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Abstract

The oxidative capacity of the atmosphere is largely governed by the radicals OH and HO»
(HOx), which are the primary self-cleaning agents of the atmosphere. A measure for the
strength of the self-cleaning is the recycling probability of HOy, that varies strongly with
atmospheric composition and temperature. Due to climate change, global temperatures are
expected to rise, which will lead to a change in atmospheric composition from increased
emissions of biogenic VOC. Coupled with decreasing NOx emissions from combustion
processes, it is important to understand the impact of these changes on the recycling
probability and, thus, the oxidative capacity.

To study the oxidative capacity under high temperatures and VOC loading, the Air Quality
and Climate Change in the Arabian Basin (AQABA) ship-based field campaign was
conducted in the summer of 2017, starting in Toulon, France travelling around the Arabian
Peninsula and back. The Arabian Gulf is characterized by intense solar radiation and high
ambient temperatures, combined with strong emissions from the exploitation of its rich oil
and gas reserves. As a comparison with the cooler and less polluted Mediterranean Sea, the
Arabian Gulf can give insight into the impact of rising global temperatures on the recycling
probability under conditions of large anthropogenic VOC emissions. The radicals OH and
HO; were measured by the ground-based HydrOxyl Radical Measurement Unit based on
fluorescence Spectroscopy (HORUS).

Despite higher primary production in the Arabian Gulf (2.3£0.2 -10” molec cm?™s™!,
Mediterranean Sea: 1.3+0.2 -10” molec cm™ s™!), radical concentrations were lower by a
factor of >1.5 and the recycling probability (15+10 % (10) @ 0.1 pptv NO) showed values
greatly decreased compared to the Mediterranean Sea (5745 % (1o) @ 0.1 pptv NO). Box-
model calculations, investigating the reason for the reduced recycling probability compared
to the Mediterranean Sea, show an increased importance of radical-radical reactions in the
Arabian Gulf, due to high concentrations of RO: radicals. These reactions can cause radical
recycling or destruction. While radical destruction directly decreases the recycling
probability through termination of the radical propagation, radical recycling from these
reactions caused an indirect decrease, as they could not be included in the calculation.

Throughout the recycling of HOx in the troposphere, tropospheric O3 is produced, which
causes plant stress and is harmful for the respiratory system of humans and animals.
Therefore, the radical recycling probability has a direct impact on the net ozone production
rate (NOPR). The NOPR was calculated using, measured NO and HO» and calculated RO>
concentrations. It is expected, that the NOPR has a maximum at the crossover point
between its NOx-limited and VOC-limited regimes. However, no NO concentration was
found throughout the AQABA campaign, where the NOPR peaked. Due to this finding, it
was concluded that NOPR was NOx-limited in the marine boundary layer during the whole
campaign.



Kurzfassung

Die Oxidationskapazitdt der Atmosphére wird groBtenteils durch die Radikale OH und HO>
(HOx) bestimmt, welche die primédren ,,Reinigungsmittel* in der Atmosphire sind. Ein MaB fiir
die Stirke der Selbstreinigungskraft ist die Rezyklierungswahrscheinlichkeit (RZWK) von
HOx, welche abhidngig von atmosphirischer Zusammensetzung und Temperatur stark
schwanken kann. Durch den Klimawandel werden hohere globale Temperaturen erwartet, was
zu einer Verdnderung in der Zusammensetzung der Atmosphére, durch erhohte Emission von
biogenen VOC, fiihrt. Verbunden mit geringeren NOx Emissionen aus Verbrennungsprozessen,
ist es wichtig, den Einfluss dieser Verdnderung auf die RZWK und die Oxidationskapazitét zu
verstehen.

Um die Oxidationskapazitdt bei hohen Temperaturen und VOC-Belastung zu untersuchen, fand
die schiffbasierte Air Quality and Climate Change in the Arabian Basin (AQABA)
Messkampagne im Sommer 2017 statt und wurde von Toulon, Frankreich um die Arabische
Halbinsel und zuriick durchgefiihrt. Der Arabische Golf wird charakterisiert durch intensive
Sonneneinstrahlung und hohe Umgebungstemperaturen, gepaart mit starken Emissionen durch
das ErschlieBen seiner reichen Ol- und Gasvorkommen. Im Vergleich zum kiihleren und
weniger verschmutzten Mittelmeer, kann der Arabische Golf Einblick auf den Einfluss von
steigenden Temperaturen auf die RZWK bei hohen anthropogenen VOC Emissionen geben.
Die Radikale OH und HO> wurden durch das HydrOxyl Radical Measurement Unit based on
fluorescence Spectroscopy (HORUS) gemessen.

Trotz hoher Primirproduktion im Arabischen Golf (2.3£0.2 -10” molec cm™ 5!, Mittelmeer:
1.3£0.2 -10” molec cm™ s') waren die Radikalkonzentrationen um einen Faktor >1.5 geringer
und die RZWK (15+10 % (1o) @ 0.1 pptv NO) zeigte deutlich erniedrigte Werte verglichen
mit dem Mittelmeer (57+5 % (1) @ 0.1 pptv NO). Modellrechnungen, zur Untersuchung der
geringeren RZWK im Vergleich zum Mittelmeer, zeigen einen erhohten Einfluss von Radikal-
Radikal-Reaktionen im Arabischen Golf, welche durch hohe RO, Konzentrationen verursacht
werden. Diese Reaktionen konnen Radikalrezyklierung und -zerstorung verursachen. Wihrend
Radikalzerstorung die RZWK durch Radikalkettenabbruch direkt verringert, kann
Radikalrezyklierung dies durch diese Reaktionen indirekt, da sie in der Berechnung der RZWK
nicht beriicksichtigt werden konnten.

Wihrend des Rezyklierens von HOx in der Troposphére kann troposphérisches O3 produziert
werden, welches Stress in Pflanzen hervorruft und fiir die Atmungsorgane von Menschen und
Tieren schédlich ist. Dadurch hat die RZWK einen direkten Einfluss auf die Netto-Ozon-
Produktionsrate NOPR. Die NOPR wurde mithilfe von NO und HO, Messungen und
berechneten RO, Konzentrationen bestimmt. Es wird erwartet, dass die NOPR ein Maximum
am Ubergangspunkt zwischen NOy-limitiertem und VOC-limitierten Regime aufweist.
Wiéhrend AQABA konnte allerdings keine NO Konzentration gefunden werden, bei der NOPR
ein Maximum erreicht. Daraus folgt, dass NOPR wihrend der gesamten Kampagne NOx-
limitiert war.
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Figure 4.16 Calculated RO> mixing ratios during AQABA using NO,/O3 PSS (blue) (Tadic
et al., 2020) and OH reactivity and HO; (red). From the calculated (HO> + RO.) reported
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Figure 5.6 Loss rate on different surfaces Lps vs. NO mixing ratio in ppbv (top panel). The
particle surface of particles between 2.5 and 10 um diameter were used to calculate for loss
on Cu doped aerosols and loss through Cu/Fe catalysis. The particle surface of particles
below 10 pm diameter were used to calculated loss on water or NaCl surfaces. Fraction of
loss on different surfaces of the missing secondary production a vs. NO mixing ratio in
PPDV (DOLEOM PANCL). ..ottt ettt e 76
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1 The Atmosphere

1.1 The oxidative capacity of the atmosphere

Earth’s Atmosphere is mainly comprised of Nitrogen (~78 %), Oxygen (~21 %) and a
variable amount of water (~0 -2 %). Its chemical and physical properties are highly
influenced by the remaining less than 1 % of trace gases (e.g. Ozone (O3), Methane (CHa),
Carbon dioxide (CO>)).

Average
Molecular Mixing
Gas Weight Ratio (ppm) Cycle
Ar 39.948 9340
Ne 20.179 18 No cycle
Kr 83.80 1.1
Xe 131.30 0.09
N, 28.013 780,840 Biological and
0, 32 209,460 microbiological
CH,4 16.043 1.72 Biogenic and chemical
CO, 44,010 355 Anthropogenic and biogenic
cO 28.010 0.12 (NH) Anthropogenic and chemical
0.06 (SH)
H, 2.016 0.58 Biogenic and chemical
N,O 44.012 0.311 Biogenic and chemical
SO, 64.06 107°-107* Anthropogenic, biogenic, chemical
NH, 7 1071072 Biogenic and chemical
NO 30.006 ] =6 _{-2 T . -
NO, 46,006 107°-10 Anthropogenic, biogenic, chemical
0, 48 1072-10"" Chemical
H,O 18.015 Variable 3 ;
He 4.003 51 Physicochemical

Figure 1.1 Composition of the Atmosphere, taken from Seinfeld (1998)

These trace gases are continuously emitted by or secondary products of biogenic,
anthropogenic and geological processes (Seinfeld, 1998). Figure 1.1 gives an overview of
atmospheric trace gases. Many trace gases can impact ecological and human health.
Pollution is a leading cause of excess human mortality and lower life expectancy (Jos
Lelieveld et al., 2020) and with expected increasing emissions on the African continent
(Liousse, Assamoi, Criqui, Granier, & Rosset, 2014) and the Indian subcontinent (Ghude
et al., 2013; Krotkov et al., 2016; Umezawa et al., 2018), this phenomenon is likely to
become more and more prevalent. Without the property of cleaning by oxidative processes,
trace gases would increase in atmospheric concentration to levels toxic to life. Through
oxidative processes trace gases are successively oxidized to less toxic gases (e.g. CO2, H20)
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or polar or water soluble species (e.g. H>SO4, HNO3), which in turn are removed from the
atmosphere via dry or wet deposition. The most important oxidant in the atmosphere during
daytime is the hydroxyl radical (OH), with ozone (O3) and hydrogen peroxide (H20>)
having minor contributions to the oxidative capacity. The nitrate radical (NO3) is due to its
photo lability only important during nighttime oxidation. Even though with typical
lifetimes of less than a second and average daytime concentrations in the sub pptv area, OH
has the highest impact on atmospheric cleansing, due to its high reactivity towards many
chemical species. This importance makes OH chemistry essential for understanding and
predicting atmospheric chemistry as a whole. Closely related to OH is the hydroperoxyl
radical (HOy), which is a product of many reactions of OH with trace gases. HO» can reform
OH through reaction with e.g. NO and Os. This ability together with its much longer
lifetime of ~ 100 s, HO» can act as reservoir for OH. Due to the fast turnover rate between
OH and HO», the sum of both is known as HOx.

A shift in the chemical make-up of the atmosphere due to environmental changes, such as
urbanization or deforestation could have a significant impact on the cleansing capacity of
the atmosphere. Despite these changes, global OH concentrations remained stable around
10® molecules/cm® during the past century (J. Lelieveld, Peters, Dentener, & Krol, 2002).
This indicates a buffering system capable of stabilizing OH concentrations even though
pollutants and therefore OH reactivity is high. Nevertheless, due to climate change,
environmental changes might become more severe. Higher temperatures can induce stress
in plants, which influences emission strength of monoterpenes and isoprene (Kesselmeier
& Staudt, 1999), leading to changing volatile organic compound (VOC) composition as
well as higher VOC concentrations. Coupled with reducing NOx emissions due to more
strict governmental emission guidelines, HOx concentrations could be reduced through
lower recycling production and increased loss from reaction with VOC (J. Lelieveld et al.,
2002; Prinn, 2003). In addition, increasing temperatures are leading to changes in the water
cycle, with generally lower relative humidity (RH) over land (IPCC et al., 2018), leading
to a higher dust particle load in the atmosphere, potentially having an impact on HOx

concentrations.

1.2 Marine Boundary Layer

The lower troposphere is in close contact with the planetary surface. To a height of
1 — 5 km, roughness of the surface and thermal updrafts cause turbulent transport and
mixing. This allows a separation of the troposphere in two distinct parts: the planetary
boundary layer (PBL) and the free troposphere (FT). Figure 1.2 shows a schematic
overview of the troposphere with PBL and FT (Mdller, 2003). The PBL height can vary
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from a few meters and 5 km, depending on location and time of year or day. The PBL itself
can also be categorized in two distinct regions. The continental PBL (CBL) and the marine
PBL (MBL). Since approx. 70% of earth’s surface is covered in water, the MBL is a major
part of the lower troposphere. With the oceans directly influencing the MBL, large amounts
of heat and moisture are exchanged between ocean and atmosphere (Fairall, Bradley,
Rogers, Edson, & Young, 1996). Additionally, phytoplankton are sources for biogenic
VOC and dimethyl sulfide (DMS) (Millet et al., 2008; Moore, Oram, & Penkett, 1994;
Shaw, Chisholm, & Prinn, 2003). Oxidation of VOCs or DMS can form secondary organic
aerosols (SOA) and sulfate respectively, and in turn can lead to cloud condensation,
influencing earth’s radiative budget.

A strong interaction between CBL and MBL can be found in coastal areas. Due to
temperature differences between land and sea, often times airmasses travel from land to
sea. These air masses can introduce an immense amount of emissions in the MBL,
originating on land. With approx. 40% of world’s population living within 100 km of the
coast, it is vital to get a closer understanding of processes in this special environment.

stratosphere

winter summer

tropopause
PNt 3
0 km free troposphere \

Pl

polar polar
night QQS &ém day
planetary boundary layer ===

ao° midlatitudes subtropics 0° subtropics midlatitudes ao°
polar regions tropics polar regions

Figure 1.2 Schematic overview of the troposphere, taken from Méller (2003)
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1.3 Hydroxyl- and Hydroperoxyl radical chemistry in the troposphere

HOZ:
H,0+0; +hv RO, ROOH,
H,0, +hv CO,, H,O / ROOR
ROOH +hv .
HONO +hv RONO,
HCHO +hv
Acetone +hv
NO,, SO, OH. HO,, RO,, NO,
NO,+ hy,
aCidS / \ HEOQ, ROOH, HQO, H02N02

Figure 1.3 Simplified schematic of HOx chemistry. Radical production (green), recycling (black) and loss
(red) are indicated by arrows.

As the most important oxidant in the atmosphere during daytime, OH is at the center of a
large amount of atmospheric reactions. Figure 1.3 shows a simplified schematic of the
chemistry of OH and HO». In the lower troposphere, HOx radicals are produced
photochemically from precursor species, e.g. O('D), H202, HONO. Via the reaction of OH
with CO or O3 and the reaction of HO> with NO and O3, both HOx species interchange
within minutes and are in an equilibrium with each other (Levy, 1971). Additionally,
reaction with most VOC lead to formation of organic peroxy radicals (RO2), which can
react with NO to form HO: or organic nitrates. While the former contributes to recycling
of radicals, the latter leads to loss of radicals. Other loss processes of HOx include reaction
with NO2 and NO, forming HNO; and HONO respectively, as well as recombination
reactions with OH, HO» or RO», forming organic peroxide, H>O> and water. Sources, sinks
and recycling of HOx will be discussed in more detail in the following chapter.

1.3.1 HOx sources

The main source of OH in the lower, remote troposphere is the photolysis of O3 (R.1a),
producing an excited oxygen atom O('D) and O>. The majority of O('D) will lose their
excitation by reacting with O, and Na, returning to ground state O(°P) (R.1b) and reforming
O3 (R.1c). The remaining O('D) atoms react with water forming OH (R.1d). At 1 % water
vapor content and 298 K this fraction is about 14 % (R. Atkinson et al., 2004).
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03 +hv > 0, + 0( 'D) (R.1a)
O('D)+M->0(°P)+M M=Ny, O, (R.1b)
0(°P)+0,+M - 05 +M (R.1c)
o( 'D) + H,0 - 20H (R.1d)

Since this source of OH is highly dependent on water vapor concentration, in regions with
low water concentrations other sources of HOx can be important. The photolysis of
hydroperoxide and organic peroxides (R.2 & R.3) can be important especially in the upper
troposphere, where water content in the atmosphere is reduced.

H,0, + hv > 20H (R.2)
ROOH + hv > OH + RO (R.3)

The photolysis of HONO often contributes to the production of OH during early morning
hours (R.4). After accumulating during the night, HONO will decompose forming OH even
before HOx production via ozone photolysis starts (Hofzumahaus et al., 2009).

HONO + hv - OH + NO (R.4)
Alkene + O3 — OH + products (R.5)

A non-photolytic source of OH is the ozonolysis of alkenes (R.5). During the reaction a
Criegee Intermediate is formed, which can release OH during decomposition (Criegee,
1975).

HCHO + hv + 20, — 2HO, + CO (R.6)

The major primary source of HO> in the atmosphere is the photolysis of Formaldehyde
(HCHO).

1.3.2 HOX recycling

OH and HO, form an equilibrium with each other, through several recycling reactions. The
most prevalent HO» production is via the reaction of OH with CO and O», forming CO; and
HO: (R.7). Other channels, which produce HO: by reacting with OH are O3, HCHO, H>0»
and SOz (R.8 - 11).

OH + CO + 0, - HO, + CO, (R.7)
OH + 05 —» HO, + 0, (R.8)
OH + HCHO + 0, - HO, + H,0 + CO (R.9)
OH + H,0, - HO, + H,0 (R.10)
OH + SO, + 0, + H,0 > HO, + H,S0, (R.11)

In turn, HO> can recycle to OH by the reaction with NO or O3 (R.12 & 13).
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HO, + 05 — OH + 20, (R.12)
HO, 4+ NO - OH + NO, (R.13)

Another pathway to form HO> from OH is through the oxidation of VOC by OH (R.14).
The forming organic peroxy radical (RO2) can react with NO forming an alkoxy radical
(RO) (R.15), which can produce HO and an aldehyde (RCHO) through reaction with O
(R.16). RO2 chemistry is described in further detail in 1.4.

RCH; + OH + 0, - RCH,0, + H,0 (R.14)
RCH,0, + NO - RCH,0 + NO, (R.15)
RCH,0 + 0, - RCHO + HO, (R.16)

where R denotes an organic group.

o
X o~ AN
1,6 H-shift
OH —_— OH
o o
| I
o OH
1 3
=
OH + | N hv HO, + |
o] o
o |
OH
5 4

Figure 1.4 Recycling mechanism of RO» formed from isoprene under low-NO conditions. Different reaction
pathways were omitted for simplicity and can be found in Peeters, Miiller, Stavrakou, and Nguyen (2014)
Additionally, Peeters et al. (2014) reported a mechanism for OH recycling for isoprene
oxidation (Figure 1.4). A produced Z-6-hydroxy isoprenyl peroxy radical 1 can undergo a
1,6-H-shift to form an allylic hydroxy hydroperoxide 2. Through addition of O, followed
by fast unimolecular decomposition, a hydroperoxy aldehyde 4 (HPALD) is formed. Fast
photolysis of HPALD reforms OH. This mechanism is relevant under very low-NO
conditions.
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1.3.3 HOx sinks
The main sink of HOx are radical self- or cross-reactions (R.17 - 19) producing peroxides
or water and O;.

HO, + HO, — H,0, + 0, (R.17)
HO, + RO, - ROOH + 0, (R.18)
OH + HO, —» H,0 + 0, (R.19)

Another potential sink for HOy are the formation of acids (R.20 - 22).

OH + NO + M > HONO + M (R.20)
OH + NO, + M - HNO; + M (R.21)
HO, + NO, + M > HNO, + M (R.22)

As mentioned above, photolysis of peroxides and HONO can lead to production of radicals,
however a considerable portion of peroxides and acids is lost from the radical cycle through
dry and wet deposition processes.

1.4 Organic peroxy radicals

1.4.1 Production

Organic peroxy radicals play a major role in the HOx cycle (see 1.3.2). As mentioned above,
the reaction of OH with VOC leads to the production of RO>. The reaction pathway can be
separated into two distinct groups. Alkanes and other saturated VOCs react with OH by H
abstraction forming alkyl radicals, which react with oxygen to alkyl peroxy radicals
(R.23 - 24). Unsaturated VOCs can react quickly by addition of OH with subsequent
addition of oxygen to form B-hydroxy peroxy radicals (R.25 - 26) (R. Atkinson & Arey,
2003).

RCH,R’ + OH - RCHR' + H,0 (R.23)
RCHR' + 0, - RCHO,R/ (R.24)
RCH = CHR’ + OH — RCH — CHOHR’ (R.25)

RCH — CHOHR’ + 0, » RCHO, — CHOHR'  (R.26)

The production of RO» through OH oxidation of aromatics differs from the simple reactions
of alkanes and alkenes. The oxidation mechanism of benzene is shown in Figure 1.5. Initial
addition of OH forming alkyl radical 1, which can react with O» either by H-abstraction
forming phenol 2 or by addition forming a peroxy radical. The peroxy radical can produce
phenol via an elimination reaction (~53 %) or form a bicyclic alkyl radical 3 through
intramolecular (~47 %) (Xu, Mgller, Crounse, Kjaergaard, & Wennberg, 2020). A small
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amount of 3 (~1 %) can form a bicyclic epoxy alkoxy radical 5 via isomerization, however
the reaction with O, dominates, forming a bicyclic peroxy radical 4.

Figure 1.5 Production of RO, through oxidation of benzene. Taken and modified from Kunkler (2021).

Additionally, nitrate radicals can react with unsaturated VOC via addition, forming RO>
(R.27 - 28) (Wayne et al., 1991).

RCH = CHR’ + NO; — RCH — CHNOR/ (R.27)
RCH — CHNO5R' + 0, » RCHO, — CHNO,R’ (R.28)

1.4.2 Loss

As mentioned in 1.3.2, RO; can be part of the HOx cycle via the reaction with NO to reform
HO; (R.14 - 16) and for RO; from isoprene via 1,6-H-shift. Depending on the production
pathway reaction with NO can be followed by different reactions. Figure 1.6 shows the
reaction scheme of RO, produced from saturated (left) and unsaturated VOCs (right)
(Fuchs et al., 2011). Reaction of RO from saturated VOC with NO forming alkoxy radicals
is followed by H abstraction by oxygen producing HO> and a carbonyl compound. The



1 The Atmosphere

reaction of ROz from unsaturated VOC with NO is followed by unimolecular
decomposition of the produced B-hydroxy alkoxy radical, forming a carbonyl compound
and a hydroxy alkyl radical, which can rapidly react with oxygen forming another carbonyl
compound and HO». Under atmospheric conditions, the reaction with NO is the rate-
determining step for both types of RO».

R> Rz
0 o
o o~ OH
R1 R1
+NO +NO
R> R2
(o (0]
OH
R R1
+0, decomp.
Rz
5 (o] OH
+ HO, lt + u
~
R R
R, 1 2
+02
0
IL + HO,
R2

Figure 1.6 Reaction scheme of alkyl peroxy radical (left) and B-hydroxy alkyl peroxy radical (right). (taken
and modified from Fuchs et al. (2011))

The reaction of RO, with NO has a second competing reaction branch. Instead of
abstraction of an oxygen atom, NO can add to RO; to form an organic nitrate (R.29),
leading to loss of radicals through this channel. The branching ratio of both reactions are
dependent on the type of RO, with increasing chance of forming nitrate with higher
number of atoms (excluding hydrogen) (Wennberg et al., 2018). Another loss process of
RO is the reaction with other radicals (R.18 & 30). These reactions remove two radicals
form the HOx cycle.
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RO, + NO + M - RONO, + M (R.29)
RO, + R'0, — products (R.30)

1.5 Ozone production

Both OH and HO; play an important role in the production of tropospheric ozone. O3 is
mainly formed through the photochemical cycle of NO and NO> (R.31 - R.33).

NO, + hv = NO + 0( °P) (R.31)
0(*P)+0,+M - 0; +M (R.32)
0; + NO - NO, + 0, (R.33)

This represents a “null-cycle”, where net ozone production (NOP) is zero. However, NO
can also be oxidized by HO; (R.13) and RO> (R.15), thus forming NO; without loss of O3,
which in turn leads to a Os; production. If this production exceeds the loss through
photolysis (R.1a), reaction with OH (R.8) and reaction with HO> (R.12), O3 is produced
and increases in concentration. At low NOx mixing ratios, the formation of peroxides (R.17,
R.18 & R.30) or recycling through ozone (R.12) dominates. Net ozone production rate
(NOPR) in this regime is NOx-limited. Increasing NOx mixing ratios favor R.13 and R.15,
thus increasing NOPR. With NOx mixing ratios increasing further, the production of HNO3
from OH and NO» (R.21) and production of organic nitrates (R.29) causes loss of HOx and
thus decreasing NOPR. NOPR in this regime is NOx-saturated or VOC-limited. Figure 1.7
shows OH concentrations and NOPR as a function of NOx mixing ratio. High NOPR can
cause an accumulation of tropospheric O3 to higher levels, which in turn are known to
induce plant stress and can harm respiratory health in both animals and humans (Nuvolone,
Petri, & Voller, 2018).

10
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Figure 1.7 OH concentrations (solid line) and net ozone production rate (dashed line) as a function of NO
mixing ratio. Taken from Schumann and Huntrieser (2007)

11



2 HOx measurement techniques and the HORUS instrument

2 HOx measurement techniques and the HORUS instrument

2.1 OH Measurement techniques

Due to its high reactivity towards many atmospheric trace gases, OH atmospheric lifetimes
are typically shorter than one second. This makes measurements of OH rather difficult,
since wall losses have to be minimized and a fast detection is required. In addition, low OH
concentrations between 10°— 107 molec/cm® cause the need for highly sensitive
instrumentation. Three widely used techniques are: differential optical absorption
spectroscopy (DOAS) via direct absorption by OH (Perner et al., 1987), chemical ionization
mass spectrometry (CIMS) via detection of H2SO4 after oxidation of SOz by atmospheric
OH (Eisele & Tanner, 1991), and by laser-induced fluorescence of OH molecules based on
fluorescence assay by gas expansion (LIF-FAGE) via the detection of OH fluorescence
after laser excitation (Hard, O'Brien, Chan, & Mehrabzadeh, 1984). DOAS uses wave-
length dependent absorption of light following Lambert-Beer law to directly measure OH
concentration. Its uncertainty is mostly dependent on the uncertainty of the absorption cross
section of OH, and its limit of detection is affected by the pathlength of the light, scattering
by aerosols, and absorption due to other trace gases. As an absolute measurement technique,
it does not require calibration. CIMS measures OH indirectly after conversion of **SO; into
H»**S04. H2S0s is ionized by NOs™ through a charge-transfer reaction and the ratio of
HSO4/HNOj; is measured by a mass spectrometer. Since the isotope **S makes up only
about 4 % of the naturally occurring sulfur, atmospheric H>SO4 can be distinguished from
in the sample air.

2.1.1 LIF FAGE

The first report of OH excited by a tunable laser source and successfully detecting the
resulting fluorescence was by C. C. Wang and Davis (1974). OH radicals can be selectively
excited by UV light with a wavelength of 282.58 nm which is in resonance with the
P1(2) line within the A2Z* - X2I1, v'=1 « v"=0 transitions of OH. The relaxation to ground
state occurs via rotationally and vibrationally excited states with fluorescence in the
wavelength range of 307-315 nm (C. C. Wang & Davis, 1974) with a lifetime of around
700 ns. However, at atmospheric pressure, most of the excited OH molecules lose their
energy by collision quenching with other molecules, leading to a collision lifetime of ~1 ns
(Heard & Pilling, 2003). Additionally, laser scatter on aerosols, other molecules in the
sample air and walls within the instrument cause large background signal, which together
with poor fluorescence yield lead to a detection limit of only 5 x10® molec/cm?® (C. C. Wang
& Davis, 1974). Further limitations of measurements of OH by LIF as reported by C. C.
Wang and Davis (1974) are photodissociation of O3 caused by laser radiation at 282 nm,
yielding O('D) atoms. Subsequent reaction of O('D) with atmospheric water vapor leads to
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2 HOx measurement techniques and the HORUS instrument

formation of OH radicals analog to R.1.1d, causing the laser radiation itself to be a source
of OH (Ortgies, Gericke, & Comes, 1980).

The introduction of the fluorescence assay by gas expansion (FAGE) technique led to a
significant improvement in the measurements of OH using LIF. By lowering the pressure
inside the detection chamber to ~1 — 5 mbar, both disadvantages of LIF as described above
can be reduced. Lower pressure reduces the number density of H>O and O3, thus decreasing
the amount of laser-generated OH (Hard et al., 1984). Even though lower pressure also
lowers the number density of detectable OH and increases wall losses due to longer mean
free path for molecules within the detection chamber, the OH fluorescence yield is strongly
increased due to decreasing collision quenching. Figure 2.1 shows an overview of the
combined effects on detection sensitivity.
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Figure 2.1 Schematic view of the pressure-dependent LIF-FAGE sensitivity as a function of internal pressure
(light blue line), OH transmission (dotted-dashed dark blue line), internal density (green line) and quenching
(dashed red line). (modified version of Faloona et al. (2004), taken from Marno et al. (2020)).

Further improvements were made to reduce background signals, such as installing baffles
and black anodizing the internal walls in order to reduce scatter from internal reflections.
To minimize the impact of fluorescence from aerosols and other molecules in the sample
air, electronic detector gating times were introduced (Creasey, Halford-Maw, Heard,
Spence, & Whitaker, 1998; Hard et al., 1984; Stevens, Mather, & Brune, 1994). During the
laser pulse, the detector is switched off. After the initial laser pulse, the detectors are
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2 HOx measurement techniques and the HORUS instrument

switched on, and the detected signal is integrated over several hundred nanoseconds (see
Figure 2.2).

Even though production of laser-generated OH was reduced due to lower pressure, it was
still a significant source of uncertainty (Smith & Crosley, 1990). By changing the laser
wavelength to 308 nm to excite the A2X* - X2I1, v'=0 « v"=0 transition, both O3 absorption
cross section and O('D) quantum vyield are reduced, leading to a ~30 times lower
interference by laser-generated OH. Additionally, the absorption cross section of OH at
308 nm is ~4 times higher than at 282 nm, therefore increasing the OH fluorescence signal
(Chan, Hard, Mehrabzadeh, George, & O'Brien, 1990).

More recently, J. Mao et al. (2012) suggested that in some LIF-FAGE designs, an unknown
source of OH, produced in the low pressure side, may cause interference in measurements
of atmospheric OH. In order to account for such an interference, a scavenger, e.g. propane,
is added to chemically remove atmospheric OH under atmospheric pressure (Novelli et al.,
2014).

« Fluorescence ~ e

Laserpulse Laserpulse —

Signal (arbitary units)

integrated
area \,\ ,
t t .
0 1 Time 2 330 ps

Figure 2.2 Schematic representation of the timing of photon counting process that is used to quantify OH
concentrations by LIF-FAGE technique. The detectors are switched off during the laser pulse (dark grey
areas) by electronic gating. The detector is switched on at t; and the integrated area (light grey) is proportional
to OH number concentration. At t, the detector is switched off again before the next laser pulse (Taken from
Faloona et al. (2004), modified).
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2.2 HO; Measurement techniques

HO: typically reaches concentrations around 100 times higher than those of OH, with
lifetimes of a few minutes and is often measured alongside OH. CIMS measures HO> and
RO> indirectly by injection of NO to converting them into OH (Reiner, Hanke, & Arnold,
1997). Produced OH is measured as described above (2.1). By adding N> to the sample air,
the reaction of RO to HO> (R.1.16) is suppressed, causing ~70 % produced H>SO4
stemming from HO, (Heard & Pilling, 2003).

2.2.1 LIF FAGE

Chemical conversion of HO> to OH by injection of excess NO (R.1.13), allows the LIF-
FAGE technique to indirectly measure HO». The produced OH is then measured similarly
as described in 2.1.1. Due to the short time between the point of NO injection and detection
of produced OH radicals (a few milliseconds), high mixing ratios of NO are needed in order
to reach high conversion efficiency. However, wall losses and efficient NO mixing during
injection also impact conversion efficiency. Additionally, atmospheric RO; can react with
NO producing detectable amounts of OH (R.14 — 16), therefore artificially increasing
measured HO> concentrations. Measured HO> and internally produced HO; from RO; is
called HO>". Alkene-based ROx species can also decompose unimolecular, rapidly forming
HO; under low pressure conditions (Fuchs et al., 2011). The interferences from RO> species
can be reduced by shortening the reaction time and reducing NO concentrations at the
expense of HO2 conversion efficiency. The impact of RO> on the HydrOxylRadical
measurement Unit based on fluorescence Spectroscopy (HORUS) LIF-FAGE instrument
and its correction will be discussed in chapter 3.

2.3 HOx observations using numerical box models

Atmospheric numerical models are a powerful tool to predict and simulate non-linear
physical and chemical processes in the atmosphere. This allows the description of the
influence of different environmental conditions on chemical composition and
climatological effects. The reliability of such calculations depends on the choice and
mathematical implementation of the relevant processes and their viability to describe
reality. Validation is done through comparison with measured data, where significant
discrepancies hint to an inaccurate or incomplete description of processes. To reduce
complexity, often chemical and meteorological processes are separated. Due to the short
tropospheric lifetime of HOy, their concentrations are only influenced by local
concentration of other trace gases and thus are only indirectly influenced by transport
mechanisms. This makes numerical model calculation together with measurements a viable
method to analyze atmospheric processes of HOx and better understand their influence on
the oxidation capacity of the atmosphere.
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One such numerical model is CAABA/MECCA, which was developed at the Max Planck
Institute for Chemistry, Mainz (Sander, Kerkweg, Jockel, & Lelieveld, 2005). The chemical
mechanism MECCA (Module Efficiently Calculating the Chemistry of the Atmosphere)
is used in the confines of the box model CAABA (Chemistry As A Boxmodel Application).
MECCA mechanism contains of about 600 species and 1600 reactions, including basic
chemistry such as HOx, O3 and NOx, as well as more complex organic oxidation chemistry
in its subsection MOM (Mainz Organic Mechanism) (Cabrera-Perez, 2016; Hens et al.,
2014; J. Lelieveld, 2016; Nolscher, 2014; Taraborrelli, 2012). CAABA/MECCA is written
in Fortran90, with the KPP (Kinetic PreProcessor) software (Sandu & Sander, 2006) for
numeric integration. CAABA/MECCA is described in more detail in Sander et al. (2005),
R. Sander et al. (2011) and Sander et al. (2019).

In the scope of this work, CAABA/MECCA-4.0 (Sander et al., 2019) was employed for
different uses throughout this work.

2.4 HORUS

The observations of OH and HO: discussed in this work were conducted using the ground-
based HydrOxyl Radical Measurement Unit based on fluorescence Spectroscopy (HORUS)
by the Max Planck Institute for Chemistry (Mainz, Germany). HORUS is based on the
aforementioned LIF-FAGE technique and is described further in Martinez et al. (2010). An
Inlet Pre-Injector (IPI) was used to account for any unknown source of OH causing
interference in the measurement. The IPI system is described in further detail in Novelli et
al. (2014). The instrument is comprised of laser system, low-pressure detection unit, IPI,

vacuum system and instrument control and data acquisition unit (described below).

2.4.1 Instrument setup

Laser system

The UV light used for the excitation of OH is provided by a Nd:YAG pumped pulsed,
tunable dye laser system (Martinez et al., 2010; Wennberg et al., 1994). A diode-pumped
Nd:YAG laser (Type Navigator I, Spectra Physics) provides frequency-doubled light at
532 nm to a custom-made dye laser system. It is operated at a pulse frequency of ~3 kHz
with a pulse length of ~25 ns. A tenfold beam expander and a collecting lens are used to
focus the beam on the dye cell. Additionally, to counteract potential thermal and
mechanical influences on misalignment, the incoupling of the green laser can be controlled

by two piezo-actuated mirrors.

16



2 HOx measurement techniques and the HORUS instrument

end mirror
a
N

- : y
telescope mirror
' -
collecting lens dispersion prisms b . SV L |

4 - . .
=] :
incoupli i h ‘ \ : ‘
pling mirror ‘
' 3 - . b outcoupling mirror

dye cell BBO doubling erystal

Figure 2.3 Schematic setup of the dye laser system. The incoming 532 nm wavelength laser beam is focused
by the collecting lens onto the dye cell. The fluorescence from the pyrromethene-597 laser dye is selectively
amplified at 616 nm inside the optical resonator. Using a nonlinear doubling crystal (BBO), UV light at
308 nm is produced. Taken from Hens (2013).

Figure 2.3 shows a schematic setup of the dye laser cavity (taken from Hens (2013)). The
incoming expanded beam of the pump laser (532 nm) is focused by the collecting lens on
the dye cell, hitting it at the Brewster angle. The laser dye is Pyrromethene-597 (Radiant
Dyes Laser, Germany) dissolved in >99.9 % pure isopropanol. It absorbs the green laser
light and fluoresces in the red wavelength range. The dye is circulated between a dye cell
and a reservoir in order to prevent overheating and degradation of pyrromethene-597 and
to prevent oversaturation of excited laser dye within the dye cell. The circulation rate is set
to 1.6 - 1.7 liters per minute, which results in a complete exchange of dye within the cell
after two laser pulses. The emitted light is then amplified within the cavity between the end
mirror and the outcoupling mirror (see Figure 2.3). Since the dye emits a broad band of red
light, two steps of wavelength selection are done. The combination of 3 dispersion prisms
and a rotatable intracavity etalon achieves the selection of the required light at a wavelength
of 616 nm. A B-barium borate (BBO) crystal is used to generate the second harmonic of
the 616 nm beam to 308 nm. The UV light is then coupled out of the cavity via the
outcoupling mirror and transported to the detection cells using optical fibers.
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2 HOx measurement techniques and the HORUS instrument

Low-pressure detection unit

The detection system of HORUS is shown in a schematic in Figure 2.4 (taken from Hens
(2013)). Sample air is drawn through the Inlet-Pre-Injector (IPI) at a rate of ~50 SLM
(p=1013 hPa, T =273.15 K). Propane can be added as a scavenging agent to remove
atmospheric OH, allowing measurement of residual chemical background OH signal
suggested by J. Mao et al. (2012).

T . InletPrelnjector

(OH scavenger injection)

critical orifice

Nd:Yag pumped \
pulsed Dye Laser
=308 nm \ - v NO injector
A
optical fibe
HO, + NO —
—_— OH + NO,
vacuum pump J
P =3.5 mbar

Figure 2.4 Schematic setup of the HORUS detection system. Sample air is drawn through the IPI at a rate of
~50 L/min. About 10 L/min is drawn through a critical orifice into the low-pressure detection cell. Laser light
with a wavelength of 308 nm is used to excite OH radicals and fluorescence is detected by multi-channel
plate detector (MCP). After adding excess amount of NO, HO; radicals are converted to OH and can be
measured in the same way in the lower detection cell.

A critical orifice is used to guarantee a constant mass flow through the system. The internal
pressure is kept between 2.5 - 4 mbar in order to assure high sensitivity. Additionally, this
pressure difference results in an internal flow of ~10 SLM, which is necessary to avoid
excitation of the same sample air by two consecutive laser pulses, producing laser-
generated OH. Inside the detection cell, a White Cell setup (White, 1942) is used to

maximize fluorescence signal and therefore instrument sensitivity.
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Detection of OH is achieved by collecting fluorescence light on a multi-channel plate
detector set up perpendicular to the direction of sample air flow and laser beam in order to
minimize interference from scattered light. Atmospheric OH concentrations are measured
in the upper detection cell of the HORUS setup (see Figure 2.4) HO> measurements are
done via chemical conversion adding NO in excess downstream of the OH detection. The
sum of remaining atmospheric OH and OH converted from HO; are measured in the lower
detection cell. HO2 concentrations can then be calculated by taking the OH measurements
of the upper detection cell into account. Additionally, HO, measurements are influenced
by the residence time inside the HORUS system, which can be calculated using the known
mass flow from the critical orifice, the diameter and length of the tube between NO injector
and point of measurement. This approach assumes perfect mixing of NO at the point of
injection and gives the so-called physical residence time, which overestimates the time NO
has to react with HO. Utilizing a simple NO calibration using a known amount of NO and
HO», and the rate constant for the reaction of NO with HO», the chemical residence time
can be calculated (Eq.1). It represents the actual reaction time of NO and HO; taking mixing
into account and is shorter than the physical residence time. The chemical residence time
inside HORUS is generally 6.5+0.5 ms.

[OH] = [HO,] - (1 - exp(_kNO+H02 -[NO] - t)) (Eq.1)

The correlation between the measured fluorescence signal and OH radical concentrations
is determined by the instrument sensitivity normalized for laser power. The instrument
sensitivity is dependent on different factor (e.g. sensitivity of the detector, transmissivity
of the White Cell setup, quenching effects of water vapor inside the sample air), some of
which are difficult to quantify and can change over time. Calibrations of HORUS are
therefore performed regularly and are described in chapter 2.4.2.

Scattering of light or possible fluorescence of other species in the sample air can cause a
background signal, which elevates the fluorescence signal, and has to be accounted for. In
the HORUS setup, this is done by tuning the laser off resonance for OH molecules and
measuring the background signal periodically. After 5 seconds of online measurement, the
frequency of the laser beam is alternately shifted to higher and lower frequencies (~37GHz)
of the Q1(2) transition line of OH (Figure 2.5a). Figure 2.5b shows the typical “toggling”
pattern of HORUS during measurements.
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Wavelength toggling
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Figure 2.5(a) The laser beam is periodically tuned on (green line) and off OH resonance (red lines) to
measured HORUS internal fluorescence background signal. (b) Measured signal of on-off resonance
toggling. On (green areas) and off (red and yellow areas) resonance are alternated approx. every 5 sec. Off
resonance is also alternated between frequency above (red area) and below (yellow) OH resonance line at
308 nm.

Vacuum system

The Vacuum needed for the HORUS system is created by a combination of a scroll pump
(Type XDS-35, Edwards) with a roots blower (Type M90, Eaton). The air is compressed
in front of the pump, leading to higher pumping efficiency, achieving the volume flow and

low pressures required to operate the HORUS system.

Instrument control and data acquisition

The HORUS instrument is controlled by an embedded PC running a Debian LINUX
operating system. Analog and digital sensors as well as stepper motors, mass flow
controller and valves are connected to the data acquisition using a modular system of
electronic cards, developed at the Max Planck-Institute for Chemistry, Mainz. An ISA bus
is used to establish a connection to the PC. The HORUS software is based on a client-server
model and programmed in “C”. The server controls the communication with hardware and
stores recorded data on a hard drive. The graphical user interface (GUI) is programmed in
MatLab (Mathworks, Inc.) and is realized as a client, allowing continued data acquisition
even during GUI malfunction.

2.4.2 Calibration

As an indirect measurement method, calculation of OH concentrations from LIF-FAGE
data requires knowledge of the instrument sensitivity Con. To ensure stability over a period
of time, regular calibrations are done by producing known concentrations of OH and HO»
via photolysis of water vapor. Different mixtures of dry and humid air are produced in a
range of 0-25 mmol mol™!. The water vapor concentrations are measured by an infrared

absorption instrument (LI-7000, LICOR), which is calibrated against a dew point generator
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(LI-610, LICOR), which is in turn calibrated against NIST traceable pressure and
temperature sensor. A mercury vapor lamp (Pen ray line source, LOT-QuantumDesign,
Europe) is used to photolyze the water vapor to form OH and HO» (see R.34 - 36). The
radical concentration can then be calculated according to equation Eq. 2 (Faloona et al.,
2004).

A=184.9
H,0 + hv —— "% OH + H* (R.34)
My (R.35)
M
H+ 0, > HO, (R.36)
[OH] = [HO,] = ®q0on,0[H,0]tfo, (Eq.2)

with the actinic flux density of the lamp ®o, the absorption cross section of water at
184.9 nm ou,0, the residence time ¢ under the lamp. Additionally, a correction factor fo, is

applied to correct for absorption by oxygen and a resulting reduction of actinic flux density.

fhe—UOZ[OZ]de (Eq3)
0

fo2 = A

Figure 2.6 shows a schematic setup of the calibration unit of the HORUS instrument.
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Figure 2.6 Schematic gas flow plan of the calibration setup used for the HORUS instrument. (Taken from
Kubistin (2009))

The actinic flux density of the lamp is measured using the actinometric method by N>O
photolysis described by Martinez et al. (2010). O('D) molecules produced by N>O
photolysis react with N2O to form NO. The produced NO is measured by a NOx
chemiluminescence analyzer (C42, Thermo Environmental Instruments). The NO analyzer
is calibrated using a NIST standard.

Interferences

In order to achieve reliable measurements of OH and HO», possible interferences have to
be accounted for. In the LIF-FAGE method, interferences can be caused by processes inside
the instrument itself, or atmospheric substances interacting with the laser light at the applied
wavelength of 308 nm. One such substance is sulfur dioxide (SO»), as it absorbs light
around 308 nm. In the HORUS setup, this is accounted for by the aforementioned
“toggling” during measurements. By shifting the wavelength of the laser beam off OH
resonance, the spectral can be measured, allowing for subtraction of possible fluorescence
caused by SO,.

Internally generated OH were suspected to cause interference (J. Mao et al., 2012). In the
HORUS setup, this is accounted for by using the IPI system (Novelli et al., 2014). By
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adding propane to the sample air, atmospheric OH can be scavenged by more than 95 %,
allowing measurements of internally produced OH only (Figure 2.7).

x 10° Chemical Scavenging
® " Scavenger OFF~y

OH [molecules cm-3]
(&%)

Scavenger ON 7
10:36 10:38 10:40 10:42 10:44 10:46 10:48

time (UTC on 12 August 2012)

Figure 2.7 By injecting a scavenger into the sample air, background OH can be obtained (red shaded area).
Atmospheric OH can be obtained from the difference of total OH (blue shaded area) and background OH.

(taken from Novelli et al. (2014))

A known interference in the HO> measurements caused by organic peroxides RO> will be

discussed in detail in chapter 3.
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3 Characterization and correction of RO; interferences

The measurements of HO> in HORUS are based on the conversion of HO; to OH using an
excess amount of NO (see 2.2.1 and R.13). As mentioned in 1.4, RO, can undergo similar
reactions with NO. After subsequent reaction with oxygen, HO: is produced (R.16). Inside
the HORUS setup, these reactions can occur after the injection of NO and therefore
artificially increase HO>. While relevant under atmospheric conditions, these reactions
were expected to be negligible under the low pressure and short reaction time in the FAGE
detection system compared to the reaction of HO» with NO (Heard & Pilling, 2003). Further
studies showed, that the impact of RO highly depends on the organic part of the molecule.
For methyl peroxy radicals (CH302), interferences between 5 — 10 % had been reported
(Hens, 2013; Holland, Hofzumahaus, Schéfer, Kraus, & Pitz, 2003). Fuchs et al. (2011)
reported an interference of up to 80 % caused by RO: produced from unsaturated and
aromatic VOCs. This is caused by the aforementioned different reaction pathways
undergone by ROz st and RO2 unsat (see 1.4 and Figure 1.6). For RO2 sat, low-pressure and
high-NO conditions inside the HORUS setup cause the reaction of the alkoxy radical RO
with Oz to be the rate-determining step. Other possible reactions of the alkoxy radical are
reaction with NO and NO,. However, both reactions do not produce OH and do not cause
an additional OH signal. Therefore, these reactions are not relevant for the correction of
RO, interference inside HORUS. For RO2 unsat, the unimolecular decomposition is favored
by the low pressure inside HORUS, therefore the reaction of RO, with NO is rate-
determining and highly favored under HORUS internal conditions. Due to these
circumstances, it is necessary to correct for possible artificially produced HO> by RO>
(further named RO; interference). The following chapter addresses this correction in detail.

3.1 Estimation of ambient RO;

To quantify the interference caused by RO> on the HO; measurements, the RO:
concentration in ambient air has to be estimated. Due to the large variety of RO, their
measurements are difficult to conduct and it is necessary to estimate ambient RO>
concentrations.

3.1.1 RO: Estimation using NOx/O3 PSS

One possible method to estimate ambient RO2 concentrations is via the NOx/O3; photo
stationary state (PSS) (Leighton, 1961). R.37 - 39 form a so-called null cycle for NOx and
Os. Under the assumption of steady state and without the influence of VOC, the production
and loss rate of NO» can be assumed as Eq.4.
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JINOy) - [NO,] = kN0+03 -[NO] - [05] (Eq.4)

where j(NO;) is the photolysis frequency of NO, and kno+o, is the rate constant of
NO + Os.

NO, + hv - NO + O( *P) (R.37)
0(°P)+0,+M - 0; +M (R.38)
05 + NO - NO, + 0, (R.39)

Additionally, other atmospheric oxidizing agents can produce NO:z by reaction with NO,
namely HO> and RO; (R.13 & 15), expanding Eq.4 to Eq.5.

J(NO,) - [NOy] = kno+o, - [NO] - [05] (Eq.5)
+kno+ro, " [NO] - [HO,]

+[NO] Z kno+r;0, * [Ri0]
7

where kno+Ho, 1s the rate constant of NO+HO>, RiO: is a particular organic peroxy radical,

and kNO+Rl.02 is the rate constant of NO+R;O».

Assuming the rate constant of each peroxy radical equals the rate constant kvo+xo, (Cantrell

et al., 1997; Hauglustaine et al., 1996; J. A. Thornton et al., 2002), all peroxy radicals RiO>
can be described as RO; and estimated by solving Eq.5 for RO; yielding Eq.6.

J(NO2) [NOz]-kno+05[NO]-[03] — [HO,] (Eq.6)

kno+HO,'[NO]

[RO,] =

However, this method of estimating ambient RO> concentrations using NOx/O3 PSS does
not account for different VOC compositions present at the time of measurement. As
mentioned above, the nature of VOC from which the peroxy radical derives from,
determines further reactions. Therefore, inclusion of measured VOC data can give better
insight of the RO> concentrations causing interferences inside the HORUS setup. This is
accounted for in the second method presented here.

3.1.2 ROz estimation using HO:2 and OH reactivity
HO> can be used to describe ambient RO> concentrations by assuming similar reaction
patterns for RO> and HO».

During daytime, steady state establishes within minutes for RO2 and HO». This allows to
describe their concentration as being only dependent on production and losses (Eq.7 - 8).
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Z[ROz]- _ Psiroy; (Eq.7)
=
Ly(ro,);
P Eq.8
[HOZ] — HOZ ( q )
Lyo,

where Pro, and Lro, are the production and loss rates of all RO», Pro, and Lko, are the

production and loss rates of HO».

Assuming the production of RO> and HO» during daytime occurs predominantly by the
reactions of OH with VOC (R.35-38) and CO, respectively, Eq.7 and Eq.8 can be expanded
to Eq.9 and Eq.10.

