of tRSOPO2 reaction withNO or RO- is the enal nitrate NC4CHO. Laboratory
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work on an analogous compound (Xiong et al., 2016) has shbatnphotolysis is by far its dominant sink, owing to high
guantum yields and to enhanced absorption cross sectiwisited to the interaction of the nitrate and carbonyl chophore.
The NC4CHO photolysis cross sections and quantum yieldmewandation follow Xiong et al. (2016). As the mechanism and
products are uncertain (Xiong et al., 2016), we tentatia€elgpt a similar photolysis mechanism as for the analogoéd. BB,

but with O——NO4 bond scission substituted for——OH scission. (see above, Sect. 2.1).

2.4 Monoterpene oxidation

Due to the complexity and poor understanding of monoterpaidation, we adopt a simple parameterization based on box
model simulations ofi- and3-pinene oxidation using the MCMv3.2 (Saunders et al., 20Di3¢ scope of the parameterization
is limited to the reproduction of total yields of several kmpducts; those yields reflect not only primary productiahdiso
secondary formation. The influence of monoterpenes onatkdje.g HOx, RO5) and on ozone production is therefore likely
not well represented by this simple mechanism. It shouldiessed that even the monoterpene mechanism in MCM is great!
oversimplified, as it neglects many possibly important patys (in particular H-shift isomerisations in peroxy rag), with
potentially very large effects on radicals and other prasius thorough evaluation of mechanisms against laboratatg will

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

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

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

40 ppbvO3; and 250 ppbw”O maintained throughout the simulation) and low-NOx simiolag (100 pptWN Oy, 20 ppbvO;

and 150 ppbyCO) are conducted, only the low-NOXx 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 sgebiey represent, but without any chemical loss.

The yield of acetone from botlr and3—pinene is very close to 100% after several days of reactioiepgendent of the NOx
level. The yield of methylglyoxal is low (4% and 5% far and 3-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 oNOy, for both precursors. ThHHCHO yield comes down to 2.3 after subtracting the contributioihgcetone
and methylglyoxal oxidation. This yield is further redudeyl 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 impa&qpdsition
on the average formaldehyde yield from isoprene oxidatiaB000), based on global model (MAGRITTE) calculations. The
higher fraction is justified by the larger number of oxidatgteps and the generally lower volatility of intermediateslved in
formaldehyde formation from monoterpene oxidation. Nehedess, this adjustment introduces a significant unceytai the
model results. A sensitivity calculation shows that adugt lower yield reduction (20% instead of 45%) in the globabiel
(Sect. 4.1) has negligible impact on the calcula&#dHO abundances{~1%) in most regions, but leads to higheCHO
vertical columns in monoterpene emission regions~H% over Amazonia and by up to 8% over Siberia. The associated
impact onOH reaches +2% in those regions, due to the additibital formation througtHCHO 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 and”O andCO- formation besides their production through the degradaifdghe explicit products.
25 Crossreactionsof peroxy radicals

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

2.6 Peroxy radical reactionswith NO and HO,

We adopt the recommendations of Wennberg et al. (2018) forates of non-acyl peroxy radical reactions Wi (2.7 -
1072 exp(350/T) cm® molec ! s71) as well as withHO» (2.82- 10~ 13exp(1300/T) - [1 — exp(—0.231n)] cm® molec™!
s~ 1, with n the number of heavy atoms in the radical, excluding the penagiety).

We also follow Wennberg et al. (2018) for estimating theatéryield in the reactions of organic peroxys with NO. The
parameterization is based on the temperature- and predepemdent expressions proposed by Carter and Atkins@9)19
and by Arey et al. (2001), modified to account for the recomulagion 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 pathwaiy§ and

for the oxy radical pathwayttyy) are given by

VlT, M. 2) = gt ®
Youy(T, M, 1, Z) = 1 — Yoie(T, M, Z) )
with

A(T, Mn) = % 0.4 {1+ 0081 (ko [M] /K )12} (5)
ko =o€ ©)
oo =0.43-(T/298) 8 (7

wherea = 2.1072? cm?® molec™!. Z is a normalization term adjusted in order to match expertaleteterminations of the
branching ratio, when available. In absence of such canstieis calculated (for > 2) using
1-— (o7

Z = AO(n) 0 ) (8)
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Figure2. Left panel: Organic nitrate yield in the reaction of peroagicals withNO calculated following Wennberg et al. (2018) as function
of atmospheric pressure, using temperature profiles typicdanuary (in blue) and July (in red) at 4™ (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 - 101 molec. cn?, n) and
ap = 0.045-n—0.11 (9)

The nitrate yield is further modified according to molecwgaucture 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
(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 Egit7).

27 CH30:+ OH

Methylperoxy radical CHsO5) was shown to react rapidly witbH (Bossolasco et al., 2014) although two more recent ex-
perimental studies inferred a lower rate constant (Yan.eR@lLL6; Assaf et al., 2016). The possible pathways include
CH30 + OH % CH30 + HO,
2 CH;0H+ 0,
£, CH04 4 Hy0
4, CH;000H

The stabilized trioxide (H; OOOH) formed in channel d has several possible fates, among wkmttion withOH and
uptake by aqueous aerosols followed by decompositior(iitgOH + O, are expected to be the mostimportant (Miller et al.,
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2016). An upper limit of 5% for the yield of Criegee radicalas\also determined by Assaf et al. (2017), in agreement héth t
theoretical expectation that it should be negligible (Miikt al., 2016). A yield of 0-20.1 for the methoxy O+ 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 Muller.§28l16) and used in our mechanism. It is also consistent tivéh
methanol yield measurements reported recently by Carawan @018) at both low and high pressure (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 abteocations (Muller et al., 2016). Note that at low presgais 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 (Muller et al., 2016),

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

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

The mechanism does not account for the possible reactiégntbivith other peroxy radicals. As noted by Miiller et al.
(2016), its relevance for larger peroxys (such as thoseddrim the oxidation of biogenic VOCS) is expected to be lowant
in the case ofCH304. Furthermore, the fate of the stabilised trioxide formetiigh 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 isopreneoteopenes and methylbutenol (MBO).

Notation Chemical formula

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

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

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

Chemical formula

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

APIN
APINONO2

CH302
CH3CO3
OCHCH202
HOCH2CH202

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

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

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

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

CH3C(=CH,)CH(OH)CH5ONO

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

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

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

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

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

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

OCHC(CH3)=CHCH,OH

OCHCH=C(CH3)CH,OH

OCHC(CH3)=CHCHa2(OOH)

OCHCH=C(CH3)CH2(OOH)

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

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

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

Chemical formula

GCO3

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

MBOO2
APINOHO2
APINO302

HOCH2C(0)O2

HOCH2CH>02

CH3COCH20-

0.75CH3C(O)CH(O2)CH2,0OH + 0.25 CH; C(O)CH(OH)CH20-

CH2=C(CH3)C(0)O2

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

0.94 CH2=C(CHj3)CH(02)CH,OH + 0.06 OHCH, CH=C(CH3)CH2 0
CH3C(=CH2)CH(OH)CH505

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

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

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

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

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

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

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

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

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

peroxy radical fromAPIN + OH

peroxy radical fromAPIN + O3
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Table 2. Chemical mechanism and rates. Read(—11) as 2.7-10"''; T=temperature (K);[M] is air density (molec.cm®);
Kroano=2.7(—12) exp(350/T);
%0‘3{”“%10““0[M]/’“°°>/““4]2}_1 . Units for °*-, 2"?- and 3-order reactions are’$, cmPmolec's™ ! and cnfmolec?s™'.
References: 1, MCM (Saunders et al., 2003; Jenkin et al5)2@ Nguyen et al. (2016); 3, Wennberg et al. (2018); 4, ltiale(2013);
5, Peeters and Miller (2010); 6, Capouet et al. (2004); 7jn&tn et al. (2006); 8, Peeters et al. (2014); 9, St. Clail.e2d16); 10,
D’Ambro et al. (2017); 11, Lee et al. (2014); 12, Jacobs ef24114); 13, Paulot et al. (2009b); 14, Bates et al. (2016)Sthwantes et al.
(2015); 16, Xiong et al. (2016); 17, Crounse et al. (2012);GBss et al. (2014); 19, Burkholder et al. (2015); 20, Ngugeal. (2015a);
21, Galloway et al. (2011); 22, Praske et al. (2015); 23, \al.e{2013); 24, Baeza-Romero et al. (2007); 25, Magneroh ¢2@05); 26,
Taraborrelli et al. (2012); 28, So et al. (2014); 29, Assaflef2016); 30, Assaf et al. (2018); 31, Mller et al. (2013); Allen et al. (2018);

34, Chan et al. (2009).

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

Reaction Rate Ref. Note
Cs compounds

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

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

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

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

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

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

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

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

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

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

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

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

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

+2.26(—16) exp(1364/T) - [HO]

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

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

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

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

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

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

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

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

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

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

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

+4.9(—20) exp(4962/T) - [HO4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

HCOC5+ OH — C5902 3.81(—11) 1

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

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

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

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

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

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

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

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

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

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

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

HPALD1+ OH — ICHE 0.8(—11) 53 N27

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

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

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

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

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

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

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

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

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

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

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

koo = 1.125(—11)(300/T)* 1%

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

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

MPAN + OH — HMML + NO3 2.25(—11) 20

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

MCO3H + OH — MCO3 3.6(—12) 1

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

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

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

MVK + OH — MVKO?2 2.6(—12) exp(610/T)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

HMVK + OH — HO2 + HOBA 2.4(—11) N61

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

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

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

Cs compounds

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

HPACET + OH — MGLY + OH 8.39(—12)

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

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

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

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

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

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

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

C; compounds

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

APINONO2+ OH — NO; 4.5(—12) 1
MBO oxidation

MBO + OH — MBOO2 8.1(—12)exp(610/T) 1

MBO + O3 — 0.308 HCHO 4+ 0.992 CH3COCH3 + 1.31HO> 1.0(—17) 1 N77
+0.01 CH3CHO + 0.89 CO2 + 0.168 HMHP + 0.64 CO

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

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

MBOO2 +NO3z — 0.67 GLYALD + CH3COCH3 + HO» 2.3(—12) 1 N78

+0.33HCHO +0.33CO3 + NO»
MBOO2 + HO5 — 0.67CO + CHsCOCHs + 2HO, + 1.33C0O5  2.3(—13) exp(1300/T) 1,3 N79
MBONO3 + OH — NO; + 0.67 CO + 0.33 CO5 2.0(—12) 1 N80
+CH3COCH; +2HO,

2.9 Notesto Table2

N1. Rate equal to 90% of evaluation (Burkholder et al., 2@@%ccount for isoprene—OH segregation (Pugh et al., 2&EB Sect. 2.1.1 for
main products. The minor addition channels (7%) includedrdwyperoxy radicallSOPEO?2) as well as unsaturated carbonyls along with
HO-. The unsaturated carbonyls are replaced by their majdrdudxidation products at higiO according to MCM ACETO2 + HCHO
+HO3 + CO3).