> VOCl; - [0H] - kyo, = ) [RO]; - Lo, (Eq.9)
[CO]- [OH] - k¢co = [HO,] - Lyo, (Eq.10)

where kvoci and kco are the rate constant of the reaction of VOC; with OH and of CO with
OH.

Lastly, assuming the major loss of ROz and HOz occurs by similar reactions (see chapters
1.3.2 - 1.3.3), both the loss 0of ROz (Lro,) and HOz (Luo,) in Eq.9 and Eq. 10 are considered

equal. Under these assumptions, the ratio of the RO, and HO> concentration is the ratio of
their respective production rates (Eq.11). Subsequently, the RO> concentration can be
expressed as the HO2 concentration scaled by the ratio of the production rates resulting in
Eq.12.

x[voc); - [0H] - kvoc, _ [CO] - [OH] - kco (Eq.11)
2[RO,]; - [HO,]

_ x[vocy; - kvoci _ (Eq.12)
D [RO:]; = oo [HO,)

Total uncertainty is calculated from the uncertainties of each variable according to Gauss

error propagation.

This allows to estimate the ROz concentration based on the measured HOz, CO and VOC
concentrations under conditions where the assumptions made are feasible.
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3.2 Analytical and numerical calculation of the HORUS-internal RO;
conversion using NO titration

The calculation of the RO; interference in HORUS from ambient RO2 concentrations is
highly dependent on the type of peroxy radical present. As mentioned in 1.4.2, structural
differences stemming from the VOC from which RO, was produced, possible conversion
to HOz and interference in HORUS can vary greatly. Additionally, many rate constants of
the reactions forming HO> from RO: are not studied yet and therefore unavailable to be
used in calculations. A simplification is thusly needed in order to calculate HORUS-internal
RO:; interferences.

In the following section, two methods of calculating RO, interference are presented.

3.2.1 Cost effective estimate of the ROz conversion to OH efficiency based on the
internal temperature and pressure in HORUS
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Figure 3.1 Relative HO» interference for RO, st vs. pressure (a) and temperature (b), respectively. The data
obtained from CAABA/MECCA (red) was fitted (blue) with Eq.13 for the pressure dependency and Eq.14
for the temperature dependency, respectively. The range of x was chosen to encompass conditions normally
encountered during HORUS measurements. The NO concentration was 5.64-10'* molec cm™.

With ambient RO> concentrations estimated, interference caused through internally
produced OH can be calculated using the CAABA/MECCA box model. By initializing the
box model with internal conditions of HORUS (2.5-4 mbar, 295-330K,
5.64:10' molec cm™ NO), chemistry inside the measurement system can be simulated and
enables the calculation of internally produced OH, which is then normalized for the initial
concentration of RO> and corresponds to the HO: interference relative to the RO>
concentration (/;) inside of HORUS. The reaction rate constants used to describe the
reactions are temperature and pressure dependent. Therefore, throughout the measurement
by HORUS, the internal pressure and temperature are constantly monitored. They follow
in general the variations of their ambient counterparts. Additionally, significant changes in
pressure can occur, when the critical orifice at the inlet is obstructed, e.g. by crystallizing
sea salt. However, the numerical simulation of each of the 2-min measurement interval
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3 Characterization and correction of RO2 interferences

typically used during a multi-day measurement campaign is computational expensive. A
more cost-effective approach is to parameterize the RO> to OH conversion as a function of
the internal pressure and temperature.

Figure 3.1 shows the relative HO; interference by conversion of ROz sa¢ versus pressure (a)
and temperature (b) calculated by numerical simulations of CAABA/MECCA. A linear fit
Eq.13 had been used to describe the pressure dependency (/). The second order
polynomial Eq.14 was used to describe the temperature dependency (/. 7). By normalizing
Lre; 7 to the temperature used during calculation of /., allows to combine both factors to
Eq.15.

Irel,p(p) =my-p+m, (Eq-13)
Irel,T(T) = n1 - TZ + nz ) T + Tl3 (Eq14)
Irel,T (T) ) (Eq- 1 5)

Lt T) = Lieip(p) - <IITW
reli,

Table 3.1 Parameter for temperature and pressure dependency for relative HO; interference from RO; s and
RO; ynsat. Parameters were calculated for ¢(NO) = 5.64-10'* molec cm™

Parameter RO; sat RO2 unsat

m 4.07-10°° -7.11-10°8
mp 1.02:10* 3.39:107
np 5.16:10® 2.56-10°°
n -4.20-107 -1.92-10°3
ns 9.22-1073 0.38

Figure 3.2a shows relative HO; interference /e sar for ROz sar vs. internal pressure and
temperature using the parameters from Table 3.1. The surface describes the interference
inside HORUS for RO> from saturated VOC. Since the NO concentration has a major
influence on the conversion of RO to HO» and OH, the described surface is only applicable
for the NO concentration used for these calculations (c(NO) = 5.64-10'* molec cm™). For
these conditions, the relative HO» interference /s sar 1s between 0.08 — 0.17 %.

Similarly, re; unsa: can be calculated for ROz unsat (Figure 3.2b). Contrary to Zres sar, Lrel unsat
only shows a negligible pressure dependency. As shown in 1.4.2, for RO unsat only the
reaction with NO is pressure dependent. Since the mass flow of NO injected into the
detection axis, the concentration of NO is constant even with fluctuating pressures. For
these conditions, the relative HO» interference re; unsas 1s between 2.24 - 3.38 %.

The discrepancy between lres sar and Lrer unsar 1 €xpected, since the conversion of ROz sat to
HO; inside HORUS occurs through two bimolecular reactions (R.23 - 24). Contrary, after
of RO2 unsat with NO, a fast, unimolecular decomposition precedes the formation of HO».
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3 Characterization and correction of RO2 interferences

This decomposition rate was determined to be in the order of 10* to 10° s! (R. Atkinson,
1997; Orlando et al., 1998; Vereecken, Peeters, Orlando, Tyndall, & Ferronato, 1999).
Total relative HO» interference Iy is calculated using Eq. 16.

Lrer = [ROZ]sat “Leersar T+ [ROZ]unsat " Lret unsat (Eq-16)

0.035 -

0.03

el,unsat

Figure 3.2 Combination of the equation describing /.., (blue dots)and 7..;r (red dots) spanning a surface,
which characterizes 7,.; for a given temperature and pressure. /.o from ROz sat (11 5a:) (2) shows a dependency
of both pressure and temperature, while Z.o; from RO2 unsat (Zret unsar) (b) only shows a temperature dependency
and stays constant for different pressures.
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3 Characterization and correction of RO2 interferences

As described in 2.4.1, the effective residence time inside HORUS includes the mixing
efficiency of NO with the sample air and the transport from the NO-injection and detection
of OH. Using the pump flow, tube length and diameter, the effective residence time is
estimated to be 6.5£0.5 ms. To estimate the impact of the resulting uncertainty of the
residence time in the conversion efficiency, model calculations based on the assumption of
a residence time of 6 and 7 ms are performed.

Additionally, uncertainties in the rate constants used in the box model need to be accounted
for by varying rate constants randomly using Monte-Carlo-simulations (MC). It is assumed,
that all RO s can be described through CH30,, and all RO2 unsat can be described through
HOCH>CH»0,. However, since for each category of RO,, reaction rate constants vary with
each ROz, a large additional uncertainty is introduced. To account for this, the error used
in the MC simulations is changed to encompass rate constants of the RO> shown in Table
3.2. Table 3.3 shows rate constants and corresponding errors used.

Table 3.2 RO, used to estimate reaction rate constant uncertainty

RO> included / origin VOC (for RO2 unsat)
RO2wt | RO, + NO - RO + NO, CH;0»", CoHs05", i-C3H,05”,
n-C3H702", n-C4HoO5", t-C4HoO,"

RO + 0, - HO, + products CH;0", C2Hs0", 1-C5H;0", 2-C5H7,0",
1-C4HoO"

ROz usat | RO, + NO - RO + NO, Ethen®, Propene”, 1-Butene”, 2-Butene”,
2-Methylpropene”, 1,3-Butadiene”,

Isoprene”

* (Sander et al., 2019), * (R. Atkinson et al., 2006), * (Miller, Yeung, Kiep, & Elrod, 2004)

Table 3.3 Rate constants and errors used for CAABA/MECCA simulation. Errors do not represent literature
uncertainty, but were chosen to account for RO, from different saturated or unsaturated VOC.

reaction Rate constant k * log(f)
RO2 sat RO, + NO - RO + NO, 2.3:10'%-exp(360/temp) | 1.19

RO + 0, » HO, + products | 1.3-10"*-exp(-663/temp) | 3.0
RO2unsat | RO, + NO - RO + NO, 2.54-10"%-exp(360/temp) | 1.10

" (R. Atkinson et al., 2006)

Due to the large differences in the rate constant for the reaction RO+O, for different VOC,
the uncertainty for this reaction is chosen very large. Additionally, since this reaction is rate
determining, it is a major contributor to the total uncertainty of /... Since the uncertainties
of the rate constants are described as a lognormal distribution, total uncertainty cannot be

described with 1o confidence interval. Instead, they are described with an upper and lower
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3 Characterization and correction of RO2 interferences

error. Upper and lower total uncertainty for les sar and Irer unsas Were then calculated using
Gauss error propagation.

Table 3.4 Lower and upper error Lres sor and et unsar-

AIrel sat AIrel unsat
Lower uncertainty 64.5 % 14.8 %
Upper uncertainty 181.6 % 17.3 %

The error margin for /e sa: 1s significantly larger than those of /y¢/unser. This is mostly caused
by large uncertainties suggested for the reactions of RO s (see Table 3.3).

In order to calculate the total uncertainty for /,.;, the concentrations for ROz sat and RO2 unsat
have to be known (Eq. 16). To estimate the range and influence, Eq. 16 can be changed to

Lre1 = [ROZ](fsat “Lretsat + (1 - fsat) ' Irelunsat) (Eq-17)
Lyer Eq.18
[Rrgz] = (fsat “Lrersat + (1 - fsat) e unsat) ( a )

Loy Eq.19
A( .= ) = (fsat “ALgpgqr + (1 - fsat) AL unsat) ( a )
[RO,]

Eq. 17, with the fraction of saturated RO2 fi of the total RO2 concentration [RO:]. By
dividing with the total RO; concentration, the total interference relative to the total RO>
concentration can be calculated (Eq. 18). Total uncertainty of 7../[RO2] can be calculated
using Eq.19.
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Figure 3.3 Lower (blue) and upper (red) relative error margin of ../[RO>] vs. the fraction of RO, gt

Figure 3.3 shows the lower and upper relative error margin of /,.//[ROz] vs. the fraction of
RO2 sat. Due to the low overall interference caused by RO sa, the large error shown in Table
3.4 only significantly increases the total uncertainty above fs.: = 0.6.

3.2.2 Model based estimate of the ambient RO:2 concentration based on titration of
RO:2 by NO

Measurement of HO» within HORUS is achieved by chemical conversion of HO> to OH by
adding NO before the second detection axis (see Figure 2.4). In order to determine this
chemical conversion efficiency within HORUS, NO titrations are periodically performed
throughout the day. Besides HO», RO is also converted by NO (see Figure 1.6) leading to
artificial generated HO> which can further react with NO generating OH which is detected.
The resulting data collected from NO titrations is therefore comprised of OH formed by
HO: and RO and thus contains information about momentary ROz interference at the time
of measurement. Figure 3.4 exemplifies with the total internal OH (blue) and its fractions
by HO:> (red) and RO (yellow). In order to retrieve the information about ambient HO» and
RO from these titrations the CAABA/MECCA box model is used.
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Figure 3.4 Internal OH produced by HO, and RO, as seen during NO titrations. Total internal OH (blue)
consists of OH produced by HO; (red) and the sum of OH produced by all RO> present during measurement
(yellow)

The model is initialized with HORUS internal conditions (see above) and estimated
ambient RO, concentrations (as described in 3.1) are used as starting parameter in
CAABA/MECCA. By varying HORUS-internal HO2, RO sat and RO2 unsat and comparing
the modeled titration with the measured one, a cost function is minimized utilizing the least
square method. Figure 3.5 shows internal OH from a measured NO titration (blue), internal
OH from CM model (red), and the fractions of internal OH from HO> (yellow), RO2 sat
(purple) and ROz unsat (green). By calculating the ratio of the OH signal derived from HO»
of the total OH signal for the NO concentration injected into HORUS during regular
measurements (~0.7-10'* molec/cm?), interference caused by OH from RO, can be
corrected (Figure 3.5, grey vertical line).
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Figure 3.5 Example of NO titration measured with HORUS (blue), with total modeled internal OH (red), and
modeled internal OH from HO, (yellow), RO; g (purple) and RO; unsat (green). The vertical line set to the NO
concentration injected during normal measurements.

In order to account for statistical variability during the measurement of NO titration,
observation weights (w=1/¢°) are used to estimate the quality of the individual
measurement of each titration. Additionally, a known problem of approximations using the
least square method is the possibility of reaching different local minima of the cost function
depending on initially used starting parameter. To account for this possibility, Monte Carlo
simulations for each titration are conducted. Using a random number generator, initial
parameters for HO2, ROz sar and ROz unsat were varied 1000 times according to a normal
distribution. Calculating a mean and standard deviation gives a measure of error for each

titration. Total uncertainty is calculated by adding up both sources of error.

3.3 Validation of CAABA/MECCA estimates of HORUS internal
conditions
To investigate the contribution of RO> to the HO» signal inside of HORUS, Kunkler (2021)

performed a master thesis under the supervision and in close collaboration with this work.
The results are the basis of this chapter.

As shown above, it is possible to estimate RO> interference in the HORUS instrument using
the CAABA/MECCA box model. Though it has not been shown, that CAABA/MECCA
can accurately describe HORUS internal conditions. Additionally, it is unknown, whether
the separation of ROz into ROz sat and ROz unsat 1s sufficient to describe the large variety of
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3 Characterization and correction of RO2 interferences

RO> in the atmosphere. Lab studies were performed in the scope of a master thesis
(Kunkler, 2021). Several tests were conducted using different RO> in order to show the
validity of this assumption. Known concentrations of RO, from several saturated (methane,
propane and n-butane), unsaturated VOC (ethene, propene, but-1-ene and isoprene), and
benzene were produced in situ. NO titrations were performed for each single RO> with the
HORUS setup and simulated with CM. Figure 3.6, Figure 3.7 and Figure 3.10 show
measured and simulated NO titrations for both ROz sac and RO unsat, r€spectively.

Interference from RO2 sat
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Figure 3.6 Mixing ratio of OH generated from different RO, . Shown points represent measured NO
titrations, while dotted lines represent modeled data. Modeled data of both MA-RO, and PA-RO; describe
the measured NO titrations, while measurements of BA-RO> are underestimated by the corresponding model
(taken from Kunkler (2021)).

Modeled data for RO> from propane (PA-RO2) and methane (MA-RO) show great
agreement with measured NO titration. Internal production of OH is very minor for these
compounds, which indicates a small influence on RO interference in HORUS. Modeled
data for RO; from n-butane follows this trend, while measurements show higher production
of internal OH. A possible cause for this increased internal OH are side products of the
reaction of BA-RO; with NO. Jungkamp, Smith, and Seinfeld (1997) reported a significant
amount of nitrites and acetaldehyde production. Since nitrites can also be produced from
MA-RO; and PA-RO», and did not cause an interference for these RO, it is assumed, that
no interference is caused by nitrites formed from BA-RO». Furthermore, for acetaldehyde

no reactions are known, which can cause an interference inside a LIF-FAGE instrument.
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3 Characterization and correction of RO2 interferences

According to Jungkamp et al. (1997), the alkoxy radical formed from BA-RO; can undergo
a 1,5-H-shift, which can open up different reaction paths. However, it is unknown, if
species are produced, which cause an interference in the HORUS system. Further
investigations are needed to answer this question.

Interference from RO2 unsat

Modeled data for RO; from ethene (EE-RO2) and isoprene (IE-ROz) show good agreement
with measured data, while modeled data for RO, from propene (PE-RO») and but-1-ene
(BE-RO») underestimate measured data. For all RO unsat, modeled data underestimates OH
mixing ratio for lower NO mixing ratios (between 0.1 - 0.5:107). It is possible, that this
caused by an offset of NO injected into the setup. Adding an offset of ~0.04-107 leads to
improved agreement for lower NO mixing ratios (see Appendix A, Figure A.1, Kunkler
(2021)). However, since it is unclear, what the cause of this discrepancy for low NO mixing
ratios is, no NO offset correction was applied in further investigations.
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Figure 3.7 Mixing ratio of OH generated from different RO, unsar. Shown points represent measured NO
titrations, while dotted lines represent modeled data. Modeled data of PE-RO, and BE-RO, underestimates
measured data, while modeled data of EE-RO; and IE-RO; describe measurements within error estimation
(taken from Kunkler (2021)).

The measured NO titrations for PE-RO; and BE-RO both show maximum conversion of
RO> of over 100 % (143 % and 122 %, respectively). This indicates, that aside from
expected conversion of RO> to OH, other reactions have taken place, which produced
additional HO, or OH radicals. A possible source of additional radicals could be through

laser generation. The photolysis of aldehydes inside the LIF-FAGE system is known to
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3 Characterization and correction of RO2 interferences

cause an interference (Roger Atkinson, 2000). Since the photolysis of the aldehyde and the
excitation of the resulting OH both need a photon, an interference caused from this reaction
shows a squared dependency of the laser power inside the White cell of the HORUS system.
Figure 3.8 shows the normalized OH signal vs. laser power inside the White cell. Both PE-
RO; (red) and BE-RO» (blue) show a linear dependency on laser power within the error
margins (26). Another possibility for additional OH signal is a laser repetition rate, which
is chosen too high (3 kHz during HORUS measurements). This can cause more than one
excitation-emission-cycle for OH radicals, leading to an increased fluorescence signal.
Figure 3.9 shows the normalized OH signal vs. NO mixing ratios for repetition frequencies
of 2 kHz, 3 kHz and 4 kHz. For all three frequencies similar OH signals were measured,
indicating no increased signal through multiple excitation-emission-cycles.
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Figure 3.8 Normalized OH signal from PE-RO, (red) and BE-RO, (blue) vs. laser power inside of the White
cell, with a NO mixing ratio of 9-10. The lines show the linear fit for both RO; (solid line) and the 95 %
confidence interval (dashed lines) (taken from Kunkler (2021)).

For EE-RO; and IE-RO», the model was able to describe the measured data within the
margin of error. For BE-RO; and PE-RO> the model underestimated the measured results,
with a yield of >100 % for both species. This indicates additional radical sources through
reactions inside of HORUS, which are not considered.
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Figure 3.9 Normalized OH signal for PE-RO> vs. NO mixing ratio for different laser repetition rates (2000,
3000, 4000 Hz). The OH signal with 4k Hz repetition rate is slightly higher than with lower repetition rate,
indicating multiple excitations of OH (taken from Kunkler (2021)).

Interference from RO: originating from benzene

Additionally, HO> interference from OH-initiated oxidation products of benzene were
investigated. As described in 1.4.1, oxidation of benzene by OH can yield peroxy radicals
as well as phenol, which produces HO> (see Figure 1.5). The produced HO> cannot be
separated from the sample air. The measured OH is thusly a sum of OH produced from RO>
and phenol. For the model calculations, it was assumed that only phenol (~53 %) and a
bicyclic RO (~47 %) were produced as reported by Xu et al. (2020). Figure 3.10 shows
modelled and measured OH mixing ratios vs NO mixing ratio. Measured HO»-generated
OH is shown as blue x with 1 error bars. OH, generated from RO, is shown as the green
line, while OH from phenol production is shown as the yellow line. The sum of both is
shown as the red line. According to the model calculation, at high NO mixing ratios the
yield of generated OH reaches almost unity. The measured OH mixing ratios were ~28+7 %
lower than the model results, indicating radical loss reactions. The reaction of RO with
HO; can produce bicyclic alcohols, epoxides and peroxides (Birdsall & Elrod, 2011).
However, Xu et al. (2020) reported a ~47 % yield of the bicyclic alkoxy radical 6, due to
the almost quantitative conversion of the bicyclic RO 4 to 6.

38



3 Characterization and correction of RO2 interferences

9 x107" Benzene
8 ’;_,"/ _____
7L et
o~ .
g , }
E K l
o .
‘t ’
T 5[ ST
(@] , SN PEEL L A
2, ;
© S F e ey TR e eh b
o ’ i AT
£ L el I bBZ-RO, + phenol measurement
2 } - --- bBZ-RO, + phenol model
1L } - -- - bBZ-RO, model
}H il - --- phenol model
0 1.7 | | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
mixing ratio NO %1073

Figure 3.10 Mixing ratio of OH generated from the oxidation of benzene vs. NO mixing ratio. The shown
points represent measured NO titrations, with 2¢ error margin. The dotted lines show modeled data, with OH
from the bicyclic RO, bBZ-RO; (green), OH from phenol (yellow) and the sum of both (red).

Other loss reactions include RO; self and cross reactions. However, a lower radical loss
through these reactions is expected, since reaction rates of self and cross reactions of
secondary and tertiary RO» are generally slower (Jenkin & Hayman, 1995) and the HO»
mixing ratio during the measurement was higher than those of RO». Other loss reactions
are the reaction of 4 or 6 with NO, both of which are reported to be insignificant as radical
loss reactions. Since the unimolecular decomposition of 6 is pressure independent, while
the reaction of 6 is a 3" order reaction, the reaction rate of the unimolecular decomposition
is expected to be 3-5 orders of magnitude faster than reaction of 6 with NO (Birdsall &
Elrod, 2011; Jenkin & Hayman, 1995; Xu et al., 2020). Similarly, Xu et al. (2020) reported
a radical loss for the reaction of 4 with NO of <0.1 %. Therefore, the known reaction
pathways of the OH-initiated oxidation products of benzene cannot sufficiently explain the
observed radical loss. It is suspected that long lived oxidation products may occur, which
do not have sufficient time to form radical under the conditions inside the HORUS
instrument.
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Figure 3.11 Schematic overview of the reaction pathway of bicyclic peroxy radical of benzene 4. Produced
HO; is shown in green, while HO,, which is used up is shown in red (Taken from Kunkler (2021)).
Implications on RO: interference correction using CAABA/MECCA

The RO; interference of several ROz sa, and ROz unsat, as well as the RO from benzene
oxidation was investigated inside HORUS and compared to CAABA/MECCA model
calculations. The interference caused by RO; from methane and propane was described by
the model within the error margin. The model did underestimate the interference from
BA-RO2, which could not be explained with known products from the OH-initiated
oxidation of butane. It is possible, that a 1,5-H-shift of the alkoxy radical of BA-RO; lead
to reactions, which can produce OH. Further investigations are needed.

The interference caused by ROz unsat Was investigated for the RO: of ethene, propene, but-
1-ene and isoprene. Model calculations of interference caused by EE-RO; and IE-RO:> were
able to describe measured interference within the error margin. The model underestimated
the interference caused by BE-RO; and PE-RO.. The measured radical yield of >100 %
indicates an additional radical source. Tests, to investigate, whether the additional
interference is caused by laser generated OH or multiple excitation-emission-cycles, did
not show positive results. This indicates, that during the test additional radical sources occur
for these RO> within the HORUS system.
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The interference caused by RO from benzene was caused by HO> from the formation of
phenol and from the RO» branch of the oxidation mechanism (see Figure 1.5 and Figure
3.11). The model calculation overestimated the total amount of OH produced through these
reactions by ~28+7 %. The known radical loss reaction within the oxidation mechanism
were not sufficient to explain the lower measured radical yield and it is therefore assumed,
that some long-lived oxidation products occur. These long-lived products may not have
enough time to produce radicals within the time frame of the injection of NO and the point

of measurement.

The tests employed in this chapter showed that CAABA/MECCA calculations are able to
describe RO, interference from certain RO> of the saturated and unsaturated groups within
the margin of error. Some RO; showed discrepancies between the model and measurement,
which are not explained by the known oxidation mechanisms. It is likely that the method
of RO: production used for the tests, caused some of the discrepancies, since it was not
possible to separate the produced RO, from reactants and possible side products. Due to
the extensive OH-initiated oxidation mechanism of benzene, the RO; interference caused
by benzene RO, cannot be sufficiently described and needs further investigation.

Additionally, it is unclear, whether these studies can describe more complex RO», e.g. from
terpenes, or higher oxygenated RO; using the simple separation into RO; sar and ROz unsat.
Further studies are needed to investigate these groups of RO».

3.4 Summary

The knowledge of ambient RO concentrations is important for LIF-FAGE measurements,
as they cause an artificially increased HO> signal inside the instrument. Two methods to
estimate ROz concentrations were reported. Using the NO/NO2 photo stationary state
assumption (Leighton, 1961), a sum of HO; and RO can be calculated. The second method
uses ambient HO, concentrations and OH reactivity. It is assumed, that the production of
HO> and RO; during daytime is predominantly from the reaction of OH with VOC and CO,
respectively. Additionally, by assuming that major loss for HO; and RO, are similar, the
RO» concentration can be calculated by the HO» concentrations scaled by their respective
production rates. This method allows the calculation of the RO> concentrations to be based
on the measurements of HO,, CO and VOC.

In order to correct for RO> interference, the efficiency of the conversion of RO» into OH
inside the HORUS instrument was investigated. Two methods were employed. Firstly, a
cost-effective estimate based on internal temperature and pressure was used by
parameterizing temperature and pressure dependency of the conversion of ROz s and

ROz unsat.  Secondly, a model-based approach was used to estimate ambient RO:
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concentrations using titration of ROz by NO. By minimizing a cost function using the least
squared method, it has been shown, that ambient concentrations of HO» and RO> can be
extracted.

In order to validate the assumptions concerning the approach to correct RO: interference in
HORUS, lab studies were conducted in the master thesis of Kunkler (2021). Several
different RO> were produced in situ and used to perform NO titrations. CAABA/MECCA
model calculations were done and compared with the measured NO titrations. It was shown
that certain RO, of saturated and unsaturated origin are able to be described by the model
with the margin of error. However, the model underestimated the interference caused by
the RO, of butane, but-1-ene and pent-1-ene. It is unknown from which sources the
additional radical originated, since known reaction pathways are not sufficient to explain
the discrepancy. Additionally, the interference of the RO> of benzene was overestimated
by the model. It is suspected that the short reaction time inside the HORUS system leads to
long lived products of the oxidation not being able to produce radicals.

Furthermore, it is unclear, whether the separation used here is sufficient to describe more
complex or higher oxygenated RO». Further studies are needed.
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4 AQABA field campaign

Throughout the last century, the region around the Arabian Peninsula has seen strong
economic development due to its rich oil and gas reserves. Extraction, industrialization and
urbanization caused the Middle East to become a global hot spot for air pollution.
Additionally, the region has exceptional environmental and meteorological conditions,
with extensive deserts, intense solar radiation and high temperatures. Nonetheless,
observational data is sparse and the Arabian Basin receives little attention, e.g. in report of
the Intergovernmental Panel on Climate Change (IPCC).

The AQABA (Air Quality and Climate Change in the Arabian Basin) field campaign was
a comprehensive ship borne experiment conducted in summer of 2017. A dataset including
measurements of the oxidants OH and HO»; trace gases such as O3, CO, NO, NO», H>0.,
HCHO, HONO; a range of VOCs and their oxidation products; aerosol size distribution,
photolysis frequencies; and meteorological properties. From June to September 2017, the
research and survey vessel Kommandor lona (Hays Ships Ltd.) sailed from Toulon (France)
to Kuwait and back (Figure 4.1), covering the Mediterranean Sea, Red Sea, Arabian Sea,
and Arabian Gulf.

Google Earth

Figure 4.1 Map of the track covered by the AQABA field campaign in 2017. Starting in Toulon, France,
measurements were taken through the Mediterranean Sea, Suez Canal, Red Sea, Arabian Sea and Arabian
Gulf.
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The general objective of the AQABA 2017 campaign was to comprehensively characterize
the atmospheric physics and chemistry in the regions surrounding the Arabian Peninsula,
as well as the Mediterranean Sea.

In order to measure OH and HO», the ground-based HydrOxyl Radical Measurement Unit
based on fluorescence Spectroscopy (HORUS) by the Max Planck Institute for Chemistry
(Mainz, Germany) was deployed during the AQABA campaign.

4.1 Instrumentation

Figure 4.2 Kommandor Iona (Hays Ships Ltd.) (left) and CAD drawing of Main Deck and Forecastle Deck
(right). The HOy inlet was located on the forecastle deck (a). A 6 m high common inlet was used for
measurements of NOx, O3, HCHO, H>0,, ROOH, SO,, CO, VOC, OVOC and OH reactivity (b). For
measurements of aerosol particles, a silica gel aerosol dryer was installed approx. 12 m above sea level (c)
(Celik et al., 2020).

During the intensive measurement period of AQABA 2017 campaign, a broad set of
instrumentation were installed on the research and survey vessel Kommandor lona (Hays
Ships Ltd.). Three positions were chosen to set up the inlets of instruments measuring trace
gases, as well as photolysis frequencies. OH, and HO, were measured on the Forecastle
Deck (a, see Figure 4.2) to reduce the impact of obstructions of the ship. A 6 m high
cylindrical stainless-steel common inlet was installed for the measurements of O3, NOx,
CO, H202, ROOH, HONO, VOC, OVOC, HCHO, and OH reactivity (b). A silica gel
aerosol dryer was installed for sampling aerosol measurements (c). A brief summary of
instrumentation, with time resolution, uncertainties and limits of detection are given in
Table 4.1.

4.2 Regional characteristics

In order to simplify comparison between the many different environmental conditions
sampled during AQABA, eight distinct regions along the ship’s track were identified
(Figure 4.3); the Mediterranean Sea, Suez Canal and Gulf of Suez, northern Red Sea,
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southern Red Sea, Gulf of Aden, Arabian Sea, Gulf of Oman, and Arabian Gulf. The
Arabian Gulf is well known for its extensive oil and gas industry as well as intensive ship
traffic. High emissions of VOC, NOx and CO are expected. Additionally, high
photochemistry is expected due to intense solar radiation. Similar conditions, but to a lesser
extent, are expected for the Gulf of Oman. The Arabian Sea is a comparably pristine
environment, with low levels of NOy, O3 and VOC. Ship traffic in the Gulf of Aden is
denser as it is funneled in and out of the Arabian Sea. Additionally, air masses from east of
the horn of Africa are expected to bring aged biogenic and anthropogenic emissions. The
Red Sea is separated in the southern and northern section, with extensive oil and gas
extraction in both parts. Additionally, northern Red Sea is influenced strongly by the
metropolitan areas along the northern Nile river. In both regions, high particle number
concentrations are expected due to the surrounding Sahara and Arabian Deserts. The
narrow Suez Canal can be characterized by its high density of ship traffic and strong
influence from the Cairo metropolitan area. The Mediterranean Sea is mostly influenced
by aged air from the European mainland.

| e ST
= Mediterranean Sea (MS, i
Suez Canal & Gulf of Suez (SC) -
Northern Red Sea (NR) E
Southern Red Sea (SR) e
Gulf of Aden (GA) k
Arabian Sea (AS) A
Gulf of Oman (GO) i

Latitude
[}
]
=
|

20°E 30°E 40°E 50°E 60°E 70°E
Longitude

Figure 4.3 Ship track of the Kommandor Iona during AQABA (black). The cruise was separated into eight
distinct regions.

4.2.1 Back-trajectories during AQABA

Back-trajectories of air parcels encountered along the ship track have been calculated using
Hybrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT). The general
origin of air masses of leg 1 and leg 2 of the AQABA field campaign are shown in Figure
4.4 and Figure 4.5, respectively.
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Figure 4.4 HYSPLIT back-trajectories of leg 1 of the Gulf of Aden, the Arabian Sea, and the Gulf of Oman
(a), and the Arabian Gulf (b). The black line shows the ship track. The color of the trajectories shows the age
of the air mass in hrs (D. Walter, personal communication, 23. Nov.2017).
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Figure 4.5 HYSPLIT back-trajectories of leg 2 of the AQABA campaign. The Arabian Gulf, the Gulf of
Oman, the Arabian Sea, and the Gulf of Aden are shown in panel (a). The Red Sea is shown in panel (b). The
Suez Canal is shown in panel (c), and the Mediterranean Sea is shown in panel (d). The black line shows the
ship track. The color of the trajectories shows the age of the air mass in hrs (D. Walter, personal
communication, 23. Nov.2017).
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4.3 Observations

4.3.1 NOx and O3

Since NOy and O3 are closely related with each other through NO,/O3 PSS (see 3.1.1),
observations are shown together for both legs (Figure 4.6 a & b). A summary of median

and respective quantiles for NOx and O3 during the AQABA campaign is shown in Table
4.2. Tadic et al. (2020) reported NOx mixing ratios during AQABA range from less than
50 pptv in the pristine regions of the Arabian Sea to more than 10 ppbv in regions of high

anthropogenic pollution. High NOx medians were observed in the northern Red Sea
(1.76 ppbv), the Gulf of Oman (2.74 ppbv) and the Arabian Gulf (1.26 ppbv). The air
masses observed in these regions bring fresh pollution from nearby metropolitan areas. In

combination with local point sources (e.g. oil rigs), NOx levels are increased. The southern

Red Sea, Mediterranean Sea and Arabian Sea showed median NOx mixing ratios of 0.46,

0.25 and 0.19 ppbv, respectively.
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Figure 4.6 Ship cruises with color-scaled NOx mixing ratios (logarithmic scale) during (a) the first and (b)
the second leg, and color-scaled O3 mixing ratios (linear scale) during (c) the first and (d) the second leg.
Note that both NOx and O3 have been filtered for contamination from the ship’s stack. (taken from Tadic et

al. (2020))
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Figure 4.6 ¢ & d show O3 mixing ratios for both legs with a range between 20 to 170 ppbv,
reported by Tadic et al. (2020). The lowest median O3 mixing ratios were observed in the
Arabian Sea (21.5 ppbv), which is the only region representing the remote MBL. Low
median O3 mixing ratios were also observed in the Gulf of Oman (31.5 ppbv), which in
combination with NOx mixing ratios suggest O3 destruction by fresh NO emissions. In the
Arabian Gulf, O3 events of up to 170 ppbv were observed with a median of 62.5 ppbv. O3
mixing ratios in the Mediterranean Sea, southern and northern Red Sea are 61.5, 64.2 and
46.9 ppbv, respectively. The air masses observed over the Mediterranean Sea was
characterized as photochemically aged due to the northerly winds, which bring oxidized air
masses from Turkey, Greece and the Balkans (Pfannerstill et al., 2019). This led to low
variability in the O3 mixing ratio in this region. Contrary, large amounts of pollution sources
in the Arabian Gulf caused high variability in the measurements.

Table 4.2 Overview of measured NOy (top panel) and O3 (bottom panel) median mixing ratios in ppbv
including 1% and 3™ quantile (taken from Tadic et al. (2020).

NOx Mediterranean | Northern | Southern | Arabian | Gulf of | Arabian
Sea Red Sea | Red Sea | Sea Oman Gulf

1% quantile | 0.12 0.68 0.18 0.10 1.03 0.52

median 0.25 1.76 0.46 0.19 2.74 1.26

3™ quantile | 0.96 5.68 1.60 0.54 5.92 3.47

0Os Mediterranean | Northern | Southern | Arabian | Gulf of | Arabian
Sea Red Sea | Red Sea | Sea Oman Gulf

1*" quantile | 57.05 53.51 40.68 17.45 26.7 53.1

median 61.54 64.16 46.93 22.52 31.5 62.5

3" quantile | 66.48 75.51 60.28 26.19 38.0 90.4

4.3.2 HCHO, H20: and ROOH

Measurements of HCHO, H>O> and ROOH were reported by Dienhart et al. (2022). A
summary of median and respective quantiles for HCHO, H>O> and ROOH during the
AQABA campaign is shown in Table 4.3. Highest HCHO mixing ratios (Figure 4.7 a & b)
were observed in the Arabian Gulf (12.6 ppbv) from air masses originating from Iraq and
Kuwait, indicating fresh emissions from local sources. The lowest median mixing ratios
were observed in the southern Red Sea (0.37 ppbv) from unpolluted air masses originating
in Eritrea. Low mixing ratios were also found the Arabian Sea (0.86 ppbv) and the
Mediterranean Sea (0.77 ppbv), indicating aged age masses with only minor fresh
emissions from anthropogenic or biogenic sources. The highest median mixing ratios were
reported for the Arabian Gulf (3.1 ppbv), the Suez Canal (1.5 ppbv) and the Gulf of
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Oman (1.2 ppbv), which showed high levels of VOCs (Bourtsoukidis et al., 2019) and OH
reactivity (Pfannerstill et al., 2019) while the lowest were observed in the southern Red
Sea, Mediterranean Sea and Arabian Sea with 0.37, 0.77 and 0.86 ppbv, respectively.

Figure 4.7 ¢ & d shows H2O> mixing ratios for both leg 1 and 2. Compared to HCHO, lower
variability in mixing ratios were observed for H>O>. Lowest median mixing ratio with
0.13 ppbv for the Gulf of Oman, while highest were found in the Mediterranecan Sea
(0.26 ppbv), the Suez Canal (0.25 ppbv) and southern Red Sea (0.25 ppbv). High H>O»
mixing ratios are generally associated with high HO, mixing ratios, since the reaction of
HO:> with itself is the major production channel for H>O,.
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Figure 4.7 Overview and data coverage of HCHO, H,0, and organic hydroperoxide measurements during
both legs of the AQABA ship campaign (graphs on the left represent the first leg). Contaminated HCHO data
(e.g. by ship exhausts) was removed from the dataset with a stack filter, therefore there is less HCHO data
coverage during the first leg in the Arabian Sea. (taken from Dienhart et al. (2022))

Organic peroxides (ROOH) are shown in Figure 4.7 e & f. Overall variability is higher than
H>O; variability. The highest mixing ratio was observed during the first leg in the Arabian

Gulf (2.26 ppbv). Highest median mixing ratios were observed in the Arabian Gulf
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(0.23 ppbv). High VOC concentrations and strong solar radiation are likely to cause high

levels of RO,, which, in turn, result in high ROOH mixing ratios in this region. Lowest

median mixing ratios were measured in the Arabian Sea (0.057 ppbv) and the Gulf of Oman
(0.07 ppbv). Methyl hydroperoxide (MHP), peracetic acid (PAA) and ethyl hydroperoxide
(EHP) were identified as the major contributors to organic peroxides. In the Arabian Gulf,

significantly increased levels of EHP were detected.

Table 4.3 Overview of measured HCHO (top panel), H,O, (middle panel) and ROOH (bottom panel) median
mixing ratios in ppbv including 1% and 3™ quantile (taken from Dienhart et al. (2022)).

HCHO Mediterranean | Suez | Northern | Southern | Arabian | Gulf | Arabian
Sea Canal | Red Sea | Red Sea | Sea of Gulf
Oman
1% 0.60 0.9 0.52 0.23 0.63 0.90 24
quantile
median | 0.77 1.5 0.76 0.37 0.86 1.22 3.1
3rd 0.99 2.9 1.26 0.57 1.05 2.33 4.5
quantile
H>0O» Mediterranean | Suez | Northern | Southern | Arabian | Gulf | Arabian
Sea Canal | Red Sea | Red Sea | Sea of Gulf
Oman
I 0.20 0.19 |0.14 0.18 0.12 0.08 0.17
quantile
median | 0.26 0.25 ]0.19 0.25 0.15 0.13 0.21
3rd 0.33 0.35 [0.25 0.32 0.19 0.19 0.33
quantile
ROOH Mediterranean | Suez | Northern | Southern | Arabian | Gulf | Arabian
Sea Canal | Red Sea | Red Sea | Sea of Gulf
Oman
I 0.16 0.20 |0.15 0.12 0.046 0.048 | 0.18
quantile
median | 0.22 026 |0.21 0.17 0.057 0.070 |0.23
3rd 0.27 0.33 ]0.28 0.23 0.084 0.097 |0.43
quantile
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4.3.3 Methane

Figure 4.8 shows methane mixing ratios from the first (a) and second leg (b), reported by
Paris et al. (2021). Highest median mixing ratios were observed in the Arabian Gulf
(1926 ppbv, 75% quantile: 1941 ppbv) and during the second leg in the Mediterranean Sea
(1926 ppbv, 1937 ppbv). Median mixing ratios in the Mediterranean Sea during the first
leg were significantly lower (1881 ppbv, 1884 ppbv). Lowest median methane mixing
ratios were reported in the Arabian Sea (1813 ppbv, 1831 ppbv) and Gulf of Oman
(1831 ppbv, 1853 ppbv).
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Figure 4.8 Overview of ship cruises with color-scaled mixing ratios of methane during the first (a) and the
second leg (b). The data was filtered for contamination of the ship’s own exhaust.

4.3.4 HONO

Measurements of HONO were conducted using a Long-Path-Absorption-Photometer. Data
coverage and mixing ratios are shown in Figure 4.9. High mixing ratios were found in
regions with high density of ship traffic, e.g. Suez Canal and near harbors. Highest median
mixing ratios were observed during the first leg in the Suez Canal (0.38 ppbv, 75% quartile:
0.44 ppbv) and the Southern Red Sea (0.41 ppbv, 2.51 ppbv), while lowest mixing ratios
were measured during the second leg in the Arabian Sea (0.005 ppbv, 0.019 ppbv) and Gulf
of Aden (0.07 ppbv, 0.13 ppbv), which were both influenced by air masses originating in
the Indian Ocean south of the Horn of Africa.
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Figure 4.9 Overview of HONO data measured during AQABA. Color-scaling indicates the mixing ratio for
the first (a) and second leg (b).

4.3.5VOC/0VOC

Non-methane hydro carbons (NMHC) were reported by Bourtsoukidis et al. (2019). Figure
4.10 shows box plots of selected NMHC during the AQABA campaign. Overall lowest
mixing ratios were found in the Arabian Sea, where the majority of NMHC were close to
the limit of detection. Despite these clean conditions, ethene mixing ratios were elevated
(0.09 ppbv), with a maximum of 0.24 ppbv. Since ethene is a highly reactive trace gas with
relatively low lifetime, high mixing ratios indicate a local source. Similar conditions were
observed in the Mediterranean Sea, with average values being slightly higher than in the
Arabian Sea. High mixing ratios were found in the Suez Canal, due to intensive ship traffic
and proximity to populated areas. The most abundant alkanes were n-butane (3 ppbv),
ethane (2.64 ppbv) and i-butane (1.39 ppbv), while ethene (0.81 ppbv) dominated alkenes.
The northern and southern part of the Red Sea showed very different NMHC mixing ratios.
The northern Red Sea showed a strong influence from air coming from highly populated
and industrialized north-eastern part of Africa (Egypt, Libya), causing NMHC mixing
ratios to be higher than in the southern Red Sea. Both alkanes and alkenes were dominated
by species of shorter chain length. In the southern Red Sea, air masses originating from
central Africa led to lower overall mixing ratios, the southern part was mostly influenced
by air coming from central Africa. This caused NMHC in the southern part of the Red Sea
to be significantly lower than in the northern part. NMHC in the Arabian Gulf were on
average higher, due to high ship traffic and petrochemical industries. C>-Cs alkanes and
alkenes showed high values as well as high variability, which is attributed to the diverse
influence of strong local petrochemical sources.
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Figure 4.10 Volume mixing ratios of selected NMHC species over the eight regions. For each box, the central
red line indicates the median mixing ratio for both campaign legs. The bottom and top edges of the box
indicate the 25th (q1) and 75th (q3) percentiles respectively. The boxplot draws points as outliers if they are
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Figure 4.11 Mixing ratios of selected oxygenated VOC (OVOC) over the eight regions during the AQABA
campaign. The top and bottom edges of each box indicate the 25th and 75th percentiles, respectively. The red
line indicates the median for each box. The whiskers correspond to +2.7 ¢ and 99.3 % coverage if the data is
normally distributed. The ships track is shown in the middle panel.

Figure 4.11 shows box plots of selected OVOC for the regions during AQABA. Similar to
NMHC, lowest median values of OVOC were observed in the Arabian Sea, with the
exception of DMS (0.24 ppbv). This increase to the highest levels during the campaign
indicates large amounts of phytoplankton, which can emit large amounts of DMS. In the
Gulf of Oman and Gulf of Aden slightly higher mixing ratios for most OVOC were
observed. Compared to the Arabian Sea, both gulf regions show higher acetone levels (Gulf
of Oman, 0.87 ppbv, Gulf of Aden, 0.69 ppbv). Highest overall OVOC mixing ratios were
found in the Arabian Gulf, with very high values for acetone (2.8 ppbv), acetaldehyde
(0.81 ppbv) and methanol (0.77 ppbv). N. Wang et al. (2020) reported a good correlation
between C-C; carbonyls during daytime, indicating ozone and carbonyls were co-
produced via photochemical oxidation. The northern Red Sea, Suez Canal and
Mediterranean Sea showed very similar mixing ratios of OVOC. Methanol and acetone
show similar levels throughout the northern Red Sea, Suez Canal and Mediterranean Sea
(~1 ppbv and ~2 ppbv, respectively), while decreasing mixing ratios were observed for
acetaldehyde, MEK and MVK/MACR. Ketones can be released as a product of fuel
combustion and the high concentrations in the Suez Canal are likely caused by the dense
ship traffic in the narrow channel (Huang et al., 2018).
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4.3.6 OH reactivity

OH reactivity was reported by Pfannerstill et al. (2019) and is shown in Figure 4.12. The
range of OH reactivity during the AQABA campaign was from <5.4 s! (below detection
limit) over the Arabian Sea up to 303.6 s during fueling in Fujairah (UAE). As expected,
regions with strong pollution like the Arabian Gulf and the Suez Canal had high median
OH reactivity of 11.2 s™ (75% quantile: 15.2 s!, Arabian Gulf) and 10.8 s’! (18.8 57!, Suez
Canal), respectively. The largest share in OH reactivity over the Arabian Gulf can be
attributed to OVOC (35 %), followed by alkanes and alkenes (both 9 %). In the narrow
Suez Canal, a strong influence of ship emissions can be seen by the large share of NOx
(10 %) in OH reactivity. OH reactivity in the northern Red Sea (median: 8.5 s, 75%
quantile: 15.0 s™'), southern Red Sea (7.9 s}, 10.9 1), Gulf of Aden (8.0 s!, 10.1 s™!) and
Gulf of Oman (8.4 s, 10.5s™!) were in a similar range and are mostly attributed to
emissions from ship traffic. Again, OVOC have the largest share of OH reactivity
(12 =21 %) followed by NOx and alkenes (both 4 — 9 %) and inorganics (mostly SO, and
CO) (4 -6 %). Less reactive air was observed over the open seas of the Mediterranean
(6.8 57!, 7.8 s') and Arabian Sea (4.9 s, 6.5 s™). Measurements over the Arabian Sea were
often below the detection limit of 5.4 s'. OVOC were the largest contributors to OH
reactivity with 11 — 12 %. Over the Mediterranean Sea, shipping emissions had a bigger
influence compared to the Arabian Sea, evident from NOx contribution of ~4 % in the
Mediterranean and ~1 % in the Arabian Sea. In all regions, large fractions of OH reactivity
(between 27+55 % in the Arabian Gulf, and 72+57 % in the Arabian Sea) could not be
attributed to any trace gas.
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from all averages. (Taken from Pfannerstill et al. (2019))
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4.4 OH and HO,"
4.4.1 Calibration

Determination of actinic flux density

In order to calibrate the HORUS system, it is necessary to know the actinic flux of the
mercury vapor lamp used in the calibration, to calculate the OH and HO> concentration
produced by the lamp. For this, the actinic flux measurement for the lamp used during
AQABA was done according to 2.4.2.
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Figure 4.13 Actinic flux density of the pen ray lamp used in the calibration of the HORUS instrument. Error
bars indicate the propagated statistical variability of the calculated flux density.

The resulting actinic flux density is shown in Figure 4.13. The measured actinic flux density
was calculated to be @ = (1.98+0.01) - 10'3 cm™s™!. The systematic error was calculated to
be ~16.1 %. All contributing components are summarized in Table 4.4.
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Table 4.4 Systematic uncertainties during actinometric measurement

Parameter Uncertainty
NO Monitor (TEI) 7%
NO standard (NIST) 1 %
Mass Flow Controller 2%
Absorption cross section 61,0 2%
Quantum yield 1 %
Kinetic rate coefficients 12 %
Dimensions of reaction chamber 3%
Pressure sensor 2%
Variability of measured terms 5%
Overall uncertainty 16.1 %

Calibration of the HORUS system

As an indirect measurement method, LIF-FAGE requires determination of instrument
sensitivity. To ensure possible instability of the MCP detectors over a period of time as
well as other factors impacting the sensitivity (e.g. wall losses, alignment of the White cell,
etc.) regular calibrations of the HORUS system was done during AQABA, as described in
2.4.2. The sensitivity during AQABA vs. time is shown in Figure 4.14. cou (blue) is the
sensitivity of the OH detector towards OH. cro, (red) is the sensitivity of the HO» detector

towards HOz, and coro,) (yellow) is the sensitivity of the HO» detector towards OH.
COH(HO,) 18 used to correct the signal of the HO, detector for any remaining OH measured

in the sample air. Calibrations were done after sun down to ensure maximum data coverage
during daytime, as well as to avoid discontinuity of the data, due to an updated sensitivity
factor.

59



4 AQABA field campaign

18
Con
* %no
16 = 2 L
CoH(Ho,)

—
'S
I

|

-
N
I

|

-
o
I

|

sensitivity [cts s pptv'1 mW'1]
(-]
I
| L}

2]
T
|

23.07. 30.07. 06.08. 13.08. 20.08. 27.08.

Figure 4.14 Sensitivity over time during AQABA. Two detectors were used during the campaign. coy (blue)
is the sensitivity of the OH detector. co, (red) is the sensitivity of the HO: detector towards HO», and conio,)

(yellow) is the sensitivity of the HO, detector towards OH. couo,) is necessary to correct for remaining
atmospheric OH detected by the HO» detector.
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4.4.2 Measurements of OH and HO:"
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Figure 4.15 Overview of OH and HO," measurements during AQABA 2017 campaign. Data shown is only
during daytime and was filtered for the ship’s own stack emissions. The top panel shows OH mixing ratio,
the bottom panel shows HO, mixing ratio. Gray data shows 15 sec resolution and colored data shows 20 min
averages (blue and red). Vertical lines separate the different regions during AQABA.

OH and HO; measurements are shown in Figure 4.15. The data shown is only during
daytime (J(O'D) > 5-10° s and filtered for the ship’s own emissions. The top panel shows
OH mixing ratios in 15 s resolution (gray) and 20 min averages (blue). The bottom panel
shows HO> measurements not corrected for possible interference by RO (further called
HO,"). Similar to OH, HO," is shown in 15 s resolution (gray) and 20 min averages (red).
The typical diurnal cycle can be found for most days for both OH and HO»", with low
mixing ratios in the morning followed by a strong increase to a maximum during midday
and a decrease in the afternoon to typical low levels in the evening/night. If not further
specified, OH and HO»" mixing ratios discussed here represent the levels during noon.

Both OH and HO," show low levels over the Gulf of Oman and Arabian Gulf during leg 1
(median: 0.08 pptv, 75% quantile: 0.14 pptv & 11.7 pptv, 14.6 pptv, respectively) in
comparison to the remaining timeseries. During leg 2, OH increased from similar levels as
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during leg 1 up to 0.40 pptv (75% quantile: 0.45 pptv). HO," did not follow this trend with
levels staying between ~20 pptv — 25 pptv. Over the Arabian Sea, mixing ratios of OH and
HO:> decreased, mainly caused by low NOx and O3, as well as the overall clean air indicated
by low VOC concentration measured by the PTR-MS and GC. While OH gradually
decreased from its high over the Gulf of Oman to a low close to the limit of detection
(~0.1 pptv), HO»" stayed between ~ 13 — 15 pptv. OH levels over the Gulf of Aden were
close to the limit of detection (~0.1 pptv), while HO," levels were <10 pptv. Entering the
southern Red Sea through the Bab al-Mandab strait, dense shipping traffic caused high NOx
and VOC levels, which in turn caused an increase in both OH and HO" to 0.52 pptv
(0.60 pptv) and 22.9 pptv (23.4 pptv), respectively. As the strait opens in to the much wider
Red Sea, pollution decreased and OH decreased to close to the limit of detection. HO>"
increased further to 33.6 pptv (34.0 pptv) and stayed at high levels above 25 pptv
throughout the rest of the campaign. The northern Red Sea is influenced by regions with
stronger anthropogenic emissions compared to the southern section. This was visible
through the increase in OH mixing ratios to 0.29 pptv (0.37 pptv). As the ship approached
the Gulf of Suez, a strong increase in NOx from dense ship traffic traversing through the
Gulf caused HO:" to decrease (25.4 pptv, 26.4 pptv) and OH to increase (0.57 pptv,
0.62 pptv). With decreasing NOx, HOx returned back to levels from before the event. Over
the Mediterranean Sea, OH stayed at similar levels as over the Suez Canal, but increased
in the latter halfto 0.61 pptv (0.65 pptv). HO," kept its high levels of 30.1 pptv (33.3 pptv).
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4.5 RO; interference characterization during AQABA

4.5.1 Estimation of ROz mixing ratios
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Figure 4.16 Calculated RO> mixing ratios during AQABA using NO,/O3 PSS (blue) (Tadic et al., 2020) and
OH reactivity and HO; (red). From the calculated (HO; + RO,) reported in Tadic et al. (2020), measured HO»
concentrations were subtracted to obtain RO, pss. Vertical lines separate the different regions during AQABA.
As mentioned above, HO: measurements in a LIF-FAGE instrument are prone to
interference caused by RO». Since there are no measurements of RO, during the AQABA
campaign, mixing ratios are estimated using the methods described in section 3.1. Figure
4.16 shows RO> mixing ratios estimated using NO,/O3 photo stationary state (RO pss), and
OH reactivity and HO2 (RO2 reac). In order to derive RO» pss, measured HO> was subtracted
from ROx (HO2 + RO») reported by Tadic et al. (2020). This subtraction lead to negative
mixing ratios in the southern Red Sea, Suez Canal and Mediterranean Sea, due to very low
calculated ROx mixing ratios throughout these regions. It is suspected, that ROx mixing
ratios derived using the NOx/O3 PSS are underestimated in these regions, possibly by an
overestimation of the NO, offset. ROz rac Were calculated using speciated reactivity
reported by Pfannerstill et al. (2019). As shown above, up to 72 % of total reactivity could
not be attributed to any trace gas. The estimated RO> concentrations are therefore only a
lower boundary and were likely higher during the AQABA campaign. Additionally, total
data coverage of all VOC and OVOC was limited. Therefore, the requirement for model
calculations had been the availability of all VOC/OVOC, which contribute >90 % of
speciated OH reactivity. This increased data coverage significantly, but exacerbate the
underestimation of RO; with this method. Highest mixing ratios for both methods are found
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over the Arabian Gulf on leg 1 with 260 pptv (RO: pss) and (98.3+£34.6 pptv) (RO2 reac).
Lowest estimated mixing ratios for RO> reac are in the Arabian Sea, while lowest levels for
RO» pss reach negative values from the southern Red Sea on for the remainder of the
campaign. Due to this, ROz reac Was used for further corrections of RO; interference. Total
uncertainty of RO, was calculated from the individual uncertainties to be ~84 % (see Table
4.1, Akco=5 %). Total uncertainty for ROz pss was estimated to be 6 % (Tadic et al., 2020).

4.5.2 Correction of ROz interference in HO>"
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Figure 4.17(a) Fraction of HO, from RO, in HO;" calculated using least-square method (blue) and
parameterization method (red) during the AQABA 2017 campaign. (b) Correlation of HO» corrected (10 min
averages, blue dots) with both methods. Linear fit is shown as a red line.

To correct for ROz interference during the AQABA campaign, the methods described in
sections 3.2.1 and 3.2.2 were applied to the measured HO,  data. The relative RO,
interference of HO," calculated with both methods is shown in the top frame of Figure 4.17.
A correlation of correspondingly corrected HO» is shown in the bottom frame. Throughout
the AQABA campaign, RO: interference was calculated to be <5 %, which is comparable
to previous findings with the HORUS instrument (Hens, 2013) as well as the estimates by
Fuchs et al. (2011). Estimations using the least-square method (3.2.2) yielded higher RO>
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interference values compared to estimates from the parameterization method (3.2.1).
Calculation of HO, mixing ratios using both methods show a good correlation, with a slope
of 1.02 and an R? = 0.998. Since the least-square method uses NO titrations, this method
has information regarding the RO> composition at that time. However, this limits the
resolution to a maximum of one every 2 h. Data coverage of the parameterization method
is higher, since it is only affected by RO. data coverage and additionally, this method
accounts for fast changes in internal pressure and temperature. A combination of both
methods was used to correct for RO» interference during the AQABA campaign using slope
and intercept of the correlation in Figure 4.17b. Total uncertainty for RO; interference was
calculated to be + 156 % / - 102 %.

4.5.3 Corrected HO2 mixing ratios
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Figure 4.18 HO» data (blue) during AQABA campaign corrected for RO interference. HO," mixing ratios
shown in gray. Vertical lines separate the different regions during AQABA.

HO: mixing ratios corrected for RO» interference are shown in Figure 4.18. The median
interference caused by RO» is 2.4 % (75% quantile: 2.8%), with the lowest values found in
the Arabian Sea, Gulf of Aden and southern Red Sea (~2 %) and the highest in the Arabian
Gulf (~5 %).
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5 Stability of tropospheric OH concentration

During daytime, OH has a major influence on atmospheric oxidative capacity. The
production of OH can be separated in primary production, e.g. through the reaction of
O('D) with water vapor, and recycling processes (chapter 1.3.2). These recycling processes
strongly affect the stability of tropospheric OH. Auto-catalytic conditions could lead to a
built-up of HOx, causing instability in the system, while the absence of recycling processes
could cause an accumulation of pollutants and reduced gases (J. Lelieveld et al., 2002).
Therefore, the recycling probability can be interpreted as a measure for the stability of
tropospheric OH and its oxidative capacity. This chapter gives better insight on OH primary
and secondary production rates as well as OH recycling probability during AQABA.

5.1 OH primary production

Using the observations described in chapter 4, OH primary production rates can be
calculated considering reactions R.40 — 41.

0('D) + H,0 —» 20H (R.40)
HONO + hv - OH + NO (R.41)
OH + NO - HONO (R.42)

Their contributions to OH primary production rates during AQABA are shown in Figure
5.1. HONO was not measured during the Gulf of Aden and Southern Red Sea. The
contribution of HONO photolysis to OH primary production was calculated by accounting
for the backreaction of OH with NO (R.42), thus resulting in the net OH production rate
from HONO photolysis. Calculated OH primary production rates during noon are in the
range of 0.8—2.3-10” molec cm™ s™!. The reaction of O('D) with H,O is the most
important source of OH and shows the expected diurnal cycle. The highest contribution
was found in the Northern Red Sea with ~99 %. The highest contribution of HONO to the
primary production was found in the Arabian Gulf (~10 %), while lowest was found in the
Northern Red Sea (~1 %). OH production rate from photolysis of H2O2 and MHP (methyl
hydroperoxide) were calculated. They contributed <1 % and were thus neglected.
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Figure 5.1 OH primary production versus time of day around the Arabian Peninsula and Mediterranean Sea
during AQABA. Total OH primary production (blue) is comprised of OH production from O3 photolysis (red)
and HONO photolysis (yellow). Contributions from peroxide photolysis were <1 % and thus were neglected
in this calculation. No HONO data was measured during the Gulf of Aden and Southern Red Sea, thus OH
production from HONO is missing.

5.1.1 HOx primary production

As shown above, the Arabian Gulf showed higher primary production of OH compared to
the Mediterranean Sea, while simultaneously observed HOx concentrations were lower by
a factor of >1.5 in the Arabian Gulf. Utilizing the primary production of OH and adding

primary production of HO; gives the total production of HOx Pro,. Assuming steady state,
Pho, can be used to determine the maximum HO: concentration at a given Puo,. Eq.25

describes the steady state assumption. Assuming only the reaction of HO> with itself is a
viable radical loss reaction (R.17) allows to define a maximum HO> concentration using
Eq.25 at a given production of HOx Puo, (Eq.26). Additional loss reactions of HO», e.g.,

the reaction of HO2 with RO», will, thusly, lower the HO: concentration at a constant Pro,.

This relationship can give insight into the extent of additional radical loss rate in a specific
region. Figure 5.7 shows the HO» concentration vs. HOx production rates. Measured data
for different regions during the AQABA campaign are shown as differently colored points.
The yellow line defines an enveloping upper limit of the HO2 concentration if the self-
reaction is the only loss reaction (Eq.26). As expected, the measured HO> concentrations
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are below the enveloping curve, which is caused by other radical loss reactions. At similar
Pho,, the Arabian Gulf shows a much lower HO; concentration than the Mediterranean Sea.

Even at higher Puo,, the HO> concentration shows values far below suggested by the

enveloping curve. These low values indicate a significant additional radical loss in the
Arabian Gulf. High VOC concentrations and primary OH production in the Gulf region
indicate high concentrations of RO», leading to possible high loss rates through the reaction
of HO> with RO,. HYSPLIT trajectories (Figure 4.4 & Figure 4.5) showed air masses
affecting the Arabian Gulf originating in the surrounding deserts. This could lead to high
dust particle concentrations, and thus loss of HO> on the surface. These losses are
investigated in further detail in chapter 5.3.2.

Pyo, = [HOz] Lyo, + [OH]Loy (Eq.25)
Puo, (Eq.26)
[HOZ] =
kHOZ +HO,
9
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Figure 5.2 HO; concentrations vs. HOx production rate. The points show measured data over different regions
during the AQABA campaign. The yellow line shows the upper limit for HO, if the only loss reaction is the
reaction of HO, with itself, neglecting other loss processes.
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5 Stability of tropospheric OH concentration

5.2 OH secondary production

After the initial production of OH, the recycling processes (see chapter 1.3.2) play an

important role in maintaining the radical concentration. Oxidation of pollutants leads to the

production of peroxy radicals (HO> and RO>), which can be recycled back to OH

(R.43 — 44). These reactions are considered secondary production.
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Figure 5.3 OH secondary production versus time of day around the Arabian Peninsula and Mediterranean Sea
during AQABA. Total OH secondary production (blue) is comprised of OH production from HO, + NO (red)
and HO; + Os(yellow). Due to missing HO» measurements, data coverage in the Gulf of Aden and Northern

Red Sea is low.

Contributions to OH secondary production rates are shown in Figure 5.2. Coverage of

secondary production rates in the Gulf of Aden and Northern Red Sea regions are low, due

to missing HO; data.

Secondary production rates are between ~0.2 - 5 - 10" molec cm™ s™!, with lowest levels in
the Arabian Gulf and highest in the Mediterranean Sea. The reaction of HO; with NO was
the most important source of OH through recycling processes, with contributions between

~65 — 99 % compared to total secondary production.
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5 Stability of tropospheric OH concentration

5.3 OH recycling probability

The OH recycling probability 7 is calculated from the ratio of secondary sources S to the
total OH production P+S§ (J. Lelieveld et al., 2002).
r= % (Eq.20)

As shown in 5.2, the reaction of HO, with NO is the major contributor in S. Since NO
mixing ratios thusly contribute to both nominator and denominator in Eq.20, » can be
parameterized as a function of NO. Figure 5.3 shows OH recycling probability as a function
of NO mixing ratio for various measurement campaigns, including ground-based and ship-
based measurements under rural and metropolitan conditions. Since no primary production
through photolysis of O3 or HONO occurs during nighttime, this data (Jo('p) < 5:10° s!) is
omitted for all data sets.
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Figure 5.4 OH recycling probability r as a function of ambient NO mixing ratio in ppbv. Shown are
measurement campaigns in different environments. OOMPH — marine boundary layer, ship stack plume;
TexAQS — metropolitan, anthropogenic VOC; SOS99 — metropolitan, biogenic VOC; HOPE and PARADE
— biogenic and anthropogenic VOC.

The dataset measured during OOMPH (Organics over the Ocean Modifying Particles in
both Hemispheres, red triangles) is dominated by remote marine boundary layer (MBL) in
the southern Atlantic, which is characterized by low NOx and VOC mixing ratios. However,
due to wind direction sometimes the stack plume of the ship affected the measurement,
which caused high NOx conditions to be observed. The NO emissions lead to increased
recycling of HO2 to OH and thus increasing » values close to 1. Measurements in an
environment with high anthropogenic VOC emissions and high NOx mixing ratios (Texas
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5 Stability of tropospheric OH concentration

Air Quality Study, TexAQS, blue diamonds) show a decrease in the recycling probability.
Depending on wind direction, the measurements were influenced by emissions from
petrochemical industries and the Houston metropolitan area (Jinggiu Mao et al., 2010). Due
to increased VOC emissions, at similar NO mixing ratios secondary production S is lower
during the TexAQS compared to OOMPH. Measurements during SOS99 (Southern
Oxidants Study, purple circles) are influenced by both biogenic emissions from
surrounding deciduous forests and pastures, as well as anthropogenic emissions from
nearby Nashville, Tennesee (Martinez et al., 2003) with high NOy values >100 pptv.
Observed r values are above TexAQS and OOMPH observations at similar NO mixing
ratios. Measurements conducted during HOPE12 (Hohenpeillenberg Photochemistry
Experiment, green stars) and PARADE (Particles and Radicals: Diel observations of the
impact of urban and biogenic Emissions, light blue triangles) showed a strong influence by
biogenic emissions from the surrounding forests as well as anthropogenic emissions from
nearby settlements. Recycling probabilities for high NOx conditions during both campaigns
lie between SOS99 and TexAQS. For lower NO levels, » values during HOPE12 are lower
than during OOMPH.

With NO mixing ratios <10 pptv, r values are typically low at around 0.2. When NO levels
increase to around 1 ppbv, » can exceed levels of 0.95. If NO levels increase even further,
high levels of NO> can be produced. This leads to a decrease in r due to the increasing
relevancy of the reaction of OH + NO; (direct OH sink, producing HNO3) (Cariolle et al.,
2008; Crawford et al., 2000; Jaeglé, Jacob, Brune, & Wennberg, 2001).

In the case of the AQABA (yellow dots) dataset, a wide range of recycling probabilities
were observed due to the wide range of regional conditions during the measurement, with
values from <0.1 up to >0.9 depending on NO mixing ratio. Additionally, for similar NO
levels, values of » can range from ~0.1 up to 0.7 between different regions during the
campaign. For better insight, OH recycling probabilities separated by regions are shown in
Figure 5.4. Observations over the Mediterranean Sea are in line with results from OOMPH
and HOPE12, with » ranging from 0.2 up to >0.9 depending on NO mixing ratio. When NO
mixing ratios are comparable, recycling probabilities in the Suez Canal/Gulf of Suez are
slightly lower than in the Mediterranean Sea. The Arabian Sea was dominated by low NO
mixing ratios, which in turn caused low recycling probabilities. The Arabian Sea is a remote
region with low influence from anthropogenic emissions. Compared to the OOMPH
dataset, NO mixing ratios in the Arabian Sea reach higher levels, while » is lower at similar
NO. The higher NO is likely due to higher ship traffic in the region with the close by entry
to the Red Sea and Gulf of Oman. The lower recycling probability indicate a higher primary
production or reduced secondary production through recycling processes. Increased VOC
concentrations could lead to lower » by offering an additional loss process through the
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5 Stability of tropospheric OH concentration

formation of organic nitrates (see chapter 1.4). High NO mixing ratios between 2 — 10 ppbv
were observed with corresponding higher values of 7. These observations were taken close
to the Gulf of Oman, causing a high influence from increased ship traffic and overall
anthropogenic emissions in this region. The recycling probabilities in the Gulf of Oman
and the Arabian Gulf are significantly lower compared to the other datasets shown.
Especially in the Arabian Gulf, the recycling probability was found to be lower by a factor
of ~8 compared to the Mediterranean Sea and a factor of ~9 compared to the other datasets
shown. The region showed the highest primary production rate throughout AQABA and
low secondary production rate. The low recycling probability is an indicator for a low
stability of tropospheric OH in the region and therefore oxidative capacity of the
atmosphere (J. Lelieveld et al., 2002). In order to understand the conditions observed in the
Arabian Gulf, the cause of the low secondary production is investigated further.
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Figure 5.5 OH recycling probability during AQABA separated for different regions. The regions of the Red
Sea and Gulf of Aden are not shown, since data coverage for » was low or non-existent, due to missing
HO»/HONO data. Data shown from other measurement campaigns are shown for comparison in gray in the
background. See Figure 5.3for more information.

5.3.1 Missing secondary production rate

With observed high primary and low secondary production in the Arabian Gulf, it is vital
to understand the loss processes that lead to the low, observed recycling probability. It is
assumed that the low secondary production in the Arabian Gulf is caused by either a
missing reaction contributing to secondary production, or increased ROx loss processes
competing with recycling reactions. By taking the Mediterranean Sea as a reference, a
‘missing’ secondary production rate a can be calculated (Eq.21 & 22). a is the rate of
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5 Stability of tropospheric OH concentration

secondary production needed in the Arabian Gulf to achieve recycling probabilities
observed in the Mediterranean Sea. It is assumed, that a can either be recycling reactions,
which are not accounted for in the calculation of r, or loss reactions, which are more
important in the Arabian Gulf. In order to calculate a, the calculated recycling probabilities
are partitioned into different NO mixing ratio bins. The bins were arbitrarily chosen to
separate one order of magnitude into 10 bins.

r _ Sarap T @ (Eq.21)
Med SArab +a+ PArab
P T Eq.22
s a= Arab ~ "Med SArab ( q )
1- T™Med

with the recycling probability in the Mediterranean Sea rueq, the primary and secondary

production rate in the Arabian Sea S4ra» and P4ra», and missing secondary production a.

Figure 5.5 shows a vs NO mixing ratio in ppbv (top panel). With increasing NO, o increases
from ~0.7 up to 4.0:10” molec cm™ s!, indicating an influence of NO levels on the loss
processes leading to a lower recycling probability. However, this can be misleading, as the
secondary production rate is also highly influenced by NO. A better indicator is the fraction
of a of the total secondary production S4» + @, which decreases with increasing NO
mixing ratios from >0.85 to ~0.6 at ~0.5 ppbv (Figure 5.5, bottom panel). This decrease
indicates a possible loss process independent on NO concentration. A sudden increase for
high NO mixing ratios could indicate, that a NO influenced loss process increased in impact
with increasing NO and overtook the non-NO loss process.
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Figure 5.6 Missing secondary production rate o vs. NO mixing ratio (top). a represents additional secondary
production needed to reach levels of » observed in the Mediterranean Sea for similar NO mixing ratios. The
bottom panel shows the fraction of the missing secondary production rate a of the sum of Sy and o vs. NO
mixing ratio.

5.3.2 Investigating ROx losses

In order to identify possible sinks for ROx, which caused the low recycling probability in
the Arabian Gulf, several loss pathways were investigated using measurements and box

model calculations.

Loss of HO:2 through deposition on particle surfaces

Heterogenous uptake on aerosol and dust particles can to be a significant sink for HO»
(Carslaw et al., 2002; Carslaw et al., 1999; Jacob, 1986, 2000; J. Mao, Fan, Jacob, & Travis,
2013; Sommariva et al., 2004; Joel A. Thornton, Jaeglé, & McNeill, 2008). Its high
solubility in water (Henry’s law constant 6.8 mol m™ Pa’! (S. P. Sander et al., 2011)) and
rapid dissociation (pKa = 4.7) of HO; promote fast loss through uptake in aqueous aerosols
and sea spray. During AQABA, it is expected, that mineral dust particles from surrounding

74



5 Stability of tropospheric OH concentration

deserts can be a major fraction of the measured particle surface. HO> uptake has been
observed for Cu-doped aerosols catalyzed by a Cu(I)/Cu(Il) redox cycling, converting HO»
to H2O2 (Cooper & Abbatt, 1996; Mozurkewich, McMurry, Gupta, & Calvert, 1987;
Taketani, Kanaya, & Akimoto, 2008). A similar catalytic mechanism has been proposed
involving Cu(I)/Cu(Il) and Fe(II)/Fe(IIl) (J. Mao et al., 2013). As a measure of efficiency
of heterogeneous HO: uptake, the reactive uptake coefficient yro, is used. yro, is defined

as the fraction of HO> collisions with aerosol surface resulting in reaction (J. Mao et al.,
2013). An excerpt of reported uptake coefficients for different surfaces is shown in Table
5.1

Table 5.1 HO, uptake coefficients for different surfaces

Surface Type of Surface Uptake coefficient y
H>O flowing liquid >0.01°2

NaCl solid dry film 0.01°

(NH4)2SO4 doped with Cu(Il) | salt solution aerosol 0.52°¢

Aerosols doped with Cu/Fe model simulations 04-19"

" uptake coefficient is dependent on pH and Cu/Fe ratio
® (Hanson, Burkholder, Howard, & Ravishankara, 1992), ® (Remorov, Gershenzon, Molina, & Molina,
2002), © (Taketani et al., 2008), ¢ (J. Mao et al., 2013)

To calculate the loss rate from the reported uptake coefficients, a first-order loss to aerosol
surfaces was used, see Eq.23 (Ravishankara, 1997).

cgAy Eq.23

PS=g - [HO,] (Bq:23)

. SRT (Eq.24)
with Cg = m
2

cg 1s the mean molecular speed of gas molecules (see Eq.24), 4 is the particle surface area
per volume unit, y is the uptake coefficient, R is the universal gas constant, 7 is the ambient
temperature and Mo, is the molecular weight of HO,. To calculate Lps for loss on H20

and NaCl surfaces, surface areas of particles below 10 um were used. Since dust particles
are generally larger, with a diameter in the range of 2.5 — 10 um (Maring, Savoie, Izaguirre,
Custals, & Reid, 2003), the surface area of these particles was used to calculate Lps for Cu
and Cu/Fe doped particles. Calculated Lps is shown in the top panel of Figure 5.6, the
bottom panel shows Lps divided by missing production a. The highest loss was found on
for Cu/Fe doped aerosols with a maximum of 2.7-10* molec cm™ s™! and a maximum ratio

of a of 0.16 %. This indicates, that during the measurements observed here, uptake on
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5 Stability of tropospheric OH concentration

particle surfaces does not reduce HO> concentrations significantly, which, in turn, does not
reduce secondary OH production in the Arabian Gulf.
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Figure 5.7 Loss rate on different surfaces Lps vs. NO mixing ratio in ppbv (top panel). The particle surface of
particles between 2.5 and 10 um diameter were used to calculate for loss on Cu doped aerosols and loss
through Cu/Fe catalysis. The particle surface of particles below 10 pm diameter were used to calculated loss
on water or NaCl surfaces. Fraction of loss on different surfaces of the missing secondary production a vs.
NO mixing ratio in ppbv (bottom panel).

Budget calculations and investigation of HO2/ROx loss rates

Loss processes of peroxy radicals through chemical reactions with other trace gases can
lead to either to recycling or loss of radicals (see chapters 1.3.3 and 1.4.2). In order to
investigate these reactions and possible loss pathways in the Arabian Gulf,
CAABA/MECCA box model calculations, constrained by measured trace gas
concentrations had been performed. The measurements during AQABA were taken as
boundary conditions. As mentioned in chapter 3.1.2, total data coverage of all VOC/OVOC
was limited. Therefore, the requirement for model calculations had been the availability of
all VOC/OVOC, which contribute >90 % of speciated OH reactivity (see Pfannerstill et al.
(2019)). Loss rates were calculated for HO, and all RO,. Due to the large number of
possible reactions of HO» (236 reactions) and RO> (608 reactions), reaction groups were
defined (Table 5.2). Loss reactions of HO» were separated into three groups: HL:aq, radical

76
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loss through radical-radical reactions, HCCno,, recycling reaction of HO> with NO,

HCCother, non-NOx radical chain propagation, e.g. reaction of HO> with O3 to form OH and
O:. Loss reactions of RO, were separated into six groups: RLno,, radical loss through

reaction with NOx, RL:4, radical loss through radical-radical reactions, RLoter, other
radical loss, RCCno,, radical chain propagation through reaction with NOx, RCCro,,

radical chain propagation by reaction with HO2, RCCer, other radical chain propagation
reactions, e.g. unimolecular reactions of RO,.

Loss rates of ROz and HO» for regions during AQABA are shown in Figure 5.8. The Gulf
of Aden and Northern Red Sea are not included due to lack of HOx measurements. The
highest and lowest overall radical loss rates were calculated for the Arabian Gulf with
~6.6:10" molec cm™ 57!, and the Arabian Sea with ~5.3:10% molec cm™ s™!, respectively.
This is consistent with expectations, due to the high levels of pollution in the Arabian Gulf
and the remote conditions observed in the Arabian Sea. In each region, the overall largest
contributor to the loss rate are reactions with NOx. Recycling reactions by reaction with
NOx (RCCno, and HCCno,) contribute up to 96 % of total loss rate in the Mediterranean

Sea. However, due to limited data coverage during the Mediterranean Sea, the data used in
the model calculations are during early morning, with very low HOx concentrations. Thus,
budget calculations are not representative for the whole region of the Mediterranean Sea.
The Suez Canal showed similar recycling probabilities as the Mediterranean Sea, with NOx
recycling reactions contributing ~81 %. The lowest contribution is shown in the Arabian
Sea and Arabian Gulf, with 38 % and 52 %, respectively, due to low NO mixing ratios.
Additionally, high radical-radical reaction rates (RL.¢ and HL:aq) lead to a higher radical
loss in the Arabian Sea and Arabian Gulf compared to the Suez Canal.

In order to illustrate the impact of radical loss for each region, Figure 5.9 shows radical loss

as a fraction of total loss rates.
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Table 5.2 Groups of ROy loss reactions, with number of reactions found in CAABA/MECCA and example

for each group

Loss reactions of RO»

propagation

Type of reaction Abbrev. | reactions example

in this

group
Radical loss from RLno, 77 CH;C(0)0, + NO, - PAN
reaction with NOy
Radical loss from RL:aq 146 CH3;0, + HO, — CH300H + O,
radical-radical reaction
Other radical loss RLother 52 CH;0, — 0.5 HCHO +

0.5 CH30H + 0.5 0,
Radical chain RCCno, | 124 CH5;0, + NO —» CH;0 + NO,
propagation by reaction
with NOx
Radical chain RCCro, |72 CH;C(0)0, + HO, » OH +
propagation by reaction +CH3 + CO,
with HO»
Other radical chain RCCother | 137 CH30, + OH - CH30 + HO,
propagation reactions C,H,0, - CH;C(O)CH,0H +
CO + OH

Loss reactions of HO:
Type of reaction Abbrev. | reactions example

in this

group
HO: loss through HLrad 146 HO, + HO, - H,0, + O,
radical-radical reaction
Radical chain HCCno, |1 HO, + NO - OH + NO,
propagation through
reaction with NOy
Other radical chain HCCother | 89 HO, + O; - OH+ 20,
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Figure 5.8 ROy loss rates for regions during AQABA. Loss rates accounted for RO, radicals are shown in red
to green and loss rates accounted to HO, are shown in different shades of blue. The low ROy loss rates in the
Mediterranean Sea are caused by low data coverage in this region. The obtained ROy losses are therefore not
representative for the whole region of the Mediterranean Sea.
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Figure 5.9 Radical loss of ROy as a fraction of total loss during AQABA. Radical loss from radical-radical
reaction is shown in blue (RL.q4), loss from nitrate formation is shown in red (RLnox), other radical loss is
shown in yellow (RLother).
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Overall radical loss contributes between 3 % and 49 % of total ROx loss rate. The highest
fraction was calculated for the Arabian Sea and Arabian Gulf with 49 % and 35 %,
respectively, suggesting a large fraction of radicals being lost instead of recycled in these
two regions. RLq 1s the most important loss path way, with only minor contribution from
RLno, and RLoter. The Mediterranean Sea showed lowest contribution of radical loss to

the total loss rate with 3 %, suggesting good recycling. Additionally, due to high NOx and
low ROy concentrations in the Mediterranean Sea, the reaction with NOx was the major
radical loss, with radical-radical reactions only contributing insignificantly. However, as
already mentioned, the data available for the Mediterranean Sea is only representative for
the early morning in the region. Due to low radical concentrations in the early morning, the
majority of loss rate is attribute of reaction with NOx. With 13 % radical loss in the Suez
Canal is significantly lower compared to the Arabian Gulf and Arabian Sea, indicating
generally higher radical losses in both regions.

In the calculation of secondary production rates, only the reactions of HO> with NO and
O3, respectively, are considered as recycling reactions. In order to investigate additional
recycling processes, non-NOx radical recycling as a fraction of total ROy loss rate for each
region during AQABA is shown in Figure 5.10. Due to low NOx mixing ratios in the
Arabian Gulf and Arabian Sea, both regions show a high fraction of non-NOx recycling.
As expected, a large fraction of non-NOy recycling is due to the reaction of HO, with O3,
which is already accounted for in the calculation of the recycling probability (see chapter
5.2). However, in the Arabian Gulf approx. 50 % of non-NOx recycling is contributed by
reactions from the groups RCCro,, RCCother and HCCother, indicating a significant portion

of recycling not accounted for in the calculation of 7.
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Figure 5.10 Non-NOy radical recycling rate as a fraction of total loss rate of ROy, separated in major
contributing reactions. Recycling from HO» + O3 is shown in yellow, radical-radical recycling is shown in
red, and other recycling reactions, e.g. unimolecular decomposition of RO,, is shown in blue.

Important reactions influencing non-NOx recycling are unimolecular reactions of RO; and
reaction of ROz with HOz. In the Arabian Gulf, RCCro, contributes ~37 % of total non-

NOx recycling and ~4.6 % of total ROx loss rate. Since the reaction of RO2 with HO> can
act both as radical loss and radical recycling due to different reaction branches, it is
important to investigate the branching ratios for RO from different origin VOC. Hasson et
al. (2012) found an increase in branching ratio towards recycling with increasing degree of
substitution from primary to tertiary peroxy radicals. Additionally, due to the formation of
a tetroxide (see Figure 5.11), RO, with a carbonyl in a- or B-position favor the production
of the recycling reaction branch (R1c) or production of Oz and an alcohol (R1b) over the
production of a hydroperoxide (R1a). Hui, Fradet, Okumura, and Sander (2019) reported a
temperature dependency for the branching ratio of the reaction of HO> and acetyl peroxy
radical. R1b showed a negative temperature dependency, R1c showed a positive, while R1a
showed no temperature dependency. The Arabian Gulf shows increased OVOC
concentration and it is therefore likely, that the concentration of oxygenated RO> is
increased. In combination with high temperatures, the recycling through RO with HO; is
expected to be relevant.
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Figure 5.11 Proposed mechanism for the reaction of acetyl peroxy radical and HO,. The tetroxide intermediate
is formed to produce an acetic acid and ozone (R1b) or acetyl oxy radical oxygen and OH (Rlc).
Alternatively, a 4 membered ring intermediate can be formed to produce the hydroperoxide and oxygen (R1a).
Taken from Hasson, Kuwata, Arroyo, and Petersen (2005)

This additional recycling together with the increased loss of radicals does not explain the
low recycling probability observed in the Arabian Gulf. However, loss rates calculated with
the model are only a lower boundary, since not all VOC were used in the calculation. It is
to be expected, that higher loss rates are reached, when accounting for missing VOC.
Comprehensive VOC and RO; measurements are needed to be able to quantify losses and
additional recycling, which cause the low recycling probabilities calculated for the Arabian
Gulf region.

5.4 Summary

Noontime values of the OH primary production rates ranged between
0.8 —2.3- 10" molec cm™ s™!, with the reaction of O('D) with H,O as most important
source of OH. Secondary production rates ranged between 0.2 - 5 - 107 molec cm™ s™!. The
most important recycling process is the reaction of HO2 with NO, followed by the reaction
of HO; with Os. The highest levels of OH primary production was found in the Arabian
Gulf, however this region also showed exceptionally small secondary production. This
indicates a significant loss of radicals throughout the radical cycle (see Figure 1.3).

OH recycling probabilities during AQABA ranged between <0.1 up to >0.9, with distinct
differences between regions during the campaign. For similar NO mixing ratios, » values
between 0.1 to 0.7 were calculated. The Arabian Gulf region showed an especially low
recycling probability, indicating higher radical loss and lower radical chain propagation.
This suggests a low stability of tropospheric OH concentrations in this region.
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A missing secondary production rate a for the Arabian Gulf was calculated using the
Mediterranean Sea as a reference. With increasing NO mixing ratios, o increases, indicating
a NO dependency of a. The fraction of a of the total secondary production S4ar + o
decreases, contradicting the first assessment.

Maximum calculated heterogeneous uptake of HO> on particle surfaces in the Arabian Gulf
was found to be less than 2.7-10* molec cm™ s™!, contributing insignificantly to missing
secondary production rate a. In the Arabian Gulf, HO; concentrations were lower compared
to the Mediterranean Sea, despite high HOy production rates. Box model calculations show,
that low NOx levels cause recycling reactions with NO to be less important. High RO»
concentrations cause radical-radical reactions to take up a major role in the HOx cycle,
through radical loss and radical recycling reactions. Both these factors decrease the
recycling probability. For regions with low NOx conditions, it is necessary to include
potential recycling through radical-radical reactions. For AQABA, this is not possible due
to missing measurement of ROz and low data coverage of VOC.
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6 Net Ozone Production Rate

The formation of NO; through the reaction of NO with HO> or RO> causes a net ozone
production in the troposphere (see 1.5). If accumulated, these increased O3 mixing ratios
can cause plant stress and harm to the respiratory system of animals and humans (Nuvolone
et al., 2018). As a precursor to Oz, much effort was put into mitigating NOx (Miyazaki et
al., 2017) emissions in Europe and America. However, NOx emissions increased
substantially in Asia, India, and the Middle East (Miyazaki et al., 2017). The following
chapter characterizes net ozone production rates (NOPR) and compares the results to those
obtained by Tadic et al. (2020). The influence of NO mixing ratios was investigated, and
the crossover point between NOx-limited and VOC-limited regimes was examined.

6.1 Net ozone production rate from measured HO: and estimated RO:

The interconversion reactions between NO and NO> rapidly produce and destroy O3 and
thus form a null cycle (see 1.5, R.31 —33). Any additional O3 production is due to the
reaction of peroxy radicals with NO forming NO,. During daytime, NO> can, in turn,
photolyze and the produced O(’P) reacts with O2 to Os. The production of Oz can be
described as shown in Eq.27. To calculate NOPR, O3 loss Lo, has to be subtracted from O3

production Po,. The major loss channels are the photolysis of O3, followed by the reaction

of O('D) with water vapor (R.l1a & R.1d), the reaction with OH (R.8) and HO> (R.12).
Other loss channels are the deposition of O3 on the surface, reaction with the halogen
monoxides BrO and IO and ozonolysis with alkenes. The surface deposition was estimated
using surface iodide concentrations and the boundary layer height (Pound, Sherwen,
Helmig, Carpenter, & Evans, 2020). The surface iodide concentrations were taken from
Sherwen et al. (2019) and boundary layer height was taken from Dienhart et al. (2022).
Since no halogen monoxide concentrations were available during AQABA, this O3 loss
pathway was not included. O3 loss was calculated using Eq.28.
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(Eq.27)
Po, = | kno,+no[HO2] + z kr,0,+n0[Ri02] |- [NO]
i

| (Eq.28)

Lo, = [03] | @jo1pl03] + ko, 40u[OH] + kuo,+0,[HO;]

[03]vq
+ Z[Alkenei]kAlkenei+03 + h3
i BL
‘ 3 Ko1p4a,o0lH20] (Eq.29)
with @ = Ko1p4r,0lH201+ koipyn, N2+ Rp1p 0, [02]

NOPR = P03 - L03 (Eq30)

RiO> represents a particular RO», jo!p is the photolysis frequency for Oz to O('D), « is the
fraction of O('D), which reacts with H,O, v4 is the deposition velocity, and /g is the
boundary layer height. NOPR was calculated using measurements during AQABA and RO»
concentrations estimated in chapter 3.1. Thus, R;O> was separated into RO> from saturated
VOC and RO; from unsaturated VOC. The rate constants of CH30, and HOCH,CH:0:
were used for saturated and unsaturated, respectively. The unsaturated VOC ethene,
propene, butene and isoprene were used to calculate O3 loss from ozonolysis, as these
species had the highest mixing ratios among measured unsaturated VOC. However,
ozonolysis was only a significant loss in the Arabian Gulf and Gulf of Oman, where fresh
emissions of these VOC caused ~11 % of total O3 loss. The contribution of ozonolysis in
other regions was <3 %. Thus, the loss from ozonolysis was only included for the Arabian
Gulf and Gulf of Oman. This increased data coverage in the remaining regions
significantly. NOPR calculated in this work is further named NOPR aic.

Tadic et al. (2020) reported NOPR calculated from NO/NOz photo stationary state
(NOPRpss). For the calculation of NOPRpss, the production term Po, was simplified to

Eq.32. Under the photo stationary state assumption of NO/NO», the sum of HO, and RO»
can be calculated as shown in Eq.32. Since this assumption gives only a lump sum of HO»
and RO, the rate constant for the reaction of HO> with NO is used to calculate Po;.

Additionally, the data used for NOPRpss was restricted to £2 h around noontime to allow
the best approximation of the photo stationary state assumption. The data reported by Tadic
et al. (2020) is used as a comparison.

All used rate constants for calculating both NOPR variants are shown in Table 6.1.
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Py, = kyo,+no [INO]- ([HO,] + [RO,]) (Eq.31)
D= Unoy [NOz]- kno+o4 [NO][03]) (Eq.32)

kno+HO, [NO]

3

with ([HO,] + [RO,

Table 6.1 Rate constants used to calculate NOPR with measured data

Reaction Rate constant
Ko,+n0 HO, + NO - OH + NO, 3.3:107'2 -exp(270/T) *
Kch,0,+N0 CH;0, + NO - CH50 + NO, 1.8-10"'2 -exp(300/T) *
kuocu,cH,0,+n0 | HOCH,CH,0, + NO — 2.54-10'2 -exp(360/T) *
HOCH,CH,0 + NO,
ko, +on OH + 03 » HO, + 0, 1.7-1072 -exp(-940/T) *
ko,+Ho, HO, + O3 » OH+20, 1.0-10°"* -exp(-490/T) *
Ko1p+H,0 0'D + H,0 —» 20H 1.63-107° -exp(60/T) *
Kotpin, 0'D+ N, - 0°P + N, 2.15-10"" -exp(110/T) *
koip+o, 0D+ 0,- 0P+ 0, 3.3-107" -exp(55/T) °
* (J. B. Burkholder et al., 2019), * (Saunders, Jenkin, Derwent, & Pilling, 2003)

The relative uncertainty for NOPR... was calculated through error propagation of
Eq.27-29. The median relative uncertainty of NOPR .q- obtained during AQABA is 57 %.
The average relative uncertainty is 358 %, with a heavy bias towards single data outliers
with very high or low values. Therefore, the relative uncertainty is estimated according to
the median at 57 %. Tadic et al. (2020) reported a median relative uncertainty for NOPRpss
of 91 %.

NOPRqic (red) and NOPRpss (blue, Tadic et al. (2020)) are shown in Figure 6.1. NOPR caic
in the Arabian Sea and the southern Red Sea was generally low, with positive and negative
values. Both regions show low concentrations of VOC and NOy. Thus, leading to low
production rates or O3 destruction. A notable exception is the first day after exiting the Gulf
of Oman on 07. Aug., when NOPRc values peak at ~3.5 pptv s™'. It is suspected that this
is strongly influenced by dense ship traffic present within the Gulf of Oman. NOPRpss and
NOPRai show good agreement for the Arabian Sea and the southern Red Sea regions.
Additionally, when crossing the Bab al-Mandab strait between the Gulf of Aden and the
southern Red Sea, dense ship traffic caused another peak in NOPR caic, shortly increasing to
values >5 pptv s™. Since this peak is not representative for the Gulf of Aden or southern
Red Sea region, it was excluded from further investigations done with this dataset.
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Figure 6.1 Timeline of NOPR calculated in this work (red) and by Tadic et al. (2020) (blue), shown in pptv s\
Gray, vertical lines indicate the separation between regions during AQABA.

In the Arabian Gulf and the Gulf of Oman, NOPR .. shows values around 0 pptv s™!, with
a median value of 0.06 pptv s (75 % quantile: 0.42 pptv s™!). Figure 6.2 shows the O3
budget with production (positive bars) and loss rates (negative bars). In the Arabian Gulf
and Gulf of Oman, the budget is balanced between production and loss. Due to high water
vapor concentrations (4.0£0.2 %), the reaction of O('D) with water vapor leads to high O3
loss, while low NOx concentrations lead to only small production of O3 by peroxy radicals.
The high O3 mixing ratios of up to 170 ppbv are thus likely produced closer to sources of
fresh NOx, such as the surrounding cities. Due to high RO> concentrations in the region,
NOx quickly depletes further away from the sources. This leads to the conditions, in which
the O3 concentrations can only barely be maintained, as observed along the ship track.
Figure 6.2 shows the O3 budget with production (positive bars) and loss rates (negative
bars). Contrary to NOPR ., NOPRpss shows high values up to >5 pptv s’ in this region.
This discrepancy is likely due to an overestimation of NOPRpss and an underestimation of
NOPRcac. NOPRpss can be overestimated due to another null cycle, which was not
accounted for in the calculation. The reaction of halogen oxides with NO can form NO;
and a halogen radical. The formed NO; can photolyze and produce O3 in the subsequent
reactions. Then, the formed halogen radical reacts with O3, which establishes a null cycle
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(R.45 & 46). Sources of reactive halogen in the marine boundary layer during AQABA
could be marine biota, which is known to emit organohalogen species. These species are
photolabile and produce halogen radicals (Simpson, 2015). Another source is the reaction
of the nocturnal NOy species, NoOs with HCI or NaCl. This reaction produces CINO,,
which photolyzes to produce Cl radicals (Finlayson-Pitts, 1990; Finlayson-Pitts, 1989;
Tolbert). Using the PSS assumption to calculate the sum of HO; and RO disregards this
null cycle, which results in artificially increased NOPRpss values. The NOPR 4 described
within this work represents a minimum boundary, because the RO2 estimates used are
considered a lower boundary (see 3.1.2). However, it is suspected, that the RO>
concentrations in the Arabian Gulf are underestimated by ~40 %. This is not enough to
compensate for the discrepancy.
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Figure 6.2 O3 budget during the AQABA campaign. Production rates are shown as positive bars, while loss
rates are shown as negative bars. Gray, vertical lines indicate the separation between regions during AQABA.

NO+X0 - NO, +X with X=F,CLBr,1  (R.45)
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Significant O3 production rates can be found in the Suez Canal and Gulf of Suez region,
with values exceeding >5 pptv s”!. The NOPRcau. shows a latitudinal gradient with the
highest values at the northern exit of the Suez Canal. Anthropogenic influence increased
from two factors throughout the Suez Canal region. First, the narrowing of the shipping
lane from the Northern Red Sea to the Gulf of Suez, followed by the Suez Canal itself,
caused higher ship emissions through dense traffic. Additionally, northwestern winds
introduced emissions from the Cairo metropolitan area in the northern part of this region.
Both factors lead to increasing NOPRcai.. NOPRpss 1s in good agreement during the Suez
Canal. This indicates that the possible overestimation of NOPRpss from halogen oxides and
underestimation of NOPR caic, due to RO» estimation, are less significant in this region.

In the Mediterranean Sea, NOPRaic shows values ranging from -0.2-+4.8 pptv s”!, with a
median of 0.56 pptv s (1.76 pptv s'). NOPRpss shows good agreement for most of the
NOPR 4. data over the Mediterranean Sea. During the time before noon on 30.08.,
NOPRqi exceeded values of 4 pptv s! as the ship passed through the strait of Messina.
Fresh NOx and VOC emissions from the nearby city of Messina showed a peak in NOPR qic
(Figure 6.1). The passage is not included in NOPRpss since it happened outside the +2 h
time interval (see above). Since this peak in NOPR_q. 1s not representative of the region of
the Mediterranean Sea, it was excluded from the following analysis.
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6.2 NOPR dependence on NO and HOx production
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Figure 6.3 Averaged Po, plotted versus [NO]. Po, data were placed into three Prox bins: high

(0.5 <Prox < 0.7 ppt/s, circles), moderate (0.2 < Prox < 0.3 ppt/s, squares), and low
(0.03 <Phox < 0.07 ppt/s, triangles), and then averaged as a function of NO. All three Phox regimes
demonstrate the expected generic dependence on NO, Po, increases linearly with NO for low NO (<600 ppt

NO), and then Po, becomes independent of NO for high NO (>600 ppt NO). The crossover point between
NOx-limited and VOC-limited O3z production occurs at different levels of NO in the three Prox regimes. (taken

from J. A. Thornton et al. (2002)

During measurements in Nashville, Tennessee, in 1999, J. A. Thornton et al. (2002) found
significantly different O3 production rates for different times of the day. These differences
were caused by changing emissions from the surrounding environment throughout the day.
To mitigate a potential systematic error, Po, was separated by Prox (see Figure 6.3). During

AQABA, this dependency on Prnox was not observed. Figure 6.4 exemplifies this by
separating the calculated NOPR_ q values for the Arabian Sea into high (yellow triangles,
0.1-0.25 pptv s™'), moderate (red squares, 0.04-0.1 pptvs™!), and low (blue dots,
0.016-0.04 pptv s!) Proy. During AQABA, primary emission sources were ship traffic and
petrochemical industries, which did not cause significant diurnal variations. Therefore, all
levels of Prox in Figure 6.3 show similar NOPRcq. for similar NO mixing ratios.
Accordingly, no separation by Prox was necessary for the AQABA dataset. Similar plots
for other regions can be found in Appendix A.
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Figure 6.4 NOPR,ic over the Arabian Sea as a function of NO mixing ratio. The blue dots show NOPRc,c at
low Prox, red squares at moderate Prox, and yellow triangles at high Prox. All three Prox regimes show similar
NOPR, indicating no significant fluctuations of conditions throughout the day.

As NO is a reaction partner with ROx, the dependency of NOPR can be sorted into two
regimes. Under low NOx conditions, radical-radical reactions are the dominant chain
termination reactions. The most important loss reactions are R.17-19 & R.30. As NO
mixing ratios increase, NOPR increases until the formation of nitrates exceeds radical-
radical reactions. At this point, a further increase of NO yields decreasing NOPR. Under
these conditions, the reaction of OH with NO; (R.21) and nitrate formation of RO; (R.29)
become dominant chain termination reactions. O3 production is called NOx-limited in the
low NO regime, and VOC-limited in the high NO regime. The crossover point of NOx-
limited and VOC-limited regimes corresponds to a NO mixing ratio where NOPR has a
maximum (J. A. Thornton et al., 2002).

ROz concentrations estimated in chapter 3.1.2 were used to calculate the radical loss.
Therefore, loss reactions involving RO: are calculated using CH302 and HOCH2CHO: as
a proxy for RO; from saturated (RO sar) and unsaturated VOC (RO unsat), respectively.

The total loss of ROx Lrox is assumed as the sum of chain termination rates (Eq.33), with
HHloss as ROx self-reactions and NHloss as ROx-NOx reactions. The reaction of RO> with
NO has two reaction pathways. Since only chain termination reactions are used, a yield f
of 3 % for R.29 relative to R.15 is assumed (Mellouki et al., 2021). Rate constants used in
this calculation are summarized in Table 6.1 and Table 6.2.
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Lyo, = HHloss + NHloss

HHloss
= 2 kyo,+10,[H02)* + 2 kepy0, 410, [HOZ1[CH30,]

+ 2 knoc,cH,0,+HO, [HO,][HOCH,CH,0,]

(Eq.33)

(Eq.34)

+ 2 kon+no,[HO[OH] + 2 kcp,0,+cn,0,[CH30,][CH30,]
+ 2knoch,cn,0,+HoCH,cHy0, [HOCH,CH, 0, ][HOCH,CH, 0,]

NHlOSS = k0H+N02 [OH][NOZ] +
B Kcri0,+n0[NOJ[CH30,] +
B Kuoch,ch,0,+n0 [NO][HOCH,CH,0,]

Table 6.2 Rate constants used to calculate HHloss and NHloss

(Eq.35)

CH5O0H + HCHO + 0,

Reaction Rate constant
k0,+H0, HO, + HO, - H,0, + 0, 3.0-10°" -exp(-490/T) *
kon+Ho, OH + HO, - H,0 + 0, 4.8:107" -exp(250/T) *
Kcr,0,+Ho, CH;0, + HO, —» CH300H + 0, 3.8:107"% -exp(780/T) *
Kiock,cr,o0,+10, | HOCH,CH,0, + HO, — 1.53-107"% -exp(1300/T) *
HOCH,CH,00H + 0,
Kch,0,+cH50, CH;0, + CH;0, — 1.03-10°" -exp(365/T) *

k HocH,cH,0,
+HOCH,CH, 0,

HOCH,CH,0, + HOCH,CH,0, —
HOCH,CH,O0H + HOCH,CHO + 0,

7.8:10°'* -exp(1000/T) *

kon+no,

OH + NO, - HNO,

1.63-107 -exp(60/T) *

* (J. B. Burkholder et al., 2019), * (Saunders et al., 2003)
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Figure 6.5 The left axis shows NOPR .. for different regions during AQABA vs. NO mixing ratio in ppbv.
The gray dots show non-averaged NOPR .., while the blue dots show averaged NOPR 4. The right axis
shows the fraction of total radical loss vs. NO mixing ratio. The fractional loss through HHloss is shown in
red triangles, and the fractional loss through NHloss is shown in red crosses.
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NOPR cqaic and radical losses HHloss and NHloss are shown side by side for different regions
in Figure 6.5. NOPR a vs. NO mixing ratio are shown on the left axis. Gray dots represent
unaveraged data, while blue dots show averaged data. The right axis shows relative radical
loss through radical-radical reactions HHloss/total loss (red triangles) and nitrate formation
NHloss/total loss (red crosses).