N2. See Sect. 2.2. The stabilized Criegee intermedidi€.(0O) is currently not a model compound; its production is repthby the
products of its main atmospheric sink, the reaction withewatimer, namely0.55 HMHP + 0.4 HCHO + 0.4H2O2 + 0.05 HC(O)OH
(Sheps et al., 2017).

N3. Y™ (T, M,n, Z) denotes the nitrate yield, as defined in Sect. 2.6 adjusted to match laboratory-based estimates at rooulitams
(~298 K and 1 atm): 14% and 13% for the 1,2- and 4,3-isopreneaxygeroxys, and 12% for thé-hydroxyperoxys (Wennberg et al.,
2018).Y (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 of- andé-hydroxyperoxys (Sect. 2.1.3) as well as for the differegianic nitrate yields in their reactions withO.

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 produeldg account for the small contribution of tkhehydroxyperoxy pathways.
The minor§-IEPOX compounds are lumped withIEPOX. The non-IEPOX products observed by St. Clair et2016) in presence af O
(HYAC, GLYALD, HPAC, CH3CHO) as well as the dihydroxy dihydroperoxiddSQP(OOH)2) proposed to be a potentially significant
component of isoprene SOA in low-NOx conditions (Liu et 2016) are assumed to have a negligible yield in most atmeogptenditions
due to the proposed isomerisation of the peroxy radical éofim the reaction (D’Ambro et al., 2017). The further chamgisf the dihydroxy
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hydroperoxy epoxide resulting from this isomerisation, HHEPOX, is not considered. Its saturation vapour pressugstisiated to be of the
order of 310~% atm at 298 K using a group contribution method (Comperndlid.e2011), i.e. three orders of magnitude lower than the
estimated vapour pressure®IEPOX (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 O¥ DHHEPOX is therefore very
probably more soluble and prone to loss by deposition or S@Adation than IEPOX, which has been shown to deposit verigisapn
vegetation (Nguyen et al., 2015b) and to be a prominent S@&ayssor (Surratt et al., 2010). Furthermore, the producteeooxidation

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 heterogengalke.

N7. Abstraction of hydroperoxide-H (75%) and of hydrooai (25%) (Wennberg et al., 2018). The latter leads to a ragicaposed to
undergo epoxide formation (Wennberg et al., 2018); we mégiés very minor and uncertain pathway as the product wggested to be
due to an impurity (St. Clair et al., 2016). Addition ©% to the radical formd1O, + O=CHC(CHs3)(OOH)CH=CH,. The main fate of
the unsaturated hydroperoxy aldehyde is photolysis to ah B0 CH=C(CH3)CH=CH, (80%) or toHCO + OH + MVK (20%) (see
Sect. 2.1.4). The enol reacts primarily ® addition to the first carbon, followed by a 1,5 H-shift®@dd + HC(O)OH + MVK.

N8. Abstraction of hydroperoxide-H (60%) and of hydroxyH (40%), followed by similar reactions as fdsSOPBOOH (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 &4l ihternalOH-addition toISOPBNO3.

N11. The rates of the 1,5 and Iyehydroxy-H-shifts from theC; HOCH: group in the radicalslOCH>C(CH3)(ONO2)CH(O2)CH2OH
andHOCH,C(CH3)(ONO2)CH(OH)CH,O2, respectively, suggested by Wennberg et al. (2018) areressequal to 0.027s" at 298
K (instead of 0.05 s’ in Wennberg et al. (2018)), at the lower end of the range estichby Mgller et al. (2019) fan-hydroxy H-shifts,
given the unfavorable H-bonding between the peroxy groupthe hydroxy-H of the othels 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)CH2OH andCH3C(O)CH(OH)CH2,OOH, respectively, or MVKOOH).

N12. Assume fast hydrolysis of the dinitrate in the aque@sssol phase, as it bears a tertiary nitrate group. The Iygisgproduct (besides

HNO3) is very soluble and can be assumed to remain in the partécplase.

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

HNO3) is assumed to remain in the aerosol phase.

N14. As forINBO2 (see Note N11), the 1.8-hydroxy-H-shift in the peroxyi{OCH2C(O2)(CH3)CH(ONO2)CH2OH is assumed to
be 2.5 times slower compared to Wennberg et al. (2018). Tihhexyhydroxy hydroperoxycarbonyls formed from the H-¢laife assumed
to photolyze rapidly, releasinlCO, NO» and a hydroxyhydroperoxy carbonyHQCH>C(OOH)(CH3)CHO). The latter compound
photolyzes also very rapidly, i8CO + OH + HYAC.

N15. The hydroperoxy aldehyd®E&CHC(CHs)(OOH)CH(ONO2)CH2OH or INDHPCHO in MCM) formed in the reaction is assumed
to photolyze rapidly tda1CO + 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.HOCHﬁTO‘C(CHS)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)CH2OH (for the major isomer) an@CHC(O2)(CHsz)CH2OH (minor) which under-
goes a 1,4 aldehyde H-shift, @O + OH + HYAC.

N18. Hydroxyl«w-H abstraction from the carbonyl hydroxyepoxides (seeiptes/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(CHs)(0O°)CH=CHOH, followed by 1,5 enol-H
shift andO2-addition to formOCHC(CHj3)(OH)CH(O2)CHO. This is followed by a fast 1,5 aldehydic-H shift and (for eglapart) by

CO elimination to give, afteO»-addition, CH;C(O)CH(OOH)CHO + HOs.

N19. The 1,4 H-shift ifIOCH.C(OH)(CH3)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 irHOCH,CH(OH)C(CHs)(02)CHO formsHO» + 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%) fords=CHC(OOH)(CH3)CH(OH)CH2OH, assumed to photolyze very rapidly HCO +
OH + CH3C(O)CH(OH)CH2OH.

N23. The 1,5 H-shiftifHOCH2C(OH)(CH3)CH(0O2)CHO formsHO, + O=CHC(OH)(CH3) CH(OOH)CHO assuming to photolyze
rapidly either toCHO + OH + OCHC(CH3)(OH)CHO, or to CHO + HO; + CH3C(O)CH(OOH)CHO (HPKETAL). The hydroxy-
dialdehyde is assumed to react exclusively viH, forming CO + MGLY + HO-.

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

N25. Neglect hydroperoxide channel, i.e. assume formatiaxy 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 mdi-addition channel forms a hydroxyperoxy of which the maite fia low-NO regions
should be reaction witfilO», followed by reaction of the hydroperoxide withH, forming HOCH,CH(OH)C(CH3)(OOH)CHO as
main product C7500H in MCM). Note that isomerisation of the hydroperoxy forms@aC7500H (along withHO2). C570O0H is aa-
hydroperoxyaldehyde, assumed to photolyze rapidly (Lal.e2018) toHCO+OH+CH3C(O)CH(OH)CH2OH, therefore regenerating
OH andHO..

N27. The branching ratios are from Peeters and Muller (20LB¢ further mechanism mostly follows Wennberg et al. (30h8wever,
collisional deactivation of the radicaDCHC(CH3)C°CH2(OOH)) formed in the minolOH-addition channel is neglected, since epoxide
formation should be largely dominant, as for the radicaied 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 thesamtlal stabili-
sation of the radical formed in the major addition channdijclv is neglected (see previous note). As above, the urdatudialdehyde
O=CHC(CH3)=CHCH(O) should photolyze rapidly to compounds replaced by theth&rreaction products. The hydroxyhydroperoxy
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aldehydeHOOCH2C(CH3)(OH)CH=O0 should photolyze rapidly to (and is therefore replacedi¢)O + HO» + CH;C(O)CH>OOH
(HPACET).

N29. The peroxy radical(Hs; C(O)CH(OH)C(0)0,) formed in the reaction is replaced by its further oxidagwoducts in presence of
NO.

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

N31. The acyl radical formed froffHs; C(O)CH(OOH)CHO through aldehydic H-abstraction can add to form an acylperoxy radical
which (upon reaction wittNO) leads toCO. + OH + MGLY. Note that the acyl radical can also decompos&t + OH + MGLY.
Abstraction of the hydroperoxidH is followed by a 1,4 H-shift of the peroxy radicalH;C(O)CH(O2)CHO to the same acyl radical
as above. H-abstraction from the carbon bearingQkE1 group (40% of reactivity) leads t6H3;C(O)C(O)CHO assumed to photolyze
rapidly toCH3CO + CO + HCO.

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

N33.NISOPO2 is a mix of several radicals (Schwantes et al., 2015; Wemnékeal., 2018). The dinitrate formed in the reaction is igubr

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 theysuggestion that it

might be overestimated (Schwantes et al., 2015).
N35. H-abstraction froclHOOCH>CH=C(CH3)CH2ONO, and isomer.

N36. OH-addition toHOOCH,CH=C(CH3)CH>ONO3 (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)CH2OH (and isomer) formed in the reaction is neglected, as
it should be slow due to stabilization by H-bonding betwéengeroxy and hydroxy groups, 2) epoxide formation (ca. 98lalyis neglected,
3) the minor pathways in the bimolecular reactions of thetigperoxy radicals (e.g. dinitrate formationiRO2+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 produdtseafreactions withNO or HO», and 5) the nitroxy hydroperoxy aldehyde
OCH-C(CHs3)(OOH)CH20NO4 is assumed to photolyze rapidly (Liu et al., 2018JtHO + OH + CH3C(O)CH2ONOx.

N37. The minor products C3CNO2 and C3CPO?2 are replaced hyress further 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 fronCHo=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 radi@gaNOCH,C(CHs)(OOH)CH(OH)CH202
(INPHO23 in Schwantes et al. (2015)) is assumed to react fastM@hor NO3, leading toO2NOCH>C(CH3)(OOH)CHO (C4CPNAin
Schwantes et al.) assumed to photolyze rapidly (Liu et @L82toCHO + OH + NOA.

N40. IHNE is a mix of twos3- and twod-nitroxy hydroxyepoxides. The mechanism follows Wennbergl. (2018). The peroxy radi-
cals O:NOCH>C(OH)(CH3)C(O)CH202 and HOCH2C(O2)(CH3)CH2ONO- formed from theg-IHNE are replaced by the prod-
ucts of their reaction wititNO, neglecting dinitrate formation and minor oxy decompositproducts. The radicaD=C°CH2ONO2
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formed in these reactions ad@s, forming an acylperoxy radical replaced by its further teacproduct in presence afO, i.e. CO»

+ HCHO + NOa. The peroxyO:NOC(OH)(CH3)CH(O2)CHO undergoes a fast 1,4 H-shift outrunning bimolecular reasti forming
CO + OH + O2NOCH>C(OH)(CH3)CHO, which is assumed to photolyze rapidly 80, + HCHO + MGLY + HO (Mdiller et al.,
2014). The carbonyl nitroxyepoxides (ICNE in Wennberg gtate assumed to react withH, following the Caltech reduced mecha-
nism: ICNE +OH — 2CO + 0.35NOA + 0.65 MGLY + 0.63102 + 0.65NO,. The peroxysO.NOCH,C(OH)(CH3)CH(O2)CHO
and OCHC(O32)(CH3)CH(OH)CH20ONO- formed from thed-IHNE undergo fast H-shift reactions outrunning the bincalar reac-
tions, formingCO + OH + eitherOo.NOC(OH)(CH3)CH(O2)CHO (in the first case) oH3C(O)CH(OH)CH2ONO, (second case)
(Wennberg et al., 2018).