NOPR_qlc for all regions shows an increase with an increasing NO mixing ratio. However,
even at the highest levels of NO, no maximum of NOPR... can be seen. Since a crossover
point between HHloss and NHloss can be seen in every region, it does not correspond with
the maximum of NOPR .. RO> estimations are considered a lower boundary. Since RO>
affects HHloss quadratically, an increase in RO> would shift the crossover point further to
higher NO mixing ratios. To improve the results for HHloss and NHloss, measurements of
RO; and their speciation would be needed.

As discussed above, the lowest NOPR_q was found in the Arabian Gulf, with rates around
0 pptv s”. High variability in the data also suggests close proximity to NOx and VOC
sources. In the Suez Canal region, similarly high variability can be seen, especially for NO
mixing ratios >1 ppbv. It is suspected that air masses with different origins and
compositions have been observed in this region. The HYSPLIT trajectories (Figure 4.5)
show airmasses from southern Egypt in the southern part of the Suez Canal, while the
northern part of the Suez Canal was influenced by air masses from northern Egypt and
south eastern Europe.

Since no maximum in NOPR .. can be observed for any region during AQABA, it is
assumed that NOPRcaie 1s NOx-limited throughout the campaign. This is consistent with the
findings of Tadic et al. (2020) and Pfannerstill et al. (2019). Tadic et al. (2020) used a ratio
of HCHO and NO: as an indicator and found only tendencies of VOC-limitation in the Suez
Canal region (Tadic et al. (2020) label the Suez Canal as the Northern Red Sea). Pfannerstill
et al. (2019) based their study on OH reactivity measurements and classified most regions
as being in a transition between NOx- and VOC-limited, with a tendency towards
NOx-limited. An exception was the Suez Canal, which showed a slight tendency towards
VOC-limitation.

6.3 Summary

Net ozone production rates were calculated using measured HO, and calculated RO>
mixing ratios. Throughout AQABA, the values ranged from -0.3 to >5 pptv s, with
significant differences in the regions. A budget analysis of the Arabian Gulf and Gulf of
Oman showed a balanced O3 budget. High water concentrations and fresh emissions of
unsaturated VOC caused a high loss of O3, while low NOx concentrations lead to only a
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low O3 production from peroxy radicals. The discrepancy between NOPR .. and NOPRpss
is likely due to an overestimation of NOPRpss from halogen oxide formation, as well as an
underestimation of NOPRqic due to calculated RO> concentrations being a lower boundary.
A peak in NOPR. in the Mediterranean Sea is caused by higher NOx mixing ratios from
fresh emissions encountered in the Strait of Messina.

No Prox dependency for NOPRc. was found during AQABA, since the strength of
significant emission sources during AQABA did not show diurnal variations. As a
consequence, a separation of NOPR .. based on Prpox was not needed.

The finding of the crossover point between NOx-limited and VOC-limited regimes of O3
production was attempted, using radical-radical loss and nitrate formation. However,
equations Eq.34 & 35 could not describe radical losses adequately. For all regions, an
increase in NOPRqic with increasing NO was reached. However, no maximum was found.
This indicates that all regions are NOx-limited, which is largely consistent with findings
from Tadic et al. (2020) and Pfannerstill et al. (2019). The exception being the Suez Canal
region, where conditions were found to have tendencies towards VOC-limitation.
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7 Summary and Conclusions

The region around the Arabian Peninsula is synonymous with intense solar radiation and
high ambient temperatures. Combined with strong sources of VOC from oil and gas
extraction and processing, these conditions have a major impact on the oxidative capacity
of the atmosphere. To investigate the oxidative capacity under the conditions of high
photochemistry and anthropogenic pollution, the AQABA ship-based measurement
campaign was conducted in the summer of 2017. As part of a large ensemble of
instrumentation, the OH and HO; radicals were measured using the HORUS system.

Since OH can also be recycled through RO,, their quantification is important to characterize
the oxidative potential. Due to missing RO, measurements during AQABA, lower
boundaries of ambient RO> concentrations were calculated utilizing measurement-
constrained CAABA/MECCA box-model calculations and measured OH reactivity. The
highest average mixing ratios were found in the Suez Canal (23.8+14.7 pptv) and the
Arabian Gulf (23.2+22.4 pptv), followed by the Mediterranean Sea (15.04+7.4 pptv). With
4.94+3.7 pptv and 6.8+4.9 pptv, respectively, the Gulf of Aden and the Arabian Sea showed
the lowest mixing ratio.

As a measure of the oxidative potential, an investigation of the OH recycling probability
was conducted for the AQABA dataset. The Arabian Gulf (15£10 % (1o) @ 0.1 pptv NO)
showed significantly lower recycling probability compared to the Mediterranean Sea
(57£5 % (1o) @ 0.1 pptv NO). Possible radical losses were investigated. HO> loss on
particle surfaces was negligible over the Arabian Gulf, being less than 0.16 % of missing
secondary production. Peroxy radical losses had been studied using the constrained
CAABA/MECCA box model. The calculations showed, that due to low NOx
(0.09+0.05 pptv) and high radical mixing ratios in the Arabian Gulf, the importance of the
recycling reaction of HO2/RO» and NO is decreased. In contrast, the significance of radical-
radical reactions increased, which led to an increase in the destruction of radicals from
peroxide formation by a factor of ~ 2 in the Arabian Gulf (32.4 % of total ROx loss). At
similar VOC load but higher NOx levels, the Gulf of Oman and Suez Canal showed a lower
contribution of 12.1 % and 11.7 %, respectively. The pristine air masses in the Arabian Sea
showed that 47.6 % of total ROx loss can be contributed to radical-radical reactions. Due
to very low NOx and VOC mixing ratios, the reaction of HO> with itself is the major
contributor to radical loss. The contribution in the Mediterranean Sea was <0.2 %.
However, this is only representable for the early morning period, where radical levels were
generally low. An increased destruction of radicals through radical-radical reactions leads
directly to a decrease of the recycling probability . Additionally, high radical
concentrations cause radical-radical recycling reactions to be more important in the Arabian
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Gulf. This is particularly the case given that they could not be accounted for in the
calculation of the OH recycling probability, thus indirectly lowering r.

As a side product of radical recycling, tropospheric O3 is directly impacted by the recycling
probability. The net ozone production rate NOPR:.. was calculated using HO:
measurements and RO> concentrations determined in this work. NOPR .. along the ship
track in the Arabian Gulf and Gulf of Oman showed production rates around 0 pptv s™'.
High measured water vapor concentrations (4.0+0.2 %) caused a high loss of O3 through
the reaction of O('D) with H>O. Additionally, high radical concentrations depleted NOx
concentrations, leading to low production of Os3. Throughout AQABA, there were no
observable condition where NOPR. ... peaked at a specific NO concentration. Therefore,
the NOPR in this work is categorized as NOx-limited. These findings are consistent with
Tadic et al. (2020) and Pfannerstill et al. (2019).

To conclude, the results show an increased shift in importance towards radical-radical
reactions for the recycling probability in low NOx/high VOC regions. In the Arabian Gulf,
this is due to the high RO> concentrations. The reaction of RO, with HO» is the biggest
contributor and add to radical destruction and recycling. Both reduce the recycling
probability either directly or indirectly. It is, thus, important to include RO> observations
and speciation in future measurements. Despite high radical concentrations in the Arabian
Gulf, NOPR was around 0 pptv s". High water vapor and low NOx concentrations caused
both high O3 destruction and low production, respectively. In the Mediterranean Sea, future
exploitation of natural gas reservoirs in Turkish and Greek waters could lead to high VOC
loads similar to the Arabian Gulf. However, due to lower primary radical production it is
expected, that NOx will remain higher, which in turn will lead to higher NOPR compared
to the Arabian Gulf.
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Figure A.1 Measurement of peroxy radicals from ethene under the assumption of a NO offset of +0.04-10 s7!.
Dots represent the measurement and the dotted line represent box model results.
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B. CAABA/MECCA chemical mechanism

Table 1: Gas phase reactions

# labels reaction rate coefficient reference
G1000 UpStTrG 02 + O(TD) — O°P) + Os 3.3E- 11+EXP (55./temp) Burkholder et al. (2015)
G1001 UpStTrG 0y + O(P) — 0y 6.0E-34+ ((temp/300.) %= (-2.4)) Burkholder et al. (2015)
*Calr
G1002a  UpStG 0; +0('D) -+ 20, 1.2E-10 Burkholder et al. (2015)*
G10020  UpC 03 + O('D) + 02 + 200°P) 1.2E-10 Burkholder et al. (2015)
Gio03 UpSiG 03 + O(°P) 220, 8.0E-12+EXP (- 2060./ temp) Burkholder et al. (2015)
Gioo4 UpG 0y + 0F —» Of + O(*P) k_Op_02(temp, temp_ion) Fuller-Rowell (1993)
G1101 UpG 0f +e +20(°P) 2.7E-T#(300./Temp_elec) #+(.7) Fuller-Rowell (1903)
G2100 UpStTrG H + 03 — HO2 k_3rd(temp,cair,4.4E-32,1.3, Burkholder et al. (2015)
7.5E-11,-0.2,0.6)
G2101 UpStG H+ 03 — OH + Op 1.4E-10+EXP (-470./temp) Burkholder et al. (2015)
G2102 UpStG Hs + O('D) — H + OH 1.2E-10 Burkholder et al. (2015)
G2103 UpStG OH + O(P) = H + 0y 1.8E-11+EXP(180./temp) Burkholder et al. (2015)
G2104 UpStTrG OH + 03 —+ HOq + Oy 1.7E-12+EXP(-940./temp) Burkholder et al. (2015)
G2105 UpStTrG OH +Hs — H:0 + H 2.8E-12+EXP (- 1800./temp) Burkholder et al. (2015)
G2106 UpsStG HOs + O(*P) — OH + 04 3.E-11*EXP(200./temp) Burkholder et al. (2015)
G2107 UpStTrG HO3 + O3 —+ OH + 2 O3 1.E-14+EXP(-490./temp) Burkholder et al. (2015)
G2108a  UpStG HO; + H —+ 2 0H 7.2E-11 Burkholder et al. (2015)
G2108p  UpStG HO, + H— Hy + Oy 6.9E-12 Burkholder et al. (2015)
G2108c  UpStG HO, + H — O(*P) + H,0 1.6E-12 Burkholder et al. (2015)
G2109 UpStTrG HO; + OH — HaO + O 4 .8E-11+EXP(250./temp) Burkholder et al. (2015)
G2110 UpStTrG HO; + HOs — HaOg + O k_HO2_HO2 Burkholder et al. (2015)*
G2111 UpStTrG HyO + O('D) — 2 OH 1.63E-10+EXP (60./Temp) Burkholder et al. (2015)
G2112 UpStTrG Hy05 + OH — H20 + HOy 1.8E-12 Burkholder et al. (2015)
G2113 UpG H: + O(°P) - H + OH 1.60E-11+EXP(-4570./temp) Roble (1995)
G2114a  UpG OH + OH — Hy0 + 0O(°P) 4.20E-12+EXP (-240./temp) Sander et al. (2003)
G2114b  UpG OH + OH — Hy09 k_3rd(temp, cair,6.9E-31,1.0, Burkholder et al. (2015)
2.6E-11,0.,0.6)
G2115 UpG H+H-—Ha 5.TE-32+(300./temp) #»(1.6) *cair Roble (1995)
G2116 UpG H20s + O(*P) — OH + HO» 1.40E-12+EXP (-2000./temp) Sander et al. (2003)
G2117 UpStTrG Ho0 + HaO — (HaO)o 6.521E-26+temp+EXP (1851.09/temp) Seribano et al. (2006)*
*EXP (-5.10485E-3+temp)
G2118 UpStTrG (Ha0)2 — Hs0 + HaO 1.E0 see note”
G3001 UpGN NO* + e~ —+ .15 N + 85 N(°D) + O(°P) 4.2E-T*(300./temp_elec)**(0.85) Bailey et al. (2002)
2
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
63002 UpGN Ni +e” — 88N+ 112 N(*D) 1.8E-7# (temp_elec/300.) = (-0.39) Swaminathan et al. (1998)
G3003 UpGN N(*D) +e =N te 3.8E-12%(Temp_elec)**(.81) Swaminathan et al. (1908)
G3100 UpStGN N + 02 -+ NO + O(°*P) 1.5E- 11+EXP (-3600./temp) Burkholder et al. (2015)
63101 UpStTrGN Na + O('D) — O(°P) + Na 2.15E-11+EXP(110./tenp) Burkholder et al. (2015)
G3102a  UpStGN NoO + O('D) — 2 NO 7.259E-11+EXP (20./temp) Burkholder et al. (2015)
G3102b  StGN NoO + O('D) =+ Na + O 4.641E-11+EXP (20./Temp) Burkholder et al. (2015)
G3103 UpStTrGN NO + 03 — NO3 + 02 3.0E-12+EXP (-1500./temp) Burkholder et al. (2015)
G3104 UpStGN NO + N = O(*P) + N 2.1E-11+EXP(100./temp) Burkholder et al. (2015)
G3105 UpStGN NOsz + O(*°P) — NO + Oa 5.1E-12+EXP(210./temp) Burkholder et al. (2015)
G3106 StTrGN NOs + O3 — NO3 + Og 1.2E-13*EXP(-2450./temp) Burkholder et al. (2015)
G3107 UpStGN NO:z + N — NaO + O(*P) 5.8E- 12+EXP(220./temp) Burkholder et al. (2015)
G3108 StTIGN NOz + NO — 2 NOy 1.5E- 11+EXP (170./temp) Burkholder et al. (2015)
G3109 UpStTrGN NO; + NOy — NyOy k_ND3_NO2 Burkholder et al. (2015)*
G3110 StTrGN NoOp —+ NOg + NOy k_NO3_N02/ (5.8E-2T+EXP(10840./ Burkholder et al. (2015)*
temp))
G311 UpGN N(’D) + NO — Nz + O(*P) 6.70E-11 Fuller-Rowell [1993)
63112 UpGN N(2D) + 0y — NO + O(*P) 6.20E-12%(temp/300.) Duff et al. (2003)
63113 UpGN N(?D) + O(*P) + N + O(*P) 6.90E-13 Fell et al. (1090)
G3114 UpGN N(*D) + O3 + NO + 05 0.B0E-16 Sander et al. (2003)
G315 UpGN NO + O(°P) —+ NO» k_3rd(temp, cair, 9.0E-32,1.5, Burkholder et al. (2015)
3.0E-11,0.0,0.6)
G3116 UpGN NOsz + O(*P) = NO3 k_3rd(temp, cair, 2.5E-31,1.8, Burkholder et al. (2015)
2.2E-11,0.7,0.8)
G3117 UpGN N(’D) + N 10.6 Fuller-Rowell (1993)
G3118 UpGN Nt 4+ 03 = NO + OF 3.66E-11 Barth (1992)
G3119 UpGN Ni + O(*P) —+ NO* + N(*D) k_N2_0(temp, temp_ion) Fuller-Rowell (1993)
G3120a  UpGN N* 4+ 02 —+ NO* + O°P) 2.60E-10 Fuller-Rowell (1993)
G3120b UpGN N* + 03 = O‘_,+ + N 3.10E-10 Swaminathan et al. (1998)
63121 UpGN Nt + O(*P) = O* + N 1.00E-12 Fuller-Rowell (1993)
G3122 UpGN 0F + N =+ NO+t + O(*P) 1.20E-10 Fuller-Rowell (1993)
63123 UpGN 0F + NO — NOt + 04 4.40E-10 Fuller-Rowell (1993)
G3124 UpGN Ot + N; + NO+* + N k_Op_N2(temp, temp_ion) Fuller-Rowell (1993)
G3125 UpGN X;’ + 03 — N3 + ().'2" 5.10E-11(temp/300.) = (-0.8) Fuller-Rowell (1993)
G3200 TrGN NO + OH — HONO k_3rd(temp, cair,7.0E-31,2.6, Burkholder et al. (2015)

3.6E-11,0.1,0.6)
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Table 1: Gas phase reactions (... eontinued)

# labels reaction rate coefficient reference
G3201 UpStTIGN NO + HO; —+ NO; + OH 3.3E-12+EXP(270./temp) Burkholder et al. (2015)
G3202a  UpStTIGN NOs + OH — HNO4y (1.-alpha_HOONO) * k_ND2_OH Amedro et al. {2020)
G3202b UpStTIGN NOgz + OH —+ HOONO alpha HOONO = k_NOZ_OH Amedro et al. (2020)
63203 StTXGN NO, + HO; — HNO, K_N02_HO2 Burkholder et al. (2015)*
G3204 TrGN NO3 + HO2 — NO3 + OH + Og 3.5E-12 Burkholder et al. (2015)
3205 TrGN HONO + OH — NO; + Hs0O 1.8E-11+EXP (-390./temp) Burkholder et al. (2015)
G3206 StTrGN HNO3; + OH — HaO + NOy k_HNO3_DH Dulitz et al. (2018)*
G3207 StTrGN HNOy — NO7 + HO2 k_ND2_HO2/(2.1E-27+EXP (10900./ Burkholder et al. (2015)*
temp))
G3208 StTrGN HNOy + OH — NOg + HaO 1.3E-12+EXP (380./temp) Burkholder et al. (2015)
63209 TrGN NHz + OH — NH3 + Ha0 1.7TE-12+EXP (-710./temp) Kohlmann and Poppe (1999)
63210 TrGN NH: + 03 = NH20 + Qo 4.3E-12+EXP(-930./Temp) Kohlmann and Poppe (1999)
G3211 TGN NH; + HOs — NH20 + OH 4.8E-07+EXP (-628./temp) * (temp) Kohlmann and Poppe (1999)
*%(-1.32)
63212 TGN NHz + HO2 — HNO + H.O 9.4E-09+EXP (-356./temp) # (temp) Kohlmann and Poppe (1999)
ww(-1.12)
63213 TrGN NH; + NO -+ HO, + OH + N, 1.92E-12%( (temp/298.)**(-1.5)) Kohlmann and Poppe (1999)
G3214 TGN NH; + NO =+ N, + Hy,0 1.41E-11#( (temp/298.) +* (-1.5)) Kohlmann and Poppe (1999)
63215 TrGN NH; + NOy = NpO + H,O 1.2E-11=((vemp/298.) %= (-2.0)) Kohlmann and Poppe (1999)
G3216 TrGN NHs + NO3 — NH20O + NO 0.8E-11#((temp/298.)%*(-2.0) ) Kohlmann and Poppe (1999)
63217 TrGN NH;0 + O3 —+ NHs + Os 1.2E-14 Kohlmann and Poppe (1999)
G3218 TrGN NH.0 — NHOH 1.3E3 Kohlmann and Poppe (1999)
53219 TrGN HNO + OH — NO + Ha0 8.0E-11+EXP (-500./temp) Kohlmann and Poppe (1999)
G3220 TrGN HNO + NHOH — NH20H + NO 1.66E-12+EXP(-1500./Temp) Kohlmann and Poppe (1999)
G3221 TGN HNO + NO; — HONO + NO 1.0E-12+EXP (-1000./temp) Kohlmann and Poppe (1999)
63222 TrGN NHOH + OH — HNO + HyO 1.66E-12 Kohlmann and Poppe (1999)
G3223 TrGN NH.OH + OH —+ NHOH + H,0 4.13E-11+EXP(-2138./temp) Kohlmann and Poppe (1999)
G3224 TrGN HNO + Oz —+ HO3 + KO 3.65E-14+EXP (-4600./temp) Kohlmann and Poppe (1999)
G3225 UpGN N+OH-NO+H 5.00E-11 Roble (1995)
63226 UpGN NO; + H — NO + OH 4.00E-10+EXP (-340./temp) Sander et al. (2003)
G3227 UpStTIGN HOONO — NO; + OH (alpha HOONO=k NO2_OH) see note®
/(3.5E-2T+EXP (10135./temp))
G3228 UpStTIGN HOONO + OH — HaO + NOgy 1.3E-12+EXP (380./temp) Burkholder et al. (2015)*
G4100 UpStG CHy + O('D) — .75 CH; + .75 OH + 25 HCHO + 4H 1.75E-10 Burkholder et al. (2015)
+ .05 Hy
4
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
4101 StTrG: CH; + OH —+ CH; + HyO 1.85E-20+EXP (2.82+L0G (temp) Atkinson (2003)
-987./tenp)
G4102 G CH3;0H + OH — .85 HCHO + .85 HOs + .15 CH30 + 6.38E-18+( (temp)+*+2)+EXP(144./ Atkinson et al. (2006)
H,0O temp)
G4103a  StTrG CHz0y + HOy — CH3O00H + 04 3.8E- 13+EXP(780./temp) / (1.+1./ Atkinson et al. (2006)
498 «EXP (1160./temp))
641030  StTrG CH303 + HO; —+ HCHO + H20O + O3 3.8E- 13+EXP(780./temp) / (1.+ Atkinson et al. (2006)
498 =EXP (-1160./temp))
G4104a  StTIGN CH302 + NO — CH30 + NOa 2.3E- 12+EXP(360./temp) *(1.-beta_ Atkinson et al (2006),
CH3NO3) Butkovskaya et al. (2012),
Flocke et al. (1998)
G4104b  StTrGN CH305 + NO — CH30ONO, 2.3E- 12+EXP(360./temp) *beta_ Atkinson et  al (20086),
CH3NO3 Butkovskaya et al (2012),
Flocke et al. (1998)*
G4105 TrGN CHa02 + NOz — CH30 + NOg + O 1.2E-12 Atkinson et al. (2006)
G4106a  StTrG CH305 — CH30 + 5 0y T.4E-13+EXP(-520./temp) *R0O242. Atkinson et al. (2006)
G4106b St CH30, — .5 HCHO + .5 CH0H + .5 Oy (k_CH302-7.4E-13=EXP(-520./temp))  Atkinson et al. (2006)
*RO2#2,
ca107  SITIG CH,00H + OH — 6 CHy0, + 4 HCHO + 4 OH + HyO  k_CH300H_OH Wallington et al. (2018)
(4108 StTrG HCHO + OH — CO + Ha0 + HO2 9.52E-18+EXP (2.03+L0G (temp) Sivakumaran et al. (2003)
+636./temp)
64109 TrGN HCHO + NO3z —+ HNO; + CO + HO» 3.4E- 13+EXP(-1900./temp) Burkholder et al. (2015)*
G4110 UpStTrG CO + OH — H + COy (1.57E-13+cair*3.54E-33) MeCabe et al. (2001)
G4111 G HCOOH + OH — CO3 + HOs + HaO 2.94E-14+exp(786./temp) Panlot et al. (2011)
+9.85E-13+EXP (- 1036./temp)
64112 UpStG CO + OFP) = €0y 6.60E-33+EXP (- 1103./temp) Rohle (1995)
64113 UpStG CHy + O(*P) — .51 CHy + .51 OH + .49 CH30 + 49 H  6.03E-18(temp)*=(2.17) Rtoble (1995), Garton et al
*EXP (-3619./temp) (2003), Espinosa-Garcia and
Gareia-Bernéldez (2000)
64114  StTIGN CHy04 + NOa —+ CH30.N0» k_N02_CH302 Burkholder et al. (2015)
G4115 StTrGN CH302NOs — CH30s + NOo k_NO2_CH302/(9.5E-29+EXP(11234./ Burkholder et al. (2015)*
temp))
C4116  StTIGN CH30,NOp + OH + HCHO | NOy + HaO 3.00E-14 see note*
G4117  StTYGN CH30NO; + OH — HyO + HCHO + NOs 4.0E- 13+EXP(-845. /temp) Atkinson et al. (2006)
G4118 StTrG CH30 — HO3 + HCHO 1.3E-14+exp(-663./temp)*c{ind_02) Chai et al. (2014)
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Table 1: Gas phase reactions (... continued)

# labels Teaction rate coefficient reference
G4119a  StTrGN CH30 + NOa —+ CH30NOa k_3rd_iupac(temp, cair,8.1E-29, Atkinson et al. (2006)
45,2.1E-11,0.,0.44)
G4119p  StTrGN CHa20 + NOg — HCHO + HONO 9.6E-12+EXP(-1150./temp) Atkinson et al. (2008)
G4120a  StTrGN CH30 + NO — CH30NO k_3rd_iupac(temp, cair,2.6E-29, Atkinson et al. (2008)
2.8,3.3E-11,0.6, REAL (EXP(-temp/
900.),SP))
G4120b  StTIGN CH20 4+ NO — HCHO + HNO 2.3E-12# (Temp/300.) % (0.7) Atkinson et al. (2006)
G4121 StTrG CHz09 + O3 —+ CHz0 + 2 04 2.9E-16*exp(-1000./temp) Burkholder et al. (2015)
G4122 StTrGN CH;ONO + OH — Hz0 + HCHO + NO 1.E-10#%exp(-1764./temp) Nielsen et al. (1991)
G4123 StIrG HCHO + HOs; — HOCH203 9.7TE-15+EXP(625./temp) Atkinson et al. (2008)
04124 StIrG HOCH;0: — HCHO + HO4 2.4E12+EXP (-7000./temp) Atkinson et al. (2006)
G4125 StTrG HOCH202 + HOz — .5 HOCH200H + .5 HCOOH + .2 5.6E-15+EXP(2300./temp) Atkinson et al. (2006)
OH + 2HO; 4+ .3 HyO + 80y
G4126 StTrGN HOCH305 + NO — NOy + HOs + HCOOH 0.727542.3E- 12+EXP(360./temp) Atkinson et al. (2006)*
64127 StTrGN HOCH205 + NOz —+ NOy + HO, + HCOOH 1.2E-12 see note*
G4129a  StTrG HOCH202 — HCOOH + HO2 (k_CH302%5.5E-12)**(0.5) *R02%2. Atkinson et al. (2008)
G4120b  SITIG HOCH,0, — .5 HCOOH + .5 HOCH,0H + .5 O (k_CH3D2%5.7E-14+EXP(750./temp))  Atkinson et al. (2006)
*%(0.5)*R02+2,
G4130a  StTIG HOCH,00H + OH — HOCH,0, + H,0 E_RODHRO Taraborrelli (2010)*
G4130D StTrG HOCH.00H + OH — HCOOH + HaO + OH k_ROHRO + k_s*f_sO0H+f_sOH Taraborrelli (2010)*
G4132 StTrG HOCH,OH + OH — HO; + HCOOH + HyO 2.#K_ROHRO + k_s*f_sOH+I_sOH Taraborrelli (2010)*
64133 StTrG CH309 + OH — CH30 + HO4 1.4E-10 Bossolaseo et al. (2014)*
04134 StTrG CH:00 — CO + HOs + OH 1.124E+14%EXP (-10000./Temp) see note®
G4135  StTYG CH200 + H:0 — HOCH;00H k_CH200_N02#3.6E-6 Ouyang et al. (2013)*
G4136 StIrG CH200 + (H20)2 — HOCH:00H + HaO 5.2E-12 Chao et al. (2015), Lewis et al.
(2015)*
64137 StTIGN CH200 + NO — HCHO + NOs 6.E-14 Welz et al. (2012)*
G4138 StTrGN CH200 + NOy — HCHO + NOy k_CH200_NO2 Welz et al. (2012), Stone et al.
(2014)*
G4140 StTrG CH200 + CO — HCHO + CO» 3.6E-14 Vereecken et al. (2012)
G4141 StTrG CH200 + HCOOH — 2 HCOOH 1.E-10 Welz et al. (2014)*
G4142 StIrG CH200 + HCHO — 2 LCARBON 1.7E-13 Stone et al. (2014)*
G4143 StTrG CH200 + CH30H — 2 LCARBON 5.E-12 Vereacken et al. (2012)*
G4144 StTrG CH200 + CH30; —+ 2 LCARBON 5E-12 Vereecken et al. (2012)*
G4145 StTrG CH200 + HOy — LCARBON 5E-12 Vereacken et al. (2012)
G
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
GA146 StTrG CH200 + O3 —+ HCHO + 2 O 1E-12 Vereecken et al. (2014)
G4147 StTrG CH;00 + CH200 — 2 HCHO + Og 6.E-11 Buras et al. (2014)
c4148 StTrGN HOCH;0, + NOs —+ HOCH,0,NO, k_NO2_CH302 see note®
G4149 StTrGN HOCH;0:NO2 —+ HOCH205 + NO» k_NO2_CH302/(9.5E-29«EXP(11234./  Barnes et al. (1985)*
temp))
G4150 StTeGN HOCH20:NO2 + OH — HCOOH + NO; + H:O 9.50E-13+EXP (-650./tenp) »f_sOH see note®
G4151 StTrG CHz + 03 — CH304 k_3rd_iupac(temp, cair,7.0E-31, Atkinson et al. (2006)
3.,1.8E-12,-1.1,0.33)
G4152 StTeG CHy + Oy — .956 HCHO + 956 H + .044 CH30 + Oq 5.1E-12#exp(-210./Temp) Alhaladejo et al. (2002), Ogryelo
ot al. (1981)
G4153 StTrG CHz + O(*P) —+ .83 HCHO + 83 H + .17 CO + .1THy + 1.3E-10 Atkinson et al. (2006)
ATH
04154 StTrG CH30 + 03 — CH3032 + Oa 2.53E-14 Albaladejo et al. (2002)*
G4155 StTrG CH30 + O(*P) — .75 CHy + .75 Oz + .25 HCHO + 25 2.5E-11 Baulch et al. (2005)
OH
G4156 StTrG CH305 + O(®P) — CH30 + 0 4.3E-11 Zellner et al. (1988)
G4157  StTrG HCHO + O(*P) —+ 7 OH + .7 CO + 3 H + 3C0, + 3.4E-11+EXP(-1600./Tenp) Burkholder et al. (2015)
HO,
c4158 TiG CH,00" — .37 CH,00 + 47 CO + .47 HyO + .16 HO, KDEC Atkinson et al. (2006)
+ .16 CO + .16 OH
G4159 TrGN HCN + OH — H20 + CN k_3rd(temp, cair, 4.28E-33, 1.0, Kleinbdhl et al. (2006)
REAL (4.25E-13+EXP (- 1150./temp)
,8P),1.0,0.8)
G4160a TGN HCN + O('D) —+ O(*°P) + HCN 1.08E-10+EXP (105./temp) Strekowski et al. (2010)
*0.16+EXP (200./tenp)
G4160b TrGN HCN + O('D) —+ H + NCO 1.08E-10+EXP (105./temp)=0.68/2. Strekowskd et al. (2010)*
G4160c  TrGN HCN + O(*D) —+ OH + CN 1.08E-10+EXP(105./temp) *(1.- (0.68/ Strekowski et al. (2010)*
2.+0.15+EXP(200./temp) })
G4161 TrGN HCN + O*P) — H + NCO 1.0E-11#EXP (-4000./temp) Burkholder et al. (2015)*
G4162 TrGN CN + 0, —+ NCO + O(*P) 1.2E-11+EXP(210./temp) *0.75 Baulch et al. (2005)
G4163 TrGN CN + 0y = CO + NO 1.2E-11#EXP(210./temp) 0.25 Baulch et al. (2005)
G4164 TrGN NCO + O3 =+ COz + NO T.E-15 Becker et al. (2000)*
G42000 TCC CoHg + OH — C3H:05 + HaO 1.49E-17*tenp*tenp+EXP (-499./ Atkinson et al. (2006)
temp)
042001 TrGC CaHy + 03 —+ HCHO + CH.00* 9.1E-15+EXP (-2580./tenp) Atkinson et al. (2006)*
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
342002 TrGC C3Hy + OH — HOCH2CHa04 k_3rd_iupac(temp, cair,8.6E-29, Atkinson et al. (2006), Rickard
3.1,9.E-12,0.85,0.48) and Pascoe (2000)
642003 TrGC CaHs 05 + HO2 — CoH;00H 7.5E-13+EXP(T00./temp) Burkholder et al. (2015)
G42004a TrGCN CaH: 05 + NO — CH3CHO + HOg + NOy 2.5EE-12+EXP(380./temp)*(1.-beta_  Atkinson et  al (2006),
C2HSND3) Butkovskaya et al. (2010}
G42004b TrGCN CaH509 + NO — CoH;ONO2 2.55E-12+EXP (380./temp) ¥beta_ Atkinson et  al (20086),
C2HSND3 Butkovskaya et al. (2010)
G42005  TrGCN CoHs 09 + NOz —+ CH3CHO + HOs + NOo 2.3E-12 Wallington et al. (2018)
642006  TrGC CoH505 — .8 CH3CHO + .6 HO3 + .2 CoH50H 2. (7.6E- 14%k_CH302) %% (.5) »R02 Sander et al. (2019), Atkinson
et al. (2006)
6420072 TrGC Col;O0H + OH — Call;05 + HyO k_RDOHRD Sander et al. (2019)
G42007p  TrGC C,H00H + OH — CH3CHO + OH k_s+f_sOOH Sander et al. (2019)
6420082 TrGC CH3;CHO + OH — CH3C(0) + HaO 4 4E-12+EXP (365./temp) 0.95 Atkinson et al. (2006)
G42008p TrGC CH2CHO + OH — HCOCH20: + H20 4.4E-12+EXP (365./Temp) *0.05 Atkinson et al. (2006)
642008  TrGCN CH3CHO + NOg — CH3C(0) + HNO;g KNO3AL Rickard and Pascoe (2000)
G420i0  TrGC CH3COOH + OH — CHz + COs + HaO k_CH3CO2H OH Atkinson et al. (2006)*
G42011a TIGC CH,C(0)00 + HOy —+ OH + CHy + COy 5.20E-13+EXP (980./temp) #1.507+0.61  Grofi et al. (2014}
G42011b  TrGC CH,C(0)00 + HOy —+ CH3C(O)00H 5.20E-13+EXP(980./temp) #1.507#0.23  Grof et al. (2014)
G42011c  TIGC CH5C(0)00 + HOy — CH3;COOH + Oy 5.20E-13+EXP (980./temp) #1.507+0.16  Grofi et al. (2014}
G42012  TrGCN CHzC(0)00 + NO — CH; + CO2 + NOg 8.1E-12+EXP (270./temnp) Tyndall et al. (2001a)
G42013 TrGCN CH3C(0)00 + NO3 —+ PAN k_CH3CO03_NO2 Burkholder et al. (2015)*
G42014 TrGCN CH3C(0)00 + NOg —+ CHz + NO3 + CO» 4E-12 Canosa-Mas et al. (1996)
G42017a TrGC CH3C(0)00 — CHy + COo ki_ROZRCO3+0.9 Sander et al. (2019)
G42017b  TrGC CH;C(0)00 — CH3COOH k1_ROZRCO3%0.1 Sander et al. (2019)
G42018 TrGC CH3C(0)O0H + OH — CH5C(0)00 + HaO k_ROOHRO Rickard and Pascoe (2009)*
G42020 TrGCN PAN + OH — HCHO + CO + NOs + HaO 3.00E-14 Rickard and Pascoe (2000)
G42021 TrGCN PAN — CH3C(0)00 + NOg k_PAN_M Burkholder et al. (2015)*
6420222 TrGC CsyHy + OH — GLYOX + OH k_3rd(temp, cair, 5.5e-30,0.0, Burkholder et al. (2015)*
8.3e-13,-2.,0.6)%0.71
G42022b TrGC CsHy + OH —+ HCOOH + CO + HO» k_3rd(temp, cair, 5.5e-30,0.0, Burkholder et al. (2015)*
8.3e-13,-2.,0.6)%0.29
G42023a TrGC HOCH,CHO + OH —+ HOCH2CO + H.0O 8.00E-12+0.80 Atkinson et al. (2006)
G42023b TrGC HOCHCHO + OH — HOCHCHO + HaO 8.00E-12#0.20 Atkinson et al. (2006)
G42024a TrGC HOCH2CO + O —+ HOCH,CO3 5.1E-12%(1.-1./ (1+1.85E-18%cair)) Atkinson et al. (2006), Beyers-
dorf et al. (2010)*
Tahble 1: Gas phase reactions (... continued)
# labels Teaction rate coefficient reference
G42024b  TrGC HOCH2CO + Os — OH + HCHO + CO» 5.1E-12#+1./{1+1.85E-18*cair) Atkinson et al. (2006), Beyers-
dorf et al. (2010)*
G42025 TrGC HOCHCHO — GLYOX + HOs KDEC SBander et al. (2019)
G42026 TrGCN HOCH,CHO + NO; — HOCH2CO 4 HNO;4 KNO3AL Rickard and Pascoe (2009)
Gaz027a TIGC HOCH;CO3; — HCHO + CO3 + HOy k1_ROZRCO3%0.9 Sander et al. (2019)
G42027b  TrGC HOCH;CO; — HOCH;COoH ki ROZRCO3+0.1 Sander et al. (2019)
G42028a TrGC HOCH3CO3; + HO3 —+ HCHO + HO3; + OH + CO2 KAPHO2+r_CO3_0H Sander et al. (2019), Grof et al.
(2014)
c42028b TrCC HOCH2CO5 + HOy —+ HOCH.CO3H KAPHOZ#T_CO3_0OH Sander et al. (2019), Grofi et al.
(2014)
G42028c  TrGC HOCH,CO3 + HO; —+ HOCHCOoH + O KAPHO2#+r_C03_03 Sander et al. (2019), Grofi et al.
(2014)
G42029 TrGCN HOCH3COz + NO — NOg + HOgy + HCHO + CO4 KAPND Rickard and Pascoe (2009)
G42030 TrGCN HOCH2CO3; + NO2 —+ PHAN k_CH3C03_ND2 Rickard and Pascoe (2009)
€42031  TrGCN HOCH,CO3 + NOy — NOy + HOy + HCHO + CO, KRO2NO3#1.74 Rickard and Pascoe (2000)
G42032 TrGC HOCH;CO:H + OH — .09 HCHO + .09 CO; + .91 k_CD2H+k_s+f_sOH+Tf_CD2H SBander et al. (2019)
HCOCO,H + HO, + Hy0
6420332 TIGC HOCH,CO;H + OH — HOCH,CO; + H,O k_RODHRD Sander et al. (2019)
G42033b TIGC HOCH,CO;H + OH — HCOCO;H + HO, k_s*f_sOH+f_CO2H Sander et al. (2019)
€42032  TrCGCN PHAN - HOCH2CO;3 + NO, K_PAN_M Rickard and Pascoe (2000)
642035  TrGCN PHAN + OH — HCHO + CO + NO; + H,O k_s#T_sOH+I_cpan+k_ROHRO Bander et al. (2019)
G42036 TrGC GLYOX + OH — HCOCO + HaO 3.1E-12=EXP(340./Temp) Atkinson et al. (2006), Orlando
and Tyndall (2001), Lockhart
ot al. (2013)
G42037  TrGCN GLYOX + NOz — HCOCO + HNOg KNO3AL Rickard and Pascoe (2009)
G42038a TrGC HCOCO — CO + CO + HOq 7.E11+EXP(-3160./temp) Orlando and Tyndall (2001),
+5.E-12%c(ind_02) Lockhart et al. (2013), Rickard
and Pascoe (2009)
G42037b  TrGC HCOCO — HCOCO, 5.E-12+c(ind_02)=3.2%exp(-550./ Lockhart et al. (2013), Rickard
temp) and Pascoe (2009)
G42037c  TrGC HCOCO — OH + CO + COy 5.E-12+c(ind_02) Lockhart et al. (2013), Rickard
*(1.-3.2%exp(-550./temp)) and Pascoe (2009)
G42039a TrGC HCOCOz; —+ CO + HOz + COq k1 ROZRCO3*0.9 Sander et al. (2019)
G42039b  TrGC HCOCO; — HCOCOH k1_RO2RCO3%0.1 SBander et al. (2019)
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Table 1: Gas phase reactions (... continued)

3 labels Teaction rate coefficient reference
642040 TrGC HCOCO; + HO; — HO; + CO + CO2 + OH KAPHD2 Feierabend et al. (2008), Sander
et al. (2019)
642041  TrGCN HCOCO3 + NO — HOg + CO + NOg + COa KAPNOD Rickard and Pascoe (2009)
642042 TrGCN HCOCO3 + NOz —+ HOg + CO + NO3 + COq KRO2N03#1.74 Rickard and Pascoe (2009)
642043  TrGCN HCOCO; + NOy — HOy + CO + NO3 + COs k_CH3C03_NO2 Orlando and Tyndall (2001),
Sander et al. (2019)
642044 TrGC HCOCO.H + OH — CO + HO; + COs + HaO k_CO2H+k_t*f_0+f_CO2H Sander et al. (2019)
G42045a TrGC HCOCO:H + OH —+ HCOCO; + HaO k_ROOHRO Sander et al. (2019)
G42045D TrGC HCOCO:H + OH —+ CO + CO2 + HoO + OH k_t#*i_O+f_CO2H Sander et al. (2019)
G42046  TrGC HOCH3CH202 — .6 HOCH3CH20 + .2 HOCH:CHO + .2 2.+ (7.8E-14#EXP(1000./Temp) Atkinson et al. (2006), Rickard
ETHGLY *k_CH302) == (.5)=R02 and Pascoe (2009)
642047  TrGCN HOCH;CH20: + NO — .26 HO; + .5 HCHO + .75 KRO2ND*(i.-alpha AN(3,1,0,0,0, Rickard and Pascoe (2009)*
HOCH2CH;0 + NO» temp, cair))
642048 TrGCN HOCH;CH20;2 + NO — ETHOHNO3 KRO2NO*alpha AN(3,1,0,0,0,temp,  Sander et al. (2019)
cair)
6420492 TrGC HOCH;CH20: + HO; — HYETHO2H 1.53E-13+EXP (1300./temp) Rickard and Pascoe (2009)
# (1.-r_CHOHCH202_OH)
6420490 TrGC HOCH,CH,0, + HO; —+ HOCH,CH,0 + OH 1.53E-13+EXP(1300./temp) Rickard and Pascoe (2009)
*r_CHOHCH202_OH
642050 TrGCN ETHOHNO3 + OH — .93 NO3CH2CHO + .93 HO2 + .07 k_s* (f_sOH«f_CH20N02+f_ONO2+%_ Sander et al. (2019)
HOCH3;CHO + .07 NO3 + HaO PCH20H) +k_ROHRO
6420512 TrGC HYETHO2H + OH — HOCH2CHs02 + HoO k_ROOHROD Rickard and Pascoe (2000)*
642051b TrGC HYETHO2H + OH — HOCH,CHO + OH + HaO k_s*I_sD0H«f_pCH20H Sander et al. (2019)
G42051c  TrGC HYETHO2H + OH — HOOCH2CHO + HOy + HoO k_s#I_sOH«f_pCH20H+E_ROHRO Sander et al. (2019)
G42052a TrGC HOCH,;CH20 — HOy + HOCH,CHO 6.00E-14+EXP (-550./Temp) Rickard and Pascoe (2009)
*C(ind_02)
042062b TrGC HOCH;CH20 — HO; + HCHO + HCHO 9.50E13+EXP(-5988./temp) Rickard and Pascoe (2000)
642053 TrGC ETHGLY + OH — HOCH;CHO + HO; + HyO 2.#k_s*T_sOH*T_pCH20H+2.+k_ROHRO Sander et al. (2019)
642054  TrGC HCOCH20; — .6 HCHO + .6 CO + 6 HOz + .2 GLYOX ki_RO2pOR02 Sander et al. (2019)
+ .2 HOCH2CHO
G42085a TrGC HCOCH209 + HO; —+ HOOCH2CHO k_RO2_HO2(temp,2)*r COCH202 00H  Sander et al. (2019)
G42055b TrGC HCOCH207 + HO3 — HCHO + CO + HO; + OH k_R0O2_HOZ(temp,2)*r_COCH202_0H Sander et al. (2019)
G42056a TrGCN HCOCH307 + NO — NOy + HCHO + CO + HO2 KRO2NO*(1.-alpha_AN(3,1,1,0,0, Sander et al. (2019)
temp,cair))
10
Table 1: Gas phase reactions (... continued)
# labels Teaction rate coefficient reference
G42056b  TrGCN HCOCH;0y + NO — NO3CH2CHO KRO2NO*alpha AN(3,1,1,0,0,temp, Sander et al. (2019)
cair)
642057  TrGCN HCOCH;05 + NO3 —+ HCHO + CO + HO2 + NO» KRO2NO3 Sander et al. (2019)
6420582 TrGC HOOCH2CHO + OH — HCOCH202 k_ROOHRO Sander et al. (2019)
6420580 TrGC HOOCH2CHO + OH — HCHO + CO + OH 0.8%8.E-12 Sander et al. (2019)*
G42058c  TrGC HOOCH2CHO + OH — GLYOX + OH k_s+T_sOOH+E_CHO Sander et al. (2019)
642059  TrGCN HOOCH2CHO + NO3 — OH + HCHO + CO + HNOz KNO3AL Rickard and Pascoe (2000)
342060  TrGCN HOOCH3COz + NO — NOg + OH + HCHO + COz KAPNO Sander et al. (2019)
642061  TrGCN HOOCH3COz + NO3 — NOz + OH + HCHO + COgq KRO2ND3#+1.74 Sander et al. (2019)
G42062a  TrGC HOOCH3COz + HO; — 2 OH + HCHO + CO; KAPHO2*r_CO3_0H Sander et al. (2019)
G42062b TrGC HOOCH;COz + HO; —+ HOOCH2CO3H KAPHO2+r_C03_00H Sander et al. (2019)
G42062c  TrGC HOOCH2COz + HO2 —+ HOOCH2CO2H + Oz KAPHO2#r_C03_03 Sander et al. (2019)
G42063a TrGC HOOCH2COz —+ OH + HCHO + COq k1 _RO2RCO3+0.9 Sander et al. (2019)
G42063p TrGC HOOCH2COz — HOOCH2CO2H k1 _RO2RCO3+0.1 Sander et al. (2019)
G42084a TrGC HOOCH2CO3H + OH — HOOCH,CO; + HaO 2.+k_RDOHROD Sander et al. (2019)
G42084b TrGC HOOCH2CO3H + OH — HCOCO;H + OH + Ha0 k_s+f_sO0H*f _CO2H Sander et al. (2019)
642065 TrGC HOOCH2CO2H + OH — HCOCO,H + OH + H,0 k_s*T_sO0H+f _CO2H+k_CO2H Sander et al. (2019)
642066  TrGC CH2CO + OH — .6 HCHO + 6 HOp + 6 CO + 4 2.8E-12#+exp(510./temp) Banlch et al. (2005), Sander et al.
HOOCH2CO2H (2019)
G42067a TrGC CH3CHOHOOH + OH — CH3COOH + OH (k_t*f_tOOH+f_tOH + k_ROHRO) Sander et al. (2019)
6420670 TrGC CH3CHOHOOH + OH — CH3ICHOHO2 k_ROOHRO Sander et al. (2019)
642068  TrGC CH3CHOHO2 — CH3CHO + HOq 3.46E12+EXP (-12500./ (1.98+temp) ) Hermans et al. (2005), Sander
et al. (2019)
GA2069 TrGe CHz:CHO + HO; — CH3CHOHO2 3.46E12+EXP(-12500./ (1.98+temp) ) Hermans et al. (2005), Sander
/ (6.34E26+EXP (- 14700./ et al. (2019)
(1.98+temp)))
642070  TrGC CH3CHOHO2 + HO; — .5 CH3CHOHOOH + .3 5.6E-15+EXP(2300./temp) Sander et al. (2019)
CH3zCOOH + .2 CHz + .2 HCOOH + .2 OH
G42071 TrGC CH3CHOHOZ2 — CHz + HCOOH + OH k1 _R0O2s0R02 Sander et al. (2019)
G42072  TrGCN CH3CHOHO2 + NO — CHz + HCOOH + OH + NO2 KROZND Sander et al. (2019)
642073 TrGCN C3Hz;ONOy + OH — CH3CHO + HaO + NOy 6.7E-13+EXP(-395./temp) Atkinson et al. (2006)
G42074a TrGCN NOzCH2CHO + OH — GLYOX + NO; + HaO k_s*f_CH20NO2#I_CHO Paulot et al. (2009a), Sander
et al. (2019)*
G42074b  TrGCN NO3;CH2CHO + OH — NO3;CH2CO3 + HoO k_t+T_0+T_CH20ND2#3. Panlot et al. (2009a), Sander
et al. (2019)*
11
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
642075 TrGCN NO3CH2CO;3 + HO; —+ HCHO + NOz + COs + OH KAPHO2 Rickard and Pascoe (2009)*
G42076  TrGCN NO3CH2CO3 + NO — HCHO + NOy + COg + NOo KAPNOD Rickard and Pascoe (2009)
G42077  TrGCN NO3CH2CO3 + NO3 —+ NO3;CH2CHO k_CH3C03_ND2 Rickard and Pascoe (2009)
G42078  TrGCN NO3CH2CO; —+ HCHO + NOy + COs k1_RO2ZRCO3 Rickard and Pascoe (2009)*
G42079  TrGCN NO3CH2CHO — NO3CH2CO; + NO4 k_PAN_M Rickard and Pascoe (2009)
G42080 StTrGON CoHz04 + NOy — CoHz0NOg k_3rd_iupac(temp, cair, 1.3E-29, Atkinson et al. (2006)
6.2,8.8E-12,0.0,0.31)
G42081 StTTGCN CaHz03NOs — CaHs0s + NOg k_3rd_iupac(temp, cair, Atkinson et al. (2006)
REAL (4.8E-4+EXP (-9285./tenp)
,5P), 0.0, REAL(8.8E15«EXP (-10440./
temp), SP),0.0,0.31)
G42082  StTTGCN C3H503N03 + OH — CH3CHO + NOg + HaO 9.50E-13+EXP (-650./temp) Sander et al. (2019)*
G42083a TrGC CH3C(0) + 02 — CH3C(0)00 5.1E-12#%(1. - 1./(1.+ Atkinson et al. (2006), Beyers-
9.4E-18%cair)) dorf et al. (2010)*
G42083b TrGC CH3C(0) + 02 — OH + HCHO + CO 5.1E-12#1./(1.+9.4E-18%cair) Atkinson et al. (2006), Beyers-
dorf et al. (2010)*
Gaz084 TrGC C;H,OH + OH — .95 C;H,0, + 95 HO, + .05 3.0E-12+EXP(20./temp) Sander et al. (2019), Atkinson
HOCH,CH,0, + HyO et al. (2006)
G42085a TrGCN CH43CN + OH — NCCH,05 + HyO 8.1E-13+EXP (- 1080./temp) *0.40 Atkinson et al. (2006), Tyndall
et al. (2001h)*
G42085b TrGCN CH3CN + OH — OH + CH3C(0) + NO 8.1E-13+EXP(-1080./temp) #(1.-0.40)  Atkinson et al. (2006), Tyndall
et al. (2001h)*
G42086a TrGCN CH3CN + O(1D) = O(*P) + CH3CN 2.54E-104EXP (-24./temp) Strekowski et al. (2010)
#0.0269+EXP (137./Tenp)
G42086b TrGCN CH3CN + O('D) — 2 H + CO + HCN 2.54E-104EXP (-24./temp) 0.16 Strekowski et al. (2010)*
G42086c  TrGCN CH3CN + O('D) -+ .5 CHz + .5 NCO + .5 NCCHOz + 2.54E-10#EXP(-24 /temp)#(1.—(0.16+ Strekowski et al. (2010)*
5 OH 0.0269+EXP(137./temp)))
G42087  TrGCN NCCH30; + NO — HCN + CO2 + HO3 + NO» KRO2ND see note®
G42088 TrGCN NCCH209 + HOy —+ HCN + CO; + HO9 k_R0O2_HO2(temp, 2) see note®
G42089a TrGC CH;CHOH + OH —+ HCOOH + OH + HCHO k_CH2CHOH_OH_HCOOH Sander et al. (2019), So et al
(2014)*
G42089p  TrGC CH32CHOH + OH — HOCH.CHO + HO» k_CH2CHOH_OH_ALD Sander et al. (2019), So et al
(2014)
G42090 TrGC CH;CHOH + HCOOH — CH3CHO + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
12
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
42091 TGO CH3CHO + HCOOH — CH,CHOH + HCOOH k_ALD_HCODH Sander et al. (2019), da Silva
(2010)*
430002 TrGC C3Hg + OH — 1C3H;05 + HaO k_s Sander et al. (2019)
G43000p TrGC C3Hg + OH — C3Hy05 + HaO 2.4k_p Sander et al. (2019)
G43001a TrGC C3Hg + O3 — HCHO + .16 CH3ICHOHOOH + .50 OH +  5.5E-15*EXP(-1880./temp) *.57 Atkinson et al. (2006)*
.50 HCOCH 04 + .05 CH2CO + .09 CH3OH + .09 CO +
2CHy + .2C02
643001 TrGC C3Hg + O3 — CH3CHO + CH200* 5.5E-15+EXP(-1880./temp)*.43 Atkinson et al. (2006)*
643002 THGC C3Hg + OH — HYPROPO2 k_3rd_iupac(temp, cair, 8.6E-27, Atkinson et al. (2006), Rickard
3.5,3.E-11,1.,0.5) and Pascoe (2009)
643003 TrGCN C3Hg + NO; — PRONO3BO2 4.6E-13+EXP(-1155./temp) Wallington et al. (2018)
643004 TrGC iCsH; 09 + HOg — iCsH,O0H 1.9E-13+EXP(1300./temp) Atkinson (1997)*
G43005a TrGCN iC3H;O2 + NO — CH3COCHz + HOq + NOs 2.7TE-12+EXP(360./temp) #(1.-alpha_  Wallington et al. (2018)
AN(3,2,0,0,0,temp, cair))
3430050 TrGCN iCsH:0s + NO — iCqHrONOg 2.7TE-12+EXP(360./temp) *alpha_ Wallington et al. (2018)
AN(3,2,0,0,0, temp, cair)
43006  TrGC iC3H,0y — .8 CH;COCH; + .2 IPROPOL + .6 HO, 2.+ (1.6E-12+EXP (-2200./temp) Rickard and Pascoe (2009),
#K_CH302) %= (.5) *RD2 Atkinson et al. (2006)
G43007a TrGC iC;H,00H + OH — iC3H, 04 + HaO k_ROOHRO Sander et al. (2019)
430070 TrGC iC3H,00H + OH —+ CH;COCH: + HoO + OH k_t+I_tO0H Sander et al. (2019)
G43008 TrGC C3H;0a2 + HO; — C3H,00H 1.9E-13=EXP(1300./temp) Atkinson (1997)*
G43009a TrGCN C3H-09 + NO — CoH;CHO + HO2 + NOg 2.TE-12+EXP(360./temp) *(1.-alpha Wallington et al. (2018)
AN(3,1,0,0,0, temp, cair))
G43009b TrGCN C3H;04 + NO — C3H;0ONO» 2.TE-12+EXP(360./temp) #alpha_ Wallington et al. (2018)
AN(3,1,0,0,0,temp, cair)
43010 TrGC C3H;045 —+ .8 CH;COCH; + .2 NPROPOL + 6 HO» 2. (K_CH302+3.E-13) #4 (_5) *R02 Rickard and Pascoe (2000),
Atkinson et al. (2008)
43011  TiGC CH3COCHz + OH — CH3COCH;0; + HaO (8.8E-12+EXP(-1320./temp) Atkinson et al. (2006)*
+1.7E-14+EXP(423./temp) )
G43012a TIGC CH3COCH»0; + HOy —+ CH3COCH20.H 8.6E-13+EXP(700./temp) #r_COCH202_  Tyndall et al. (2001a), Sander
00H et al. (2019)
6430120 TrGC CH3COCH,0; + HO; —+ OH + CH3C(0) + HCHO 8.6E-13+EXP(700./Temp) #r_COCH202_  Tyndall et al. (2001a), Sander
OH et al. (2019)
343013a TrGCN CH3COCH202 + NO — CH;C(0) + HCHO + NO4 2.9E-12+EXP(300./temp) #(1.-alpha_  Burkholder et al. {2015)

AN(4,1,1,0,0,temp, cair))
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Table 1: Gas phase reactions (... continued)

4 labels reaction rate coefficient reference
G43013b TrGCN CH3COCH202 + NO — NOA 2.9E-12=EXP(300./temp) *alpha_ Burkholder et al. (2015)
AN(4,1,1,0,0,temp, cair)
G43014  TrGC CH;COCH,05 — .3 CH;C(0) + 3HCHO + .5 MGLYOX k1_RO2pOR02 Orlando and Tyndall (2012)
+ .2 CH3COCH;OH
G43015a TrGC CH3COCH202H + OH — CH3COCH205 + HaO k_RDOHRO see note®
G43015p TrGC CH:COCH20-H + OH —+ MGLYOX + OH + H.0 k_s+f_s00H*f_CO Sander et al. (2019)
G43016  TIGC CH3COCHs0H + OH — MGLYOX + HOs + HaO 1.6E-12«EXP (305./temp) Atkinson et al. (2006)
643017  TrGC MGLYOX + OH — 4 CHz + 6 CH3C(O) + 1.4 CO + 1.9E-12+EXP(575./temp) Baeza-Romero et al.  (2007),
Ha0 Atkinson et al. (2006)
G43020 TrGCN iC3H;ONO; + OH — CH3COCH; + NO» 6.2E-13=EXP(-230./temp) Wallington et al. (2018)
G43021 TrGCN CHzCOCH203 + NO3 — CH3C(0Q) + HCHO + NO; KRO2ND3 Rickard and Pascoe (2009)
G43022 TIGC HYPROPO2 — CH3CHO + HCHO + HOs k1_R0O2s0R02 Rickard and Pascoe (2009)
G43023a TrGC HYPROPO2 + HOy —+ HYPROPOZH k_RD2_HO2(temp, 3)*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202_0H)
G43023b TrGC HYPROPO2 + HO; —+ CH3CHO + HCHO + HO, + OH k_RO2_HD2(temp,3)*r_CHOHCH202_OH Rickard and Pascoe (2009)
G43024a TrGCN HYPROPO2 + NO — CHzCHO + HCHO + HO2 + NOa  KRO2NO*(1.-alpha AN(4,1,0,0,0, Rickard and Pascoe (2009)
temp, cair))
G43024b TrGCN HYPROPO2 + NO — PROPOLNO3 KRO2NO*alpha_AN(4,1,0,0,0, temp, Rickard and Pascoe (2009)
cair)
G43025  TIGCN HYPROPO2 + NO3 — CH3CHO + HCHO + HOs + NOs  KRO2NOD3 Rickard and Pascoe (2009)
G43026a TrGC HYPROPO2ZH + OH —+ HYPROPO2 E_ROOHRD Rickard and Pascoe (2009)
G43026b TrGC HYPROPO2ZH + OH — CH;COCH,OH + OH (k_s*f_sOH*f_pCH2OH+k_t*f_ Sander et al. (2019)
t00H*f_pCH20H)
643027 TrGCN PRONO3BO2 + HOa — PR202HNO3 k_R0O2_HO2(temp, 3) Rickard and Pascoe (2009)
G43o28 TIGCN PRONO3BO2 + NO — NOA + HOs + NOy KRO2ND Rickard and Pascoe (2009)*
G43029 TrGCN PRONO3BO2 + NO3 — NOA + HO; + NOy KRO2ND3 Rickard and Pascoe (2009)
G43030a TrGCN PR202HNO3 + OH — PRONO3IBO2 k_ROOHRO Rickard and Pascoe (2009)
G43030b TrGCN PR202HNO3 + OH — NOA + OH k_t+f_t00H+f_CH20N02 Sander et al. (2019)
43031 TrGCN MGLYOX + NO3 —+ CH3C(0) + CO + HNO3y KND3AL*2.4 Rickard and Pascoe (2009)
G43032 TiGCN NOA + OH — MGLYOX + NO3 (k_s+f_CO*f_OND2+k_pxf_CO) Sander et al. (2019)
643032 TIGC HOCH2COCHO + OH — .8609 HOCH2CO + .8609 CO  (1.9E-12+EXP(575./temp)+k_s*f_ Sander et al. (2019)
+.1301 HCOCOCHO + .1391 HO2 sO0H+I_CO)
G43034 TrGCN HOCH2COCHO + NO3 — HOCH2CO + CO + HNOg KNO3AL#2.4 Sander et al. (2019)
643035 TrGC CH3COCO.H + OH — CH3C(O) + HaO + CO» 4.9E-14+EXP(276./temp) Mellouki and Mu (2003), Sander
et al. (2019)
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Table 1: Gas phase reactions (... continued)
4 labels reaction rate coefficient reference
643036  TrGC HCOCOCH0; — 6 HCOCO + 6 HCHO + .2 k1_RO2pORD2 Sander et al. (2019)
HCOCOCHO + .2 HOCH2COCHO
G43037  TrGCN HCOCOCH;03 + NO — HCOCO + HCHO + NOg KRO2NOD Sander et al. (2019)*
G43038a TrGC HCOCOCH:05 + HO; —+ HCOCOCH,OOH k_RO2_HO2(temp, 3)*r_COCH202_0OH Sander et al. (2019)
343038  TrGC HCOCOCH205 4+ HO; — HCOCO + HCHO + OH k_R0O2_HO2(temp, 3)+r_COCH202_OH Sander et al. (2019)
643039  TrGCN HCOCOCH:02 4+ NO3; —+ HCOCO + HCHO + NO, KRD2NO3 Sander et al. (2019)
G43040a  TrGC HCOCOCH;00H + OH — HOOCH2CO; + CO + HyO  k_t*f _CO+I_0 Sander et al. (2010)*
G43040b TrGC HCOCOCH;00H + OH — HCOCOCHO + HaO + OH  k_s«f_sO0H*T_CO Sander et al. (2019)*
G43040c  TrGC HCOCOCH:00H + OH — HCOCOCH202 + HaO k_ROOHRO Sander et al. (2019)
343041 TrGCN HCOCOCH200H + NO3 —+ HOOCH3CO3z + CO + HNOz  KNO3AL#2.4 Sander et al. (2019)
643042 TrGC HOCH2COCH202 — HCHO + HOCH2CO k1_RO2pORD2 Sander et al. (2019)
G43043a TrGC HOCH2COCH202 + HO; — HOCH2COCH200H k_RD2_HO2(temp,3)*r_COCH202_OOH Sander et al. (2019)
G43043b  TrGC HOCH2COCH202 + HO; — HCHO + HOCH2CO + OH  k_RO2_HO2(temp,3)*r_COCH202_OH Sander et al. (2019)
G43044  TrGCN HOCH2COCH202 + NO —+ HCHO + HOCH2CO + NOs  KRO2ND Sander et al. (2019)*
3430452  TrGC HOCH2COCH200H + OH — HOCH2COCHO + OH k_s«f_sO0H«f_CO Sander et al. (2019)
G43045b  TrGC HOCH2COCH200H + OH — HOCH2COCH202 k_ROOHRO Sander et al. (2019)
G43045¢  TrGC HOCH2COCH200H + OH — HCOCOCH,O0H + HO,  1.60E-12+EXP(305./temp) Sander et al. (2010)*
643046  TrGC CH3CHCO + OH — .72 CO + .72 CH;CHO + .72 HO, + 7.6E-11 Hatakeyama et al. (1985),
.21 CHyCOCO.H + .07 CH3CHO + .07 HOy + .07 COy Sander et al. (2019)
343047  TrGCN PROPOLNO3 + OH — CH2COCH20H + NO3 k_tef OND2+f pCH20H+k s+f sOH+f  Sander et al. (2010)
CH20ND2
G43048  TrGCN CH1COCH202 + NOa —+ CHaCOCH200NO2 2.3E-12+EXP (300./Temp) Tyndall et al. (2001a)*
343049  TrGCN CH3COCH,00NOs — CHyCOCH205 + NOa 1.9E16+EXP (-10830./temp) Sehested et al. (1998)*
643050  TrGCN CH2COCH,00NOs + OH — MGLYOX + NO3 + HaO 9.50E-13+EXP (-650./Temp) #1_CO Sander et al. (2019)*
G43051a  TrGC C3H-O00H + OH — C3H-042 + HaO k_ROOHRO Sander et al. (2019)
G43051b TrGC C3H;O0H + OH — CoH;CHO + HoO + OH k_s*f_sO0H Sander et al. (2019)
G43051c  TrGC CzH;O00H + OH — C:H;CHO + HO; + HaO k_s+f_pCH20H Sander et al. (2019)*
643052 TrGC CaH5CHO + OH — C3H;COq + HaO 4.9E-12+EXP (405./temp) Atkinson et al. (2006)*
G43053  TrGCN CoH,CHO + NOz — CoHiCO3 + HNOg 6.3E-15 Atkinson et al. (2006)
G43054a TrGC CaH5CO3z — CaHs 03 + COy k1_RO2RCO3=0.9 Sander et al. (2019)
G43054b  TrGC CyHCOz — CoH,COsH K1_ROZRCO3%0.1 Sander et al. (2019)
G43055a TrGC CoHsCO3 + HO; — CaHs09 + CO2 + OH KAPHO2#r_C03_OH Sander et al. (2019), GroB et al.
(2014)
G43055b  TrGC CoH;COz + HO; — C3H,COzH KAPHO2#r_C03_00H Sander et al. (2019), Grofi et al.

(2014)
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Table 1: Gas phase reactions (... continued)

§ labels reaction rate coefficient reference
G43085¢  TrGC CoHsCOz + HOz — CoHsCOoH + Os KAPHO2#+r_CO3_03 Sander et al. (2019), Grofi et al.
(2014)
343056  TrGCN CoHLCO3 + NO — NOg + CoHpy O + COg KAPNO Rickard and Pascoe (2009)
G43057 TrGCN CoHsCOz + NO2 — PPN k_CH3C03_ND2 Rickard and Pascoe (2009)
643058  TrGCN PPN — C3HsCO3 + NOs k_PAN_M Rickard and Pascoe (2009)
43059 TrGC CyH;COH + OH — CH3CHO + CO3 + HaO k_CO2H+k_p+k_s*f_CO2H Sander et al. (2019)*
G43060a TrGC CoH,CO3H + OH — CoHCOy + HaO k_ROOHRO Sander et al. (2019)
G43060p TrGC CoHsCO:H + OH — CH3CHO + COs + Ha0 k_s*f_CO2H+k p Sander et al. (2019)*
643061 TrGCN PPN + OH — CH3CHO + CO3 4+ NO3 + Ha20 k_s«f_cpan+k_p Sander et al. (2019)*
643062 TrGC CH;COCO;H + OH — CH3;COCO; + H:0 kE_ROOHRD Sander et al. (2019)
G430632 TrGC CH2COCO; + HO; — CH3C(O) + COo + OH KAPHO2*+r_CO3_0H Sander et al. (2019)
G43063b TrGC CH3COCO3 + HOs — CHaCOCOzH KAPHO2*(r_CO3_00H+r_C03_03) Sander et al. (2019)
643062 TrGCN CH3COCO; + NO — CH3C(0) + COs + NO3 KAPNO Sander et al. (2019)
643065 TrGCN CH3COCO3 + NOs —+ CH3C(0) + CO9 + NOg k_CH3C03_N02 Sander et al. (2019)*
643066  TrGCN CH2COCO; + NOz — CH3C(0)0O0 + COa + NO2 KRO2ND3#1.74 Sander et al. (2019)
643067 TrGC CH3COCO; — CH3C(0)00 + COy ki_ROZRCO3 Sander et al. (2019)
43068  TrGC HCOCOCHO + OH —+ 3 CO + HO, 2.#K_t*f_CO+f_0 Sander et al. (2019)
643069 TrGC IPROPOL + OH —+ CH,COCH, + HO, + H,0 2.6E-12+EXP (200./Temp) Atkinson et al. (2006)
G43070a TrGC NPROPOL + OH — C3H,CHO + HO; + HyO 4.6E-12+EXP(T0./temp)*(k_s+f sOH/ Atkinson et al. (2006), Sander
(k_p+k_s*f_pCH20H+k_s+f_s0OH)) et al. (2019)*
G43070b  TrGC NPROPOL + OH — HYPROPO2 + HaO 4.6E-12+EXP (70./temp)* ((k_p+k_ Atkinson et al. (2006), Sander
s+f_pCH20H) / (k_p+k_s+f_pCH20H+k_ et al. (2019)*
s*i_sOH))
3430712 TrGC CH2CHCH20OH + OH — HCOOH + OH + CH3CHO k_CH2CHOH_OH_HCOOH Sander et al. (2019), So et al
(2014)*
643072 TrGC CH;CHCH->OH + HCOOH — C;H;CHO + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
643073 TrGC CaH,CHO + HCOOH — CH,CHCH,OH + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
643074 TrGC HCOCOCH,00H + OH —+ HCOCO + CO + HO» + OH k_s*f_sDOH+f CO+k ROOHRO Sander et al. (2019)*
643202 TrGTerC HCOCH2CHO + OH — HCOCH2CO03 4.20E-11 Rickard and Pascoe (2000}
643203  TrGTerCN HCOCH2CHO + NO; —+ HCOCH2CO3 + HNO, 2.«KNO3AL*2.4 Rickard and Pascoe (2009}
G43204a  TrGTerC HCOCH2CO03 — HCOCH30; + COs k1_RO2RCO3%0.9 Sander et al. (2019)
G43204b  TrGTerC HCOCH2C03 — HCOCH2CO2ZH k1 RO2RCO3=0.1 Sander et al. (2019)
643205  TrGTerCN HCOCH2CO03 + NO — HCOCH20g + COsz + NOg KAPNO Rickard and Pascoe (2000}
16
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
643206 TrGTerCN HCOCH2CO3 + NOo — C3PAN2 k_CH3C03_N02 Rickard and Pascoe (2009)
G43207a  TrGTerC HCOCH2CO03 + HO; —+ HCOCH2CO2H KAPHO2+r_C03_00H Rickard and Pascoe (2009)
G43207b  TrGTerC HCOCH2CO3 + HOs — HCOCH2COZ2H + Oy KAPHOZ*r_C03_03 Rickard and Pascoe (2009)
G43207c  TrGTerC HCOCH2CO3 + HO; — HCOCHOs + COy + OH KAPHO2#r_C03_0OH Rickard and Pascoe (2009)
643210  TrGTerCN CaPAN2 — HCOCH2CO3 + NOq k_PAN_M Rickard and Pascoe (2009)
643211 TrGTerCN CaPAN2 + OH — GLYOX + CO + NOg 2.10E-11 Rickard and Pascoe (2009)
643212  TrGTerC HCOCH2CO2H + OH —+ HCOCH20, + CO» 2.14E-11 Rickard and Pascoe (2009)
G43213a  TrGTerC HOC5H,C05 — HOCH,CH, 05 + COy k1_ROZRCO3%0.9 Sander et al. (2019)
G43213b  TrGTerC HOCsH,CO; — HOC2HACO2H k1_RO2RCO3#0.1 Sander et al. (2010)
643214  TrGTerCN HOC:H4 COz + NO — HOCHaCH202 + COs + NOg KAPNO Rickard and Pascoe (2009)
G43215a TrGTerC HOCH,CO; + HO2 — HOC2ZHACO3H KAPHO2#r_C03_00H Rickard and Pascoe (2009)
G43215b  TrGTerC HOC3H4CO5 + HOs — HOCH2CH204 + CO2 + OH KAPHO2#+r_CO3_OH Rickard and Pascoe (2009)
G43215¢  TrGTerC HOC3H,C05 + HO; — HOCZHACOZH + Oy KAPHOZ#r_CO3_03 Rickard and Pascoe (2009)
G43218  TrGTerCN HOC:H,COz + NOs — C3PAN1 ¥_CH3C03_N02 Rickard and Pascoe (2009)
643219  TrGTerC HOC2H4CO2H + OH — HOCH:CH2045 + CO4 1.39E-11 Rickard and Pascoe (2009)
643220 TrGTerC HOC2H4ACO3H + OH — HOC.H,COy 1.73E-11 Rickard and Pascoe (2009)
643221 TrGTerCN C3;PAN1 —+ HOC,H,CO; + NO, k PAN M Rickard and Pascoe (2009)
643222  TrGTerCN C3PANL + OH — HOCH,CHO + CO + NOy 4 51E-12 Rickard and Pascoe (2009)
643223  TrGTerC HCOCH2CO3H + OH —+ HCOCH,0, + COy + HyO 2.49E-11 Rickard and Pascoe (2009)*
643415 TrGAroC C3DIALOOH + OH — HCOCOCHO + OH 1.44E-10 Rickard and Pascoe (2009)
G43418a TrGAroC C3DIALO2 + HO; — C3DIALOOH k_RO2_HO2(temp,3)*(r_CO3_DOH+T_ Rickard and Pascoe (2009)
C03_03)
G43418b TrGAroC C3DIALO2 + HOy; — GLYOX + CO + HO; + OH k_RO2_HD2(temp,3)*r_CO3_0H Rickard and Pascoe (2009)
643419  TrGAroCN C3DIALO2 + NO — GLYOX + CO + HOs + NOy KRO2NOD Rickard and Pascoe (2009)*
643420  TrGAroCN C3DIALO2 + NO3 — GLYOX + CO + HO; + NO» KRO2ND3 Rickard and Pascoe (2009)*
643421  TrGAroC C3DIALO2 — GLYOX + CO + HOq k1_RO2s0R02 Rickard and Pascoe (2009)*
G43422a  TrGAroC HCOCOHCO3 + HOy — GLYOX + COs + HO2 + OH  KAPHO2#r_CD3_OH Rickard and Pascoe (2009)
G43422b TrGAroC HCOCOHCO3 + HOs — HCOCOHCO3ZH KAPHO2*(r _C0O3_00H+r_C03_03) Rickard and Pascoe (2009)
643424 TrGAroCN HCOCOHCO3 + NO — GLYOX + CO3 + HOg + NOg KAPNO Rickard and Pascoe (2009)
643425  TrGAroCN HCOCOHCO3 + NOos — HCOCOHPAN k_CH3CD3_ND2 Rickard and Pascoe (2009)
643426  TrGAroCN HCOCOHCO3 + NO3 — GLYOX + COz + HO; + NO,  KRO2NO3#1.74 Rickard and Pascoe (2009)
G43427  TrGAroC HCOCOHCO3 — GLYOX + CO2 + HO» k1 RO2RCO3 Rickard and Pascoe (2009)
643428  TrGAroC METACETHO + OH — CH3C(0) + COa 9.B2E-11 Rickard and Pascoe (2009)
643442 TrGAroCN HCOCOHPAN + OH — GLYOX + CO + NO3 6.97E-11 Rickard and Pascoe (2009)
G43443  TrGAroCN HCOCOHPAN — HCOCOHCO3 + NOg k_PAN_M Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G43444  TrGAroC C320H13CO + OH — HCOCOHCO3 1.36E-10 Rickard and Pascoe (2000)
G43446  TrGAroC HCOCOHCO3H + OH — HCOCOHCO3 7.33E-11 Rickard and Pascoe (2000)
G44000 TrGC CyHyo + OH —+ LC4HgO2 + HO 2.03E-17+Temp+Temp*EXP(78./temp) Atkinson et al. (2006)*
G44001a TrGC LCiHgOz — CaH:CHO + HOo (k1_ROZpRO2#0.1273+k1_ Rickard and Pascoe (2009),
RO28RO2#0.8727)*0.1273 Sander et al. (2019)
G44001b TrGC LCyHgO2 — 636 MEK + 636 HO; + .364 CHaCHO +  (k1_RO2pRO2%0.1273+k1_ Rickard and Pascoe (2009),
.364 C3H; 02 RO2sR0O2+0.8727)#0.8727 Sander et al. (2019)*
G44002 TGC LCyHgOs + HOs — LC4HoOOH k_RD2_HO2(temp,4) Rickard and Pascoe (2000)
G44003a TrGCN LCyHgOs + NO — NOg + C3H:CHO + HO» KRO2NO#(1.-(0.1273+alpha_AN(4,1, Rickard and Pascoe (2009),
0,0,0, temp, cair)+0.8727+alpha_ Sander et al. (2019)
AN(4,2,0,0,0, temp, cair) ) )*0.1273
G44003b  TrGCN LCyHgO + NO — NOy + .636 MEK + 636 HO, + .364 KRO2ND#(1.-(0.1273+alpha_AN(4,1, Rickard and Pascoe (2009),
CH3CHO + .364 CoHz09 0,0,0, temp, cair)+0.8727+alpha_ Sander et al. (2019)
AN(4,2,0,0,0,temp, cair) ) ) *0.8727
G44003¢c TrGCN LC4HgOs + NO — LC4HINO3 KRO2ND*(0.1273*alpha_AN(4,1,0,0, Rickard and Pascoe (2000)*
0,temp,cair)+0.8727+alpha_AN(4,
2,0,0,0, temp, cair))
G44004a TrGCN LCHyO5 + NO3 — NOy + C3H,CHO + HO, KRO2ND3%0.1273 Rickard and Pascoe (2009),
Sander et al. (2019)
G44004b TrGCN LC4HgOa + NOz — NOs + .636 MEK + .636 HOo + .364 KRO2ND3%0.8727 Rickard and Pascoe (2009),
CH3CHO + .364 CoHs0q Sander et al. (2019)
G44005a TrGC LCyHgOOH + OH — LC HgOs + HaO k_RDOHRO Sander et al. (2019)
G44005p TrGC LC4HgOOH + OH —+ C3H;CHO + H20 + OH k_s+*f_TOOH+L_alk#(k_p/(k_p+k_s))  Sander et al. (2019)
G44005c  TrGC LCiHOOH + OH — MEK + H20 + OH k_t+f_tOOH+f_alk+(k_s/(k_p+k_s))  Sander et al. (2019)
G44006a TrGC iC4Hyp + OH — TCyHoO3 + Ha O 1.17E-17+Temp+tenp+EXP(213./temp)  Atkinson (2003)
*k_t/(3.#k_p+k_t)
G44006b TrGC iCyHyy + OH — ICyHyOy + HoO 1.17E-17*tempstemp+EXP(213./temp)  Atkinson (2003)
*3.4K_p/ (34H_p+k_T)
644007 TrGC TCyHgOs — CH3COCH3 + CHs ki_ROZtRO2 Rickard and Pascoe (2009),
Sander et al. (2019)
G44008 TrGC TC3HyOs + HOs — TC HaOOH k_RD2_H02(vemp,4) Rickard and Pascoe (2009)
G44009a TrGCN TCyHgOs + NO — NO; + CH;COCH; + CHjy KRO2NO*(1.-alpha AN(4,3,0,0,0, Rickard and Pascoe (2009),
temp, cair)) Sander et al. (2019)
G44009b TrGCN TCyHyOs + NO — TC4HINO3 KRO2NO#*alpha_AN(4,3,0,0,0,temp, Rickard and Pascoe (2009)
cair)
18
Table 1: Gas phase reactions (... continued)
3 labels reaction rate coefficient reference
G44010a TrGC TC4HyOOH + OH — TC4HaOa + HaO k_ROODHRO Sander et al. (2019)
G44010p TrGC TCyHyOOH + OH — CHsCOCHz + HCHO + OH + HoO' 3.xk_p»f_tCH20H Sander et al. (2019)*
644011 TrGCN TCIHINO3 + OH — CH3COCHz + HCHO + NO3 + HoO 3.+k_p+f_CH20N0O2 Sander et al. (2019)*
G44012 TrGC 1C;HgOq — IPRCHO ki_RO2sR0O2 Rickard and Pascoe (2009),
Sander et al. (2019)
644013  TrGC 1C4HgO0s + HOo — IC,HgOOH k_RO2_HO2(temp,4) Rickard and Pascoe (2009)
G44014a TrGCN ICHy0z + NO — NOs + IPRCHO KRO2NO*(1.-alpha_AN(4,2,0,0,0, Rickard and Pascoe (2009),
temp, cair)) Sander et al. (2019)
G44014b TrGCN 1C;HgOy + NO — IC4HINO3 KRO2NO*alpha AN(4,2,0,0,0, temp, Rickard and Pascoe (2009)
cair)
G44015a TrGC I1C;HgOOH + OH — IC HgOs + HaO k_ROOHRO Sander et al. (2019)
G44015b TrGC IC;HyOOH + OH — IPRCHO + OH + HoO k_s+*f_sO00H+2.#k_s+k_t+f_pCH20H Sander et al. (2019)*
G44016 TrGCN IC4HINO3 + OH — IPRCHO + NOs + HaO k_s#f_OND2+2.k_p+k_t+f_CH20N02 Sander et al. (2019)*
644017  TrGC MVK + O3 — .87 MGLYOX + .5481 CO + .1302 HO, 8.5E-16+EXP(-1520./Temp) Sander et al. (2019)
+ .1392 OH + .3219 CH,00 + .13 HCHO + .04680 OH
+ 04680 CO + .07280 CH3C(O) + .026 CH3CHO + .026
CO, + .026 HCHO + .026 HO, + .02402 MGLYOX +
02402 HyO5 + 00718 CHyCOCO.H
G44018 TrGC MVEK + OH —+ LHMVEKABO2 2.6E-12+EXP(610./temp) Sander et al. (2019), Atkinson
et al. (2006)*
644018  TrGC MEK + OH — LMEKO2 + H,0 1.5E-12+EXP(-90./Temp) Atkinson et al. (2006), Sander
et al. (2019)*
G44020 TrGC LMEKO2 + HO: — LMEKOOH k_R02_HOZ(temp,4) Sander et al. (2019)
G44021a TrGCN LMEKO2 + NO — .62 CH:CHO + .62 CH3C(O) + .38 KRO2NO*(1.-(.62*alpha AN(4,2,1, Sander et al. (2019)*
HCHO + .38 COs + .38 HOCH2CH203 + NO3 0,0, temp, cair)+.38+alpha AN{(4,1,
0,1,0, temp, cair)))
G44021b  TrGCN LMEKO2 + NO — LMEKNO3 KRO2NO*(.62+alpha AN(4,2,1,0,0, Sander et al. (2019)
temp, cair)+.38+alpha AN(4,1,0,1,
0,temp, cair))
G44022a TrGC LMEKOOH + OH — LMEKO2 + H,0 k_ROODHRO Sander et al. (2019)
G44022b TrGC LMEKOOH + OH — .62 BIACET + .38 HCHO + .38 COy  (.62#k_t*I_tOOH«f_CO+.38+k_s#I_ Sander et al. (2019)
+ .38 HOCH:CH0; + H20 + OH sO00H)
6440232 TrGCN LC4HINO3 + OH — MEK + NO; + H20 (k_t+f_ONO2+f_alk+k_p+f_alk+k_ Sander et al. (2019)*

s*f_CH20NO2+k_p)*(k_s/(k_p+k_s))
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Table 1: Gas phase reactions (... continued)

3 labels reaction rate coefficient reference
G44023b  TrGCN LCAHONOZ + OH — C3H-CHO + NO3 + HaO (k_p+k_s=(1.+f_CH20NO2+f_OND2) Sander et al. (2019)*
wf_alk)s(k_p/(k_p+tk_s))
644024 TrGCN MPAN + OH — CH3COCH;0H + CO + NOg 3.2E-11 Orlando et al. (2002)
644025  TrGCN MPAN — MACO3 + NOg k_PAN_M see note®
44026 TrGC LMEKO2 — .538 HCHO + .538 COs; + .459 (.62#ki1_RD2s0RD2+.38+ki RO2pOR02)  Rickard and Pascoe (2000)*
HOCH2CH205 + 079 CsHsOs + 462 CH3C(O) +
462 CH3CHO
644027 TrGC MACR + OH — .45 MACO3 + .55 MACRO2 8.E-12+EXP(380./temp) Orlando et al. (1999b), Sander
ot al. (2019)
644028 TrGC MACR + O3 — 5481 CO + .1302 HO; + .1392 OH + 1.36E-15+EXP(-2112./temp) Sander et al. (2019)
.3219 CH,00 + 87 MGLYOX + .13 HCHO + .13 OH +
065 HCOCOCH2 05 + .065 CO + .065 CH;C(O)
644029 TrGCN MACR + NO3 — MACO3 + HNOg KNO3AL*2.0 Rickard and Pascoe (2009)
6440302 TrGC MACO3 — CH3C(0O) + HCHO + COs k1_RO2ZRCO3%0.9 Sander et al. (2019)
G44030b  TrGC MACO3 — MACO2ZH k1_RO2RCO3%0.1 Sander et al. (2019)
G44031a TrGC MACO3 + HO> —+ MACO2 + OH KAPHO2*r CO3_OH Sander et al. (2019)
G44031b  TrGC MACO3 + HOy —+ MACO3H KAPHO2#r_CO3_00H Sander et al. (2019)
G44031c  TrGC MACO3 + HO; —+ MACO2H + Oy KAPHO2#r_C03_03 Sander et al. (2019)
644032 TrGCN MACO3 + NO — MACO2 4 NO, 8.70E-12+EXP(290./temp) Sander et al. (2019)
644033 TrGCN MACO3 + NO; —+ MPAN k_CH3C03_NO2 Rickard and Pascoe (2009)
G44034 TrGCN MACO3 + NO3 —+ MACO2 + NOy KRO2NO3#1.74 Sander et al. (2019)
644035 TrGC MACRO2 — .7 CH;COCH20H + .7 HCHO + .7 HO2 + k1_R0O2TOR02 Rickard and Pascoe (2000)*
.3 MACROH
G44036a TrGC MACRO2 + HO3 — MACRO + OH k_RO2_HO2(temp,4)sr_COCH202_OH Sander et al. (2019)
G44036b TrGC MACRO2 + HOy —+ MACROOH k_RO2_HO2(temp,4)+r_CDCH202_00H Sander et al. (2019)
6440372 TrGON MACRO2 + NO — MACRO + NOy KRO2NO (1.-alpha_AN(8,3,1,0,0, Sander et al. (2019)
temp, cair))
G44037b  TrGCN MACRO2 + NO —+ MACRNO3 KRD2ND*alpha AN(6,3,1,0,0,temp,  Sander et al (2019)
cair)
644038 TrGCN MACRO2 + NO3 — MACRO + NOa KRO2NO3 Sander et al. (2019)
G4403%a TrGC MACROOH + OH — MACRO2 k_ROOHRO Sander et al. (2019)
G44039b  TrGC MACROOH + OH —+ CO + CHzCOCH:0OH + OH k_t#f_0+f_TCH20H*T_alk Sander et al. (2019)
G4403%c TrGC MACROOH + OH — CO + MGLYOX + HO» (k_s*f_sOH+f pCH20H + k ROHRO) Sander et al. (2019)
G44040 TrGC MACROH + OH — CH:COCH:0H + CO + HOq k_txf_0O=f tCH20H=f alk Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G44041  TrGC MACRO — .885 CH;COCH;OH + .885 CO + .115 KDEC Sander et al. (2019)
MGLYOX + .115 HCHO + HO»
044042 TrGC MACO2H + OH — CH;COCH,OH + HO; + COq ((k_adt+k_adp)#a_CO2H+k_CO2H) Sander et al. (2019)
G44043a TrGC MACO3H + OH — CH3COCH2OH + CO; + OH (k_adt+k_adp)*a_COZH Sander et al. (2019)
G44043b TrGC MACOS3H + OH — MACO3 k_ROOHRO Sander et al. (2019)
G44044 TrGC LHMVKABO2 — 024 CO2H3CHO + 072 MGLYOX (.12+ki_RO2pOR02+88=k1_RO2s0R02)  Sander et al. (2019)
+ .072 HO; + .072 HCHO + .5280 CH:C(O) + .5280
HOCH,CHO + .176 BIACETOH + .2 HO12C03C4
G44045a TrGC LHMVKABO?2 + HO; — OH + HOCHyCHO + CH3C(0) k_RO2_HOD2(temp,4)+.88+r_COCH202_  Sander et al. (2019)
0H
G44045b TrGC LHMVKABO?2 + HO; - LHMVKABOOH k_RO2_HO2 (temp,4)*(.12+.88+r_ Sander et al. (2019)
COCH202_0D0H)
G44046a TrGCN LHMVKABO?2 + NO — .12 MGLYOX + .12 HO; 4 .88 KRO2ND*(1.-(.12+*alpha_AN(6,1,0, Sander et al. (2019)
HOCH,CHO + .88 CH3C(0) + .12 HCHO + NO; 1,0,temp,cair)+.88+alpha AN(6,2,
1,0,0,temp, cair)))
G44046b TrGCN LHMVKABO?2 + NO —+ MVKNO3 KRO2NO*(.12%alpha_AN(6,1,0,1,0, Sander et al. (2019)*
temp,cair)+.88+=alpha AN(6,2,1,0,
0, temp, cair))
G44047 TrGCN LHMVEKABO?2 + NO; — .12 MGLYOX + .12 HO, + .88 KRO2NO3 Sander et al. (2019)
HOCH,CHO + .88 CH;C(0) + .12 HCHO + .12 HOy +
NO2
G44048a TrGC LHMVEKABOOH + OH — LHMVEABO2 k_ROOHRO Sander et al. (2019)
G44048bp TrGC LHMVKABOOH + OH — .12 CO2H3CHO 4 88 (12+k_s*f_sO0H+f_pCH20H+.88%kK_ Sander et al. (2019)
BIACETOH + OH T+ _TO0H*I_pCH20H+*I_CO)
G44049a TrGC CO2H3CHO + OH — CO2ZH3CO03 k_t*f 0+ _alk Sander et al. (2019)
G44049b TrGC CO2H3CHO + OH — CH3COCOCHO + HOs + Ha0 k_t+f_CO+f_tOH+f_CHO Sander et al. (2019)
G44050 TrGCN CO2H3CHO + NO3z — CO2H3ICO3 + HNO; KND3AL#4.0 Rickard and Pascoe (2009)
644081 TrGC CO2H3CO3 —+ MGLYOX + HO2 + CO» k1 ROZRCO3 Sander et al. (2019)
G44052a TrGC CO2H3CO3 + HO3 — OH + MGLYOX + HOs + COs KAPHOZ2+r_CO3_0H Sander et al. (2019)
G44052b TrGC CO2H3CO3 + HOy — CO2H3ICO2H + Oy KAPHOZ#r_C03_03 Sander et al. (2019)
G44062¢ TrGC CO2H3CO3 + HO; —+ CO2H3CO3H KAPHOZ2#T_CO3_00H Sander et al. (2019)
G44053 TrGCN CO2H3CO3 + NO — MGLYOX + HOs + NOg + COs KAPNO Sander et al. (2019)
G44054  TrGCN CO2H3CO3 + NO3 —+ MGLYOX + HO2 + NOg + CO2 KROZND3*1.74 Sander et al. (2019)
G44055a TrGC COZHICO3H + OH — CO2ZH3CO3 k_ROOHRO Sander et al. (2019)
G44055b TrGC CO2H3CO3H + OH — CH3C(0) + CO + COs + OH (k_t*f_COZ2H*f_CO*f_tOH) Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)

7 labels Teaction rate coefficient reference
644056  TrGC CO2H3CO2H + OH — CH3COCOCO2H + HO4 k_t+f_CO2H+f_CO#+I_TOH+k_CO2H Sander et al. (2019)
G44057a  TrGC HO12C03C4 + OH — BIACETOH + HO, k_T+f_tOH+T_alksI_CO Sander et al. (2019)
G44057b  TrGC HO12C03C4 + OH — COZH3CHO + HO2 k_s«f_sOH«f alk Sander et al. (2019)
644058  TrGC MACO2 — .65 CHz + .65 CO + .65 HCHO + .35 OH + KDEC Sander et al. (2019)
.35 CH;COCH303 + CO»
644058  TrGC LHMVKABO2 — 88 MGLYOX + 8% HCHO + 12 k_nsd Sander et al. (2019)
HOOCH2CHO + .12 CH3C(O) + OH
G44060  TrGC MACRO2 — MGLYOX + HCHO + OH k_hsb Sander et al. (2019)
G44061a  TrGCN MVENO3 + OH — MGLYOX + COs + HOy + NO3 + k_s+f_sO0H«f_CH20N02+k_ROHRO Sander et al. (2019)*
Ha0
G44061b  TrGCN MVKNO3 + OH — BIACETOH + NO; + H.O k_t+f_0ONO2+f_CO+f_pCH20H Sander et al. (2019)*
G44062a  TrGCN MACRNOZ + OH — CH3;COCH:O0H + CO; + NOy + k_t#f_0+f_CH20ND2 Sander et al. (2019)*
HaO
G44062b TrGCN MACRNO3 + OH — MGLYOX + CO + NOs + Ha0 k_ROHRO+k_s*f_sOOH+f_CH20N0O2 Sander et al. (2019)*
644063  TrGC MACRO2 — CH3COCH:0H + OI + CO k_14hsal Sander et al. (2019)
644064  TrGC EZCH3C02CHCHO — .9 CH;COCHCO + .1 CH3C(O) + k_15hs24vynal Sander et al. (2019)
.01 GLYOX + .18 CO + .09 HO, + OH
G44065  TrGC EZCH3CO2CHCHO + HOy— CHyCOOHCHCHO k_RD2_HO2(temp,4) Sander et al. (2019)
G44066  TrGCN EZCH3CO2CHCHO + NO — CH;COCHO,CHO + NO,  KRO2ND Sander et al. (2019)*
G44067  TrGCN EZCH3CO2CHCHO + NOz— CHzCOCHO2CHO + NOs  KRO2ND3 Sander et al. (2019)
G44068  TrGC EZCH3CO2CHCHO — CH3;COCHO;CHO k1_R02s0R02 Sander et al. (2019)
644069  TrGC EZCHOCCH3CHO?2 — HCOCCH;CO + OH k_15hs24vynal Sander et al. (2019)
644070  TrGCN EZCHOCCH3CHO?2 + NO — HCOCO,CH3CHO + NOy;  KRO2ND Sander et al. (2019)*
644071 TrGC EZCHOCCH3CHO?2 + HO;— HCOCCH;CHOOH k_R0O2_HO2(temp,4) Sander et al. (2019)
644072  TrGCN EZCHOCCH3CHO2 + NOz— HCOCOCH2CHO + NO2  KRO2ND3 Sander et al. (2019)
G44073  TrGC EZCHOCCH3CHO?2 — HCOCO2CH3CHO k1_R0O2pOR0O2 Sander et al. (2019)
644074  TrGC CH3COOHCHCHO — CH3COCHOoCHO + OH k_hydec Sander et al. (2019)
644075 TrGC HCOCCH;CHOOH — HCOCO,CH;CHO + OH k_hydec Sander et al. (2019)
644076  TrGCN CH3COCHO,CHO + NO — CH3zC(O) + GLYOX + NO, KRO2NO Sander et al. (2019)*
G44077  TrGCN CH3COCHO2CHO + NOz —+ CH3C(O) + GLYOX + NO; KRO2NO3 Sander et al. (2019)
644078 TrGC CH3COCHO,CHO + HO3 — CH3C(O) + GLYOX + OH k_R0O2_HOZ(temp,4) Sander et al. (2019)*
Gasa07s  TrGC CH2COCHO,CHO — CH3C(0) + GLYOX k1_R0O2s0R02 Sander et al. (2019)
644080 TrGC HCOCO,CH;CHO — MGLYOX + CO + HO» k1_RO2tOR0O2 Sander et al. (2019)
644081 TrGCN HCOCO,CH;CHO + NO — MGLYOX + CO + HOy + KRO2ND Sander et al. (2019)*
NO3
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
Ga4082 TrGC HCOCO,CH3;CHO + HO; —+ MGLYOX + CO + HO; + k_RO2_HO2(temp,4) Sander et al. (2019)*
OH
G44083  TrGCN HCOCO,CH3CHO + NO3 —+ MGLYOX + CO + HO; + KRO2ND3 Sander et al. (2019)
NOg
G44084 TrGC HCOCCH;CO + OH — CO + MGLYOX + HO, 1E-10#a_CHO Hatakeyama et al (1985),
Sander et al. (2019)
G44085  TrGC CH3COCHCO + OH — CO + MGLYOX + HOs 7.6E-11#a_COCH3 Hatakeyama et al. (1085),
Sander et al. (2010)*
G44086  TrGCN LMEKNO3 + OH — .62 MGLYOX + .62 HCHO + .62 .62#(k_p#*(f_CO+f_CH20ND2)) Sander et al. (2010)*
HO; + .62 NO; + .38 CH3C(O) + .38 NO;CH2CHO +.38* (k_s=f_CH20ND2+f_CO)
G44087  TrGC MEPROPENE + OH — IBUTOLBO2 9.4E-12+EXP (505./temp) Atkinson et al. (2006)
G44088a TrGC MEPROPENE + O3 —+ CH3COCH3 + CH,00* 2.TE-15+EXP(-1630./tenp) *0.33 Atkinson et al. (2006), Sander
et al. (2019)
G44088p  TrGC MEPROPENE + O3 —+ CH3COCH;0; + OH + HCHO  2.7E-15+EXP(-1630./temp) *0.67 Atkinson et al. (2006), Sander
et al. {2019)
G44089  TrGCN MEPROPENE + NO; — CH3COCHz + HCHO + NO3 3.4E-13 Atkinson et al. (2006), Sander
et al. (2019)*
G44090 TrGC IBUTOLBO2 — CHyCOCH; + HCHO + HO, k1_RO2tOR0Z Sander et al. (2019)
G44091a TrGC IBUTOLBO?2 + HO, — IBUTOLBOOH k_ROZ_HO2(temp,4)*r_COCH202_00H  Sander et al. (2019)
G44091b  TrGC IBUTOLBO2 + HO3 — CHsCOCHz + HCHO + HO; + k_R0O2_HO2(temp,4)*r_COCH202_0OH Sander et al. (2019)
OH
G44092a TrGCN IBUTOLBO2 + NO — CH3COCH: + HCHO + HO; + KROZND*(1.-alpha AN(5,3,0,0,0, Sander et al. (2019)
NOo temp, cair))
G44092b  TrGCN IBUTOLBO2 + NO — IBUTOLBNO3Z KRO2NO#alpha AN(5,3,0,0,0,temp,  Sander et al. (2019)
cair)
G44093  TrGCN IBUTOLBO2 + NO; — CH3COCHs + HCHO + HO; + KROZND3 Sander et al. (2019)
NOg
G44094a TrGC IBUTOLBOOH + OH — IBUTOLBO2 k_ROOHRO Sander et al. (2019)
G44094b  TrGC IBUTOLBOOH + OH — CH3COCH; + HCHO + HO, k_s*I_s00H«f_pCH20H Sander et al. (2019)
G44095  TrGCN IBUTOLBNO3 + OH — CH3COCH; + HCHO + HO; + 3.#k_p Sander et al. (2019)
NOg
G44096  TrGC BUTIENE + OH — LBUT1ENO2 6.6E-12+EXP (465./Temp) Atkinson et al. (2006)*
G44097a  TrGC BUTIENE + O3 — HCHO + .5 CoH;CHO + .5 HoOy +  3.35E-15+EXP(-1745./temp)*.57 Atkinson et al. (2006), Sander

5 CH3CHO + 5 CO + 5 HO,

ot al. (2010)*
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Table 1: Gas phase reactions (... eontinued)

3 labels Teaction rate coefficient reference
€4409Tb  TrGC BUTIENE 4 O3 —+ CoH,CHO | CH,00" 3.35E-164EXP (- 1745./Temp) +.43 Atkinson et al. (2006), Sander
et al. (2019)*
44082  TrGCN BUTIENE + NOz — CoH;CHO + HCHO + NOg 3.2E-13«EXP(-950./temp) Atkinson et al. (2006), Sander
et al. (2010)*
644099  TrGC LBUTIENO2 — C3H;CHO + HCHO + HO, k1_RO2s0R02 Sander et al. (2019)
G44100a TrGC LBUTIENO2 + HOs — LEUT1ENOOH k_RO2_HO2(temp, 4)*r_COCH202_D0H Sander et al. (2019)
644100b TrGC LBUTIENG?2 + HO; — CoH;CHO + HCHO + HO, + k_RO2_HO2(Temp,4)+r_COCH202_OH Sander et al. (2019)
OH
G44101a  TrGCN LBUTIENO2 + NO — C3H5CHO + HCHO + HO3 + NOa  KRO2NO*(1.-alpha_AN(5,2,0,0,0, Sander et al. (2019)
temp, cair))
644101b TrGCN LBUTIENO2 + NO — LBUTIENNO3 KRO2NO*alpha_AN(5,2,0,0,0,temp,  Sander et al. (2019)
cair)
644102 TrGCON LBUTIENO?2 + NO; — CoH,CHO + HCHO  HO, | KRO2NO3 Sander et al. (2019)
NO;
G44103a TrGC LBUTIENOOH + OH — LBUT1ENO2 k_ROOHRO Sander et al. (2019)
644103 TrGC LBUTIENOOH + OH — CoH;COz; + HCHO + HO4 k_t»f_tDOH+f_pCHZOH Sander et al. (2019)*
644104 TrGCN LBUTIENNO3 + OH — C,H,CHO + CO + HO, + NO, k_s+f_sOH+f_CH20NO2 Sander et al. (2019)*
644105  TrGC CBUTZ2ENE + OH — BUT20LO2 1.1E-11+EXP(485./temp) Atkinson et al. (2006)
Gc44106  TrGC CBUT2ENE + O — CH;CHO + .16 CH3CHOHOOH + 3.2E-15+EXP(-965./temp) Atkinson et al. (2006), Sander
.50 OH + .50 HCOCH» 0, + .05 CH2CO + .09 CH;0H + et al. (2019)*
.09 CO + 2CHy + .2 CO2
44107 TrGCN CBUTZENE + NOz — 2 CHaCHO + NOy 3.5E-13 Atkinson et al. (2006), Sander
et al. (2019)*
Gasa108  TiGC TBUT2ENE + OH — BUT20LO2 1.0E-11+EXP(553./temp) Atkinson et al. (2006)
644109  TrGC TBUT2ENE + O3 — CH3CHO + .16 CH3CHOHOOH + 6.6E-15+EXP(-1060./temp) Atkinson et al. (2006), Sander
.50 OH + .50 HCOCH» 0, + .05 CH2CO + .00 CH;0H + et al. (2019)
09 CO + 2CHy + .2 COs
G44110  TrGCN TBUT2ENE + NOz — 2 CH2CHO + NOs 1.78E—12+EXP (-530./temp) Atkinson et al. (2006), Sander
+1.28E-14+EXP (570./temp) ot al. (2019)*
644111 TrGC BUT20LO2 — CeH;CHO + HCHO + HOs k1_RO2s0DR0O2 Sander et al. (2019)
G44112a TrGC BUT20LO2 + HO; — BUT20LOOH k_RO2_HO2(temp, 4)*r_COCH202_00H Sander et al. (2019)
0441126 TrGC BUT20LO2 + HO; — 2 CH;CHO + HOs + OH k_RO2_HO2(temp, 4)*r_COCH202_0H Sander et al. (2019)
G44113a  TrGCN BUT20LO2 + NO — 2 CH3CHO + HOz + NO2 KRO2NO*(1.-alpha AN(5,2,0,0,0, Sander et al. (2019)
temp, cair))
24
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G44113b TrGCN BUT20LO2 + NO — BUT20LNO3 KRO2ZNO#alpha AN(5,2,0,0,0,temp, Sander et al. (2019)
cair)
G44114 TrGCN BUT20LO2 + NO3 — 2 CH3CHO + HO3 + NOa KROZNO3 Sander et al. (2019)
G44116a TrGC BUT20LOOH + OH — BUT20LO2 k_ROOHRO Sander et al. (2019)
G44115b TrGC BUT20LOOH + OH —+ LMEKOOH + HO» k_t+f_tOH+f_pCH20H Sander et al. {2019)
G44115c TrGC BUT20LO0OH + OH — BUT20LO + OH k_t+f_tO0OH+f_pCH2Z0H Sander et al. {2019)
G44116  TrGCN BUT20LNO3 + OH — LMEKNO3 + HO» k_t*f_tOH«f_CH20NO2 Sander et al. (2019)
G44117 TrGC BUT20LO + OH — BIACET + HO, k_t+f_tOH«I_CO Sander et al. (2019)
G44118 TrGC IPRCHO + OH — IPRCO3 + HaO 6.8E-12+EXP (410./temp) Atkinson et al. (2006)
G44119 TrGCN IPRCHO + NO3z — IPRCO3 + HNO;z 1.67E-12+EXP (- 1460./temp) Atkinson et al. (2006)
G44120 TGO IPRCO3 — iCzH0a + COa k1 RO2RCO3 Rickard and Pascoe (2009)
G44121a TrGC IPRCO3 + HOa2 — PERIBUACID KAPHO2+r_CD3_00H Rickard and Pascoe (2009),
Sander et al. (2019)
G44121b TrGC IPRCO3 + HO, — iC3H;00 + COs + OH KAPHOZ*(1.-T_CO3_00H) Rickard and Pascoe (2009),
Sander et al. (2019)
G44122 TrGCN IPRCO3 + NOas — PIPN k_CH3CO3_ND2 Rickard and Pascoe (2000)
G44123  TrGCN IPRCO3 + NO — iC3H, 05 + COy + NOy KAPNO Rickard and Pascoe (2000)
G44124a TrGC PERIBUACID + OH — IPRCO3 + H,0 k_ROOHRO Rickard and Pascoe (2009)
ca4124b TIGC PERIBUACID + OH — CH,COCH; + H,0 + CO, K_s*f_CO2H Sander et al. (2019)*
44125 TrGCN PIPN — IPRCO3 + NOs k_PAN_M Rickard and Pascoe (2009)
G44126 TrGCN PIPN + OH — CH3COCHz + CO3 + NOs k_s+f_cpan Sander et al. (2019)*
G44127 TGO MPROPENOL + OH — HCOOH + OH + CH3COCH;z k_CH2CHOH_OH_HCOOH Sander et al. (2019), So et al.
(2014)*
G44128 TGO MPROPENOL + HCOOH — IPRCHO + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
44129 TrGC IPRCHO + HCOOH — MPROPENOL + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
G44130 TrGC BUTENOL + OH — HCOOH + OH + CoH;CHO k_CH2CHOH_OH_HCOOH Sander et al. (2019), So et al.
(2014)*
G44131 TGO BUTENOL + HCOOH — C3H-CHO + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
G44132 TrGC CzHyCHO + HCOOH — BUTENOL + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
644133 TrGC HVMK + OH — HCOOH + OH + MGLYOX B.BE-11 Sander et al. (2019), So et al.