N41. TheOH-reaction rate was measured by Xiong et al. (2016 f6HHC(CH3)=CHCH2ONOs. The yields account for thsC4ACHO
isomer distribution estimated by Schwantes et al. (201%.0H-reaction essentially follows Wennberg et al. (20A8jehyde H-abstraction
from OCHCH=C(CH3)CH2>ONO- by eitherOH or NO3 leads to an acylperoxy radical here replaced biitsreaction product accord-
ing to MCM (CO2 + CO + HO2 + NOA). Note that alternative reaction pathways proposed by \Wermyet al. also lead eventually to
CO + NOA. OH-addition generates peroxy radicals undergoing fast isisat@on (Schwantes et al., 2015) leading to the nitroxyrbyy
aldehydeO>NOCH2C(OH)(CH3)CHO assumed to photolyze rapidly 88O, + HCHO + HO» + MGLY; the nitrooxy hydroperox-
yaldehydeO>NOCH,C(CH3)(OOH)CHO assumed to photolyze rapidly ##CO + OH + NOA, and the nitrooxy hydroperoxyketone
CH3C(O)CH(OOH)CH20ONO; assumed to photolyze t6H3CO + OH + OCHCH2ONO, (ETHLN).

N42. Abstraction ofv-hydroxy H in ISOPCNO3OCH>CH=C(CH3)CH2ONO2) and ISOPANO3IOCH,C(CH3)=CHCH20ONO>)
Wennberg et al. (2018), leading in part to photolabile hperoxynitroxy carbonyls (e.d0:NOCH,C(OOH)(CHs)CHO) assumed to
photolyze rapidly (to eitheHCO + OH + NOA for ISOPCNQO3, oilCH3CO3 + OH + ETHLN for ISOPANO3).

N43. OH-addition to ISOPCNO3HOCH,CH=C(CH3)CH>ONO> and ISOPANO3 HOCH,;C(CH3)=CHCH20ONO3). The mecha-
nism follows Wennberg et al. (2018), except that two differdihydroxy nitroxyperoxy radicals are lumped into oneicat(INCO2 or
INAO?2). In each case, only one of the two peroxy isomers uymies an 1,5-H-shift. For simplicity, and since the H-shdirinates largely

the fate of the peroxy undegoing it, the bimolecular reaxtiare the reactions of the isomer which does not undergo-#taftd

N44. INCO2 includes two isomers, only one of whigdhoONOCH2C(O2)(CHs)CH(OH)CH2OH) undergoes an 1.5 H-shift. It leads to
HO2 + O2NOCH2C(OOH)(CH3)CH(OH)CHO, assumed to be rapidly followed by fast photolysis (Liu et2018) toCHO + HO, +
02NOCH>C(OOH)(CH3)CHO, itself followed by photolysis t€ HO + OH + CH3C(O)CH20ONO2 (NOA).

N45. Mechanism adapted from Wennberg et al. (2018). ThedpgioxideHOCH,CH(OOH)C(OH)(CH3) CH2ONO, formed with a 43
% yield is assumed to react withH, primarily by a-hydroperoxide-H abstraction, formiigH + HOCH>C(O)C(OH)(CH3)CH2ONO,
(INCCO), and by abstraction of the terminal hydroperoxide hydnogeregenerat&NCO2.

N46. The dicarbonyl nitrat€®)2;NOCH2C(CH3)(OH)C(O)CHO formed in the reaction is assumed to photolyze rapidiyH0O +
02NOCH;C(CH3)(OH)—C°=0, which decomposes (for a large part) ifi® + HO; + O2NOCH>C(O)CHjs (NOA).

N47. The mechanism follows the MCM. Among the three congidehannels, formation @>NOCH(CHO)C(CHs)(OH)CH2ONO-
+ HO. is assumed to be followed by photolysis of the carbonyl datgt toNO2 + GLY + NOA + HO, (Mdller et al., 2014).

N48. INAO2 includes two peroxy isomers. The minor perdk CH,C(OH)(CH3)CH(O2)CH2ONO; can undergo an 1,&-hydroxy-
H-shift leading toHO, + OCHC(OH)(CH3)CH(OOH)CH2ONO, (Wennberg et al., 2018), which is assumed to photolyze hapid
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(Liu et al., 2018) toaCHO + HO2 + CH3C(O)CH(OOH)CH2ONOo, itself followed by photolysis t€H3CO + OH + OCHCH2ONO2
(ETHLN).

N49. Adapted from Wennberg et al. (2018). The hydroperogideluct (50% yieldHOCH,C(CHjs)(OOH)CH(OH)CH20ONO>) is as-
sumed to react witlDH, following the mechanism of the MCM and leading in partie=CHC(CH3)(OOH)CH(OH)CH20ONO2 which
is assumed to photolyze rapidly to gi¢81O + OH + CH3C(O)CH(OH)CH20ONOx.

N50. The aldehyde-H-abstraction channel yigli8CH,CH=C(CH3)C(0O)O2 or HOCH,C(CH3)=CHC(O)O- that should isomerize
by 1,6 H-shifts of amx-hydroxy-H to form the doubly resonance-stabilized radica HOC°H—CH=C(CHj3)—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 initizl-5-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€iedhddition-energy to these
doubly resonance-stabilized radicals is as low as 15 kel psuch thaD-additiona to theOH-group onC; (or Cy) is likely to result in
O2-loss instead of concerted eliminationid®-, wherea)»-addition at they position leads for 50% t&, Z’-peroxys that undergo fast 1,6
enol-H-shifts facing barriers of only 10 kcal md|, similar to the H-shifts leading to DIHPCARPs (Peeters gt24114). The product radical
of these H-shifts addS. to form DIHPCARP analogues that may readily isomerize bglayde-H-shift, promoted by H-bonding. The result-
ing radicals are assumed to elimin&t® and OH to yield OCHC(CH3)(OOH)C(O)OOH or CH3C(O)CH(OOH)C(O)OOH, which
are expected to photolyze rapidly (Liu et al., 2018) i61©® + HO, + OH + CH3C(O)C(O)OOH or CH3CO3 + OH + OCHC(O)OOH,
respectively. Pyruvic peracid photolyzes radidly iatH; CO + CO2 + OH, while its reaction withOH is very slow (Saunders et al., 2003).
Peroxy glyoxylic acid (PGA) is considered explicitly. Th8% Z, E’'-peroxys that also arise by O,-addition can react quasi-exclusively
with NO andHO., here assumed in a 50:50 ratio, to form mainly oxy radicalg. @, E’-HOCH=CHC(CH;3)(0°)C(O)OOH) that
quickly decompose int@€O2 + OH + eitherCH3C(O)CH=CH;OH (HMVK) or OCHC(CH3)=CH2OH (HMAC).

N51. OH-addition channel, with rates from Neeb (2000); Pesett al. (2004). FoDH-addition 5 to the formyl, we follow Wennberg et al.
(2018), with product radicals IEPOXAO2 and IEPOXBO?2 ideatito those resulting fromi-IEPOX + OH. The peroxys fron©OH-addition
« to the formyl are unlikely to undergo 1,5 aldehyde-H-shifte to unfavorable expected H-bonding pattern, but shaitter 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 hydroxypgsresulting fronOH addition toMACR, (Crounse et al., 2012; Wennberg et al.,
2018).

N53. Rate from MCM. The reactions occurs dyhydroxy-H abstraction, after which the 3-ring opens tarfdhe 10-15 kcal mol' more
stableHOCH=C(CH3)—C(0)0°, the latter stabilized by acyloxy resonance. Direct eltion of CO» as proposed in the MCM appears
not likely, since theC;=Cs——C3 bond is~10 kcal moi™* stronger than irCH; ——C(0)O° due to the neighbouring double bond. The
most likely fate is a 1,5 enol-H shift t©=CHC°(CHs3)C(=0)OH (with double “vinoxy" resonance-stabilization), exotiméc for some
25-30 kcal mot!, and almost barrierless. After addifig, one can expect a 1,4 aldehyde-H-shift followed®® elimination (barrier~7
kcal mol*) andOH loss to yield pyruvic acid. The latter is replaced by its piysis products (Burkholder et al., 2015), i.e. 0B®, +
0.48CH3CHO + 0.87CO2 + 0.44CH3C(0)0O2 + 0.08 CH3C(O)OH + 0.13CO + 0.050H.

N54. See Note N2 regarding the stabilized Criegee interatediH2OO). Pyruvic acid is replaced by its photolysis products (se®ipus
Note).

N55. MVKO2 is a mix of CH3C(O)CH(O2)CH20H (72%) andCH3C(O)CH(OH)CH202 (28%). The ratio is adjusted so that the
glycolaldehyde yield ilMVKO2 + NO is 69% (Galloway et al., 2011), taking the nitrate yield (4®)aske et al., 2015) into account.
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N56. MVKOOH is a mix of CH3 C(O)CH(OOH)CH2OH (55%) andCH3;C(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. Therer leads ultimately to hydroxyacetonéN€), (in presence oNO). The latter

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

N58. The reactiodMVKNO3 + OH is split into two reactions sinceIlVKNO3 represents two isomer§Hs;C(O)CH(ONO2)CH,OH
(for 80%) andCH3C(O)CH(OH)CH2(ONO2) (for 20%). For the first, assume 50% alcoholic-H abstradiodtiH; C(O)CH(ONO2) CHO
assumed to photolyze (for ca. 80%) iff®-» + GLY + CH3CO, the rest reacting witlbH to form eventually MGLY-HO2+CO- (in the

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

N59. Assume fast reaction of the acylperoxy radical (84%eattive flux) withNO. Assume fast photolysis @@H3C(O)C(O)CHO (16%
of flux) into CHsCO + CO + HCO.

N60. Assume immediate reaction of prod@HC(CHs)(OH)CHO with OH, forming MGLY + HO» + CO- upon reaction witiNO.

N61. The dominant OH-addition, td10),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 sBaforms HOC°HCH(OH)C(O)CHs which reacts withO» to HO, +
CH3C(O)CH(OH)CHO.