(2014), Messaadia et al. (2015)*
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
644132 TGO HVMK + HCOOH — CO2C3CHO + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
644135  TrGC CO2C3CHO + HCOOH — HVMEK + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
644136 TrGC HMAC + OH — HCOOH + OH + MGLYOX 8.8E-11 Sander et al. (2019), So et al.
(2014), Messaadia et al. (2015)*
644137  TrGC HMAC + HCOOH — IBUTDIAL + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
G44138  TrGC IBUTDIAL + HCOOH — HMAC + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
G44139 TrGC CO2C3CHO + OH — CHaCOCH202 + CO2 + HaO k_t#f_0+I_alk+k_s+f_CHO+I_CO Sander et al. (2019)*
644140 TrGCN CO2C3CHO + NOg — CH3COCH20s + COz + HNOg KND3AL#*4.0 Sander et al. (2019)*
G44141 TrGC IBUTDIAL + OH — CHzCHO + CO + HOa + COs + 2.#k_t*f_D#f_alk+k_t*f_CHO+f_CHO Sander et al. (2019)*
Hy0
G44142  TrGCN IBUTDIAL + NO; —+ CH3;CHO + CO + HOs + COs + 2.#KND3AL#4.0 Sander et al. (2019)*
HNO3
644200  TrGTerC CH;COCOCH;04 — CH5C(0) + HCHO + CO ki_ROZpORDZ Rickard and Pascoe (2000)
644201  TrGTerC CH;COCOCH;0; + HO; —+ CH;COCOCH,00H k_R0O2_HO2(temp,4) Rickard and Pascoe (2009)
644202  TrGTerCN CHCOCOCH,05 + NO — CH3C(0) + HCHO + CO +  KRO2ND Rickard and Pascoe (2000)*
NO9
G44203a  TrGTerC CH;COCOCH;00H + OH — CH;COCOCHO + OH k_s=f_CO+f_sO0H Rickard and Pascoe (2000)*
G44203p  TrGTerC CH3COCOCH200H + OH — CHaCOCOCH204 k_ROOHRO Rickard and Pascoe (2000)
644204  TrGTerC C4402 + HO; — C4400H k_RO2_H02(temp,4) Rickard and Pascoe (2009)
644205  TrGTerCN C4402 + NO — HCOCH2CHO + COg + HOy + NOo KRO2ND Rickard and Pascoe (2000)*
G44206  TrGTerC C4402 —+ HCOCH2CHO + CO; + HO2 k1_RO2s0R02 Rickard and Pascoe (2000)
644207  TrGTerC C4400H + OH — C4402 TA6E-11 Rickard and Pascoe (2009)
G44208  TrGTerC CHOC3C002 —+ HCOCH2CO3 + HCHO ki ROZpORO2 Rickard and Pascoe (2000)
644209  TrGTerC CHOC3C002 + HOs — C413CO00H k_RO2_H02(temp,4) Rickard and Pascoe (2000)
644210  TrGTerCN CHOC3C002 + NO —+ HCOCH2CO3 + HCHO + NO,  KRO2ND Rickard and Pascoe (2000)*
G44211  TrGTerC C413CO00H + OH — CHOC3C0OO02 8.33E-11 Rickard and Pascoe (2000)
644212  TrGTerC C4CODIAL + OH — C312C0CO3 3.39E-11 Rickard and Pascoe (2000)
644213  TrGTerCN CACODIAL + NO; — C312C0C03 + HNO3 2.«KNO3AL*4.0 Rickard and Pascoe (2000)
G44214  TrGTerC C312C0C03 — HCOCOCH202 + COs ki_ROZRCO3 Rickard and Pascoe (2000)
G44215a TrGTerC C312C0C03 + HOy — C312COCO3H KAPHO2#T_CO3_00H Rickard and Pascoe (2009)
G44215b  TrGTerC C312C0C03 + HO; —+ HCOCOCH20: + COa2 + OH KAPHO2*(1.-r_C03_00H) Rickard and Pascoe (2000)
26
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
644216  TrGTerCN C312C0C03 + NOy — C312COPAN k_CH3C03_ND2 Rickard and Pascoe (2000)
644217  TrGTerCN €312C0CO03 + NO — HCOCOCH20; + COg + NOg KAPNOD Rickard and Pascoe (2000)
Ga4218  TrGTerC C312COCO3H + OH — C312C0C03 1.63E-11 Rickard and Pascoe (2000)
G44219  TrGTerCN C312COPAN — C312COCO3 + NO3 k_PAN_M Rickard and Pascoe (2000)
644220  TrGTerCN C312COPAN + OH — HCOCOCHO + CO + NOy 1.27E-11 Rickard and Pascoe (2000)
G44221  TrGTerC CH3COCOCHO + OH — CH3C(0) + 2 CO 8.4E-13+EXP (830./temp) Sander et al. (2019)*
G44222  TrGTerCN CH3COCOCHO + NOg — CH3C{O) + 2 CO + HNOg KNO3AL*4.0 Rickard and Pascoe (2000)
G44223 TrGTerC IBUTALOH + OH — IPRHOCO3 1.4E-11 Rickard and Pascoe (2000)
G44224a  TrGTerC IPRHOCO3 + HO2 — CH3COCH; + COy + HOy + OH  KAPHO2+r_CO3_0H Rickard and Pascoe (2009),
Sander et al. (2019)
G44224b  TrGTerC IPRHOCO3 + HO3; — IPRHOCO2H + O3 KAPHO2+r_C03_03 Rickard and Pascoe (2009),
Sander et al. (2019)
Ga4224c  TrGTerC IPRHOCO3 + HO2 — IPRHOCO3H KAPHO2+r_CO03_00H Rickard and Pascoe (2009),
Sander et al. (2019)
G44225  TrGTerCN IPRHOCO3 + NO — CHaCOCHz + COs + HOs + NO;  KAPNOD Rickard and Pascoe (2000)
G44226  TrGTerCN IPRHOCO3 + NOs — C4PANS k_CH3C03_ND2 Rickard and Pascoe (2000)
644227  TrGTerCN IPRHOCO3 + NO3 — CH3COCH; + COy + HOy + NO;  KRO2ND3#1.74 Rickard and Pascoe (2000)
G44228a TrGTerC IPRHOCO3 — CH3COCH;3 + COy + HO, ki _RO2RCO3=0.7 Rickard and Pascoe (2000)
G44228b TrGTerC IPRHOCO3 — IPRHOCO2H k1_RO2RCO3=0.3 Rickard and Pascoe (2000)
644229  TrGTerC IPRHOCO2H + OH — CHzCOCHz + CO3 + HO3 + HoO 1.72E-12 Rickard and Pascoe (2000)
644230  TrGTerC OH + [PRHOCO3H — IPRHOCO3 4.80E-12 Rickard and Pascoe (2000)
644231 TrGTerCN C4PANS — IPRHOCO3 + NO» k_PAN_M Rickard and Pascoe (2000)
G44232  TrGTerCN C4PANS5 + OH —+ CH2COCHz + CO + NOg 4.T5E-13 Rickard and Pascoe (2000)
6442333 TrGTerC MBOOO — IPRHOCO2H 1.60E-17+C (ind_H20)*(0.08+0.15) Rickard and Pascoe (2009),
Sander et al. (2019)
G44233b TrGTerC MBOOO — IBUTALOH + H2042 1.60E-17+C (ind_H20)*0.77 Rickard and Pascoe (2009),
Sander et al. (2019)
644234  TrGTerC MBOOO + CO — IBUTALOH + COy 1.20E-15 Rickard and Pascoe (2000)
644235  TrGTerCN MBOOO + NO — IBUTALOH + NOg 1.00E-14 Rickard and Pascoe (2000)
G44236  TrGTerCN MBOOO + NO; — IBUTALOH + NO3 1.00E-15 Rickard and Pascoe (2000)
G44400  TrGAroC MALANHY + OH —+ MALANHYO2 1.4E-12 Rickard and Pascoe (2000)
G44401a  TrGAroC MALDIALOOH + OH — HOCOC4DIAL + OH 1.22E-10 Rickard and Pascoe (2000)
G44401b  TrGAroC MALDIALOOH + OH — MALDIALO2 k_ROOHRO Rickard and Pascoe (2000)
G44402  TrGAroCN NCADCO2H + OH — MALANHY + NO2 k_ROOHRO Rickard and Pascoe (2000)*
644403  TrGAroC C01403CO2H + OH — HCOCH205 + 2 CO2 2.19E-11 Rickard and Pascoe (2000)
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G44404  TrGAroC BZFUOOH + OH — BZFUO2 3.68E-11 Rickard and Pascoe (2009)
G44405  TrGAroC HOCOCADIAL + OH — CO2C4DIAL + HO» 3.67E-11 Rickard and Pascoe (2009)
G44406a TrGAroC MALDIALCO3 + HO3 —+ MALDALCO2H + O3 KAPHO2#r_C03_03 Rickard and Pascoe (2009)
G44406b TrGAroC MALDIALCO3 + HOg — MALDALCO3H KAPHODZ*r_CO3_00H Rickard and Pascoe (2009)
G44406c  TrGAroC MALDIALCO3 + HO; — .6 MALANHY + HOo + 4 KAPHO2+r_CO3_0H Rickard and Pascoe (2009)*
GLYOX + 4 CO + .4 COz + OH
G44407  TrGAroCN MALDIALCO3 + NO — .6 MALANHY + HO; + .4 KAPND Rickard and Pascoe (2009)*
GLYOX + .4 CO + .4 COz + NO2
G44408  TrGAroCN MALDIALCO3 + NO3; — MALDIALPAN k_CH3CO3_NO2 Rickard and Pascoe (2009)
G44409 TrGAroCN MALDIALCO3 + NO; — .6 MALANHY + HOo + .4 KRD2NO3#1.74 Rickard and Pascoe (2009)*
GLYOX + 4 CO + .4 COz + NO2
G44410 TrGAroC MALDIALCO3 — .6 MALANHY + HOs + .4 GLYOX + Ek1_RO2RCO3 Rickard and Pascoe (2009)*
A4 CO + 400y
644411 TrGAroCN BZFUONE + NOz — NBZFUO2 3.00E-13 Rickard and Pascoe (2009)
644412  TrGAroC BEFUONE + O3 — .3125 COI1403CO2H + .1875 2.20E-19 see note®
CO1403CHO + (1875 HyOp + 5 CO + 5 CO; + 5
HCOOCH,0, + .5 OH
G44413  TrGAroC BZFUONE + OH — BZFUO2 4.45E-11 Rickard and Paseoe (2009)
G44414 TrGAroCN NBZFUOOH + OH — NBZFUO2 6.18E-12 Rickard and Pascoe (2009)
644415  TrGAroC MALDALCO3H + OH — MALDIALCO3 4.00E-11 Rickard and Pascoe (2009)
G44416 TrGAroC EPXDLCO2H + OH — CIDIALO2 + COy 2.31E-11 Rickard and Pascoe (2009)
G44417a  TrGAroC EPXDLCO3 + HO; — C3DIALO2 + CO2 + OH KAPHO2»r_CO3_0H Rickard and Pascoe (2009)
6444176 TrGAroC EPXDLCO3 + HO; — EPXDLCO2H + O3 KAPHO2#r_C03_03 Rickard and Pascoe (2009)
G44417c  TrGAroC EPXDLCO3 + HO, —+ EPXDLCO3H KAPHO2#r_C03_00H Rickard and Pascoe (2009)
G44418  TrGAroCN EPXDLCO3 4+ NO — C3DIALO2 + CO3 4+ NOg KAPND Rickard and Pascoe (2009)
G44419 TrGAroCN EPXDLCO3 + NO; — EPXDLPAN k_CH3C03_N02 Rickard and Pascoe (2009)
G44420  TrGAroCN EPXDLCO3 4+ NO3 — C3DIALO2 4+ CO2 + NOg KRO2NO3#1.74 Rickard and Pascoe (2009)
G44421  TrGAroC EPXDLCO3 — C3IDIALO2 + CO4 k1_RO2RCO3 Rickard and Pascoe (2009)*
G44422  TrGAroC MALNHYOHCO + OH —+ CO + CO + CO + COz + HO, 5.68E-12 Rickard and Pascoe (2009)
644423  TrGAroCN MALDIAL + NO3 — MALDIALCO3 + HNOq 2.%«KNO3AL#2.0 Rickard and Pascoe (2009)
G44424 TrGAroC MALDIAL + O3 — 1.0675 GLYOX + .125 HCHO + .1125 2.00E-18 Rickard and Pascoe (2009)*
HCOCO.H + .0675 Ho0s + .82 HO» + .57 OH + 1.265
CO + .25 CO,
G44425  TrGAroC MALDIAL + OH — .83 MALDIALCO3 + .17 5.20E-11 Rickard and Pascoe (2009)*
MALDIALO2
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Table 1: Gas phase reactions (... continned)
# labels reaction rate coefficient reference
G44426 TrGAroC MALANHYOOH + OH — MALNHYOHCO + OH 4.66E-11 Rickard and Pascoe (2009)
G44427  TrGAroCN MALDIALPAN + OH — GLYOX + CO + CO + NO; 3.T0E-11 Rickard and Pascoe (2000)
G44428 TrGAroCN MALDIALPAN — MALDIALCO3 + NOg k_PAN_M Rickard and Pascoe (2009)
G44428a  TrGAroC MALANHYO2 + HO2 -+ MALANHYOOH k_RO2_HO2(temp,4)#(1.-r_COCH202_  Rickard and Pascoe (2009),
OH-T_CHOHCH202_OH) Sander et al. (2019)
G4442%b TrGAroC MALANHYO2 + HOs — HCOCOHCO3 + COy + OH k_RD2_HO2(temp,4)#*(r_COCH202_0H+ Rickard and Pascoe (2000),
r_CHOHCH202_OH) Sander et al. (2019)
G44430 TrGAroCN MALANHYO2 + NO — HCOCOHCOZ + COs + NOa KROZNO Rickard and Pascoe (2000)*
G44431 TrGAroCN MALANHYO2 + NOy — HCOCOHCO3 + COy + NOg KROZND3 Rickard and Pascoe (2000)*
G44432  TrGAroC MALANHYO2 — HCOCOHCO3 + CO4 k1 RO2sORO2 Rickard and Pascoe (2000)*
G44433 TrGAroC EPXDLCO3H + OH — EPXDLCO3 2.62E-11 Rickard and Pascoe (2009)
G44434  TrGAroC CO2C4DIAL + OH — CO + CO + CO + CO + HO, 2.45E-11 Rickard and Pascoe (2000)
G44435a  TrGAroCN NBZFUO2 + HOs — NBZFUOOH k_RDZ_HO2(temp,4)*(1.-r_COCH202_  Rickard and Pascoe (2009),
OH) Sander et al. (2019)
G44435b  TrGAroCN NBZFUO2 + HO; — .5 CO1403CHO + .5 NO; + .5 k RO2 HO2(tvemp,4)*r COCH202_0H Rickard and Pascoe (2009),
NBZFUONE + .5 HOs + OH Sander et al. (2019)
G44436 TrGAroCN NBZFUO2 + NO — .5 CO1403CHO + .5 NO, + .5 KRO2ND Rickard and Pascoe (2000)*
NBZFUONE + .5 HO, + NO,
644437 TrGAroCN NBZFUO2 + NO; — .5 CO1403CHO + .5 NO; + .5 KRO2ND3 Rickard and Pascoe (2009)*
NBZFUONE + .5 HOa + NOa
G44438 TrGAroCN NBZFUO2 — .5 CO1403CHO + .5 NOg + .5 NBZFUONE  ki_R0O2sOR02 Rickard and Pascoe (2000)*
+ .5 HO,
G44439  TrGAroC MALDALCO2H + OH — .6 MALANHY + HO, + .4 3.TOE-11 Rickard and Pascoe (2000)*
GLYOX + .4 CO + .4 COq
G44440 TrGAroCN EPXC4DIAL + NOy — EPXDLCO3 + HNOy 2 #KND3AL*4.0 Rickard and Pascoe (2000)
G44441  TrGAroC EPXC4DIAL + OH — EPXDLCO3 4.32E-11 Rickard and Pascoe (2000)
G44442a  TrGAroC MECOACETO2 + HO; —+ MECOACEOOH k_RD2_HO2(temp,4)#(1.-r_COCH202_  Rickard and Pascoe (2009),
0H) Sander et al. (2019)
G44442b  TrGAroC MECOACETO?2 + HO; — CH3C(0)00 + HCHO + COs  k_RO2_HOZ2(temp,4)*r_COCH202_0H Rickard and Pascoe (2009),
+ OH Sander et al. (2019)
G44443  TrGAroCN MECOACETO2 + NO — CH3C{O)00 + HCHO + COs  KROZND Rickard and Pascoe (2000)*
+ NOy
G44444  TrGAroCN MECOACETO2 + NOz —+ CH3C(0)00 + HCHO + CO. KRO2NO3 Rickard and Pascoe (2000)*
+ NOo
G44445 TrGAroC MECOACETO?2 — CH3C(0)00 + HCHO + COy k1_RO2pOROZ Rickard and Pascoe (2000)*
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G44446  TrGAroCN CO1403CHO + NO3 — CO + HCOCH20: + COs + KNO3AL#*B.0 Rickard and Pascoe (2009)
HNO;
G44447  TrGAroC CO1403CHO + OH — CO + HCOCH202 + CO4 3.44E-11 Rickard and Pascoe (2009)
G44448  TrGAroCN NBZFUONE + OH — BZFUCO + NO; 1.16E-12 Rickard and Pascoe (2009)
G44449a TrGAroC BZFUO2 + HO; — BZFUOOH k_RDZ_HO2(temp,4)=(1.-r_COCH202_  Rickard and Pascoe (2009),
OH-T_CHOHCH202_0H) Sander et al. (2019)
G44449b TrGAroC BZFUO2 + HO; — CO1403CHO + HOz + OH k_RO2 HO2(temp,4)=*(r COCH202 OH+ Rickard and Pascoe (2009),
r_CHOHCH202_0H) Sander et al. (2019)
G44450  TrGAroCN BZFUO2 + NO — CO1403CHO + HOy + NOy KRO2ND Rickard and Pascoe (2009)*
G44451  TrGAroCN BZFUQ2 + NO3 —+ CO1403CHO + HOz + NOo KRO2ND3 Rickard and Pascoe (2009)*
G44452  TrGAroC BZFUO2 — CO1403CHO + HOg ki_R0O2s0R02 Rickard and Pascoe (2009)*
G44453  TrGAroC BZFUCO + OH — CO1403CHO + HO, 1.78E-11 Rickard and Pascoe (2009)
G44456a  TrGArC MALDIALO2 + HO; — MALDIALOOH k_RO2_HO2(temp,4)*(1.-r_COCH202_  Rickard and Pascoe (2000)
OH-T_CHOHCH202_0H)
G44456b TrGAroC MALDIALO2 + HO2 — GLYOX + GLYOX + HO» + OH  k_R0O2_HO2(temp,4)=(r_COCH202_OH+ Rickard and Pascoe (2009)
r_CHOHCH202_0H)
G44457  TrGAroCN MALDIALO2 + NO — GLYOX + GLYOX + HO, + NO,  KRO2NO Rickard and Pascoe (2000)*
G44458  TrGAroCN MALDIALO2 + NO; — GLYOX + GLYOX + HO, + KRO2ND3 Rickard and Pascoe (2009)*
NO,
644459  TrGAroC MALDIALO2 — GLYOX + GLYOX + HO» k1_RO2s0R02 Rickard and Pascoe (2000)*
G44460  TrGAroCN EPXDLPAN + OH — HCOCOCHO + CO + NOg 2.29E-11 Rickard and Pascoe (2009)
G44461 TrGAroCN EPXDLPAN — EPXDLCO3 + NOg k_PAN_M Rickard and Pascoe (2009)*
G44462  TrGAroC MECOACEOOH + OH — MECOACETO2 3.58E-12 Rickard and Pascoe (2009)
G45000  TrGC Cs;Hs + O3 — .3508 MACR + .01518 MACO2H + .2440 1.03E-14+EXP(-1995./temp) Atkinson et al. (2006), Sander
MVEK + .7085 HCHO + .11 CH200 + 1275 C3Hg + .1575 et al. (2019)
CHsC(0O) + .0510 CHz + 2625 HOs + .27 OH + .00482
Ha0s + 255 COa + .522 CO + .07182 HCHO + .03618
HCOCH309 + 01782 CO + 0.05408 LCARBON
G45001  TrGC CsHs + OH — .63 LISOPAB + .30 LISOPCD + .07 2.7TE-11+EXP(390./temp) Atkinson et al. (2006), Sander
LISOPEFO2 et al. (2019)
645002  TrGCN CyHg + NO; — NISOPO2 3.0E-12+EXP(-450./temp) Atkinson et al. (2006)
G45003a TrGC LISOPAB + O3 — LISOPACO2 5.530E-13 Sander et al. (2019)
G45003b  TrGC LISOPAB + O3 — ISOPBO2 3E-12 Sander et al. (2019)
G45004a TrGC LISOPCD + Oz — LDISOPACO2 6.780E-13 Sander et al. (2019)
G45004b  TrGC LISOPCD + Oy — ISOPDO?2 3E-12 Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G4a5005  TrGC LISOPACO2 — LISOPAB + Os 3.1E12+#exp (-7900./temp) +.6+ Sander et al. (2019)
7.8E13%exp(-8600./temp)*.4
G45006 TGO ISOPBO2 — LISOPAB + O 3.7TE14*exp(-9570./temp) Sander et al. (2019)
+4.2E14%exp(-9970./temp)
G45007  TrGC LDISOPACO2 — LISOPCD + Og 5.65E12+exp(-8410./temp) Sander et al. (2019)
*.42+1 4E14+exp(-9110./temp) .58
G45008 TrGC ISOPDO2 — LISOPCD + Oy 5.0E14#exp(-10120./Temp) Sander et al. (2019)
+8.26E14+exp(-10220./Temp)
G45009a TrGC LISOPACO2 — C1ODC202C400H k_16hsz14 * 2./3.(1.-f_HPAL) Sander et al. (2019)
G45008p  TrGC LISOPACO2 — LZCODC2IDBCOOH + HO, k_16hszid * (2./3.+f_HPAL + 1./3.)  Sander et al. {2019)
G4as010a TrGC LDISOPACO2 — C100HC302C40D k_16hsz41 * 2./3.%(1.-f_HPAL) Sander et al. (2019)
G45010b  TrGC LDISOPACO2 — LZCODC23DBCOOH + HO4 k_16hszdl # (2./3.+I_HPAL + 1./3.) Sander et al (2019)
G45011  TrGC LISOPACO2 — .0 LISOPACO + .1 ISOPAOH k1_RO2LISOPACO2 Rickard and Pascoe (2000),
Sander et al. (2019)
G45012  TrGC LISOPACO2 + HOs — LISOPACOOH k_RDZ_HO2(temp,5) Rickard and Pascoe (2009)
G45013a TrGCN LISOPACO2 + NO — LISOPACO + NO3 KRD2ZNO*(1.-alpha_AN(6,1,0,0,0, Lockwood et al. (2010), Paulot
temp, cair)) et al. (2009a), Sander et al.
(2019)
G45013b  TrGCN LISOPACO2 + NO — LISOPACNO3 KRO2NO*alpha AN(6,1,0,0,0,temp, Lockwood et al. (2010), Paulot
cair) et al. (2009a), Sander et al
(2019)
G45014  TrGCN LISOPACO2 4+ NO3 — LISOPACO + NO3 KROZNO3 Rickard and Pascoe (2009)
G45015  TrGC LDISOPACO2 — .9 LISOPACO + .1 [SOPAOH k1_ROZLISOPACO2 Rickard and Pascoe (2000),
Sander et al. (2019)
G45016  TrGC LDISOPACO?2 + HO; — LISOPACOOH k_RO2_HO2(temp,5) Rickard and Pascoe (2009)
G45017a  TrGCN LDISOPACO2 + NO — LISOPACO + NO» KROZNO*(1.-alpha AN(6,1,0,0,0, Lockwood et al. (2010), Paulot
temp, cair)) et al. (2009a), Sander et al
(2019)
G45017b  TrGCN LDISOPACO2 + NO — LISOPACNO3 KRO2NO#alpha AN(6,1,0,0,0,temp, Lockwood et al. (2010), Paulot
cair) et al. (2009a), Sander et al.
(2019)
G45018  TrGCN LDISOPACO2 + NOsz — LISOPACO + NO3 KROZNO3 Rickard and Pascoe (2000)
G4a5019a TrGC LISOPACOOH + OH — LISOPACO2 k_RDOHRO Sander et al. (2019)
G45019b  TrGC LISOPACOOH + OH — LZCODC23IDBCOOH + HO4 E_s+f_allyl+f_sOH Sander et al. (2019)
G45019¢  TrGC LISOPACOOH + OH — LHC4ACCHO + OH (k_s*f_sO0H+T_allyl+ k_ROHRO) Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)

4 labels reaction rate coefficient reference
G45019d  TrGC LISOPACOOH + OH — LIEPOX + OH (k_adt+k_ads)*a CH20H+a_ CH200H Sander et al. (2019)*
G45020 TrGC ISOPAOH + OH — LHC4ACCHO + HOa (k_adt+k_ads)+a_CH20H+#a_CH20H+k_  Sander et al. (2019)
s»f_sOH*f_allyl+k_ROHRO
45021 TrGCN LISOPACNO3 + OH — LISOPACNO302 (k_adt+k_ads)+*a_ CH20N02+a_CH20H Sander et al. (2019)*
45022  TrGC I30PBO2 — .8 MVK + .8 HCHO + .8 HO; + 2ISOPBOH ki_RO2ISOPEOZ Rickard and Pascoe (2009)
450232 TrGC ISOPBO2 + HO, — ISOPBOOH k_RO2_HO2(temp,5)*(1.-T_ Sander et al. (2019)
CHOHCH202_0H)
450230 TrGC I30PBO2 + HO; — MVK + HCHO + HO; + OH k_R0O2 HO2(temp,5)*r CHOHCH202 OH Sander et al. {2019)
6450242 TrGCN ISOPBO2 + NO — MVK + HCHO + HO3 + NO» KRO2NO*(1.-alpha_AN(6,3,0,0,0, Lockwood et al. (2010), Sander
temp, cair)) et al. (2019)
G45024b TrGCN I30PBO2 + NO — ISOPENO3 KRD2ND+alpha AN(6,3,0,0,0,temp, Lockwood et al. (2010), Sander
cair) et al. (2019)
645025  TrGCN ISOPBO2 + NOg — MVK + .75 HCHO + .75 HO5 + .25 KRO2NO3 Rickard and Pascoe (2009)
CHz + NOg
G45026a TrGC ISOPBOOH + OH — LIEPOX + OH (k_ads+k_adp)*a_CH200H Panlot et al. (2009b), Sander
et al. (2019)
G45026b TrGC ISOPBOOH + OH — ISOPBO2 k_ROOHRO Sander et al. (2019)
G45026c  TrGC ISOPBOOH + OH — MGLYOX + HOCH,CHO k_ROHRO+k_s*f_alk+f_s0H Sander et al. (2019)
G45027  TrGC ISOPBOOH + 04 — .1368 MACROOH + .1368 H,0, + 1E-17 Sander et al. (2019)
L2280 HOs + 4332 CH3COCH2OH + .2280 COo + .6G384
OH + 2052 CO + .57 HCHO + .43 MACROOH + 06880
HOq + 06880 OH + 2709 CO + 1581 CH200
45028  TrGC ISOPBOH + OH — MVK + .75 HCHO + .75 HOg + .25 k_s*f_alk«f_sOH+(k_adp+k_ads) Sander et al. (2019)
CH; *a_CH20H
G45029  TrGCN ISOPBNO3 + OH — ISOPBDNO302 (k_adt+k_adp)*I_CH20KN02 Sander et al. (2019)
G45030 TrGC I30PDO2 — .8 MACR + .8 HCHO + .8 HO3 + .1 HCOC5 k1_R02ISOPDOZ Rickard and Pascoe (2009)
+ .1 ISOPDOH
G45031a TrGC ISOPDO2 + HO; — ISOPDOOH k_RO2_HO2(temp,B)*(1.-T_ Sander et al. (2019)
CHOHCH202_0H)
G45031b TrGC ISOPDO2 + HO3 — MACR + HCHO + HOs; + OH k_RO2_HO2(temp,5)*r_CHOHCH202_OH Sander et al. (2019)
450322 TrGCN ISOPDO2 + NO — MACR + HCHO + HO; + NOs KRO2NO*(1.-alpha_AN(6,2,0,0,0, Lockwood et al. (2010), Sander
temp, cair)) et al. (2019)
G45032b TrGCN IS0PDO2 + NO — ISOPDNO3 KRD2ND+alpha AN(6,2,0,0,0,temp, Lockwood et al. (2010), Sander
cair) et al. (2019)
45033  TrGCN ISOPDO2 + NOs —+ MACR + HCHO + HOa + NO» KRO2ND3 Rickard and Pascoe (2009)
32
Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G45034a TrGC ISOPDOCH + OH — LIEPOX + OH (k_adt+k_adp)+a CH200H Paulot et al. (2000b), Sander
et al. (2019)
G45034b  TrGC 1SOPDOOH + OH — ISOPDO2 k_ROOHRO Sander et al. (2019)
G45034c  TrGC ISOPDOOH + OH — HCOCS + OH k_t*f_t00H+f_allyl+f_pCH20H Sander et al. (2019)
G45034d TrGC ISOPDOOH + OH — CH3COCH0H + GLYOX + OH  k_s+f_pCH20H+f_sOH Sander et al. (2019)
645035 TrGC ISOPDOOH + O3 — 1.393 OH + BIACETOH + .67 1.E-17 Sander et al. (2019)
HCHO + .05280 HO» + .2079 CO + .1221 CH;00
645036  TiGC ISOPDOMH + OH — HCOCS + HOs 2.#k_ROHRO+(k_t*f_tOH+f_allyl+k_  Sander et al. (2019)
s+f_s0H)=I_pCH20H+(k_adt+k_adp)
*a_CH20H
645037 TrGCN ISOPDNO3 + OH — ISOPEDNO302 (k_adp+k_ads)*a_CH20ND2 Sander et al. (2019)*
645038  TrGCN NISOPO2 — 8 NC4CHO + .6 HO; + .2 LISOPACNO3  ki1_RO2LISOPACD2 Rickard and Pascoe (2009)
645038  TrGCN NISOPO2 + HO, — NISOPOOH k_RO2_HO2(temp,5) Rickard and Pascoe (2009)
645040  TrGCN NISOPO2 + NO — NC4CHO + HOg + NOg KRD2NO Rickard and Pascoe (2009)*
645041  TrGCN NISOPO2 + NO3 —+ NCACHO + HO; + NOo KRO2ND3 Rickard and Pascoe (2009)
G45042  TrGCN NISOPOOH + OH — NC4CHO + OH 1.03E-10 Rickard and Pascoe (2009)
645043  TrGCN NC4CHO + OH — LNISO3 (k_adt+k_ads)*a_CHO#a_CH20ND2 Sander et al. (2019)*
G45044  TrGCN NCACHO + Oy — .27 NOA + .027 HCOCO,H + .0162 2.40E-17 Sander et al. (2019)
GLYOX + .0162 H,O5 + 1458 HCOCO + .0405 HCOOH
+ .0405 CO + 8758 OH + .365 MGLYOX + .73 NOy +
0.7705 HCHO + .4055 €Oy + .73 GLYOX
645045 TrGCN NC4CHO + NO3 — LNISO3 + HNOy KNO3AL#*4.25 Rickard and Pascoe (2009)
GA5046 TrGCN LNISO3 + HOs; — LNISOOH 0.5+k_RD2_HO2(temp, 5)+0.5+KAPHO2 Rickard and Pascoe (2000)
G45047  TrGCN LNISO3 + NO — NOA + 5 HOCHCHO + .5 CO + .5 0.5+KAPND+0.5+KRO2NO Rickard and Pascoe (2000)*
HO; + NOsy + .5 COs
G45048  TrGCN LNISO3 + NOz — NOA + .5 HOCHCHO + .5 CO + .5 KROD2ND3#1.37 Rickard and Pascoe (2009)
HOz + NOg + .5 COy
G45048  TrGCN LNISOOH + OH —+ LNISO3 2.65E-11 Rickard and Pascoe (2009)
G45050a TiGC LHC4ACCHO + OH — LC57802 (k_adtertprim+k_ads)+*a_CHO*a_ Sander et al. (2019)
CH20H
G450500 TrGC LHC4ACCHO + OH — LHC4ACCO3 k_t*i 0 Sander et al. (2019)
G45050c  TrGC LHCJACCHO + OH — CAMDIAL + HOs k_s*I_sOH+=f_allyl Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G45051  TrGC LHC4ACCHO + Oz — .2225 CHa2C(O) + .89 CO + 2.40E-17 Rickard and Pascoe (2009)
0171875 HOCH,COsH + 075625 HaOp + 0171875
HCOCO,H + 2775 CH;COCH,OH + 6675 HO. +
2603125 GLYOX + .2225 HCHO + .89 OH + .2603125
HOCH;CHO + .5 MGLYOX
G45052  TrGCN LHC4ACCHO + NO3 — LHC4ACCO3 + HNO3z KNO3AL#*4.25 Rickard and Pascoe (2009)
G45053 TrGC LC57802 — .25 CH3COCH-OH + .75 MGLYOX + .25 ki_R0O2tOR0D2 Rickard and Pascoe (2009)
HOCHCHO + .75 HOCH,CHO + .75 HO9
G45054a TrGC LC57802 + HOy — MGLYOX + HOCH,CHO + OH k_RO2_HD2(temp,5)*r_COCH202_0H Rickard and Pascoe (2009)
G45054b TrGC LC57802 + HOy — LC5TR00H k_RO2_HD2(temp, 5) =r_COCH202_00H Rickard and Pascoe (2009)
G45085  TrGCN LC57802 + NO — .25 CH3COCH20H + .75 MGLYOX + KRO2ND Rickard and Pascoe (2009)*
.25 HOCHCHO + .75 HOCHoCHO + .75 HO3 4+ NOg
G45056 TrGCN LC57802 + NO3 — .25 CHzCOCH0H + .75 MGLYOX KRO2NO3 Rickard and Pascoe (2009)
+ .25 HOCHCHO + .75 HOCH2CHO + .75 HO2 + NOa2
G45057 TrGC LC57802 — 25 CH3COCH.OH + .75 MGLYOX + 25 k_hsb Sander et al. {2019)
HOCH,CHO + .75 HOCH,CHO + HO, + OH
G45058a TrGC LC57800H + OH — LC57802 k_ROOHRD Sander et al. (2019)
G45058b TrGC LC57800H + OH — ClODC200HC40D + HO, k_t#f_O+«f_tCH2OH#f_alk+k_t+f_ Sander et al. (2019)
TOH#*f_pCH20H#*f _pCH20H+k_s+I_
sOH+f_pCH20H
G45059a TrGC LHC4ACCO3 — OH + .5 MACRO2 + .5 LHMVKABO2 ki_RO2RC03%0.9 Sander et al. {2019)
+ CO4
G45059b TrGC LHC4ACCO3 — LHC4ACCO2H k1_RO2RCO3#0.1 Sander et al. {2019)
G45060a TrGC LHC4ACCO3 + HO; — 2 OH + .5 MACRO2 + .5 KAPHO2+r_CO3_OH Sander et al. (2019)
LHMVKABO2 + CO4
G45060bp TrGC LHC4ACCO3 + HO9 — LHCIACCO3IH KAPHOZ*r_C03_00H Sander et al. {2019)
G45060c TrGC LHC4ACCO3 + HO; —+ LHC4ACCO2H + O3 KAPHO2#r_C03_03 Sander et al. (2019)
G45061  TrGCN LHC4ACCO3 + NO — .5 MACRO2 + .5 LHMVEKABO2 KAPNOD Sander et al. (2019)
+ NOs + COq
G45062 TrGCN LHC4ACCO3 + NO; —+ LC5PANIT19 k_CH3C03_N02 Rickard and Pascoe (2009)
GA5063 TrGCN LHC4ACCO3 + NO3 — .5 MACRO2 + .5 LHMVKABO2 KRO2NO3#1.74 Sander et al. {2019)
+ NOa + COy
G45064a TrGC LHC4ACCO2H + OH — OH + .5 MACRO2 + .5 2.52E-11 Sander et al. (2019)
LHMVKABO2 + COy
G45064b  TrGC LHC4ACCO3H + OH — LHC4ACCO3 2.88E-11 Rickard and Pascoe (2009)
M
Table 1: Gas phase reactions (... continued)
4 labels reaction rate coefficient reference
G45065 TrGCN LC5PAN1T19 — LHC4ACCO3 + NOo k_PAN_M Rickard and Pascoe (2009)
G45066 TrGCN LC5PAN1TI9 + OH — .5 MACROH + .5 HO12C03C4 4+ 2.52E-11 Rickard and Pascoe (2009)
CO + NO2
G45067 TrGC HCOC5 + OH — C5902 3.81E-11 Rickard and Pascoe (2009)
G45068 TrGC HCOCS5 + O3 — BIACETOH + .335 HoO, + .67 HCHO  7.51E-16+EXP(-1521./temp) Sander et al. (2019)
+ .2079 CO + .1221 CH200 + .05280 OH
G45069 TrGC 5902 —+ CH3COCH20H + HOCH2CO k1_RO2tORO2 Sander et al. (2019)
G45070a  TrGC 5002 + HO; — OH + CH3COCH;0H + HOCH2CO k_RO2_HO2(temp,5)*r_COCH202_0H Sander et al. (2019)
G45070b  TrGC 5902 + HO; — C5900H k_RD2_HO2(temp,5)*r_COCH202_0OH Sander et al. (2019)
G45071 TrGCN 5902 + NO — CH;COCH;OH + HOCH2CO + NOg KROZNO Sander et al. (2019)*
G45072 TrGCN 5902 + NO3 — CH3COCH20OH + HOCH2CO + NOa KROZNO3 Sander et al. (2019)
645073  TrGC C5900H + OH — C5902 9.7TE-12 Rickard and Pascoe (2009)
G45074 TrGC LIEPOX + OH — DB102 + H20 5.78E-11+EXP(-400./temp) Paulot et al. (2009b), Bates et al.
*(1.52/3.+0.98%2./3.) /1.51 (2014), Sander et al. (2019)*
G45075 TrGC ISOPBO2 —+ MVK + HCHO + OH k_hsb Sander et al. (2019)
G45076 TrGC ISOPDO2 —+ MACR + HCHO + OH k_hsd Sander et al. (2019)
G45077a  TrGC LZCODC23DBCOOH + OH — .6 C10DC202C400H + k_adt+a_CHO+a_CH200H Sander et al. (2019)
A4 C100HC202C40D
G45077b  TrGC LZCODC23DBCOOH + OH — .6 C10DC302C400H + k_ads+a_CHO+a_CH200H Sander et al. (2019)
4 C100HC302C40D
G45077c  TrGC LZCODC23DBCOOH + OH — LZCO3HC23DBCOD k_t*f_0+f_alk+k_RODHRO Sander et al. (2019)
G45077d  TrGC LZCODC23DBCOOH + OH — C4MDIAL + OH k_s«f_sO0H+f_allyl Sander et al. (2019)
G45078 TrGC LZCODC23DBCOOH + 05 — 4672 OH + .2336 24E-17 Sander et al. (2019)
HCOCOCH20s + 2336 CO + .2336 CH3C{O) + .4672
HOOCH2CHO + .1728 MGLYOX + .1901 OH + .0864
GLYOX + .02765 HOOCH2CHO + .02765 Ha O + 02502
CH300H + .02592 CO; + .01037 HCOCO + .01335
CH300 + .01555 CO + 006908 HOOCH3CO; + .2628 OH
+ .1314 MGLYOX + .1314 OH + .1314 HCOCOCH:OOH
+ .2628 GLYOX + .0972 CH3COCH.0.H + .00972
HCOCO-H + .005832 GLYOX + 005832 HaO9 + 05249
OH + .05249 HCOCO + .01458 HCHO + .01458 COg +
.01458 HCOOH + .01458 CO
G45079 TrGC C100HC202C40D — .78 CH3COCH»0.H + .78 ki_RO2tOR02 Sander et al. (2019)