N62. The dominant OH-addition (B0~!* molec™! cm® s™'), to O=CHC(CHz)(02)CH(OH)a, 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 i, + O=CHC(CH;)(OH)CH=0, which reacts primarily wittOH, leading to an acyl
radical which can eliminat€ O and give MGLY +HO5 or form an acylperoxy radical which can undergo a shift ofatdehyde-H to the
peroxy group. The resulting radical can either lose CO, gr@hueaction withO,, form HO, + CO + CH3C(O)C(O)OOH (PPYR),
or react withO2 and then withNO or HO,, forming CO2 + HO2 + PPYR. The H-abstraction channel leads to an acylperoxy radical,
0=C(02)C(CH3)=CHOH, which undergoes a enol 1,6 H-shift followed },-addition, toO=C(OOH)C(O2)(CH3)CH=0. The
latter radical undergoes a 1,4 H-shift of the aldehyde-bilileg toCO + OH + PPYR. PPYR is assumed to photolyze rapidly (tHs; 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. See Sé&.4.
N66. The reaction leads to pyruvic acid (along wiikb2), assumed to photolyze very rapidly according to Burkhoktel. (2015).

N67. Yields calculated at room conditions. The acylperadical resulting fron©- addition to thed1COCO radical (ca. 17% of the reactive
flux) is replaced by the final reaction products in presend8©@fandO- (i.e. CO + HOz + COy).

N68. Contrary to MCM, consider aldehyde-H abstractiondile@ in part toCO + OH + HCHO (for 25%) and in part tdlOOCH2CO3
(75%) which (upon reaction witNO) leads toCO2 + OH + HCHO.
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N69. Reaction rate taken equal to the average of the MCM amdttiucture activity relationship (SAR) of Neeb (2000). dRrcts assume

fast reaction of peroxy radical witNO.
N70. The minor channel (8%, formation 6 (OH).CH2O-) proposed by So et al. (2014) is neglected.

N71. The methyl nitrate yield adopted here i4@* 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 stratosph&fifONO, observations.

N72. See Sect. 2.7 for details.

N73. The water dimer concentration (molecthnis calculated using
[dimef = p- K, - [H20]"/[M] (11)

wherep is atmospheric pressure (atmf{O] 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-abstraétion hydroperoxide group, followed by decomposition ofiyeroxymethylper-

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

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

N77. Several carbonyl intermediates formed in the reacienassumed to react rapidly with OBH3;C(OH)(CH3)C(O)O2 is assumed
to react withNO, forming COz + CH3C(O)CHs + HOx.

N78. The organic nitrate yield i10% at room conditions (295 K and 1 atm) (Chan et al., 2009)eMs the major isomer peroxy radical
leads toCH3C(O)CHs + GLYALD + HO» upon reaction wittNO, the other isomer leads ##CHO + HO, + CH3C(OH)(CH3)CHO
which is here replaced by its OH-reaction product in presesfdNO, namelyCO, + CH3C(O)CHs + HO,. Note that the MCMv3.3.1
mechanism for MBO was recently validated by comparisonk elitmber measurements, in particular regarding the ptioduaf radicals,
acetone and formaldehyde (Novelli et al., 2018a), and treaperoxy radical isomerisation reactions proposed by Kah (2015) can be

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

N80. Average reactivity of the two isomer dihydroxynitstdhe products are replaced by th@iH-reaction products in presenceO.

2.10 Photodissociations

The photolysis reactions are listed in Table 3. In many gdkegphotolysis parameters are directly obtained from exmantal studies, or can
be assumed identical to the parameters for other, similapoonds (e.g. the absorption cross sections of many orggdioperoxides are
assumed identical to those 6H3; OOH). For nitrooxycarbonyls and for hydroperoxycarbonylswheer, analysis of the (scarce) available
laboratory data indicates that the interaction betweeriwioechromophores has a strong influence on the reaction mischand on the
photodissociation parameters (Miller et al., 2014; Liulet2018). The absorption cross sections for these clagigs3) are calculated
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(a) hydroperoxycarbonyls and keto-enols

(b) nitroxycarbonyls
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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 structurallylaimmonofunctional compounds and on wavelength-deperetdgrincement factors

derived for nitrooxycarbonyls (Mdiller et al., 2014) and fyrdroperoxycarbonyls (Liu et al., 2018) based on availtderatory data.
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Table 3. Photodissocation reactions. The last column gives theophitat (/) 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.it, 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 (s71)
HCHO — CO +2HO, 1 2 3.4(-5)
HCHO — H, + CO 1 2 5.2(-5)
CH5CHO — CH302 4+ CO +HO> 1 1 5.0(-6)
CHsCHO — VA 1 3 1.7(-6)
GLYALD 2% HCHO + CO + 2HO, 1 1 1.2(-5)
2%, CH30H + CO
%, OH + OCHCH,0,
GLY — 2C0 +2HO; 1 1 7.6(-5)
GLY — 2CO + H, 1 1 1.6(-5)
GLY — HCHO 4 CO 1 1 3.1(-5)
CH3COCH3 — CH3CO3 + CH304 1 1 5.5(-7)
MGLY — CH3CO3 4+ CO + HO, 1 1 1.4(-4)
MACR 2% MCO3 + HO, 1 4 5 2.1(-6)
2%, 0.35 CH3CO3 + HCHO + 1.65CO + 0.65 CH3 05 + 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 4+ OH 1° b 5 5.6(-6)
ISOPDOOH — MACR + HCHO + HO, + OH 1° b 5 5.6(-6)
ISOPEOOH — MACR + HCHO + HO» 4+ OH 1° b 5 5.6(-6)
MACROH — HYAC + CO + 2HO> 67 6¢ 5 6.2(-5)
MVKOOH 2%, CH;CO;5 + HO, + HPAC 7 7 5/ 1.3(-4)
%, CH3COs3 + GLYALD + OH
CH30NO3 — HCHO +HO5 + NO» 1 1° 9.0(-7)
PAN ™2 CH5C05 4+ NO, 1 1° 7.3(-7)
2%, CH305 + CO2 + NO3
PAA — CH303 4 OH + CO, 1 b 5 7.9(-7)
HYAC 2% CH3CO3 + HCHO + HO, 1 1 1 1.9(-6)
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Reaction Crosssection  Quantumyield Products J(s™')
2%, GCO3+ CH30,
2%, CH505 + CO + HCHO + HO»
2%, OH+ ACETO2
INDOOH — NO; + GLYALD + HYAC + OH 67 b h 2.9(-6)
INDOOH — OH +0.15 (HYAC + GLYALD + NOy) 1° b i 5.6(-6)
+0.85 (HCHO + HO2 + MVKNO3)
MACRNO3 — HYAC + CO + HOs + NO» & 3.6(-4)
MVKNO3 — 0.8 (CH3CO3 + GLYALD + NO>) g 5 5.7(-5)
+0.2(MGLY + HCHO + NO3)
INCCO — NO2 + HYAC + GCO3 & g’ 5 1.4(-5)
INCNO3 — NOy + HCHO + HOs + MVKNO3 6" b h 1.9(-6)
INCNO3 — NO2 4+ GLYALD + NOA + HO» 67 h 2.9(-6)
NOA — CH3CO3 + HCHO + NO; 5 3.2(-5)
ETHLN — HCHO + CO + HO2 + NO2 8 1.7(-4)
NC4CHO 2% NO, 4+ 1.15HOs + 1.35CO5 + 0.55 HCHO 10 10 5™ 3.9(-4)
+0.65CH3CO3 + 0.2 MMAL + 0.15 MGLY
+0.15CO 4 0.1 GLY —0.550H
NC4CHO 2% NO, + OH + CO + 0.5 HPKETAL + 0.5 HPDIAL
NC4CHO 2% NO, + CO + OH + 0.3HMVK + 0.7HMAC
NCACHO 2% NOs + 1.7CO 4 0.3MVKO2 + 0.7HYAC
DHBO — CH3CO3 4+ GLYALD 5 5 5 2.7(-6)
HOBA — MGLY + CO +2HO, 5" 5" 5 7.9(-6)
HOBA — CH3CO3 4 GLY +HO» 6" 6" 1.9(-6)
HCOC5 — CH3CO3 + HCHO + GCO3 5 5 5 2.3(-6)
ICHE 2% 2C0 + HO, + OH + HYAC 6¢ 6¢ o 6.2(-5)
2%, GO +HO3 + MVKO2 0
HPCE — HO3 +1.82CO + 0.820H + 0.82HPACET + 0.18 KPO2 6¢ 6¢ P 6.2(-5)
MCO3H — OH + CO4 + 0.65 (CH302 + CO + HCHO) 1¢ b 5 7.9(-7)
+0.35(CH3CO3 +HCHO)
GCO3H — OH + HO3 + HCHO + CO, 1¢ 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)

1%, CH5CO3 + HCHO + OH
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Reaction Crosssection  Quantumyield Products J (s™')

HPKETAL > HMVK 7 7 r 5.4(-4)

2%, CH5CO; + OH + GLY

2% CO+HO, + OH + MGLY

HPDIAL 2% HMAC 7 7 r 5.2(-4)

%, 0O 4+ HO, + OH + MGLY
DIHPMEK — OH + CH3CO3 + HPAC 7 7 5" 1.3(-4)
BIACETOH 2% CH3CO0s5 + GCO3 6° 6° t 7.1(-5)
2%, CH3CO3 + CO + HO, + HCHO
HPALD1 2% 0.450H + 1.15HO; + 1.35 CO5 + 0.55 HCHO 1 u 11¢ 4.2(-4)
+0.65 CH3CO3 + 0.2 MMAL 4 0.15 MGLY +0.15CO 4+ 0.1 GLY
2% 920H+ CO + HPKETAL
CO 4 20H + HMVK
CO + CH3CO;3 + GLYALD
HPALD2 22 0.450H + 1.15HO, + 1.35CO3 + 0.55 HCHO 1 u 11¢ 4.2(-4)
40.65CH3CO3 + 0.2MMAL 4 0.15MGLY +0.15CO + 0.1 GLY
18% 90H + CO + HPKETAL
CO + 20H + HMAC
2%, 200 + HO, + HYAC
HMAC — OH 4 CO 4+ HO5 + MGLY 12 v w 1.0(-5)
HMVK — OH + CH3COs + GLY 12 v w 1.0(-5)
PGA — CO 4+ HO, + CO, + OH T P 5 1.1(-4)
APINONO2 — NO, 67 b 2.9(-6)

56%
s

22%
R

46%
—

Notes:

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

d) As fori—CsH7CHO.
e) Total quantum yield of 0.8.
f) See Sect. 2.1.4 regarding hydroperoxycarbonyl pho®lysid note N56 above.
g) As for CHsCH(ONO;)CHs.

10 h) Oxy radical decomposition follows Vereecken and Pee089).
1) Oxy decomposition as ilNDO2 + NO (Table 2).
J) Sum of absorption cross sections@fl3C(O)C2Hs andn—C4HgONOo.
k) As n—C4HoONOs,.
1) Quantum yield of 1 below 336 nm, zero above (Xiong et al. 801

15 m) NC4CHO photolysis followsHPALD2 photolysis for 75% an@PALD1 for 25% (isomer distribution of Schwantes et al. (2015)).
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n) For the aldehyde channel, ugéC.H;CHO); for the ketone channel, us&HYAC).