HOCHCHO + .22 CO2H3CHO + .22 HCHO + .22 OH
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G45080  TrGCN C100HC202C40D + NO — .78 CH3COCH:0.H + .78 KRO2NO Sander et al. (2019)*
HOCHCHO + .22 CO2H3CHO + .22 HCHO + .22 OH +
NOo
G45081a TrGC C100HC202C40D + HOy —+ C100HC200HC40D k_RO2 HO2(vemp,5)*r COCH202 00H  Sander et al (2019)
G45081b TrGC C100HC202C40D + HOs — .78 CH3COCH20:H + .78 k_R02_HO2 (temp, 5)*r_COCH202_OH Sander et al. (2019)
HOCHCHO + .22 CO2H3CHO + .22 HCHO + 1.22 OH
645082 TrGC C100HC202C40D — CH3COCH20:H + GLYOX + OH k_hsb Sander et al. (2019)
645083 TiGC C10DC202C400H — OH + C10DC200HC40D k_15hsdhb Sander et al. (2019)
G45084a TIGC Cl100HC200HC40D + OH — C1O0DC200HC40D + 2.+k_s«f_sOOH+f_tCH20H Sander et al. (2019)
OH
G45084b TrGC C100HC200HC40D + OH — CHaCOCH2OoH + 2 CO  k_t+f_tOH=f_pCH20H+f_pCH20H Sander et al. (2019)
+ 2HO; + OH
G4a5084c TrGC C100HC200HC40D + OH — C100HC202C40D k_ROOHRO Sander et al. (2019)
645088  TrGC C1ODC200HC40D + OH — CO2H3CHO + CO + HoO  k_t#f_0+f_tCH20H+k_T+f_tOH*I_ Sander et al. (2019)
+ OH tOH+f_CHO
645086 TIGC C10DC302C400H — MGLYOX + HOOCH2CHO + k1_RO2s0R02 Sander et al. (2019)
HO,
G45087  TrGCN C10DC302C400H + NO — MGLYOX + HOOCH2CHO  KRO2NO Sander et al. (2019)
+ HOy + NOy
G45088  TrGC C10DC302C400H + HOs — .5 CH3C(O) + .5 CO + .5 k_R0O2_HO2(temp,5) Sander et al. (2019)
MGLYOX + .5 HO; + HOOCH,CO3
G45088  TrGC C10DC302C400H — MGLYOX + OH + HOOCH2CHO  k_hsd Sander et al. (2019)
645090 TiGC C100HC302C40D — .625 MGLYOX + 2 CO + 1.625 k_15hsdhb Sander et al. (2019)
HO; + .375 CH3C(O) + .375 COz + OH
645091 TrGC LHC4ACCO3 — LZCO3HC23DBCOD + HOy k_16hs Sander et al. (2019)
G45092a TrGC C4AMDIAL + OH — C10DC202C40D (k_adt+k_ads)+a_CHD*a_CHO Sander et al. (2019)*
G45092b TrGC CAMDIAL + OH — LZCO3C23DBCOD 2.#k_t*f_0sf_alk Sander et al. (2019)*
645093 TrGCN CAMDIAL + NO; — LZCO3C23IDBCOD + HNO3 KNO3AL#4.25%2. Sander et al. (2019)*
G45094a TrGC C1O0DC202C40D + HO. — OH + MGLYOX + k_RO2_HO2(temp,5)*r_COCH202_OH Sander et al. (2019)
HOCHCHO
G45094b TIGC C10DC202C40D + HO; — C10DC200HC40D k_RO2_HO2(temp,5)#r_COCH202_00H  Sander et al. (2019)
645095  TrGCN C10DC202C40D + NO — NOs + MGLYOX + KRO2ZNO Sander et al. (2019)*
HOCHCHO
645096 TiGC C10DC202C40D — MGLYOX + HOCHCHO k1_ROZtORO2 Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G45097a  TrGC C10DC200HC40D + OH —+ MGLYOX + 2 CO (2.#k_t+_0+f_TCH20H*T_alk+k_ Sander et al. (2019)
t*f_tOH*f_CHO*f_pCH20H)*.5
645097 TrGC C10DC200HC40D + OH —+ MGLYOX + 2 CO + OH (2.%k_t*f_O+f_tCH20H*f_alk+k_ Sander et al. (2019)
t*f_tOH*f_CHO*T_pCH20H)*.5
G45098 TrGON LISOPACNO302 + NO — 21 NOA + .21 HOCH,CHO ~ KROZND Sander et al. (2019)*
+ .21 HOy + .49 HO12CO3C4 + .49 HCHO + .49 NO.
+ .045 MVENO3 + .045 HCHO + 2556 CH3COCH20H +
.255 NO3CH2CHO + .225 HaOg + NOs
645099  TrGCN LISOPACNO302 — 21 NOA + .21 HOCH,CHO + .21 k1_RO2TORD2+k_RO2_HO2(Temp,5) Sander et al. (2019)
HO3 + .49 HO12CO3C4 + .49 HCHO + .49 NO3 + .045 *c(ind_H02)
MVKNO3 + 045 HCHO + .255 CH3COCH20H + .255
NOzCH2ZCHO + .225 HaO4
645100 TrGCN ISOPBDNO302 + NO — 6 CH3COCH:OH + .6 KROZND Sander et al. (2019)*
HOCH,CHO + .26 MACRNO3 + .14 MVKNO3 + 4
HCHO + .4 HOs + 1.6 NOs
645101  TrGCN ISOPBDNO302 — .6 CH;COCH,OH + .6 HOCH,CHO k1_R02s0R02+k_RO2_HO2(temp,5) Sander et al. (2019)
+ .26 MACRNO3 + .14 MVKNO3 + .4 HCHO + 4 HO, *c(ind_HD2)
+ .6 NOy
645102 TrGCN LISOPACNO3 + Oy — 8704 OH + 365 HOy, + .73 28E-17 Feierabend et al. (2008), Sander
MGLYOX + 4325 NOzCH2CHO + .135 CH:COCH20OH et al. (2019)
+ 0675 GLYOX + .4325 NO3 + .0891 HaOs + .135 NOA
+ .0675 HOCHCHO + .3866 HOCH;CHO + .0405 CHz OH
+ .0405 CO + .0054 HOCH2CO
645103  TrGC DB102 — DB102 k1_RO2s0R02 Sander et al. (2019)
G45104a  TrGC DB102 + HO; — DB1OOH k_RD2_HO2(temp,5)*(1.-r_ Sander et al. (2010)*
CHOHCH202_0H)
G45104b  TrGC DB102 + HOs; —+ DB102 + OH k_RO2_HO2(temp,5)*r_CHOHCH202_OH  Sander et al. (2019)
G45108a  TrGCN DB102 + NO — DB102 + NO9 KROZNO*(1.-alpha AN(7,2,0,0,0, Sander et al. (2019)
temp, cair))
G45105b  TrGCN DB102 + NO — DBINO3 KRO2NO*alpha_AN(7,2,0,0,0, Temp, Sander et al. (2019)
cair)
G45106  TrGCN DB102 + NO3 —+ DB102 + NO, KRO2NO3 Sander et al. (2019)
G45107  TrGC DB102 — DB102 + OH 1E4 Pecters and Nguyen (2012)*
G45108a TrGC DB102 — DB102 KDEC*0.72 see note®
G45108b TrGC DB102 — .5 HVMK + .5 HMAC + HCHO + HO» KDEC#0.28 see note®
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
345109 TrGC DB102 — .48 CH3COCH,0H + .52 HOCH,CHO + .52 k1_RO2s0R0D2 Sander et al. {2019)
MGLYOX + .48 GLYOX + HOs
G45110a TrGC DB102 + HO2 —+ DB20OH k_RO2_HO2(temp,5)*(1.-T_ Sander et al. (2019)
CHOHCH202_OH)
Gas110b  TrGC DB102 | HO, —+ 48 CH;COCH,OH | 52 HOCH,CHO  k_RD2_HO2 (temp,5)r _CHOHCH202_OH  Sander et al. (2010)
+ .52 MGLYOX + 48 GLYOX + HO; + OH
G45111  TrGCN DB102 + NO — .48 CH3COCH,OH + .52 HOCH,CHO KRO2NO see note®
+ .52 MGLYOX + .48 GLYOX + HOs + NO»
645112 TrGCN DB102 4+ NO3 — 48 CH3COCH.0H + .52 HOCH,CHO  KROZNO3 Sander et al. (2019)
+ .52 MGLYOX + 48 GLYOX + HOy + NOy
645113  TrGC DB102 — .48 MACROOH + .52 LHMVKABOOH + CO k_14hsal Sander et al. (2019)
+ OH
G45114a TrGC DB1OOH + OH — DB102 k_ROOHRO Sander et al. (2019)
G45114b TrGC DB10OOH + OH — HCOOH + HO; + CH3COCHO,CHO  k_adt Sander et al. (2019)*
G45115 TrGC DB10OH + HCOOH — C1O0DC200HC40D + HCOOH  4.67E-26+(temp) ++(3.286) Sander et al. (2019), da Silva
*EXP (4508./(1.987*temp)) (2010)*
G45116  TrGCN DBINO3 + OH —+ HCOOH + NO, + CH;COCHO,CHO k_adt Sander et al. (2019)*
45117  TrGC DB20OH + OH — DE102 k_RODHRO Sander et al. (2010)*
Ga5118 TrGC LISOPACOOH + O; — 1.3272 OH + .36086 HO, + 4.829E-16 Sander et al. (2019)
0432 Ho0O2 + .08422 CO + .2025 CH3O00H + .01215
CH,00 + 3704 HCHO + .00405 CHz;OH + .0405
COy + .1825 HOCH2COCH202 + .365 MGLYOX +
3866 HOOCH2CHO + .135 CH3;COCH0H + .0675
GLYOX + .00324 HCOCO + .3866 HOCH,CHO + .135
CH3COCH»0:H + .0675 HOCHCHO + .0054 HOCH2CO
G45119a TrGC LZCO3HC23DBCOD + OH — .62 CO2H3CHO + .62 OH Ek_adt#a_CHO#a_CO2H Sander et al. (2019)
+ .62 CO2 + .38 MGLYOX + .38 HCOCOzH + .38 HO,
G45119b TrGC LZCO3HC23DBCOD + OH — .62 CH3COCO-H + 1.24 k_ads+a_CHO*a_CO2H Sander et al. (2019)
CO + 1.24 HO; + .38 MGLYOX + .38 HO; + .38 CO +
.38 HO2 + .38 OH + .38 CO4
G45120 TrGC LISOPEFO2 — LISOPEFO k1_ROZpOR0DZ2 Sander et al. (2019)
G45121a TrGCN LISOPEFO2 + NO — LISOPEFO + NO» KRO2NO*(1.-alpha AN(6,1,0,0,0, Sander et al. (2019)
temp, cair))
G45121b  TrGON LISOPEFO2 + NO — [SOPDNO3 KRO2NO*alpha_AN(6,1,0,0,0,temp,  Sander et al (2019)*
cair)
a8
Table 1: Gas phase reactions (... contimed)
# labels reaction rate coefficient reference
G45122a TrGC LISOPEFO2 + HO» — .T143 ISOPDOOH + .2857 k _RO2 HD2(temp,5)*{1.-r_ Sander et al. (2019)
ISOPBOOH CHOHCH202_0H)
G45122b TrGC LISOPEFO2 + HOs — LISOPEFO + OH k_RO2_HO2(temp,5)*r_CHOHCH202_OH  Sander et al. (2019)
645123 TrGCN LISOPEFO2 + NO; —+ LISOPEFO + NOs KRO2ND3 Sander et al. (2019)
G45124 TrGC LISOPEFO2 — .7143 MACR + .2857 MVK + HCHO + 0.7143+k_hsd+.2857+k_hsb Sander et al. (2019)
OH
645125 TrGC LISOPEFO — .7143 MACR + 2857 MVK + HCHO + KDEC Sander et al. (2019)
HO,
G45126a TrGC LISOPACO — 3METHYLFURAN + HOy KDEC*0.37 Sander et al. (2019), Paulot et al.
(2009a), Franciseo-Marquez
ot al. (2003)
6451260 TrGC LISOPACO — .65 LHC4ACCHO + .65 HO; + .35 DB102 KDEC*(1.-0.37) Sander et al. (2019), Paulot et al.
(2009a), Francisco-Marquez
et al. (2003)
G45127a  TrGC LISOPACO — SMETHYLFURAN + HO; KDEC*0.37 Sander et al. (2019), Paulot et al.
(2009a), Francisco-Marquez
et al. (2003)
G45127b TrGC LISOPACO — .65 LHC4ACCHO + .65 HO; + .35 DB102 KDEC#(1.-0.37) Sander et al. (2019), Paulot et al.
(2009a), Francisco-Marquez
et al. (2003)
345128 TrGC JMETHYLFURAN + OH — LIMETHYLFURANO2 3.2E-11«EXP(310./temp) Sander et al. (2019)*
645129  TrGCN JMETHYLFURAN + NO; — LIMETHYLFURANO2 + 1.9E-11 Sander et al. (2019), Atkinson
NO, ot al. (2006)*
645130 TrGC LIMETHYLFURANO2 — CAMDIAL + HO, k1 RO2s0R02 Sander et al. (2019)
645131  TrGCN LIMETHYLFURANO2 + NO — C4MDIAL + HO; + KRO2ND Sander et al. (2019)*
NO,
G45132  TrGC LIMETHYLFURANO2 + HO; —» C4MDIAL + HO, k_RO2_HO2(temp,5) Sander et al. (2019)*
645133  TrGC LZCO3C23DBCOD — .62 EZCH3CO2CHCHO + .38 ki1 _RO2RC03 Sander et al. (2019)
EZCHOCCH3CHO2 + COsg
G45134a TrGC LZCO3C23DBCOD + HOy; — .62 EZCH3CO2CHCHO + KAPHO2+r_CO3_0H Sander et al. (2019)
.38 EZCHOCCH3CHO2 + CO, + OH
G45134b TrGC LZC03C23DBCOD + HO; — LZCO3HC23DBCOD KAPHO2*(r _CO3_00H+r_C03_03) Sander et al. (2019)*
645135 TrGCN LZCO3C23DBCOD + NO — .62 EZCH3CO2CHCHO +  KAPNO Sander et al. (2019)
38 EZCHOCCH3CHO2 + COs + NOs
645136  TrGCN LZCO03C23DBCOD + NO; — LZCPANC23DBCOD k_CH3CD3_NO2 Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continmed)

# labels reaction rate coefficient reference
645137  TrGCN LZC0O3C23DBCOD + NOs — .62 EZCH3CO2CHCHO +  KRO2ND3#1.74 Sander et al. (2010)
.38 EZCHOCCH3CHO?2 + COg + NOg
645138 TrGCN LZCPANC23DBCOD — LZCO3C23DBCOD + NO3 k_PAN_M Rickard and Pascoe (2000)
G45139  TrGCN LZCPANC23DBCOD + OH — .62 EZCH3CO2CHCHO + 2.52E-11 Sander et al. (2019)*
.38 EZCHOCCH3CHO2 + COy + NOy
645200  TrGTerC C51102 —+ CH2C(0) + HCOCH2CHO k1 RO2s0R02 Rickard and Pascoe (2009)
645201 TrGTerCN 51102 + NO — CH3C(0) + HCOCH2CHO + NOa KRO2ND Rickard and Pascoe (2009)*
G45202a TrGTerC C51102 + HO; —+ C51100H k_RD2_HO2(temp,5)*r_COCH202_00H  Rickard and Pascoe (2009),
Sander et al. (2019)
G45202b TrGTerC C51102 + HOz — CH3C(0) + HCOCH2CHO + OH k_RO2_HO2(temp,5)=r_COCH202_OH Rickard and Pascoe (2009),
Sander et al. (2019)
045203  TrGTerC C51100H + OH — 51102 7.49E-11 Rickard and Pascoe (2009)
645204  TrGTerC CO23C4CHO + OH — CO23C4C03 6.65E-11 Rickard and Pascoe (2009)
G45206  TrGTerCN CO23C4CHO + NO; — C023C4C03 + HNO; KNO3AL#5.5 Rickard and Pascoe (2009)
045206  TrGTerC C023C4C03 — CHaCOCOCH20s + COg k1_RO2ZRCO3 Rickard and Pascoe (2009)
645207 TrGTerCN  CO23C4CO3 + NO — CHy;COCOCH305 + €O + NO;  KAPNO Rickard and Pascoe (2009)*
G45208  TrGTerCN C0O23C4C0O3 4+ NO,; — C5PAND k_CH3C03_NO2 Rickard and Pascoe (2009)
G45209a TrGTerC C023C4CO3 + HO; — CO23C4COZH KAPHO2#(r_C03_00H+r_C03_03) Rickard and Pascoe (2009)
G45209b  TrGTerC C0O23C4C03 + HOy —+ CH3COCOCH;05 + COy + OH  KAPHO2#r_C03_0H Rickard and Pascoe (2009)
645210  TrGTerCN C5PAN9 — C0O23C4C0O3 + NOo k PAN M Rickard and Pascoe (2009)
045211 TrGTerCN C5PANY + OH — CH3COCOCHO + CO + NOg 3.12E-13 Rickard and Pascoe (2009)
G45212  TrGTerC C51202 —+ C51302 k1_RO2pRO2 Rickard and Pascoe (2009)
G45213 TrGTerC 51202 + HOs — C51200H k_RO2_HD2(temp,5) Rickard and Pascoe (2009)
45214  TrGTerCN C51202 + NO — C51302 + NO, KRO2ND Rickard and Pascoe (2009)*
G45216  TrGTerC C51200H + OH — CO13C4CHO + OH 1.01E-10 Rickard and Pascoe (2009)
045216  TrGTerC 51302 — GLYOX + HOC;H4CO3 k1_R02s0R02 Rickard and Pascoe (2009)
645217  TrGTerCN 51302 + NO — GLYOX + HOC3H,CO3 + NOg KRO2ND Rickard and Pascoe (2009)*
G45218a TrGTerC 51302 + HOz — C51300H k_RD2_HO2(temp,5)*r_COCH202_0OH Rickard and Pascoe (2009),
Sander et al. (2019)
G45218b  TrGTerC 51302 + HO; —+ GLYOX + HOC,H,CO; + OH k_RO2_HO2(temp,5)*T_COCH202_OH Rickard and Pascoe (2000),
Sander et al. (2019)
645219  TrGTerC CO13C4CHO + OH — CHOC3COCO3 1.33E-10 Rickard and Pascoe (2009)
G45220  TrGTerCN CO13C4CHO + NO; —+ CHOC3COCO3 + HNO3 2.#KND3AL#5.5 Rickard and Pascoe (2009)
045221 TrGTerC C51300H + OH — C513C0 + OH 9.23E-11 Rickard and Pascoe (2009)
G45222 TrGTerC CHOC3COCO3 — CHOC3ICOO02 + COy k1_ROZRCO3 Rickard and Pascoe (2009)
40
Table 1: Gas phase reactions (... continued)
7 labels reaction rate coefficient reference
G45223  TrGTerC CHOC3COCO3 + HO; — CHOC3COOOH KAPHO2 Rickard and Pascoe (2009)
G45224  TrGTerCN CHOC3COCO3 + NOy — CHOC3COPAN k_CH3C03_NO2 Rickard and Pascoe (2009)
645225  TrGTerCN CHOC3COCO3 + NO — CHOC3COO02 + CO3 4+ NO2 KAPNO Rickard and Pascoe (2009)*
645226  TrGTerC C513C0 + OH — HOCHyCO5 + CO + CO 2.64E-11 Rickard and Pascoe (2009)
645227  TrGTerC 51402 + HOy — C51400H k_RD2_HO2 (temp, 5) Rickard and Pascoe (2009)
G45228a TrGTerCN 51402 + NO —» CO13C4CHO + HO; + NO» KRO2NO*(1.-alpha AN(7,2,0,1,0, Rickard and Pascoe (2000},
temp, cair)) Sander et al. (2019)
G45228b TrGTerCN C51402 + NO — C514NO3 KRO2NO*alpha_ AN(7,2,0,1,0, temp, Rickard and Pascoe (2009),
cair) Sander et al. (2019)
645229  TrGTerCN C51402 + NO3 — CO13C4CHO + HOs2 + NO3 KROZNO3 Rickard and Pasecoe (2009)
645230  TrGTerC C51402 —+ CO13C4CHO + HO» k1_RO2sR02 Rickard and Pascoe (2009)
G45231 TrGTerC C51400H + OH — CO13C4CHO + OH 1.10E-10 Rickard and Pascoe (2000)
645232  TrGTerCN C514N03 + OH —+ CO13C4CHO + NOg 4.33E-11 Rickard and Pascoe (2009)
645233 TrGTerC CHOC3COOOH + OH — CHOC3COCO3 7.55E-11 Rickard and Paseoe (2009)
645234  TrGTerCN CHOC3COPAN — CHOC3COCO3 + NOg E_PAN_M Rickard and Paseoe (2009)
645235  TrGTerCN CHOC3COPAN + OH — C4CODIAL + CO + NO» 7.19E-11 Rickard and Pascoe (2009)
645236  TrGTerC MBO + OH — LMBOABO2 8.1E-12+EXP(610./temp) Rickard and Pascoe (2009),
Sander et al. (2019)*
G45237a  TrGTerC MBO + O —+ HCHO + .16 CH;COCH + .16 HOy + .16  1.0E-17%0.57 Rickard and Pascoe (2000},
CO + .16 OH + .84 MBOOO Sander et al. (2019)
645237k TrGTerC MBO + 03 — IBUTALOH + .63 CO + .37 HOCH,O0H 1.0E-17%0.43 Rickard and Pascoe (2009),
+ .16 OH + .16 HO9 Sander et al. (2019)
G45238 TrGTerCN MBO + NOz — LNMBOABO2 4. 6E-14+EXP(-400./temp) Rickard and Pascoe (2009),
Sander et al. (2019)
645239  TrGTerC LMBOABO2 + HO; — LMBOABOOH k_RO2_HO2(temp,5) Rickard and Pascoe (2009),
Sander et al. (2019)
ca5240a TrGTerCN  LMBOABO2  NO — LMBOABNO3 KRO2NO#(.67#alpha_AN(7,2,0,0,0,  Rickard and Pascoe (2000),
temp,cair)+.33=alpha AN(7,1,0,0, Sander et al. (2019)
0,temp,cair))
G45240b TIGTerCN  LMBOABO2 + NO — HOCH,CHO + CH;COCH; + HO,  KRO2ND#(1.-(.67#alpha_AN(7,2,0, Rickard and Pascoe (2009),
+ NOso 0,0,temp, cair)+.33+alpha AN(7,1, Sander et al. (2019)
0,0,0, temp, cair))) *.67
G45240c  TrGTerCN LMBOABO?2 + NO — IBUTALOH + HCHO + HO; + KRO2NO#(1.-(.67+alpha_AN(7,2,0, Rickard and Pascoe (2000),

NOy

0,0,temp, cair)+.33+alpha AN(7,1,
0,0,0,temp, cair))) =33

Sander et al. (2019)
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Table 1: Gas phase reactions (... continued)

3 labels reaction rate coefficient reference
G45241a  TrGTerC LMBOABO2 — HOCH,CHO + CH3COCH: + HO» k1 ROZsOR0D2+.67 Rickard and Pascoe (2009),
Sander et al. (2019)
G45241b  TrGTerC LMBOABO2 — IBUTALOH + HCHO + HO» k1_RO2pOR02#%.33 Rickard and Pascoe (2000),
Sander et al. (2019)
G45242a TrGTerC LMBOABOOH + OH — MBOACO 0.67%2.93E-11+.33%2.05E-12 Rickard and Pascoe (2009),
Sander et al. (2019)
G45242b  TrGTerC LMBOABOOH + OH — LMBOABO2 k_ROOHRO Rickard and Pascoe (2000),
Sander et al. (2019)
G45243  TrGTerCN LMBOABNO3 + OH — MBOACO + NO; 0.67+1.7T5E-12+.33+2.69E-12 Rickard and Pascoe (2009),
Sander et al. (2019)
G45244 TrGTerC MBOACO + OH —+ MBOCOCO + HOa 3.79E-12 Rickard and Pascoe (2000)
G45245  TrGTerC MBOCOCO + OH — CO + IPRHOCO3 1.38E-11 Rickard and Pascoe (2009)
G45246  TrGTerCN LNMBOABO2 + HOs — LNMBOABOOH k_RO2_HO2(temp,5) Rickard and Pascoe (2009),
Sander et al. (2019)
G45247  TrGTerCN LNMBOABO2 + NO — .65 NO;CH2CHO + .65 KRO2NO Rickard and Pascoe (2009),
CH3COCHz + .65 HOq + .35 IBUTALOH + .35 HCHO Sander et al. (2019)*
+ .35 NO, + NO,
G45248 TrGTerCN LNMBOABO2 + NO; — .65 NOJCH2CHO + .65 KRO2NO3 Rickard and Pascoe (2000),
CH,COCH; + .65 HOy + .35 IBUTALOH + .35 HCHO Sander et al. (2019)
+ .35 NO3 + NO»
G45249  TrGTerCN LNMBOABO2 — .65 NOgCH2CHO + .65 CH;COCHs + ki1_R0O2s0R0D2 Rickard and Pascoe (2009),
.65 HO, + .35 IBUTALOH + .35 HCHO + .35 NO2 Sander et al. (2019)
G45250a TrGTerCN LNMBOABOOH + OH — .65 CAMCONOIOH + .35 0.65+4.89E-12+.35%2.62E-12 Rickard and Pascoe (2000),
NMBOBCO Sander et al. (2019)
G45250b TrGTerCN LNMBOABOOH + OH — LNMBOABO2 k_ROOHRD Rickard and Pascoe (2009),
Sander et al. (2019)
645261 TrGTerCN NMBOBCO + OH — NC4OHCO3 4.26E-12 Rickard and Pascoe (2009)
G45252a TrGTerCN NC40HCO3 + HO2 — IBUTALOH + COs + NO2 + OH  KAPHO2+r_CO3_OH Rickard and Pascoe (2009),
Sander et al. (2019)
G45252b  TrGTerCN NC40OHCO3 + HO» —» NC4OHCO3H KAPHO2#(r_C03_03+r_C03_0D0H) Rickard and Pascoe (2000),
Sander et al. (2019)
G45253  TrGTerCN NC40OHCO3 + NO — IBUTALOH + COs + NOs + NOs  KAPNOD Rickard and Pascoe (2009)
G45254 TrGTerCN NC40OHCO3 + NOs — NC4OHCPAN k_CH3CO3_NO2 Rickard and Pascoe (2009)
645265  TrGTerCN NC40OHCO3 + NO3 — IBUTALOH + CO2 + NOg + NOz  KRO2ND3*1.74 Rickard and Pascoe (2009)
G45256  TrGTerCN NC40OHCO3 — IBUTALOH + CO3 + NOg ki_RO2ZRCO3 Rickard and Pascoe (2009}
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Table 1: Gas phase reactions (... continued)
3 labels reaction rate coefficient reference
645257  TrGTerCN NC40HCO3H + OH — NC40OHCO3 4.50E-12 Rickard and Pascoe (2009)
G45268  TrGTerCN NC4OHCPAN + OH — IBUTALOH + CO + NO; + NO;  1.27E-12 Rickard and Pascoe (2009)
045259  TrGTerCN NC40HCPAN — NC40HCO3 + NOy k_PAN_M Rickard and Pascoe (2009)
G45260 TrGTerCN CAMCONO30OH + OH — CH3COCH; + HCHO + COy 1.23E-12 Rickard and Pascoe (2009),
+ NOo Sander et al. (2019)
645400  TrGAroCN NC4MDCO2HN + OH — MMALANHY + NOqo k_RODHRD Rickard and Pascoe (2009)*
45401  TrGAroCN C54C0 + NO3 — 3 CO + CH3C(0)00 + HNOy KNO3AL*5.5 Rickard and Pascoe (2009)
G45402  TrGAroC €54CO + OH — 3 CO + CH2C(0)00 1.72E-11 Rickard and Pascoe (2009)
G45403a TrGAroCN NTLFUO2 + HO; — NTLFUOOH k_RO2_HO2(temp,5)=(1.-r_COCH2OZ_ Rickard and Pascoe (2009)
QH)
G45403b TrGAroCN NTLFUOQO2 + HO; -+ ACCOMECHO + NO; + OH k_R0O2_HO2(temp,5)*r COCH202 OH Rickard and Pascoe (2009)
G45404 TrGAroCN NTLFUO2 + NO — ACCOMECHO + NOg + NOg KROZNO Rickard and Pascoe (2009)*
G45405  TrGAroCN NTLFUO2 + NO3 —+ ACCOMECHO + NOs + NOg KRO2NO3 Rickard and Pascoe (2000)*
G45406 TrGAroCN NTLFUO2 — ACCOMECHO + NOy ki_ROZ2tORD2 Rickard and Pascoe (2009)*
G45407  TrGAroC C5134CO20H + OH — C54C0O + HO, T.48E-11 Rickard and Pascoe (2009)
G45408 TrGAroCN C5CO02N0O2 + OH — MGLYOX + CO + CO + NOa 5.43E-11 Rickard and Pascoe (2000)
G45409  TrGAroCN C5C0O02N0O2 — C5C01402 + NOy k_PAN_M Rickard and Pascoe (2009)*
G45410 TrGAroC C5DIALOOH + OH — C5DIALCO + OH 7.52E-11 Rickard and Pascoe (2009)
G45411a  TrGAroC C4CO2DBCO3 + HO, — C4C0O2DCO3H KAPHO2*(T_C03_00H+r_CO3 03) Rickard and Pascoe (2009)
G45411b  TrGAroC C4C02DBCO3 + HO; —+ HO2 + CO + HCOCOCHO +  KAPHO2*r_CD3_O0H Rickard and Pascoe (2009),
C0s + OH Sander et al. {2019)
G45412  TrGAroCN C4CO2DBCO3 + NO — HO3 + CO + HCOCOCHO +  KAPND Rickard and Pascoe (2009)
COy + NO;
045413 TrGAroCN C4C02DBCO3 + NOs — C4CO2DBPAN k_CH3C03_N02 Rickard and Pascoe (2009)*
G45414  TrGAroCN C4CO2DBCO3 + NO3 —+ HOs + CO + HCOCOCHO + KRO2N0O3#1.74 Rickard and Pascoe (2009)
COy + NO;
G45415 TrGAroC C4C0O2DBCO3 — HOg + CO + HCOCOCHO + COy k1_RO2ZRCO3 Rickard and Pascoe (2009)
G45416  TrGAroC MMALANHY + OH —+ MMALANHYO2 1.50E-12 Rickard and Pascoe (2000)
G45421a  TrGAroC MMALANHYO2 + HO; — MMALNHYOOH k_RO2_HD2(temp,5)*(1.-r_COCH202_  Rickard and Pascoe (2009),
OH-r_CHOHCH202_OH) Sander et al. (2019)
G45421b  TrGAroC MMALANHYO2 + HO; — CO2H3CO3 + CO, + OH k_RO2 HO2(vemp,5)*(r COCH202 OH+ Rickard and Pascoe (2009),
r_CHOHCH202_OH) Sander et al. (2019)
645422 TrGAroCN MMALANHYO2 + NO — CO2H3CO3 + CO2 + NO2 KRO2NO Rickard and Pascoe (2009)*
G45423  TrGAroCN MMALANHYO2 + NO3 — CO2H3CO3 + COy + NO2 KRO2NO3 Rickard and Pascoe (2009)*
045424 TrGAroC MMALANHYO2 — CO2ZH3CO3 + COq ki_R0OZ2tOR02 Rickard and Pascoe (2009)*
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Table 1: Gas phase reactions (... continued)

3 labels reaction rate coefficient reference
645428  TrGAroCN C4CO2DBPAN + OH — HCOCOCHO + COs + CO + 2.74E-11 Rickard and Pascoe (2009)
NOo
645420 TrGAroCN CACO2DBPAN — C4COZDBCO3 + NOg E_PAN_M Rickard and Pascoe (2009)*
G45430a TrGAroC C5C01402 + HO; — .83 MALANHY + .83 CHs + .17 KAPHO2r_CO3_0OH Rickard and Pascoe (2008)*
MGLYOX + .17 HOy + .17 CO + .17 CO, + OH
G45430p  TrGAroC CHCO01402 + HOy — C5CO140H + Oz KAPHO2#r_C03_03 Rickard and Pascoe (2009)
G45430c  TrGAroC C5C01402 + HOs — C5C0O1400H KAPHO2*r_CD3_00H Rickard and Pascoe (2008)
645431 TrGAroCN C5C01402 + NO — .83 MALANHY + .83 CH; + .17 KAPND Rickard and Pascoe (2009)*
MGLYOX + .17 HO3 + .17 CO + .17 CO3 + NOo
G45432  TrGAroCN €5C01402 + NO; — C5CO02NO2 k_CH3C03_ND2 Rickard and Pascoe (2008)*
345433 TrGAroCN C5C01402 + NOg — .83 MALANHY + .83 CHs + .17 KROZND3=1.74 Rickard and Pascoe (2008)*
MGLYOX + .17 HOy + .17 CO + .17 COy + NOg
G45434  TrGAmC €5C01402 — .83 MALANHY + .83 CHz + .17 MGLYOX k1 RO2RC03 Rickard and Pascoe (2009)*
+ .17 HOs + .17 CO + .17 CO2
645436  TrGAroC C5CO140H + OH — .83 MALANHY + .83 CHy + .17 5.44E-11 Rickard and Pascoe (2009)*
MGLYOX + 17 HOz + .17 CO + 17 COz
G45441  TrGAroCN C5DICARB + NO; — C5C01402 + HNO, KND3AL*2.75 Rickard and Pascoe (2008)
645442  TrGAroC CHDICARD + O; — .5338 GLYOX + .063 CH,CHO + 2.00E-18 Rickard and Pascoe (2009)
348 CH4C(0)00 + 918 CO + .57 OH + 473 HO, +
{0563 CH3COCO.H + 5338 MGLYOX + .676 HaOa +
063 HCHO + .0663 HCOCO:H + 2465 COq
645443  TrGArC C5DICARB + OH — .48 C5C01402 + .52 C5DICARBO2 6.2E-11 Rickard and Pascoe (2009)
645444  TrGAroC MC30DBCO2H + OH — .35 GLYOX + .35 CH; + .35 4.38E-11 Rickard and Pascoe (2009)*
CO + .35 CO5 + .65 MMALANHY + .65 HO»
G45451  TrGAroCN TLFUONE + NOz — NTLFUO2 1.00E-12 Rickard and Pascoe (2008)
645452  TrGAroC TLFUONE + O3 — .5 CO + .5 OH + .5 MECOACETO2 8.00E-19 s note®
+ .3125 C2403CCO2H + 1875 ACCOMECHO + .1875
Hz04
645453  TrGAreC TLFUONE + OH — TLFUO2 6.90E-11 Rickard and Pascoe (2009)
G45454a  TrGAroC ACCOMECO3 + HOy — ACCOMECO3H KAPHO2# (r_C03_00H+r_C03_03) TRickard and Pascoe (2009)
G45454b  TrGAroC ACCOMECO3 + HO; —+ MECOACETO2 + CO; + OH  KAPHO2#r_CO03_OH Rickard and Pascoe (2009)
G45455  TrGAroCN ACCOMECO3 + NO — MECOACETO2 + COs; + NOs  KAPNO Rickard and Pascoe (2008)
645456  TrGAroCN ACCOMECO3 + NOy —+ ACCOMEPAN k_CH3C03_ND2 Rickard and Pascoe (2009)*
645457  TrGAroCN ACCOMECO3 + NOz —+ MECOACETO2 + CO; + NO;  KRO2ND3%1.74 Rickard and Pascoe (2009)
G45458  TrGArC ACCOMECO03 — MECOACETO2 + CO3 k1 _RO2RCO3 Rickard and Pascoe (2008)
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Table 1: Gas phase reactions (... continned)
# labels reaction rate coefficient reference
G45458  TrGAroC C4CO2DCOIH + OH — C4CO2DBCO3 3.06E-11 Rickard and Pascoe (2009)
G45464  TrGAroCN ACCOMECHO + NO3; -+ ACCOMECO3 + HNO; KNO3AL#5.5 Rickard and Pascoe (2009)
G45465  TrGAroC ACCOMECHO + OH — ACCOMECO3 7.09E-11 Rickard and Pascoe (2009)
G45466  TrGAroC MMALNHYOOH + OH — MMALANHYO2 1.69E-11 Rickard and Pascoe (2009)
G45467a  TrGAroC CSDICAROOH + OH — C5134C0O20H + OH 1.21E-10 Rickard and Pascoe (2009)
G45467b  TrGAroC CHDICAROOH + OH — C5DICARBO2 k_ROOHRO Rickard and Pascoe (2009)
G45468  TrGAroC C2403CCO2H + OH — MECOACETO2 + COz 8.76E-13 Rickard and Pascoe (2009)
G45469  TrGAroCN NTLFUOOH + OH — NTLFUO2 4.44E-12 Rickard and Pascoe (2000)
G45470  TrGAroCN ACCOMEPAN + OH — METACETHO + CO + CO + 1.00E-14 Rickard and Pascoe (2009)
NOs
G45471  TrGAroCN ACCOMEPAN — ACCOMECO3 + NG» k_PAN M Rickard and Pascoe (2009)
G45476a TrGAroC TLFUO2 + HO3 — TLFUOOH k_RO2_HD2(temp,5)=(1.-r_COCH202_ Rickard and Pascoe (2009)
OH-r_CHOHCH202_OH)
G45476b TrGAroC TLFUO2 + HO3 — ACCOMECHO + HOs + OH k_RO2 HO2(temp,5)=(r COCH202 OH+ Rickard and Pascoe (2000)*
r_CHOHCH202_OH)
45477  TrGAroCN TLFUO2 + NO — ACCOMECHO + HO;z + NO2 KRO2ND Rickard and Pascoe (2009)*
G45478  TrGAroCN TLFUO2 + NO3 —+ ACCOMECHO + HOy + NOy KRO2ND3 Rickard and Pascoe (2009)*
645479  TrGAroC TLFUO2 — ACCOMECHO + HO, k1_RO2tOR02 Rickard and Pascoe (2009)*
G45480  TrGArC C5CO1400H + OH — C5C01402 3.59E-12 Rickard and Pascoe (2009)
G45483  TrGAroC TLFUOOH + OH — TLFUO2 2.53E-11 Rickard and Pascoe (2009)
G45485  TrGAroC ACCOMECO3H + OH —+ ACCOMECO3 3.59E-12 Rickard and Pascoe (2009)
G45486a TrGAroC CHDIALO2 + HOy — C3DIALOOH k_RD2_HO2(temp,5)*(1.-r_COCH202_  Rickard and Pasecoe (2009)
OH)
G45486b TrGAroC CSDIALO2 + HOy —+ MALDIAL + CO + HOs + OH k_RO2_HO2(temp, 5)*r_COCH202_OH Rickard and Pascoe (2009)*
45487  TrGAroCN CHDIALO2 + NO — MALDIAL + CO + HOg + NOy KRO2ND Rickard and Pascoe (2009)*
G45488  TrGAroCN CSDIALO2 + NO3 — MALDIAL + CO + HOs + NOa KRO2ND3 Rickard and Pascoe (2009)*
G45485  TrGAroC CEDIALO2 — MALDIAL + CO + HO, k1_R0O2s0R02 Rickard and Pascoe (2000)*
G45490a TrGAroC CSDICARBO2 + HOs —+ C5DICAROOH k_RD2_HO2(temp,5)*(r_CO3_D0H+r_ Rickard and Pascoe (2009)
C03_03)
G45491p  TrGAroC CHDICARBO2 + HO: — MGLYOX + GLYOX + HOs + k_RD2_HO2(temp,5)*r_CO3_0H Rickard and Pascoe (2009)*
oH
645492  TrGAroCN CSDICARBO2 + NO — MGLYOX + GLYOX + HO; + KRO2ND Rickard and Pascoe (2009)*
NO3
645493  TrGAroCN CHDICARBO2 + NO3 — MGLYOX + GLYOX + HO; + KRO2ND3 Rickard and Pascoe (2009)*

NO,
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G45494  TrGAroC C5DICARBO2 — MGLYOX + GLYOX + HOs k1_RO2s0R02 Rickard and Pascoe (2009)*
462002  TrGTerC C0O235C602 + HOg — CO235C600H k_RO2_HO2(temp,6)+r_COCH202_00H  Rickard and Paseoe (2000),
Sander et al. (2019)
G46200b TrGTerC C0235C602 + HO; — CO23C4C03 + HCHO + OH k_RO2_HO2(temp,6)*r_COCH202_OH Rickard and Pascoe (2009),
Sander et al. (2019)
G46201  TrGTerCN CO235C602 + NO — CO23C4C03 + HCHO + NO2 KRO2ND Rickard and Pascoe (2000)*
G46202  TrGTerC C0235C602 — CO23C4C0O3 + HCHO k1_RO2pORO2 Rickard and Pascoe (2009)
46202 TrGTerC CO235C600H + OH — CO235C602 1.01E-11 Rickard and Pascoe (2009)
646204  TrGTerC C61402 — CO23CACHO + HCHO + HO, k1_RO2s0RD2 Rickard and Pascoe (2009)
462052 TrGTerCN 61402 + NO — CO23CACHO + HCHO + HO3 + NO2  KRO2ND*(1.-alpha AN(9,2,0,1,0, Rickard and Pascoe (2000)
temp, cair))
G46205b TrGTerCN C61402 + NO — C614N0O3 KRO2NO*alpha_AN(9,2,0,1,0,temp, Rickard and Pascoe (2009)
cair)
G46206a TrGTerC 61402 + HOs — C61400H k_RO2_HD2(temp,6)*{1.-T_ Rickard and Pascoe (2000),
CHOHCH202_0H) Sander et al. (2019)
G46206b TrGTerC C61402 + HO» —+ CO23C4CHO + HCHO + HO, + OH  k_RO2_HO02(temp,6)+r_CHOHCH202_OH Rickard and Paseoe (2000),
Sander et al. (2019)
46207  TrGTerCN C614N03 + OH — C614C0 + NOy T.11E-12 Rickard and Pascoe (2009)
646208  TrGTerC C61400H + OH — C614C0O + OH 8.69E-11 Rickard and Pascoe (2009)
646208  TrGTerC C614C0 + OH — CO235C5CHO + HOy 3.20E-12 Rickard and Pascoe (2009)
G46210  TrGTerC CO235C5CHO + OH — CO23C4C03 + CO 1.33E-11 Rickard and Pascoe (2009)
646211 TrGTerCN CO235C5CHO + NO3 — CO23C4C03 + CO + HNOs KNO3AL#5.5 Rickard and Pascoe (2009)
646400  TrGAroC PHENOOH + OH — PHENO2 1.16E-10 Rickard and Pascoe (2009}
G46401  TrGAroC C6CO4DB + OH — CO + CO + HO; + CO + 7.T0E-11 Rickard and Pascoe (2000)
HCOCOCHO
G46402  TrGAroC C5CO2DCO3H + OH — C5C0O2DBCO3 3.60E-11 Rickard and Pascoe (2009)
646403 TrGAroCN NDNPHENOOH + OH — NDNPHENO2 k_RDOHRO Rickard and Pascoe (2009)
G46404a TrGAroC C615C0202 + HO. —+ C615CO200H k_R0D2 HO2(vemp,6)=(1.-r_COCH202_  Rickard and Pascoe (2009)
OH)
G46404b TrGAroC C615C0202 + HOy — C5DICARB 4+ CO + HOs + OH  k_RO2_HO2(temp, 6)*r_COCH202_OH Rickard and Pascoe (2000)*
G46405  TrGAroCN C615C0202 + NO — C5DICARB + CO + HO; + NO2  KRO2ND Rickard and Pascoe (2009)*
G46406  TrGAroCN C615C0202 + NOg — C3DICARB + CO + HO3 + NO;  KRO2NO3 Rickard and Pascoe (2000)*
G46407  TrGAroC C615C0202 — C5DICARB + CO + HO» k1_RO2s0R02 Rickard and Pascoe (2009)*
46408  TrGAroCN BZEMUCPAN + OH — MALDIAL + CO + COs; + NO; 4.0BE-11 Rickard and Pascoe (2000)
46409  TrGAroCN BZEMUCPAN — BZEMUCCO3 + NOa k_PAN_M Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)
7 labels reaction rate coefficient reference
G46410  TrGAroCN BZBIPERNOI + OH — BZOBIPEROH + NO3 7.30E-11 Rickard and Pascoe (2009)
G46411  TrGAroCN HOC6H4NO2 + NO3 —+ NPHEN1O + HNO3 9.00E-14 Rickard and Pascoe (2009)
G46412  TrGAroCN HOCGHINO2 + OH — NPHEN1O 9.00E-13 Rickard and Pascoe (2009)
G46413a TrGAroCN NDNPHENO2 + HO; —+ NDNPHENOOH k_RO2_HO2(temp,6)*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202 _OH)
G46413b  TrGAroCN NDNPHENO2 + HO; — NC4DCO2H + HNO; + CO + k RO2 HO2(temp,6)*r CHOHCH202 OH Rickard and Pascoe (2000)*
CO + NOg + OH
G46414  TrGAroCN NDNPHENO2 + NO — NC4DCO2H + HNOz; + CO + KRO2NOD Rickard and Pascoe (2009)*
CO + NOz + NOa
G46415  TrGAroCN NDNPHENO2 + NOz — NC4DCO2H + HNOs + CO + KRO2ND3 Rickard and Pascoe (2009)*
CO + NOp + NOa
G46416  TrGAroCN NDNPHENO2 —+ NC4DCO2H + HNO3; + CO + CO + ki_RO2ISOPDO2 Rickard and Pascoe (2000)*
NO3
G46417  TrGAroC PBZQCO + OH — C5CO20HCO3 6.07E-11 Rickard and Pascoe (2009)
646418  TrGAroCN CATECHOL + NOz —+ CATEC10 + HNOy 9.9E-11 Rickard and Pascoe (2009)*
G46419  TrGAroC CATECHOL + Oz — MALDALCO2H + HCOCO:H + 9.2E-18 Rickard and Pascoe (2009)
HO,; + OH
G46420 TrGAroC CATECHOL + OH — CATECI10 1.0E-10 Rickard and Pascoe (2009)
G46421  TrGAroC CECOOHCO3H + OH — C5CO20HCO3 8.01E-11 Rickard and Pascoe (2000)
G46422  TrGAroCN NCATECHOL + NOz —+ NNCATECO?2 2.60E-12 Rickard and Paseoe (2009)
G46423  TrGAroCN NCATECHOL + OH — NCATECO2 3.47E-12 Rickard and Pascoe (2009)
G46424a TrGAroC C5CO20HCO3 + HO, — C5COOHCO3H KAPHO2* (r_C03_00H+r_C03_03) Rickard and Pascoe (2009)
G46424b  TrGAroC CECO20HCO3 + HOy — HOCOC4DIAL + HOy + CO +  KAPHO2#r_CO3_OH Rickard and Pascoe (2009)
€Oy + OH
646425  TrGAroCN C5CO20HCO3 + NO — HOCOC4DIAL + HOz + CO + KAPNO Rickard and Pascoe (2009)
C0O; + NO,
G46426  TrGAroCN CECO20HCOI + NOy — C5CO20HPAN k_CH3C03_N02 Rickard and Paseoe (2000)*
G46427  TrGAroCN C5CO20HCO3 + NOz —+ HOCOC4ADIAL + HO; + CO +  KRO2N03#1.74 Rickard and Pascoe (2009)
C0O3 + NOg
G46428  TrGAroC CECO20HCO3 — HOCOCYDIAL + HO; + CO + COy k1i_RO2RCO3 Rickard and Pascoe (2009)
G46429  TrGAroCN BZEPOXMUC + NO; —+ BZEMUCCO3 + HNO3 2.#KNO3AL*2.75 Rickard and Pascoe (2009)
G46430  TrGAroC BZEPOXMUC + O3 — EPXC4DIAL + .125 HCHO + 2.00E-18 Rickard and Pascoe (2009)*

1125 HCOCO9H + .0675 GLYOX + .0675 HaOn + 82
HOs + .57 OH + 1.265 CO + .25 COy
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G46431  TrGAroC BZEPOXMUC + OH — .31 BZEMUCCO3 + .69 6.08E-11 Rickard and Pascoe (2009)
BZEMUCO2
G46432a TrGAroCN NCATECO2 + HOz — NCATECOOH k_RO2_HO2(temp,&)*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202_OH)
G46432b TrGAroCN NCATECO?2 + HO; — NC4DCO2H + HCOCOsH + HO»  k_RO2_HO2 (temp,6)+r_CHOHCH202_OH  Rickard and Pascoe (2000)*
+ OH
646433 TrGAroCN NCATECO2 + NO — NC4DCO2H + HCOCO.H + HO, KRO2ND Rickard and Pascoe (2000)*
+ NOa
G46434  TrGAroCN NCATECO2 + NO3 — NC4DCO2H + HCOCOsH + HO;  KRO2ND3 Rickard and Pascoe (2009)*
+ NOa2
646435  TrGAroCN NCATECO2 — NC4DCO2H + HCOCO;H + HO» k1_RO2ISOPDO2 Rickard and Pascoe (2009)*
646436  TrGAroCN NPHEN10OH + OH — NPHEN102 9.00E-13 Rickard and Pascoe (2009)
G46437a  TrGAroCN NPHENO2 + HO; —+ NPHENOOH k_ROD2_HO2(temp,6)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_OH)
346437  TrGAroCN NPHENO2 + HO; —+ MALDALCO2H + GLYOX + NO» k_RO2_HO2(temp,6)+r_CHOHCH202_OH Rickard and Pascoe (2009)*
+ OH
646438 TrGAroCN NPHENO2 + NO — MALDALCO2H + GLYOX + NO, KRO2ND Rickard and Pascoe (2009)*
+ NOy
G46439  TrGAroCN NPHENO2 + NOy -+ MALDALCO2H + GLYOX + NO, KRO2ND3 Rickard and Pascoe (20090)*
+ NOa
G46440  TrGAroCN NPHENO2 —+ MALDALCO2H + GLYOX + NOa k1 _RO2ISOPDO2 Rickard and Pascoe (2009)*
G46441  TrGAroC BENZENE + OH — .352 BZBIPERO2 + .118 2.3E-12+EXP(-190./temp) Rickard and Pascoe (2009)*
BZEPOXMUC + .118 HO; + .53 PHENOL + .53 HO4
G46442  TrGAroCN CHCO20HPAN + OH — HOCOCADIAL + CO + CO +  7.66E-11 Rickard and Pascoe (2009)
NOq
G46443  TrGAroCN CECO20HPAN — CECO20HCO3 + NO3 k_PAN_M Rickard and Pascoe (2000)
G46444  TrGAroCN CATEC10 + NOy — NCATECHOL k_C6H50_NO2 Rickard and Pascoe (2000}, Platz
et al. (1998)
G46445  TrGAroC CATEC10 + O3 — CATEC102 k_C6H50_03 Rickard and Pascoe (2009), Tao
and Li (1999)
646446  TrGAroC BZEMUCCO + OH — EPXDLCO3 + GLYOX 9.20E-11 Rickard and Pascoe (2009)
G46447a  TrGAroCN NNCATECO2 + HO; —+ NNCATECOOH k_RO2_HO2(temp,6)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_OH)
G46447b  TrGAroCN NNCATECO2 + HOs; — NC4DCO2H + HCOCOsH + k_RO2_HO2(temp,6)+r_CHOHCH202_OH  Rickard and Pascoe (2000)*
NOy + OH
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G46448  TrGAroCN NNCATECO2 + NO — NC4DCO2H + HCOCO;H + NOs  KROZND Rickard and Pascoe (2009)*
+ NOg
646449  TrGAroCN NNCATECO2 + NOz — NC4DCO2H + HCOCO.H + KRO2ND3 Rickard and Pascoe (2009)*
NOg + NOg
G46450  TrGAroCN NNCATECO2 — NC4DCO2H + HCOCO:H + NOg k1 RO2ISOPDO2 Rickard and Pascoe (2009)*
346451 TrGAroC BZEMUCCO2H + OH — C5DIALO2 + CO» 4.06E-11 Rickard and Pascoe (2009)
646452  TrGAroCN NNCATECOOH + OH — NNCATECO2 k_ROOHRO Rickard and Pascoe (2009)
646453  TrGAroCN NPHENIO + NO; — DNPHEN k_CEH50_ND2 Rickard and Pascoe (2000), Platz
et al. (1998)
G46454  TrGAroCN NPHEN10O + O; —+ NPHEN102 k_C6H50_03 Rickard and Paseoe (2009), Tao
and Li (1999)
346455  TrGAroCN DNPHEN + NOz — NDNPHENO2 2.25E-15 Rickard and Pascoe (2009)
646456  TrGAroCN DNPHEN + OH — DNPHENO2 3.00E-14 Rickard and Pascoe (2009)
646457  TrGAroCN PHENOL + NO; — .742 C6H50 + .742 HNOy + 258 3.8E-12 Rickard and Pascoe (2009)*
NPHENO2
G46458  TrGAroC PHENOL + OH — .06 C6H50 + .8 CATECHOL + .8 HO;  4.7E-13+EXP(1220./Temp) Rickard and Pascoe (2000)*
+ .14 PHENO2
346458  TrGAroCN PBZQONE + NO; — NBZQO2 3.00E-13 Rickard and Pascoe (2009)
G46460  TrGAroC PBZQONE + OH — PBZQO2 4.6E-12 Rickard and Pascoe (2009)
G46461a TrGAroC PHENO2 + HO; — PHENOOH k_RO2_HOZ(temp,&)*(1.-1_ Rickard and Pascoe (2009)
CHOHCH202_OH)
G46461b  TrGAroC PHENO2 + HO» —+ .71 MALDALCO2H + .71 GLYOX + k_RO2_H0D2(temp,6)*r_CHOHCH202_0H Rickard and Pascoe (2009)*
.20 PBZQONE + HO; + OH
G46462  TrGAroCN PHENO2 + NO — .71 MALDALCO2H + .71 GLYOX + KRO2NOD Rickard and Pascoe (2009)*
.20 PBZQONE + HOz + NO3
646463  TrGAroCN PHENO2 + NOz — .71 MALDALCO2H + .71 GLYOX + KRO2NO3 Rickard and Pascoe (2009)*
.20 PBZQONE + HO3 + NO»
G46464  TrGAroC PHENO2 — .71 MALDALCO2H + .71 GLYOX + .29 ki_R02ISOPDO2 Rickard and Pascoe (2009)*
PBZQONE + HO,
G46465  TrGAroC C615CO200H + OH — C6125CO + OH 9.42E-11 Rickard and Pascoe (2009)
G46466a TrGAroC CHCOZDBCO3 + HOy — C3CO2DCO3H KAPHO2*(r_C03_00H+r_C03_03) Rickard and Pascoe (2009)
G46466b TrGAroC C5CO2DBCO3 + HOs — CHsC(0) + HCOCOCHO +  KAPHD2#r_CD3_OH Rickard and Pascoe (2009)
COy + OH
646467  TrGAroCN C5C02DBCO3 + NO — CH;C(0) + HCOCOCHO + COy  KAPND Rickard and Pascoe (2009)