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

p) C-C scission leading tHCO and the same product radicals as in the formyl-H-abstnagaghway 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% @{CH3;C(O)C(O)CHs) based on the experimental photorate determination okBretsal. (2015).

t) The reaction gives dominantlyH;C°O + HOCH2C°O. The latter radical is formed with an internal energy ragdoetween 5 and 20
kcal mol~*. Below ~11.5 kcal mol ™, 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 Seti5).

w) See Sect. 2.1.5.

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

211 Uptake by aerosols

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

A

A= Dy 14 )

(13)

whereA is the aerosol surface density (€em~—?), r,, is the number mean particle radius (cth), 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 et20Q9b). Aqueous aerosols include inorganic (sulfate/amuma/nitrate/water) and
carbonaceous (OC and BC) calculated by the model as dedéniltavrakou et al. (2013) and sea-salt aerosol from the ®I4@onitoring
Atmospheric Composition and Climate) Reanalysis (appssddnt/datasets/data/macc-reanalysis/levtype=sfc/)

The heterogeneous uptake of alkyl nitrates by aqueousasradiowed by their hydrolysis has been suggested as aamntie organic
nitrate sink and a large source of nitric acid in forestedirervnents (Romer et al., 2016). Since tertiary nitratesenstrown in the lab-
oratory to undergo hydrolysis much faster than primary aecbsdary nitrates, we neglect the hydrolysis of non-tertiatrates while
assuming fast hydrolysis of tertiary nitrates from isogrefihe reactive uptake coefficient)(calculated by Marais et al. (2016) based on
measured hydrolysis rates of a primary and a secondary kyuitcate from isoprene in neutral solution (Jacobs et24114) is much too
low (1.31077 — 5.210°) to account for the loss observed during the Southern Oxiataah Aerosol Study (SOAS) campaign (Romer et al.,
2016), due to the relatively low estimated Henry’s law cansif isoprene hydroxynitrates. A much highe(0.03) is assumed here for
the major (tertiary) 1,2-hydroxynitrate from isoprene @ISBNO3), such that heterogeneous loss is its dominant tiatieei troposphere,
whereas the uptake of non-tertiary isoprene hydroxymitrég neglected. Although crude, this assumption leads tmd model agreement
against aircraft observations of isoprene hydroxynigrateer the Southeastern U.S. (see Sect. 4.2). Furthernhereatculated average
for the sum of isoprene hydroxynitrates weighted by thespeetive abundances 4€0.02, 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 likelyfgignt, fraction of
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Table 4. Heterogeneous reactions on aqueous aerosolienotes the reactive uptake coefficient. References: id.&f al. (2005);
2, Marais et al. (2016); 3, Fisher etal. (2016); 4, Millerlet(2016). Notes:) The dependence on aerosol pH (Marais et al., 2016;
Stadtler et al., 2018) is ignored.

Reaction o Ref.
GLY — GLY (aerosol) 2.9(-3) 1
IEPOX — IEPOX (aerosol) 42(-3) 2¢
HMML — HMML(aerosol) 1.3(—4) 2¢
ISOPBNO3 — ISOPBOH + HNO3 0.03 b
MACRNO3 — MACROH + HNO3 0.03 b
APINONO2 — HNO3 + product 0.005 3
CH3000H — CH30H + O2 0.1 4

the monoterpene nitrates (represented in the mechanisnubigae lumped compound APINONO?2) is assumed to be tertiagdyuader-
goes hydrolysis (Browne et al., 2013, 2014) witls 0.005 (Fisher et al., 2016). Other, minor tertiary nitsagenerated in the mechanism
(INB1OOH, INB20OOH, INB1NO3 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 &sstmremain in the particulate phase. The saturation vap@asisures
of those hydrolysis products (hydroperoxy triols and niyrtriol) are calculated to be in the range (4—40) '° atm using the group con-
tribution method of Compernolle et al. (2011), i.e. thredevs of magnitude below the estimated vapour pressure pfarse dihydroxy
epoxide (IEPOX). The assumed rapid aerosol sink of therdieittNBINO3 O:NOCH(CH>OH)C(CH3)(ONO2)CH2OH) generated
in the oxidation of isoprene hydroxynitrates ByH has a potentially significant impact on tolRDNO-, levels, due to its long expected
chemical gas-phase lifetime, with &il-rate constant 0f-2-10~'? 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 tieateé INCNO3
(HOCH2CH(ONO2)C(CHs)(OH)CH2ONO>) shows that dinitrate hydrolysis depletes taBDNO- levels by only~3% globally, in
spite of its strong impact on total dinitrate abundancestdfeof 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 pariate 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 simulations

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 fronykutkpdoi.org/10.22002/D1.247 (Wennberg et al., 2018 Taltech mechanism
is also available in its explicit (“full") version, which kever does not include the further degradation of many teahspecies down to
CO. 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 high;S€enario with 1 ppbWOx (also 40 ppbvO3; and
250 ppbvCO) and a low-NQ scenario with 100 pptWOx (with 20 ppbvO3; and 150 ppbwCO). 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 Tropos$ph#traviolet and Visible (TUV)
photolysis model of Madronich (1993). For computationdicéfncy, 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 parametetsm 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, excapthiose (e.g. hydroperoxycarbonyls) for which the MCM fdilsck on
simpler, monofunctional model compounds. Since Wennbeag) €2018) does not provide specific recommendations ®cticulation of
photorates, we use our own expressions in their mechaniBenCaltech mechanism files do include noontime photorait@&tts, but their
derivation is unclear, and their use in the intercomparisounld lead to large discrepancies with both MCM and MAGRIT®Bscuring the
interpretation of differences. To further facilitate timgerpretation, the same inorganic chemistry and the sates of the major reactions of
CH302 andCH3CO3 (with NO, HO2 andNO3) 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//8.021042).

3.2 Comparison resultsfor HO,,

The temporal evolution of key compounds concentrationsutaled with the three mechanisms using the Kinetic Pref2smr (KPP)
package (Damian et al., 2002) are displayed on Fig. 4 (fdi-N®x) and 5 (low-NOx). 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. cnm?®). There is generally a much
better level of agreement between the mechanisms at highddé@pared to low-NOx. The Caltech mechanism leads to thieelstf) H
levels. At low-NOX, the Caltech-based avera@é]] during the first 4 hours of the numerical experiment is bydesof 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),
CH302 (~1.3) and especiallgH3; 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 ahijlectOH vyield (1.5) in the bulk 1,6-isomerisation of isoprene pgrox
radicals. This production is the result of the high assumeldl pf DIHPCARP (0.6) in this reaction and of the high dir€tx 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, leadim@dditionalHO. production. As a sensitivity test, the model was run with
the MAGRITTE mechanism modified by replacing the bulk 1,6Hhiftsreaction of isoprene peroxys by its representatiorhim €altech
mechanism. This change alone increa®&k concentrations by about 15% compared to the standard MAGRKimulation, and reduces
also the discrepancies fofO2, CH3;O2 andCH3COs3.

A second reason for lowéiOx levels lies in the yield of1Ox and other radicals in the photolysis of several major hyerogycarbonyls
(e.g. HPAC, HPACET and HPKETAL). This yield is much lower inromechanism, as it accounts for the major enol-forming nbbn
(Liu et al., 2018), which does not produce any radical. Thesetions generate ori@H and either ond1O2 or oneCH3COs3 radical in
the Caltech mechanism, which assumes either scission @f-theC bond followed byOH expulsion, or equivalently, dire€dH release
followed by spliting off of either formyl or acetyl radical second sensitivity calculation with the MAGRITTE mechsmi modified by
assuming that the photolysis of those hydroperoxycarlsopsdceeds as in the Caltech mechanism further incréalesy almost 10%, in

the first hours. Even larger increases are calculatétdfo) for CH; O, andCH3COs.
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Figure 4. Box-model calculated mixing ratios of key compounds at 1vo®x. 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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Figure5. 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 ohgftzoperoxycarbonyl 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, mt@present 7% of the
total ISOP + OH reaction flux in our mechanism.

The results of a sensitivity calculation using the MAGRITfEchanism modified by adopting the Caltech reduced mechasisresen-
tation of 1) isoprene peroxy 1,6 H-shift yield and produeisq 2) hydroperoxycarbonyl photolysis reactions are showfig. 5 (“Hybrid
mechanism", dashed red lines). The residual differenceedam Caltech and the modified MAGRITTE mechanisms are veallga few
percent) forHOx, CH302 andCH3COs.

3.3 Comparison resultsfor isoprene products

The three mechanisms agree well for the main isoprene aardatoducts (e.g. MVK, MACR, HCHO) when accounting for éifénces
in OH levels and in the HPALD vyield 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 IBI® and total organic nitrates (RONO2) concentrations dytfe 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 threeusations, the calculated RONO?2 levels decrease more kagftir the initial
peak in the Caltech simulation than in the MAGRITTE and egdlycthe MCM simulation (Fig. 5). This is partly explained blifferences
in OH, as seen from the lower discrepancy in RONO2 found betweeIiCHitech 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 (INBGihd
INDO2) formed from theéD H-oxidation of isoprene hydroxynitrates. This H-shift f@imydroperoxynitroxy carbonyls assumed to photolyze
very rapidly, releasindNO> and therefore removing RONO2. It is the dominant sink of ¢hpsroxys in the Caltech simulation, while it
is neglected in the MCM, and assumed to proceed at a slone(0a2 s') in our mechanism, due to the influence of H-bonding (see
Notes N11 and N14). This also explains the higher abundaite @arbonylhydroxynitrates (MVKNO3 and MACRNO3) in thed¥W and
MAGRITTE simulations (Fig. 5), as those are partly formeahfrthe bimolecular reactions of the peroxys INBO2 and INDO2.

Dinitrates make up only a very small contribution to totalfRRQ2 levels in the simulations{0.5% at low-NOx,<3% at high-NOx). The
dinitrates formed from ISOP+OH are indeed mostly tertiargt therefore assumed to hydrolyze rapidlyi O3 and an alcohol. When the
aerosol sink of those nitrates is neglected, their coninbuo total RONO2 becomes substantial (13 pptv out of 5% pptow-NOX) in the
MCM simulation, but remains low in the Caltech simulatien pptv). This large difference stems mostly from lower dati yield in the
reactions of dihydroxy nitroxyperoxy radicals witfO in the Caltech mechanism, due to the strong reduction ofi#ld gue to the nitrate
group. Moreover, the MCM neglects the photolysis of thetdatés, 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,gdvewy and the overall
impact of dinitrates could be larger than assumed in our ar@sm.

The total peroxynitrate (RO2NO2), methylglyoxal and glgbgoncentrations calculated in the three simulationsrareasonable agree-
ment. The differences in RO2NO?2 level are partly relatedifferénces in yield of thé1lOCH2>C(O)O- radical (GCO3) in the photolysis
of CH3C(O)C(O)CH2OH, equal to 1 in the MCM, 0.5 in our mechanism, and 0 in the Chltaechanism (see Notdn Sect. 2.10).

The production of methanol, however, is much larger with MAGTE than with the MCM (factor of 3) and with the Caltech manism
(factor of 8). A large part of this difference is due to tG&lsO» + OH reaction (Sect. 2.7), which accounts for about half @& OH
production at low NOx, and even more at high NOx. In additithe, rate of theCH302 + RO> reactions has a unique value for RD4

compounds (3.0~ 2 molec* cm® s! at 298 K ) in the MCM, much lower than in the Caltech and MAGRHTfechanism for isoprene
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hydroxyperoxys (2.0~ '? molec! cm®). Finally, although the full Caltech mechanism includ&d; OH formation in the reaction of e.g.
ISOPDO2 (4,3-ISOPOO) witkbH3 O, this production is neglected in the reduced Caltech méstrarexplaining the very low Caltech-
calculated methanol levels on Fig. 4-5.

Very large differences are also found for formic acid. Infihg hour of the experiment, MAGRITTE predicts lower forioatrates due to
lower direct HCOOH formation from the ozonolysis of isopgem particular, the primary HCOOH vyield is only about 3% iMR@RITTE,
about 6 times less than in both the MCM and Caltech mecharasrhi% H>O mixing ratio). HMHP HOCH2;OOH) being not formed
in the MCM, the overall HCOOH production from alkene ozorsidy(both direct and indirect through HMHP oxidation) ighklly higher
in MAGRITTE than in MCM, whereas it is about twice higher iret@altech mechanism. At later times, the formation of foradid due
to the reactions of enols (VA, HMAC and HMVK) witDH becomes a larger source than the ozonolysis of isoprenetaddgradation
products according to MAGRITTE, especially at low-NOx. T@ealtech mechanism includes an additional HCOOH produg@thway
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 byOs-addition and by a rearrangement
leading toNO3 + HCOOH + MGLY, instead of the expected fast dissociation of thtydroxyperoxy radical intd1O- and a dicarbonyl.
This mechanism is ignored in our mechanism, as it is highigex and likely faces a much higher barrier than the F&Sk expulsion (at
~1000 5!, 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€Hs;C(O)OH yield in theCH3C(0O)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 WitH; COs. It is partly compensated by high€Hs;COs3
levels in the Caltech simulation, especially at low-NOxeTMAGRITTE mechanism includes an additional acetic acid@®uhrough
the OH-oxidation of CH,=C(CHs)OH (MVA) generated from the photolysis of hydroperoxyacetétRACET. 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 smulations

The MAGRITTE v1.1 model calculates the distribution of 182mical compounds, among which 141 species undergo trenspoesses
(advection, deep convection and turbulent diffusion) eriodel. MAGRITTE can be run either globally &t @atitude) x 2.5° (longitude)
resolution, or regionally at 095 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 Earthifase and the lower stratosphere (44
hPa level). The meteorological fields are provided by ECMWRAHNterim analyses (Dee et al., 2011). Most model parariztigons,
including the transport scheme and the chemical mechamisanthropogenic and biomass burning VOCs, inherit fromM&GES model
(Muller and Brasseur, 1995; Stavrakou et al., 2009a, b, 2BAbwens et al., 2016). The deposition scheme is describadcompanion
paper (Muller et al., 2018).

The model uses anthropogenic emissions of CO, NOx, OC, BCSén from the HTAPv2 dataset for year 2010 (Janssens-Maenhal, et
2015). Following Travis et al. (2016), the anthropogenicX\gnissions over the U.S. are first scaled down to match the tot&l (3.5
TgN/yr) for the year 2013 reported by the National Emissiovehtory (NEI), and the U.S. NOx emissions due to industry @ansport
are further reduced by 60% to match observed aircraft @ncentrations and nitric acid deposition data, consistéh the recommen-
dation of Anderson et al. (2014). Anthropogenic NMVOC enaiss are provided by the EDGARVA4.3.2 inventory (Huang et2117) for
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the year 2012. The global annual anthropogenic NMVOC sasrte4 TgNMVOC (118 TgC). Biomass burning emissions (78 TQrOC
or 45 TgC in 2013) are obtained from the Global Fire EmissiataDase version 4 (GFEDA4s) (van der Werf et al., 2017) andeatieally
distributed according to Sofiev et al. (2013).

Isoprene, monoterpene and MBO fluxes (366, 91.5 and 0.93 fiagpectively, in 2013) are calculated by the MEGAN-MOHYCAN
model (Miller et al., 2008; Guenther et al., 2012; Bauwera.e2018) and are available online (http://emissionsreamie.be). Biogenic
emissions of acetaldehyde and ethanol (amounting to 92 &nBgAC) yr ! globally) are parameterized as in Millet et al. (2010). The
methanol biogenic emissions are provided by an inverse hirggietudy constrained by spaceborne methanol abundamzkare estimated
at 37.5 Tg(C) yr ! (Stavrakou et al., 2011). Biogenic emission<afH, (scaled to a global total of 4 Tg(C) yt), CH20 (1.6 Tg(C) yr ')
andCH3C(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) (Miller et al., 2018), similar to previous model estimatqStavrakou et al., 2011; Fischer et al., 2012; Millet gt2010). Finally,
oceanic emissions of alkyl nitrates are also included, dasecomparisons with aircraft campaign measurements gimally proposed by
Neu et al. (2008), but taking into account the updated allcgie calibration of the campaign data (Simpson et al.120The adopted rates
over Tropical oceans (2@ — 10N) are6 - 10, 2.5- 108, 10® and10® molec. cn? s~ for C;, C,, Cs and G. 3 alkyl nitrates, respectively;
3-107,3-107, 1.5-10” and10” molec. cnt 2 s~! over the Southern Ocean-10°S); a uniform rate 007 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) (01014, 0.08, 0.07 Tg(N))
for Cy, 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 studiesl®at al., 2012), whereas ozonolysis and ¥@s-reaction contribute for9%
and 5%, respectively. The isomerisation reactions cottifate of about one fifth of the total flux of hydroperoxy k@dé formed from the
reaction of isoprene witlbH (16.5% and 3% for the 1,6 and 1,5 H-shifts, respectively)weier, the contribution of 1,6 H-shift is much
higher, by about one order of magnitude, for the peroxysltiagurom OH-addition to carbon C4 than for those resulting from additb
C1 (Peeters et al., 2014; Wennberg et al., 2018). Furthexntias contribution is dependent on temperature and onatheanitrations oNO
andHO., radicals, as illustrated on Fig. 6: of the order of 50% overate forests such as Amazonia, it dropst85% over the Southeastern
U.S. and below 20% over cooler, more NOx-polluted areas#addition).

The isomerisation reactions of isoprene peroxys regeméfat, (HO2 + OH) radicals, in part directly (see Sect. 2.1.2) and in part
from subsequent reactions of the isomerisation produd®s\LDs in particular. However, as discussed in Sect. 3.1re¢hised isomerisa-
tion product distribution of the MAGRITTEv1.1 mechanisnonsistent with recent experimental findings (Berndt et29119), lowers the
regeneration oOH compared with distributions assuming a large yieldddf radicals and dihydroperoxycarbonyls (Peeters et al., 2014
Wennberg et al., 2018) assumed to release additi@Qal through fast photolysis. Furthermore, our recently preplaanol-forming pathway
in the fast photolysis of several key hydroperoxycarbokglg. HPACET and HPAC) also decreases the recyclingidfcompared with the
previous assumption @ —OH bond scission. The overall impact of isoprene peroxy rddscenerisation reactions on boundary-layer av-
eragedOH concentrations reaches up to about 40% over Western Ansmaodi 10-15% over Southeastern U.S. and Siberia in July{kig.

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

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 tHeO, + NO reactions compete with unimolecular reactions. The
decreased NOx loss through organic nitrate formation antigpeemoval implies longer NOx effective lifetime and higr concentrations
(by a few % over Amazonia), in spite of the high@H levels and increased NOXx loss throu§kb. + OH. These changes lead to slightly
enhanced3; concentrations over Amazonia (a few percent). The impaél©R O concentrations and vertically-integrated columns is very
5 small, also of the order of a few percent at most.
The dry or wet deposition of organic (peroxy-)nitrates amel 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 @l6R®s 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. cnm? s+,

Fig. 8, the combined deposition and aerosol sink of orggmecaxy-)nitrates is found to be the dominant sink of NOx a@nforests in
South America and Africa, as well as over boreal forests ie®a and Canada during the summer. This fraction even dgc&¥%6 over the
most remote areas (e.g. Western Amazonia) where high isened low NOx levels both contribute to I&Wi concentrations (of the order
of 10° molec. cm® during daytime in the boundary layer). These estimatesldhmiconsidered with caution given the large uncertainties
in the assumed aerosol uptake coefficient and poor unddistanf aerosol chemical processes. Over the Southeast&n(80-94.8W,
29.5-40'N) during August-September 2013, the MAGRITTE model caltiohs (regional version over the U.S., Ds@solution) suggest
that the NOx sink through aerosol hydrolysis amounts to 14%@x emissions in the region, whereas the deposition of mrgaitrates
and peroxynitrates account for additional 7 and 5% of NOxssians. The estimated total net loss of NOx throlfbNO-> formation
amounts therefore to 21% of NOx emissions, in good agreemiihtprevious calculations using the GEOS-Chem model @Fishal.,
2016) (21%). This agreement might be partly fortuitousegithe important differences between the two studies regathe nitrate yield
in the ISOPO2 + NO reactions (9% in Fisher et al. and 13% in our study) and régguthe treatment oRONO- aerosol sink: a unique
uptake coefficient (0.005) was used by Fisher et al. for ajpigne 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 evergledse to the gas-phase, in which case the overall NOx sloilated here is
underestimated.

Although SOA is not a focus of this study, SOA formation prees are included in the model. The largest source of SO/ isfitake
of IEPOX, with a global flux (49 Tg or 25 TgC yr') 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 istaer well-identified source of SOA, amounting to 10 Tg yglobally (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., 20THe
dihydroxy dihydroperoxidesIfOP(OOH)») formed from the oxidation of ISOPOOH h9H were recently estimated to be a dominant
source of SOA (Stadtler et al., 2018); in our mechanism,glmsnpounds are ignored since their yields are believed teegégible in
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atmospheric conditions (D’Ambro et al., 2017). The majon#hBPOX products ofDH-addition to ISOPOOH are dihydroxy hydroperoxy
epoxides (DHHEPOX), also believed to form SOA as discusbede (Note N6). Their global production in the model amount80 Tg
yr~! (12 TgC yr''). Assuming that their reactive uptake is as effective adB&OX, and neglecting gas-phase oxidation@}l (which
generates other low-volatility compounds also expectefonm 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 confirrirésl would 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 hyslsobyf
dihydroxy dinitrates (Note N12) and dihydroxy hydroperaxgrates (Note N13). The hydrolysis products, nitroxy- dydroperoxy-triols
are expected to be of very low volatility and remain mostiythie aerosol phase, as their vapour pressures (Comperhelle 2011) are
estimated to be very low. Those triols represent only a mawmtribution to the global SOA budget, however, as theiinested global
production is~3 Tgyr—* (1.2 TgC yr ).

4.3 Mode evaluation against SEAC*RS campaign measurements

The regional model simulation over the U.S. is evaluatednagaircraft measurements of the NASA SE/S (Studies of Emissions and
Atmospheric Composition, Clouds and Climate Coupling bgiBeal Surveys) campaign in August-September 2013 (Toah,2016). For
the most part, the SEARS took place over the Southeastern U.S. in areas chamttdsy high emissions of isoprene and other BVOCs.
The observations discussed below are those obtained onABANC-8 (www-air.larc.nasa.gov/missions/merges/) lestw 9h and 17h
local time. Biomass burning plumes, urban plumes and sphtric air are excluded from the analysis (diagnosed Wifis[CN] > 225
ppt, [NO2] > 4 ppbv, and Qs]/[CO] > 1.25, respectively) (Travis et al., 2016).

Figure 9 presents the observed and calculated averagespraffitzoneN O, and VOC oxidation products. The model profiles are averages
based on values interpolated at each measurement locatiotinae. As noted above, the NOx anthropogenic emissions instne model
were strongly reduced, relative to NEI official estimatiginsorder to match the SEARS observations fdl O, (alsoNO) and improve the
agreement for ozone, consistent with the results of Travad €2016). The model is in excellent agreement withHiteHO 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% at¥d for MVK+MACR, ISOPN (the family of primary hydroxynitras
from isoprene) and ISOPOOH, respectively. Even for ISOPQO®ME model falls well within the measurement uncertaintygea (40%)
(Nguyen et al., 2015b). Note that the modelled MVKMAC acdsuifior the presumed interference of ISOPOOH in the measureras
described in Miller et al. (2018). This correction incresas®/KMAC by ~10% on average for this campaign.

The model-calculated HPALD concentrations (dotted linglmnCsHsO3 panel of Fig. 9) are on average about a factor of two lower
than the observed Caltech CIMS (Chemical lonisation Masx®pmetry) signal at the corresponding mass; when addmgdntribution
of the carbonyl hydroxyepoxides (ICHE), which have the séonmula (Cs HsO3) as HPALD and can be expected to interfere with HPALD
measurements, the model falls within the measurement tamegr 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 tR&lHD
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@9 overprediction of
modelled ISOPOOH and MVK+MACR relative to the measurementspite of the important uncertainties and remaining wmkms (e.g.

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

yield (75%) adopted in this work in the isomerisation{5-OH-peroxys from isoprene (Sect. 2.1.2). Lower yield valas proposed in
recent previous work, i.e. 50% (Peeters et al., 2014; Jestkah, 2015) or 25% (Teng et al., 2017; Wennberg et al., 20d®)ld lead to

much stronger HPALD underestimations against SERS data.

The good consistency between the model results for the nhagbrNOx and low-NOx isoprene oxidation products lendsficemce
in the major steps of the mechanism. The excellent agreefoefEPOX (+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 overegigmeof
ISOPN aerosol sink, although the measurement uncertsi(ti@0% for ISOPN, Fisher et al. (2016)) preclude a firm assessmemnosol
hydrolysis represents-50% of the total sink of the tertiary hydroxynitrate ISOPB8I@ the model (average over the model domain)
or about 31% of the total ISOPN sink. The model overestimatibthe secondary isoprene nitrates (MVKNO3+MACRNO3) (HYyis
small (14%) and suggests an essentially correct repregentd their sources and sinks, although error compensatiemain a possibility.
The model overestimates nitroxyacetone (NOA)®Y70%, in contrast with the GEOS-Chem underestimation fdunBisher et al.. This
compound is mainly produced from multiple reaction seqesrio theNOs-initiated oxidation mechanism of isoprene and in thH-
oxidation mechanism of thé-hydroxynitrateHOCH,CH=C(CH3)CH2ONO> (ISOPCNO3). Although isoprene oxidation BYOs is
primarily a nighttime process, NOA is formed after severdabation steps favored by daylight. Our mechanism is moteildgl and in
line with the recent mechanistic conclusions from labasastudies, but it still bears large uncertainties due tottigea complexity of the
mechanism. For example, the H-shift in the nitroxyperoxdigal INCO2 HOCH,CH(OH)C(O2)(CH3)CH2ONO, and isomer) leads to
NOA formation according to our mechanism; although thiscpss is written as one reaction in the mechanism, it actualblves several
steps, each of which is uncertain. The model might also stienate nitrate radical concentrations and thereforethlsamportance oNOs3
as oxidant of isoprene. Although the reaction®\@; with major peroxy radicals and carbonyls are taken into asto the model, many
reactions with unsaturated oxidation products (e.g. ISORPare neglected in current mechanisms. A careful assegsmh¢he role of
these reactions might be in order.

Despite the model overestimation for NOA, the model undaneges the SEAERS measurement f@&ONO-, (the sum of all organic
nitrates) by~40%. A slightly larger model underestimation (factor of 2sifound by Fisher et al. (2016), in line with their lowl@ONO»
yield in the ISOPO2 N O reactions (see above). There are several possible exjplaniddr the discrepancy, including the neglected reac-
tions of NO3 with unsaturated oxidation products from isoprene andrdOCs, the neglected formation of unsaturated dinitrétes
the reaction of dinitroxyperoxy radicals (NISOPO2) wiXi© (Li et al., 2018), a possible overestimate of the tertiatyaté hydrolysis sink,
in particular for dinitrates, and a misrepresentation kylehnd hydroxyalkyl nitrates from other precursors thapigne. The monoterpene
nitrates are very crudely represented in the model. Inqa4at, the assumption of 100% NOXx recycling in their reattsth OH could lead
to a significant overestimation ®ONO-, loss. Nitrates from ethane, propane, ethene and propedatmi are included in MAGRITTE,
but their concentrations are largely underestimated vagipect 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 ffpa@mall part of the
RONO: bias (~16 pptv altogether out of 120 pptv below 4 km) based on SEHRE observations and model results. Nitrates from higher
alkanes are crudely included in the model, and their camiob could be underestimated. Methylnitra@Hs; ONO-) is well reproduced

by the model (Fig. 9), but it makes only a very small contridt(~5 ppt). The good agreement validates the low nitrate yietdius the
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Figure 9. Observed (red symbols) and modelled (black lines) meanlgsaf ozoneNO-, NO, and major VOC oxidation products over
North America during the SEARS campaign. The number of measurements per altitude bilisaited on the right for each plot. The
vertical bin interfaces are 0, 0.3, 0.6, 1, 1.5 km, and froro 8 km by 1 km. The horizontal lines indicate the standard atem of the
measurements within each vertical bin. MVKMAC stands fa& saom MVK+MACR+0.44 ISOPOOH. Both the modelled HPALD (ddtte
line) and HPALD+ICHE (solid line) are shown on thg HsO3 panel.

mechanism (20~ * at room conditions, see Note N71) for th#30- + NO reaction, well below the experimental determination (1%
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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), higlkér values as reported by Butkovskaya et al. would leduite

overestimations o€ HsONO2 mixing ratios in the troposphere.
4.4 Global budget of formic and acetic acid

The calculated global photochemical source of formic aciants to 5.6 TgC or 21 Tg(HC(O)OH) per year (Table 5). Altijouhe
model simulation incorporates newly proposed formatiorcimagisms, as detailed below, this total is lower than séyeewvious model
estimations (Paulot et al., 2011; Stavrakou et al., 2012leMgt al., 2015), for several reasons. Firstly, the glabaprene source in our
simulation (366 TgClyr) is near the low end of the range of/jes estimates (Arneth et al., 2011; Sindelarova et all420Furthermore,
the formation o HC(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 mightheoéffective in
atmospheric condition$IC(O)OH production from isoprene ozonolysis (1 TgCl/yr) is lowentipaevious estimates (e.g. 1.8 and 2.3 TgClyr
in Paulot et al. (2011) and Stavrakou et al. (2012), respag)i despite our high assumed yield (0.58) of stabilizeiggre 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 solliyiand high deposition velocities over
forests (Nguyen et al., 2015b; Miiller et al., 2018), and (BHC(O)OH yield of only 0.45 in the reaction of HMHP witH recently
estimated from experiment (Allen et al., 2018). The verydjowdel agreement against the SE/RS measurements of HMHP over the
Southeastern U.S. suggests an essentially correct mqatesentation of its production and sink rate, and theredbitbe contribution of
alkene ozonolysis to the budget of formic acid.

Vinyl alcohol (VA), originally proposed as possible souaféormic acid by Archibald et al. (2007), received full ait®n when acetalde-
hyde phototautomerization to VA was shown in the laboratoye efficient (Andrews et al., 2012) and represent a sizilece of formic
acid of the order of 3 TgC/yr (Cady-Perreira et al., 2014;I8fiét al., 2015). However, a recent, more detailed experiaievaluation of
the phototautomerization yield led to a downward revisibthe global source to about 0.8 TgC/yr (Shaw et al., 2018y00d agreement
with our model calculations (Table 5). This source could Wendower if VA tautomerizes back to acetaldehyde (da Sitwa.€2010), but
acid-catalyzed VA tautomerization was shown to be nedkgibnd aerosol-mediated tautomerization remains spi@il@Peeters et al.,
2015).

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 hydroperoxyadetayde (HPAC) is a larger source of VA (and thereforeHsf(O)OH) than
CH3CHO tautomerization. The sources of HPAC (4.7 Tglyr globallylide the oxidation of acetaldehyde by OH (35% of totalg, th
photolysis of MVKOOH (35%) and several other pathways irpreme 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 geneit
from the isomerisation pathway, and of nitroxyenals (NC&QHormed from isoprene NOs3 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 et al., 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 ar®iptzed in part
into other enol compounds, which are partly oxidized#6(O)OH (along with MVK or MACR). The estimated combinddC(O)OH
source due to hydroperoxycarbonyl photolysis amounts26 ZgC/yr, exceeding in magnitude the source due to alkeoaabysis (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 ofC(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 2.9
from OCHCH>OOH + 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 bisrbaming and biogenic emission areas. This is partly duePdGiformation
due to oceanic acetaldehyde emissions, and to the sigrifibane of direct biogenic and pyrogenic emissions to theajlHC(O)OH
budget (Table 5). Nevertheless, hydroperoxycarbonylgisis 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(@sC(O)OH is the reaction of acetylperoxy radic@HsC(O)O2 with peroxy radicals
(HO2 andROs), amounting to~16 TgCl/yr globally (Table 6). This is very consistent with seyious model estimate (18 TgCl/yr) by
Paulot et al. (2011) but significantly lower than the estenat Khan et al. (2018) (close to 30 TgCl/yr). Our calculatedtdbution of
CH3C(0)O2 + RO2 reactions £2.3 TgClyr) is smaller than in Paulot et al. (2011)5.6 TgCl/yr). It could be underestimated if the
CH3C(O)OH-forming channel ratio for the reactions @H3; C(O)O- with major non-tertiary peroxy radicals would be signifittpigher
than the value assumed here for most reactions (0.1), whibhsed on the case 6H3;C(0)O2 + CH304 (Atkinson et al., 2006). The
high reportedCH3;C(O)OH yield (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 photolysis/dfoperoxyacetone (HPACET) and involving the oxidatibmethylvinyl al-
cohol (MVA) by OH enhances the estimated global photochemical productieHgiC(O)OH by 4.3 TgC/yr or 26% (Table 6). The global
source of HPACET (23 TgClyr) is dominated by the acetonybpgiradical reaction wittHHO- (15 TgC/yr) and by the isoprene peroxy
isomerisation pathway (2.4 TgC/yr through the 1,4 H-shifbtHPCARP2 and 2.7 TgCl/yr from the photooxidation of canpomydroper-
oxyepoxides ICPE). The precise mechanisms for the formatfdHPACET (also HPAC) in the isomerisation pathway remaicertain.
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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€ H3C(O)OH in the model simulation.

Tg(C)lyr  TgCH3C(O)OH)/yr

Direct emissions

Biomass burning 5.7
Anthropogenic 2.6
Photochemical production
CH3C(0O)O2 + HO2 14.0
CH3C(0)O2 + RO2 2.3
HPACET + hv (+OH) 4.3

from isoprene oxidation 2.1

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 wittODH and deposition account for 26 and 5%, respectively. The
only significant sink of MVA, the main product of HPACET photsis, is reaction withOH, assumed to forn€HszC(O)OH (along with

OH andHCHO) with a 50% yield, following a mechanism similar as for VA+@8Ho et al., 2014). The calculated contribution of HPACET

photolysis to theCH3C(O)OH concentration (Fig. 10(b)) is highest over forests (exaepireas impacted by biomass burning), up to 23%

5 (120 pptv) over Southeastern U.S., and 30% (120 pptv) ovesizamia.
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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 e@ll2; Millet et al.,
2015; Khan et al., 2018), and is therefore insufficient td@rgheir high observed concentrations. Additional searare likely at play, such
as enol formation through other pathways than those comsidesre (e.g. in monoterpene and anthropogenic VOC oaigatig. through the
photolysis of aldehydes (Tadic et al., 2001a, b)) and thequegradation of organic aerosols (Paulot et al., 2011ebka and Nizkodorov,
2016).

45 Global budget of glyoxal

The global sources of glyoxal as calculated by the model amensarized in Table 7. The model includes an important coation from
(mostly anthropogenic) acetylene and aromatic compoumtisetglyoxal budget. The glyoxal yields in their reactiorigwOH (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 onlyngry formation but also later-generation production (Challer 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%1va et al., 2018),
isoprene oxidation is not found to be a very large source yih@gll, except for the significant contribution of glycolaldyde oxidation by
OH which amounts to~4.7 TgClyr of glyoxal. This has several causes. The oxidatibisoprene byNO3 is now an almost negligible
glyoxal source in our mechanism (as in the Caltech mechgnishereas an overall yield of 35% glyoxal was inferred fréva MCMv3.2
mechanism (Stavrakou et al., 2009b). First-generatiooxgllyformation from ISOP + OH with a yield o£2% at high-NOx through the
0-1ISOP0O2 +NO — §-ISOPO +NO, pathway (Galloway et al., 2011; Peeters and Nguyen, 2012y8&lgand Peeters, 2015) becomes
negligible under ambient atmospheric conditions due toutiienolecular 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 hydroxyepoxidéP(®X), which was believed to be a potentially significantoglyl source
(Bates et al., 2014; Li et al., 2016), is found to produce \ithg glyoxal in atmospheric conditions due to the propbéast 1,4 H-shift in
the peroxy radicals IEPOXBOZHOCH,CH(OH)C(CHz)(02)CHO) formed from IEPOX +OH (Wennberg et al., 2018), outcompeting
its reactions witiNO andHO- (see Note N19). The 1,4 H-shift rate is very uncertain andccba overestimated, but even a factor of 10
reduction of the rate would imply a fairly small glyoxal praxtion due to IEPOX #OH (0.6 TgClyear).

Chan Miller et al. (2017) suggested that the DIHPCARPs frioenlt,6 H-shift ofj-ISOPO2 partly undergoes a 1,5 H-shift to a dihydroper-
oxy dicarbonyl (DHDC, e.gOCHCH(OOH)C(CH3)(OOH)CHO) which would quickly photolyze t®H + an oxy radical decomposing
to glyoxal and other products. However, the yield of DIHPG2sRromd-ISOPO2 isomerisation is now estimated to be much lower phhen
viously assumed; furthermore, even under the assumptadritie 1,5 H-shift would be competitive, and although DHD®tplysis should
indeed be very rapid, dire€H release (followed by decomposition of the resulting oxyigakl should be negligible (Liu et al., 2018),
whereas the expected preferred dissociation pathwayvesdbrmyl radical release and subsequent formatio®Bfand a hydroperoxy
dicarbonyl. The latter might form glyoxal upon further pblgsis, but at much lower yields than in the mechanism of QHidler et al..

Finally, due to the fast photolysis of hydroperoxyacethjdke (HPAC), the fraction of the formed HPAC reacting Wik 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 e estimates and identify additional sources, since hexdduations 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
C2Hz +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
OCHCH200H + OH 0.38 0.9
HPALDs 0.92 0.6
ISOPOOH +OH 0.89 2.2
ISOP +NOs3 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 aghagechemical source (Stavrakou et al., 2009b; Li et all62(ilva et al.,
2018).

5 Conclusions

We have presented a new BVOC oxidation mechanism for userge-scale tropospheric chemistry-transport models. HEsrfocus is
on isoprene, owing to its high chemical complexity and vemgé share of global BVOC emissions: of the 105 organic cb@nsipecies
included in the mechanism, 97 compounds (74 stable compgoand 23 radicals) are involved in the chemical degradatfasaprene
alone. This mechanism incorporates all major mechanidtiargces from recent studies, in particular those affed¢tisdoudget oHHO, and
NOx radicals. Mainly thanks t@é1O formation in isomerisation reactions of isoprene-deripedoxy radicals, and furth€dH recycling
through secondary reactions, the mechanism goes a longnaeiplaining the large underestimations of modell@d concentrations in
isoprene-richNOx-poor areas which prompted the community to searciofdrrecycling 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 poodleustanding of its
formidably complex mechanism. The simple monoterpene ar@sh included here is only meant to provide an approximgeoduction
of the yield of key OVOCs produced in their oxidation, basedox model simulations with the Master Chemical Mechanist@if).
Although smaller than e.g. the Caltech mechanism or the M&BIt, this isoprene mechanism is larger than most meahanis-
plemented in large-scale models, and probably more ddttikn strictly needed for many modelling purposes, suclheprtediction of
isoprene impacts on HOx, NOx, and ozone. Reduction tecksiqould be implemented to lighten the mechanism whilemgigiits most

essential predictions, but since its current size and éegfrdetail can be handled by MAGRITTE, we find it useful to kéegs is in order to
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facilitate further analysis of model results and future haadsm updates. As pointed out by Wennberg et al. (2018)ittimction between
isoprene peroxys resulting fro@H addition to C1 and C4 is essential in view of the order-of-niagle difference in bulk isomerisation
rates (Fig. 6) and in the difference in the nature of the tegpproducts. For example, the distinction impacts alsoftiie of the first-
generation hydroxynitrates, given the efficient hydraysi the tertiary 1,2-isoprene hydroxynitrate. Note that llydrolysis rates remain
very uncertain. Due to our assumption of very fast tertidatgate hydrolysis ¢ = 0.03), about 50% of the global sink of the 1,2-isoprene
hydroxynitrate is due to this process. The rate might beiplysto high, but it accounts for the fast overall hydroxXyate loss observed
in campaign measurements. This aspect of the mechanisrhewvivised when quantitative experimental determinatidreeterogeneous
processes and rates will become available.

Although many parts of our isoprene mechanism rely on théeClalmechanism, there are notable differences. Most iraptyt the 1,6
H-shift of the Z4-hydroxyperoxy radicals generate HPALD at high yield (758625% in the Caltech mechanism), whereas the DIHPCARPs
turn out to be minor compounds, undergoing H-shift reast@ong lines differing from previous work. This producttdizution is fully con-
sistent the recent experimental results of Berndt et al§pGupported and complemented by earlier theoreticaltss$eeters and Nguyen,
2012; Peeters et al., 2014).

Another major difference between the present and prevémgs&ne mechanisms lies in the very fast photolysis-bydroperoxycarbonyls
(Liu et al., 2018), leading in several important cases tddh@ation of an enol which is for a large part oxidized®¥1 into formic or acetic
acid. Also new to this mechanismilC(O)OH is formed from theOH-oxidation of keto-enols (HMVK and HMAC) produced from the
photolysis of several multifunctional carbonyls. Thisipaay of HMVK/HMAC is all the more relevant as their photolgss likely much
slower than previously thought. More generally, the oxatabf enols formed from the oxidation of isoprene, acetaydie and acetone by
OH is a potentially large, previously unsuspected sourceadfoxylic acids here estimated at 9 Tg{(O)OH) yr~" (slightly larger than
the contribution of alkene ozonolysis) and 11 Tz C(O)OH) yr—'. This source amounts to a significant shar@8% for HC(O)OH
and 15% forCH3sC(O)OH) of the total identified global source, which remains howesaggely insufficient to account for the atmospheric
observations for both compounds (e.g., Paulot et al. (90FLyther experimental and theoretical studies of muitfional carbonyl pho-
tolysis and enol oxidation are required to confirm and refirosé estimates. The source could be larger due to the regjleattribution of
hydroperoxycarbonyls formed from higher anthropogenic\M@OCs (e.g. higher ketones and their precursors) and pgssibhoterpenes.
Moreover, the contribution of acetaldehyde photooxidatiould be much higher than estimated here, consideringithe Linderestimation
of its calculated concentrations at remote locations (Readl, 2012).

Evaluation of MAGRITTE and of its new chemical mechanismiagfathe SEACRS campaign measurements indicates a good overall
model performance for the main isoprene oxidation proditéserogeneous reactions of IEPOX and organic nitrategwsals are a large
area of uncertainty, with suggestions of heterogeneoulsasierestimation for tertiary organic nitrates and sink enegtimations for other
isoprene nitrates. The totRIONO, concentrations are underestimated by about 40%, possilgitalimisrepresentations of nitrates from
e.g. monoterpenes and anthropogenic precursors. The eenadCH3;ONO- levels are well reproduced by the model, providing a strong

indication for a very low nitrate yield< 3 - 10™*) in the CH302+NO reaction.

Code and data availability. The chemical mechanism is available at http://doi.ord/8058/71021042 in KPP (Kinetic Pre-Processor) for-
mat (last access: 15 April 2019), including equation andigsfiles, fortran code for calculating the reaction radesl absorption cross-

sections data files for polyfunctional carbonyls. Otheeveht subroutines of the MAGRITTE model can be made avalapbn request
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