+ NOa
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Table 1: Gas phase reactions (... continned)

# labels reaction rate coefficient reference
G46468  TrGAroCN C5C0O2DBCO3 + NO; — C5CO2DBPAN k_CH3CD3_NO2 Rickard and Pascoe (2000)*
G4646%9  TrGAroCN C5C0O2DBCO3 + NOs — CHC(0) + HCOCOCHO +  KROZNO3#1.74 Rickard and Pascoe (2009)
COa + NOy
G46470  TrGAreC C5C0O2DBCO3 — CH2C(0) + HCOCOCHO + COq k1 RO2RCO3 Rickard and Pascoe (2000)
346471 TrGAroCN NPHEN102 + HOs — NPHEN1OOH k_RD2_HO2(temp, &) Rickard and Pascoe (2000)
G46472a TrGAroCN NPHEN102 + NO — NPHEN10O + NO; KRO2ND Rickard and Pascoe (2009)
G46472b  TrGAroCN NPHEN102 + NOy — NPHEN1O + NOg k_CBH502_ND2 Jagiella and Zabel (2007)*
646473  TrGAroCN NPHEN102 + NO3; —+ NPHEN10O + NO; KRO2ND3 Rickard and Pascoe (2000)
G46474  TrGAroCN NPHEN102 — NPHEN1O k1 RO2sRO2 Rickard and Pascoe (2000)
346475  TrGAroCN NPHENOOH + OH —+ NPHENO2 1.07E-10 Rickard and Pascoe (2009)
646476  TrGAroCN C6H50 + NOy —+ HOC6HANO2 k_C6H50_ND2 Rickard and Pascoe (2009}, Platz
ot al. (1998)*
646477  TrGAroC C6H50 + 03 — C6H502 k_C6H50_03 Rickard and Pascoe (2009), Tao
and Li (1000)
G46478  TrGAroCN NCATECOOH + OH — NCATECO2 k_ROOHRO Rickard and Pascoe (2000)
646479  TrGAroC PBZQOOH + OH — PBZQCO + OH 1.23E-10 Rickard and Pascoe (2009)
G46430a  TrGAroC PBZQO2 + HO, — PBZQOOH k_RD2_HO2(temp,8)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_0OH-r_COCH202_0H)
G46480b  TrGAroC PBZQO2 + HOy — C5CO20HCO3 + OH k_R02_HO2(temp, 6)*(r_CHOHCH202_ Rickard and Pascoe (2009)*
OH+r_COCH202_0H)
346481 TrGAroCN PBZQO2 + NO — C5CO20HCO3 + NO2 KROZND Rickard and Pascoe (2000)*
646482  TrGAroCN PBZQO2 + NO3 —+ C5CO20HCO3 + NOs KRO2ND3 Rickard and Pascoe (2009)*
G46433  TrGAreC PBZQO2 — C3CO20HCO3 k1 RO2s0RO2 Rickard and Pascoe (2000)*
G46484  TrGAroC BZOBIPEROH + OH — MALDIALCO3 + GLYOX 8.16E-11 Rickard and Pascoe (2000)
G46485a  TrCAroCN DNPHENO2 + HO; —+ DNPHENOOH k_RO2_HO2(temp,6)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_0H)
G46485b TrGAroCN DNPHENO2 + HO; —+ NC4DCO2H + HCOCO,H + NO, k_R02_HO2(temp,6)+r_CHOHCH202_OH Rickard and Pascoe (2009)*
+ OH
646486  TrGAroCN DNPHENO2 + NO — NC4DCO2H + HCOCOsH + NOs  KROZNO Rickard and Pascoe (2000)*
+ NOy
646487  TrGAroCN DNPHENO2 + NOz —+ NC4DCO2H + HCOCO3;H + NOz  KROZND3 Rickard and Pascoe (2000)*
+ NOg
G46438  TrGAroCN DNPHENO2 — NC4DCO2H + HCOCO:H + NO3 k1 RO2ISOPDO2 Rickard and Pascoe (2000)*
346489  TrGAroC BZBIPEROOH + OH — BZOBIPEROH + OH 9.77E-11 Rickard and Pascoe (2009)
G46490a TrGAroC BZEMUCO2 + HOy — BZEMUCOOH k_RO2_HD2 (temp, &) Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)
7 labels reaction rate coefficient reference
G46490b TrGAroC BZEMUCO2 + HOg — .5 EPXCADIAL + .5 GLYOX + .5 k_R02_HO2(temp,6) Rickard and Pascoe (2009)*
HOs + .5 C3DIALO2 + .5 C320H13CO + OH
G46491a  TrGAroCN BZEMUCO?2 + NO — BEEMUCNO3 KRO2NO#alpha_AN(10,2,0,1,0, TRickard and Pascoe (2009)
temp, cair)
G46491b  TrGAroCN BZEMUCO2 + NO — .5 EPXC4DIAL + .5 GLYOX + .5 KRO2NO*(1.-alpha AN(10,2,0,1,0, Rickard and Pascoe (2009)*
HOz + .5 C3DIALO2 + .5 C320H13CO + NO3 temp, cair))
646492 TrGAroCN BZEMUCO2 + NO3 — .5 EPXC4DIAL + .5 GLYOX + .5 KRO2ND3 TRickard and Pascoe (2009)*
HO9 + .5 C3DIALO2 + .5 C320H13CO + NO»
646493  TrGAroC BZEMUCO2 — .5 EPXC4DIAL + .5 GLYOX + .5 HO; + ki _RD2s0R02 Rickard and Pascoe (2009)*
.5 C3DIALO2 + 5 C320H13CO
646494  TrGAroCN CECO2ZDBPAN + OH — HCOCOCHO + CH;CHO + CO»  3.28E-11 Rickard and Pascoe (2000)
+ NOa
646495  TrGAroCN C5CO2DBPAN — C5CO2DBCO3 + NOa E_PAN_M Rickard and Pascoe (2009)
646496  TrGAroCN NBZQOOH + OH — NBZQO2 6.68E-11 TRickard and Pascoe (2009)
G46497  TrGAmC CATEC100H + OH — CATEC102 k_ROOHRO Rickard and Pascoe (2009)
646498  TrGAroC C6125C0 + OH — ©5C01402 + CO 6.45E-11 Rickard and Pascoe (2009)
G4649%9a TrGAroCN NBZQO02 + HO; —+ NBZQOOH k_RO2_HO2(temp,6)#(1.-r_COCH202_  Rickard and Pascoe (2000)
OH)
G46490b TrGAroCN NBZQO2 + HOy — C6CO4DB + NOy + OH k_RD2_HO2(temp,6)*r_COCH202_OH Rickard and Pascoe (2000)*
G46500 TrGAroCN NBZQO2 + NO — C6CO4DB + NOz + NOa KRO2ND Rickard and Pascoe (2000)*
646501  TrGAroCN NBZQO2 + NO3 — C6CO4DB + NOz + NOo KRO2NO3 Rickard and Pascoe (2009)*
646502 TrGAroCN NBZQO2 — C6CO4DB + NO4 k1_RO2s0R02 Rickard and Pascoe (2009)*
646503  TrGAroCN DNPHENOOH + OH — DNPHENO2 k_ROOHRO Rickard and Pascoe (2009)
646504  TrGAreC CATEC102 + HO; — CATECI00H k_RD2_HO2(temp,6) Rickard and Pascoe (2009)
6465052 TrGAroCN CATEC102 + NO — CATECIO + NOg KRO2ND Rickard and Pascoe (2009)
G46505b  TrGATroCN CATEC102 + NO; — CATEC10 + NOy k_C6H502_ND2 Jagiella and Zabel (2007)*
G46506  TrGAroCN CATEC102 + NOz — CATEC10 + NO3 KRO2NO3 Rickard and Pascoe (2000)
646507  TrGAroC CATEC102 — CATEC10 k1_RO2s0R02 Rickard and Pascoe (2009)
646508  TrGAroC BZEMUCCO3H + OH — BZEMUCCO3 4.37E-11 TRickard and Pascoe (2009)
G46509  TrGAroC C6H500H + OH — C6H502 3.60E-12 Rickard and Pascoe (2009)
G46510  TrGAroC BZEMUCOOH + OH — BZEMUCCO + OH 1.31E-10 Rickard and Pascoe (2009)
G46511a TrGAroC BZEMUCCO3 + HO; — BZEMUCCO2H + Oy KAPHO2#r_C0O3_03 Rickard and Pascoe (2009)
G46511b  TrGAroC BZEMUCCO3 + HOy; — BZEMUCCO3H KAPHO2#r_CO3_00H TRickard and Pascoe (2009)
G46511c  TrGArC BZEMUCCO3 + HO; — C5DIALO2 + COs + OH KAPHO2*r_C03_OH Rickard and Pascoe (2009)
346512 TrGAroCN BZEMUCCO3 + NO — C5DIALO2 + COa + NOg KAPNOD Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)

§ labels reaction rate coefficient reference
G46513  TrGAroCN BZEMUCCO3 + NOs — BZEMUCPAN k_CH3CO03_NO2 Rickard and Pascoe (2009)
G46514  TrGAmCN BZEMUCCO3 + NOz — C5DIALO2 + CO2 + NOa KRO2NH03#1.74 Rickard and Pascoe (2009)
G46515  TrGAroC BZEMUCCO3 — C5DIALO2 + COs k1_RO2ZRCO3 Rickard and Pascoe (2000)*
G46516 TrGAroC C6H502 + HO; —+ C6HAOO0H k_RO2_HO2(temp,6) Rickard and Pascoe (2000)
G46517  TrGAroCN C6H502 + NO — C6H50 + NO3 KRO2NO Rickard and Pascoe (2009)
G46518  TrGAmCN CEH502 + NOz — C6H30 + NOz KRO2N03 Rickard and Pascoe (2009)
646519  TrGAroC C6H502 — CEH50 k1_RO2sR02 Rickard and Pascoe (2009)
G46520  TrGAmCN CEH502 + NOy — C6H30 + NOg k_C6H502_NO2 Jagiella and Zabel (2007)
G46521  TrGAroCN BZEMUCNO3 + OH — BZEMUCCO + NOga 4.38E-11 Rickard and Pascoe (2009)
G46522a TrGAroC BZBIPERO2 + HOy; — BZBIPEROOH k_RO2_HO2(temp,6)#(1.-T_BIPERD2_  Rickard and Pascoe (2000)
OH)
G46522b  TrGAroC BZBIPERO2 + HO, —+ OH + GLYOX + HO., + .5 k_RD2_HD2(temp,6)*r_BIPERD2_OH Rickard and Pascoe (2009), Bird-
BZFUONE + .5 BZFUONE sall et al. (2010)*
G46523a TrGAroCN BZBIPERO2 + NO — BZBIPERNO3 KRO2ND*alpha_AN(9,2,0,0,1,temp, Rickard and Pascoe (2000)
cair)
G46523b  TrGAroCN BZBIPERO2 + NO — NO; + GLYOX + HO; + .5 KRO2NO#(1.-alpha_AN(9,2,0,0,1, Rickard and Pascoe (2009)*
BZFUONE + .5 BZFUONE temp, cair))
G46524  TrGAroCN BZBIPERO2 + NO; — NOy + GLYOX + HO, + .5 KRO2NO3 Rickard and Pascoe (2009)*
BZFUONE + .5 BZFUONE
46525  TrGAroC BZBIPERO2 — GLYOX + HOs; + BEFUONE k1_RO2s0R0Z Rickard and Pascoe (2009)*
G47200  TrGTerCN CO235C6CHO + NOsz — CO235C6C03 + HNOz KNO3AL#5.5 Rickard and Pascoe (2009)
647201 TrGTerC C0235C6CHO + OH — CO235C6C03 6.T0E-11 Rickard and Pascoe (2009)
G47202a  TrGTerC CO235C6C03 + HOy — C235C6C0OIH KAPHO2*(r_C03_00H+r_C03_03) Rickard and Pascoe (2009)
G47202b TrGTerC C0235C6C03 + HOs — CO235C602 + COz + OH KAPHOZ#+T_CO3_0H Rickard and Pascoe (2009)
G47203  TrGTerCN C0O235C6C03 + NO — CO235C602 + COz + NO» KAPNO Rickard and Pascoe (2009)
647204  TrGTerCN C0235C6C03 + NOs — CTPAN3 k_CH3CO03_NO2 Rickard and Pascoe (2009)
647208  TrGTerC CO235C6C03 — CO235C602 + COa k1 _ROZRCO3 Rickard and Pascoe (2009)
647206  TrGTerC C235C6C0O3H + OH — CO235C6C03 4.75E-12 Rickard and Pascoe (2009)
G47207  TrGTerCN CTPAN3 + OH — CO235C5CHO + CO + NOg 8.83E-13 Rickard and Pascoe (2009)
647208  TrGTerCN CTPAN3 — CO235C6C03 + NOo k_PAN_M Rickard and Pascoe (2009)
G47208a TrGTerC CT1602 + HOs — CT1I600H k_RO2_HO2(temp, T)*r_COCH202_00H Rickard and Paseoe (2000),
Sander et al. (2019)
G47209b  TrGTerC CT71602 + HO; —+ CO13C4CHO + CH;C(0) + OH k_RO2_HO2(vemp, 7)*r_COCH202_OH Rickard and Pascoe (2009),
Sander et al. (2019)
647210  TrGTerCN C71602 + NO — CO13C4CHO + CH;C(0) + NO» KRO2NH0 Rickard and Pascoe (2000)*
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Table 1: Gas phase reactions (... continued)
§ labels reaction rate coefficient reference
647211 TrGTerC CT71602 — CO13C4CHO + CH3C(O) k1_R0O2s0R02 Rickard and Pascoe (2009)
647212 TrGTerC CT71600H + OH — CO235C6CHO + OH 1.20E-10 Rickard and Pascoe (2009)
G47213  TrGTerC C72102 + HO» —+ CT2100H k_RD2_HO2(temp,T7) Rickard and Pascoe (2009)
647214 TrGTerCN C72102 + NO — C72202 + NOg KRO2ND Rickard and Pascoe (2009)*
647215  TrGTerC C72102 —+ CT2202 k1_RO2pRO2 Rickard and Pascoe (2009)
647216 TrGTerC CT72100H + OH — C72102 1.27E-11 Rickard and Pascoe (2009)
Ga7217  TrGTerC C72202 + HO: —+ C72200H k_RD2_HO2(temp,7) Rickard and Pascoe (2009)
G47218  TrGTerCN 72202 + NO — CH3COCHz + C4402 + NOy KRO2ND Rickard and Pascoe (2009)*
647219  TrGTerC C72202 — CH3COCHz + C4402 k1_RO2tRO2 Rickard and Pascoe (2009)
647220  TrGTerC C72200H + OH — C72202 3.31E-11 Rickard and Pascoe (2009)
647221 TrGTerC ROO6R302 — ROOGR502 5.68E10+EXP (-8745./temp) Vereecken and Peeters (2012)
647222 TrGTerCN ROOGR302 + NO — ROOGR30 + NO; KRO2ND Vereecken and Peeters (2012)*
G47223  TrGTerC ROO6R3O2 + HO; —+ 7 LCARBON k_RD2_HO2(temp,T) Vereecken and Peeters (2012)*
G47224 TrGTerC ROOGR302 — ROOGR30 k1_RO2sRO2 Vereecken and Peeters (2012)
647225  TrGTerC ROO6R30 — 7 LCARBON + HOa 5.TE10+EXP(-2949./temp) Vereecken and Peeters (2012)
G47226  TrGTerC ROO6R502 — 7 LCARBON + OH 9.17E10+EXP (-8706./temp) Vereecken and Peeters (2012)*
G47400  TrGAroC TOLUENE + OH — .07 C6H5CH202 + .18 CRESOL + 1.8E-12=EXP(340./temp) Rickard and Pascoe (2009)*
.18 HO, + .65 TLBIPERO2 + .10 TLEPOXMUC + .10
HO,
647401 TrGAroC CGHACH202 + HOp — C6HSCH200H 1.5E-13«EXP (1310./temp) Rickard and Pascoe (2009)
G47402a TrGAroCN C6HACH202 + NO — C6HSCH2NO3 KRO2NO*alpha_AN(7,1,0,0,0,Temp, Rickard and Pascoe (2009)*
cair)
G47402b TrGAroCN CEHSCH202 4+ NO — BENZAL + HO; + NOy KRO2NO*(1.-alpha_ AN(7,1,0,0,0, Rickard and Pascoe (2009)*
temp, cair))
647403  TrGAroCN C6H5CH202 + NO3 — BENZAL + HO; + NO3 KRO2ND3 Rickard and Pascoe (2009)*
647404  TrGAroC C6H5CH202 — BENZAL + HO2 2.#(X_CH302#2 AE-14+EXP (1620./ Rickard and Pascoe (2009)*
temp) ) **(0.5) *R02
G4a7405  TrGAroCN CRESOL + NO; — .103 CRESO2 + .103 HNO3 + .506 1.4E-11 Rickard and Pascoe (2009)*
NCRESO2 + .391 TOL10O + .391 HNOs
G47406  TrGAroC CRESOL + OH — .2 CRESO2 4+ 727 MCATECHOL + 4.65E-11 Rickard and Pascoe (2009)*
727 HO4 + .073 TOL1O
G47407a TrGAroC TLBIPERO2 + HO: —+ TLBIPEROOH k_RO2 HO2(vemp,7)=(1i.-r BIPERO2  Rickard and Pascoe (2009)

OH)
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G47407b  TrGAroC TLBIPERO2 + HOs — OH + .6 GLYOX + .4 MGLYOX k_R02_HO2(temp,7)*r_BIPEROZ_OH Rickard and Pascoe (2009), Bird-
+ HOg + .2 CAMDIAL + .2 C5DICARB + .2 TLFUONE sall et al. (2010)*
+ .2 BZFUONE + .2 MALDIAL
G4a7408a TrGAroCN TLBIPERO2 + NO — NOs + .6 GLYOX + .4 MGLYOX KRO2NO(1.-alpha AN(11,2,0,0,1, Rickard and Pascoe (2009)*
+ HOa + .2 C4MDIAL + .2 C5DICARB + .2 TLFUONE temp,cair))
+ .2 BZFUONE + .2 MALDIAL
G47408b  TrGAroCN TLBIPERO2 + NO — TLBIPERNO3 KRO2ND*alpha AN(11,2,0,0,1, Rickard and Pascoe (2009)*
temp, cair)
647409  TrGAroCN TLBIPERO2 + NO3 — NOa + .6 GLYOX + .4 MGLYOX KRO2ND3 Rickard and Pascoe (2009)*
+ HO3 + .2 CAMDIAL + .2 C5DICARB + .2 TLFUONE
+ .2 BZFUONE + .2 MALDIAL
647410  TrGAroC TLBIPERO2 — .6 GLYOX + 4 MGLYOX + HO, + k1_R02s0R02 Rickard and Pascoe (2009)*
2 CAMDIAL + .2 CSDICARB + .2 TLFUONE + .2
BZFUONE + .2 MALDIAL
647411 TrGAroCN TLEPOXMUC + NO; —+ TLEMUCCO3 + HNO; KNO3AL*2.75 Rickard and Pascoe (2009)
G47412 TrGAroC TLEPOXMUC + O3 — EPXCADIAL + 125 CH:CHO + 5.00E-18 Rickard and Pascoe (2009)*
695 CH;C(0O) + .57 CO + .57 OH + .125 HO, + .1125
CH3COCO,H + 0675 MGLYOX + .0675 HyOy + .25 COy
647413  TrGAroC TLEPOXMUC + OH — .31 TLEMUCCO3 + .69 7.99E-11 Rickard and Pascoe (2009)*
TLEMUCO2
G47414  TrGAmC C6H5CH200H + OH — BENZAL + OH 2.0BE-11 Rickard and Paseoe (2009)
G47415  TrGAroCN CGH5CH2NO3 + OH — BENEAL + NOa 6.03E-12 Rickard and Pascoe (2009)
647416 TrGAroCN BENZAL + NO3 — C6H5C03 + HNO; 2.40E-15 Rickard and Pascoe (2009)
G47417  TrGArC BENZAL + OH — C6H5CO3 5.9E-12+EXP(225./temp) Rickard and Pascoe (2009)
G47418a TrGAroC CRESO2 + HOy — CRESOOH k_RO2_HD2(temp,7)=*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202_0H)
G47418b TrGAroC CRESO2 + HO» — .68 C3CO140H + .68 GLYOX + HO.  k_RO2_HD2(temp,7)*r_CHOHCH202_OH Rickard and Pascoe (2009)*
+ .32 PTLQONE + OH
G47419  TrGAroCN CRESO2 + NO — .68 C5COI40H + .68 GLYOX + HO2  KRO2ND Rickard and Pascoe (2009)*
+ .32 PTLQONE + NO2
647420  TrGAroCN CRESO2 + NO3 — .68 C5CO140H + .68 GLYOX + HO, KR0O2ND3 Rickard and Pascoe (2009)*
+ .32 PTLQONE + NO2
647421 TrGAroC CRESO2 — .68 C5COI40H + .68 GLYOX + HO; + .32 k1_RO2ISO0PDO2 Rickard and Pascoe (2009)*
PTLQONE
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Table 1: Gas phase reactions (... continued)
3 labels reaction rate coefficient reference
6474222 TrGAroCN NCRESO2 + HO» —+ NCRESOOH k_RO2_HO2(temp, 7)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_OH)
G47422b TrGAroCN NCRESO2 + HOs — C5CO140H + GLYOX + NOs; + k_RO2_HOZ(temp,7)*r_CHOHCH202_0H Rickard and Pascoe (2000)*
OH
647423 TrGAroCN NCRESO2 + NO — C5CO140H + GLYOX + NOs + NOs  KROZND Rickard and Pascoe (2000)*
647424 TrGAroCN NCRESO2 + NO; — C5CO140H + GLYOX + NO,; + KRO2ND3 Rickard and Pascoe (2000)*
NOz
647425  TrGAroCN NCRESO2 — C5CO140H + GLYOX + NO; k1_RO2ISOPDOZ Rickard and Pascoe (2000)*
G47426  TrGAroCN TOL1O + NOs —+ TOL1OHNO2 k_C6H50_NO2 Rickard and Paseoe (2000), Platz
et al. (1998)*
647427  TrGAroC TOL10 + Oz — OXYL102 k_C6H50_03 Rickard and Pascoe (2009), Tao
and Li (1999)
647428  TrGAroCN MCATECHOL + NOg — MCATEC10 + HNOy 1.7E-10%1.0 Rickard and Pascoe (2000)
647429  TrGAroC MCATECHOL + O3 — MC30DBCO2H + HCOCO,H + 2.8E-17 Rickard and Pascoe (2000)*
HO; + OH
647430  TrGAroC MCATECHOL + OH — MCATEC10 2.0E-10%1.0 Rickard and Pascoe (2000)
647431 TrGAroC TLBIPEROOH + OH — TLOBIPEROH + OH 9.64E-11 Rickard and Pascoe (2000)
G47432  TrGAroCN TLBIPERNOZ + OH — TLOBIPEROH + NO, T.16E-11 Rickard and Pascoe (2000)
647433  TrGAroC TLOBIPEROH + OH — C5C01402 + GLYOX 7.99E-11 Rickard and Pascoe (2009)
G47434a  TrGAroC TLEMUCCO3 + HO, — C615C0202 + CO; + OH KAPHO2#T_CD3_0H Rickard and Pascoe (2000)
G47434b  TrGAroC TLEMUCCO3 + HO: — TLEMUCCO2H + O3 KAPHO2*r_C03_03 Rickard and Pascoe (2000)
G47434c  TrGAroC TLEMUCCO3 + HOy — TLEMUCCO3H KAPHO2#r_CO3_00H Rickard and Pascoe (2000)
G47435  TrGAroCN TLEMUCCO3 + NO — C615C0202 + €O + NO» KAPNO Rickard and Pascoe (2000)
G47436  TrGAroCN TLEMUCCO3 + NOg — TLEMUCPAN k_CH3C03_ND2 Rickard and Pascoe (2000)*
647437  TrGAroCN TLEMUCCO3 + NO3 — C615C0202 + COa + NOy KRO2ND3%1.74 Rickard and Pascoe (2009)
647438  TrGAroC TLEMUCCO3 — C615C0202 + COz k1 RO2RCO3 Rickard and Pascoe (2000)*
G4743%a2 TrGAroC TLEMUCO2 + HO; —+ TLEMUCOOH k_RO2_HO2 (temp, 7)*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202_0H-T_COCH202_DH)
G47439b  TrGAroC TLEMUCO2 + HO3 — .5 C3DIALO2 + .5 CO2H3CHO + k_R02_HO2(temp, 7)=*(r_CHOHCH202_ Rickard and Pascoe (2000)*
.5 EPXC4DIAL + .5 MGLYOX + .5 HO; + OH OH+r_COCH202_0OH)
G474402 TrGAroCN TLEMUCO2 + NO —+ TLEMUCNO3 KRO2NO*alpha AN(11,2,1,0,0, Rickard and Pascoe (2000)
temp, cair)
6474400 TrGAroCN TLEMUCO2 + NO — .5 C3DIALO2 + .5 CO2H3CHO + KRO2ND#(1i.-alpha_AN(11,2,1,0,0, Rickard and Pascoe (2000)*
.5 EPXCADIAL + .5 MGLYOX + .5 HO3 + NOs temp, cair))
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G47441  TrGAroCN TLEMUCO2 + NOz — .5 C3IDIALO2 + .5 CO2H3CHO + KRO2ND3 Rickard and Pascoe (2009)*
.5 EPXCADIAL + .5 MGLYOX + .5 HOs + NOy
47442  TrGAroC TLEMUCO2 — .5 C3DIALO2 + .5 CO2H3CHO + .5 k1_R02s0R02 Rickard and Pascoe (2009)*
EPXC4DIAL + .5 MGLYOX + .5 HO;
G47443a  TrGAroC C6H5CO3 + HOy — C6H5CO3H 1.1E-11+EXP(364./temp) #0.65 Roth et al. (2010)
G47443b TrGAroC CGH5C03 + HOz — CGH502 + COz + O 1.1E-11+EXP(364./temp) *0.20 Roth et al. (2010)
G47443c  TrGAroC C6H5CO3 + HO3 —+ PHCOOH + O 1.1E-11+EXP(364./temp) #0.15 Roth et al. (2010)
G4a7444  TrGAroCN CGH5CO3 + NO — C6H302 + COy + NOa KAPNO Rickard and Pascoe (2009)
647445  TrGAroCN C6H5CO3 + NO; — PBZN k_CH3CD3_ND2 Rickard and Pascoe (2000)*
G47446  TrGAroCN CGH5CO3 + NO3 — C6H502 + COz + NOo KRO2ND3#1.74 Rickard and Pascoe (2000)
647447  TrGAroC C6H5CO3 —+ C6H502 + CO, k1_RO2RCO3 Rickard and Pascoe (2000)*
G47448 TrGAroC CRESOOH + OH — CRESO2 1.15E-10 Rickard and Pascoe (2000)
647449  TrGAroCN NCRESOOH + OH — NCRESO2 1.07E-10 Rickard and Pascoe (2000)
G47450  TrGAroCN TOLIOHNO2 + NOg — NCRES10 + HNO4 3.13E-13*1.0 Rickard and Pascoe (2000)
G47451  TrGAroCN TOL1OHNO2 + OH —+ NCRES10 2.8E-12 Rickard and Pascoe (2009)
GATAS2 TrGAroC OXYL102 + HOs — OXYL100H k_RO2_HOZ(temp,7) Rickard and Pascoe (2009)
G47453  TrGAroCN OXYL102 + NO —+ TOL10 + NOo KRO2ND Rickard and Pascoe (2009)
G47454  TrGAroCN OXYL102 + NOy; — TOL10 + NOy k_C6H502_N0O2 Jagiella and Zabel (2007)*
G47455  TrGAroCN OXYL102 + NO; —+ TOL10 + NO, KRO2NO3 Rickard and Pascoe (2009)
GAT456 TrGAroC OXYL102 — TOL1O k1_R02sR0O2 Rickard and Pascoe (2009)
647457  TrGAroCN MCATEC10 + NO; —+ MNCATECH k_C6H50_NO2 Rickard and Pascoe (2009), Platz
et al. (1998)
647458  TrGAroC MCATEC10 + O3 — MCATEC102 k_CBH50_03 Rickard and Pascoe (2009), Tao
and Li (1999)
647459  TrGAroC TLEMUCCO2H + OH — C615C0202 + COa 5.98E-11 Rickard and Pascoe (2009)
G4a7460  TrGAreC TLEMUCCO3H + OH — TLEMUCCO3 6.20E-11 Rickard and Pascoe (2000)
647461  TrGAroCN TLEMUCPAN + OH — C5DICARB + CO + CO; + NOa  5.96E-11 Rickard and Pascoe (2009)
Ga7462  TrGAroCN TLEMUCPAN — TLEMUCCO3 + NOg k_PAN_M Rickard and Pascoe (2000)
647463  TrGAroC TLEMUCOOH + OH — TLEMUCCO + OH 7.04E-11 Rickard and Pascoe (2009)
G4a7464  TrGAroCN TLEMUCNO3 + OH — TLEMUCCO + NO» 3.06E-11 Rickard and Pascoe (2009)
647465  TrGAroC TLEMUCCO + OH —+ CH3C(O) + EPXCADIAL + CO  4.06E-11 Rickard and Pascoe (2009)
G47466  TrGAroC CGEH5CO3H + OH — C6H5C03 4.66E-12 Rickard and Pascoe (2009)
G47467  TrGAroC PHCOOH + OH — C6H502 + COa 1.10E-12 Rickard and Pascoe (2009)
G47468  TrGAroCN PBZN + OH — C6H500H + CO + NOy 1.06E-12 Rickard and Pascoe (2009)
G47469  TrGAroCN PBZN — C6H5CO3 + NO, K_PAN_M#0.67 Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
647470 TrGAroCN PTLOONE + NOy — NPTLQO2 1.00E-12 Rickard and Pascoe (2009)
647471 TrGAreC PTLQONE + OH — PTLQO2 2.3E-11 Rickard and Pascoe (2009)
647472 TrGAroCN NCRES10 + NOy — DNCRES k_C6H50_NDZ Rickard and Pascoe (2009), Platz
et al. (1998)
647473  TrGAroCN NCRES10 + O3 —+ NCRES102 k_C6H50_03 Rickard and Pascoe (2000), Tao
and Li (1999)
647474 TrGAroC OXYL100H + OH — OXYL102 4.65E-11 Rickard and Pascoe (2000)
647475  TrGAroCN MNCATECH + NO3 —+ MNNCATECO2 5.03E-12 Rickard and Pascoe (2009)
G47476  TrGArmCN MNCATECH + OH — MNCATECO2 6.83E-12 Rickard and Pascoe (2009)
G4747T7T  TrGAroC MCATEC102 + HO; — MCATEC100H k_RO2_HO2(temp,7) Rickard and Pascoe (2009)
G47478  TrGArmCN MCATEC102 + NO — MCATECILO + NO2 KRO2NO Rickard and Pascoe (2009)
647479 TrGAroCN MCATEC102 + NOs —+ MCATEC10 + NO3 k_C6H502_N0O2 Jagiella and Zabel (2007)*
G47430  TrGArmCN MCATEC102 4+ NOz —+ MCATECI1O + NO; KRO2NO3 Rickard and Pascoe (2009)
647481  TrGAroC MCATEC102 — MCATEC10 k1_RO2s0R02 Rickard and Pascoe (2009)
G47482a TrGAroCN NPTLQO2 + HO; — NPTLQOOH k_RO2_HO2(temp,T)*(1.-r_COCH202_  Rickard and Pascoe (2009)
OH)
G47482b TrGAmCN NPTLQO2 + HO, —+ C7TCO4DB + NO, + OH k_RO2_HO2(vemp, 7)*r_COCH202_OH Rickard and Pascoe (2009)*
647483  TrGAroCN NPTLQO2 + NO — CTCO4DB + NO, + NO, KRO2NO Rickard and Pascoe (2000)*
G47484  TrGAmCN NPTLQO2 + NOy — C7CO4DB + NO,y + NOy KRO2NO3 Rickard and Pascoe (2009)*
647485  TrGAroCN NPTLQO2 — CTCO4DD + NO» k1_RO2s0R02 Rickard and Pascoe (2000)*
G47486a TrGAroC PTLQO2 + HO, — PTLOOOH k_R0O2_HO2(temp,7)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_0H-r_COCH202_0H)
G47486b  TrGAroC PTLQO2 + HOy — C6CO20HCO3 + OH k_RO2_HO2(temp, 7)*(r_CHOHCH202_ Rickard and Pascoe (2000)*
OH+r _COCH202_OH)
G47487  TrGAroCN PTLQO2 + NO — C6CO20HCO3 + NOg KRO2NO Rickard and Pascoe (2009)*
647488  TrGAroCN PTLQOZ + NOy — C6CO20HCO3 + NOo KRO2NO3 Rickard and Pascoe (2000)*
G47489  TrGAreC PTLQO2 — C6CO20HCOI k1 RO2s0R02 Rickard and Pascoe (2009)*
647490  TrGAroCN DNCRES + NO3 — NDNCRESO2 7.83E-15 Rickard and Pascoe (2009)
G47491  TrGAroCN DNCRES + OH —+ DNCRESO2 5.10E-14 Rickard and Pascoe (2009)
647492 TrGAroCN NCRES102 + HO; — NCRES1I00H k_RO2_HO2(temp,7) Rickard and Pascoe (2009)
G47493  TrGAmoCN NCRES102 + NO —+ NCRES10 + NOo KRO2NO Rickard and Pascoe (2009)
647494  TrGAroCN NCRES102 + NO; — NCRES10 + NOgz k_C6H502_NO2 Jagiella and Zabel (2007)*
G47495  TrGArmCN NCRES102 + NO3; —+ NCRES10 + NOa KRO2NO3 Rickard and Pascoe (2009)
647496  TrGAroCN NCRES102 — NCRES10 k1_R02sR0O2 Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G47497a  TrGAroCN MNNCATECO?2 + HO; — MNNCATCOOH k_RO2_HO2(temp,7)*(l.-r_ Rickard and Pascoe (2009)
CHOHCH202_0H)
G47497b  TrGAroCN MNNCATECO2 + HOs — NCAMDCO2HN + HCOCO.H k_RO2_HOD2(temp,7)*r_CHOHCH202_OH  Rickard and Pascoe (2009)*
+ NO; + OH
G47498  TrGAreCN MNNCATECO2 + NO — NCAMDCO2HN + HCOCO2H KRO2ND Rickard and Pascoe (2009)*
+ NO3z + NOy
647499  TrGAroCN MNNCATECO?2 + NOz —+ NCAMDCO2ZHN + HCOCO,H XRO2ND3 Rickard and Pascoe (2000)*
+ NOz + NOso
647500  TrGAroCN MNNCATECO2 —+ NCAMDCO2HN + HCOCO;H + NOs  k1_R0O2ISOPDO2 Rickard and Pascoe (2009)
G47501a  TrGAroCN MNCATECO2 + HOy — MNCATECOOH k_RD2_HO2(temp,7)*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202_0H)
6475010 TrGAroCN MNCATECO2 + HO; — NCAMDCO2HN + HCOCO;H k_R02_HO2(temp,7)*r_CHOHCH202_OH Rickard and Pascoe (2000)*
+ HO; + OH
647502 TrGAroCN MNCATECO?2 + NO — NC4AMDCO2HN + HCOCOsH +  KRO2ND Rickard and Pascoe (2009)*
HOz + NOy
647503  TrGAroCN MNCATECO2 + NO3 — NCAMDCO2HN + HCOCO,H KRO2ND3 Rickard and Pascoe (2009)*
+ HO; + NOy
G47504  TrGAroCN MNCATECO2 — NCAMDCO2HN + HCOCO,H + HO,  k1_RO2ISOPDOZ Rickard and Pascoe (2009)*
647505  TrGAroC MCATEC100H + OH — MCATEC102 2.05E-10 Rickard and Pascoe (2009)
G47506  TrGAroCN NPTLQOOH + OH — NPTLQO2 8.56E-11 Rickard and Pascoe (2009)
G47507  TrGAroC PTLQOOH + OH — PTLQCO + OH 1.42E-10 Rickard and Pascoe (2009)
647508  TrGAroC PTLQCO + OH — C6CO20HCO3 7.95E-11 Rickard and Pascoe (2009)
G4750%9a  TrGAroCN NDNCRESO2 + HO; —+ NDNCRESOOH k_RD2_HO2(temp,7)*(1.-T_ Rickard and Pascoe (2009)
CHOHCH202_0H)
G475090  TrGAroCN NDNCRESO2 + HO; —+ NCAMDCO2HN + HNOs + 2 k_RO2 _HO2(temp,7)+r CHOHCH202 OH Rickard and Pascoe (2000)*
CO + NOg + OH
647510  TrGAroCN NDNCRESO2 + NO — NCAMDCO2HN + HNO; + 2 CO  KRO2ND Rickard and Pascoe (2009)*
+ NO3 + NOs
647511 TrGAroCN NDNCRESO2 + NOy — NCAMDCO2HN + HNO; + 2 KRO2ND3 Rickard and Pascoe (2009)*
CO + NOg + NOo
647512  TrGAroCN NDNCRESO2 — NCAMDCO2HN + HNO3 +2 CO + NOa  k1_RO2ISOPDO2 Rickard and Pascoe (2009)*
G47513a  TrGAroCN DNCRESO2 + HOy, —+ DNCRESOOH k_RO2_HO2(temp,T)*(1.-T_ Rickard and Pascoe (2000)
CHOHCH202_0H)
G47513b  TrGAroCN DNCRESO2 + HO; —+ NCAMDCO2HN + HCOCO.H + k_RO2_HOD2(temp,7)+r_CHOHCH202_OH Rickard and Pascoe (2009)*
NO2 + OH
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Table 1: Gas phase reactions (... continued)
4 labels reaction rate coefficient reference
G47514  TrGAroCN DNCRESO2 + NO — NCAMDCO2HN + HCOCO.;H + EROZND Rickard and Pascoe [2000)*
NOz + NOy
G47515  TrGAroCN DNCRESO2 + NO3z —+ NCAMDCO2HN + HCOCO:H + KRO2ND3 Rickard and Pascoe (2000)*
NOz + NOy
G47516  TrGAroCN DNCRESO2 — NCAMDCO2HN + HCOCO:H + NOg k1 RO2ISOPDO2 Rickard and Pascoe (2000)*
647517  TrGAroCN NCRES100H + OH — NCRES102 1.53E-12 Rickard and Pascoe (2009)
G47518  TrGAroCN MNNCATCOOH + OH — MNNCATECO2 k_ROOHRO Rickard and Pascoe (2009)
647519  TrGAroCN MNCATECOOH + OH — MNCATECO2 k_ROOHRO Rickard and Pascoe (2009)
G47520  TrGAroC CTCO4DB + OH —+ CO + CO + CHaC(O) + 9.58E-11 Rickard and Pascoe (2009)
HCOCOCHO
G47521a  TrGAreC C6CO20HCO3 + HO9 — C5134CO20H + HO; + CO + KAPHO2#r_C03_0H Rickard and Pascoe (2009)
C0O; + OH
G47521b  TrGAroC CHCO20HCOS + HOy — C6COOHCOZH KAPHO2#(r_C03_00H+r_C03_03) Rickard and Pascoe (2009)
647522  TrGAroCN C6CO20HCO3 + NO — C5134C020H + HO; + CO +  KAPND Rickard and Pascoe (2009)
CO3 + NOy
647523  TrGAroCN C6CO20HCO3 + NOy — C6CO20HPAN k_CH3C03_ND2 Rickard and Pascoe (2009)
G47524  TrGAroCN C6CO20HCO3 + NO3 — C5134CO20H + HO, + CO + EKRO2ND3*1.74 Rickard and Pascoe (2009)
CO, + NOy
G47525  TrGAroC CHCO20HCOS — C5134CO20H + HOy + CO + COy k1 RO2RCO3 Rickard and Pascoe (2000)
G47526  TrGAroCN NDNCRESOOH + OH — NDNCRESO2 k_ROOHRO Rickard and Pascoe (2009)
647527  TrGAroCN DNCRESOOH + OH — DNCRESO2 k_RDOHRO TRickard and Pascoe (2009)
G47528  TrGAroC C6COOHCO3H + OH — C6CO20HCO3 9.29E-11 Rickard and Pascoe (2009)
647529  TrGAroCN C6CO20HPAN + OH — C5134CO20H + CO + CO + B.96E-11 Tickard and Pascoe (2009)
NOg
647530  TrGAroCN C6CO20HPAN — C6CO20HCO3 + NO, k_PAN_M Rickard and Pascoe (2009)
G48200  TrGTerC CR502 — CRE02 k1_RO2tRO2 Rickard and Pascoe (2009)
648201  TrGTerC C8502 + HOy — C8500H k_RO2_HO2(temp,8) Rickard and Pascoe (2009)
648202  TrGTerCN CE502 + NO — C8602 + NO2 KROZND Rickard and Pascoe (2000)*
648203 TrGTerC C8500H + OH — C8502 1.29E-11 Rickard and Pascoe (2009)
G4g204  TrGTerC CR602 — C51102 + CHaCOCH3 ki RO2tRO2 Rickard and Pascoe (2000)
648205  TrGTerCN C8602 + NO — C51102 + CH;COCH; + NOy KRO2NO Rickard and Pascoe (2009)*
G48206 TrGTerC C8602 + HOy — CR600H k_RO2_HD2(temp,8) Rickard and Pascoe (2009)
648207 TrGTerC C8600H + OH — CB602 3.45E-11 Rickard and Pascoe (2009)
G4g208  TrGTerC CE1102 — CE1202 k1 RO2pRO2 Rickard and Pascoe (2000)
648209  TrGTerC C81102 + HO; — 8 LCARBON k_RD2_HO2(temp,8) Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G48210  TrGTerCN C81102 + NO — CB1202 + NO, KRO2ND Rickard and Pascoe (2000)*
648211 TrGTerC #1202 — C81302 k1 ROZtORO2 Rickard and Pascoe (2009)
648212  TrGTerCN C81202 + NO — C81302 + NOy KRO2ND Rickard and Pascoe (2009)*
648213  TrGTerC C#1202 + HO3 — C81200H k_RO2_HO2(temp,8) Rickard and Pascoe (2009)
648214  TrGTerC C81200H + OH — C81202 1.09E-11 Rickard and Pascoe (2009)
648215  TrGTerC CH#1302 — CH3COCHz + C51202 ki_RO2tRO2 Rickard and Pascoe (2009)
648216  TrGTerCN 81302 + NO — CH3;COCH; + C51202 + NOy KRO2ND TRickard and Pascoe (2000)*
648217  TrGTerC CH#1302 + HO3 — CE81300H k_RO2_H02(temp, 8) Rickard and Pascoe (2009)
648218  TrGTerC C81300H + OH — C81302 1.86E-11 TRickard and Pascoe (2009)
G48219  TrGTerCN C721CHO + NOz — CT21CO3 + HNOz KNO3AL#2.5 Rickard and Pascoe (2009)
648220  TrGTerC C721CHO + OH — C721C03 2.63E-11 TRickard and Pascoe (2009)
G48221a  TrGTerC C721C0O3 + HO; — CT21CO3H KAPHOZ2#+r_C03_00H Rickard and Pascoe (2009)
G48221b  TrGTerC CT721C0O3 + HOy —+ C72102 + CO3 + OH KAPHO2#r_CO3_0H TRickard and Pascoe (2009)
G48221c  TrGTerC C721C0O3 + HO; —+ NORPINIC + O3 KAPHO2#+r_C03_03 Rickard and Pascoe (2009)
648222  TrGTerCN C721C03 + NO — C72102 + COy + NOy KAPND TRickard and Pascoe (2009)*
G48223  TrGTerCN C721C0O3 + NO; —+ CT21PAN k_CH3C03_N02 Rickard and Pascoe (2009)
648224  TrGTerCN CT21C03 + NOy — C72102 + COy + NOy KRO2ND3#1.74 TRickard and Pascoe (2009)
G48225  TrGTerC C721C03 — CT2102 + CO,y k1_ROZRCO3%0.9 Sander et al. (2019)
648226  TrGTerC C721C03 — NORPINIC k1_ROZRCO3#0.1 Sander et al. (2019)
G48227  TrGTerC C721CO3H + OH — C721C0O3 9.65E-12 Rickard and Pascoe (2009)
648228  TrGTerC NORPINIC + OH — C72102 + COy 6.57E-12 Rickard and Pascoe (2009)
G48229  TrGTerCN CT721PAN + OH — C72100H + CO + NO2 2.96E-12 Rickard and Pascoe (2009)
648230  TrGTerCN CT21PAN — C721C03 + NOy k_PAN_M Rickard and Pascoe (2009)
648231 TrGTerC C8BC + OH — C8BCO2 3.04E-12 Rickard and Pascoe (2009)
G48232 TrGTerC C8BCO2 + HO; —+ CSBCOOH k_RO2_HO2(temp,8) Rickard and Pascoe (2009)
G48233a TrGTerCN CEBCO2 + NO — C8002 + NOo KRO2NO(1.-alpha AN(8,2,0,0,0, Rickard and Pascoe (2009)
temp, cair))
348233b  TrGTerCN CEBCO2 + NO — CEBCNO3 KRO2ND#alpha_AN(8,2,0,0,0,temp, Rickard and Pascoe (2009)
cair)
G48234  TrGTerC CEBCO2 — CRO02 k1_RO2sR02 Rickard and Pascoe (2009)
648235  TrGTerC CEBCOOH + OH — CSBCCO + OH 1.62E-11 TRickard and Pascoe (2009)
G48236  TrGTerCN CEBCNO3 + OH — CEBCCO + NO; 1.84E-12 Rickard and Pascoe (2009)
648237  TrGTerC CEBCCO + OH — CR902 3.94E-12 TRickard and Pascoe (2009)
G48238  TrGTerC CRO02 + HO; — CRIOOH k_R02_H02(temp, 8) Rickard and Pascoe (2009)
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G4823%9a TrGTerCN CEI02 + NO — CRI1002 4+ NOy KRO2NO*(1.-alpha_AN(7,2,0,0,0, Rickard and Pascoe (2009)
temp,cair))
482390 TrGTerCN C8902 + NO — C8INO3 KRO2NO*alpha_AN(7,2,0,0,0, temp, Rickard and Pascoe (2009)
cair)
648240  TrGTerCN CR902 + NOg — CE1002 + NOy KRD2N03 Rickard and Pascoe (2009)
G4s2a1  TrGTerC CRO02 — C81002 k1_RO2tRO2 Rickard and Pascoe (2009)
48242  TrGTerC C8900H + OH — C8902 3.61E-11 Rickard and Pascoe (2009)
648243  TrGTerCN CRONO3 + OH — CH3COCHz + CO13C4CHO + NO3 2.56E-11 Rickard and Pascoe (2009)
G4g244 TrGTerC C81002 + HOy — CRIDOOH k_RO2_HO2(temp, 8) Rickard and Pascoe (2009)
G48245a TrGTerCN C#1002 + NO — CH3COCH3 + C51402 + NO» KRO2NO*(1.-alpha_AN(10,3,0,0,0, Rickard and Pascoe (2009)
temp, cair))
G48245b TrGTerCN CE1002 + NO — C810NO3 KRO2NOD*alpha_AN(10,3,0,0,0, Rickard and Pascoe (2009)
temp, cair)
648246  TrGTerCN C81002 + NOz — CH3COCH;z + C51402 + NO» KRO2ND3 Rickard and Pascoe (2009)
548247  TrGTerC C21002 — CH3COCH; + C51402 ki_RO2TRO2 Rickard and Pascoe (2000)
G48248  TrGTerC CE1000H + OH — CR1002 8.35E-11 Rickard and Pascoe (2009)
648249  TrGTerCN CRI0NO3 + OH — CH;COCH; + CO13C4CHO + NO,  4.96E-11 Rickard and Pascoe (2000)
G48400a TrGAroC LXYL + OH — TLEPOXMUC + HO, + LCARBON 0.401E-11 Rickard and Pascoe (2000)*
5484000 TrGAroC LXYL + OH — C6H5CH202 + LCARBON 0.101E-11 Rickard and Pascoe (2000)*
G48400c  TrGAreC LXYL + OH — CRESOL + LCARBON 0.261E-11 Rickard and Pascoe (2000)*
484004 TrGAroC LXYL + OH — TLBIPERO2 + HO; + LCARBON 0.932E-11 Rickard and Pascoe (2009)*
G48401  TrGAroCN LXYL + NO3 —+ C6H5CH202 + HNO; + LCARBON 3.9E-16 Rickard and Pascoe (2000)*
648402  TrGAroC EBENZ + OH — .10 TLEPOXMUC + .07 C6H5CH202 + 7.00E-12 Rickard and Pascoe (2009)*
.18 CRESOL + .65 TLBIPERO2 + .28 HO; + LCARBON
648403  TrGAroCN EBENZ + NO3z —+ C6H5CH202 + HNOz + LCARBON  1.20E-16 Rickard and Pascoe (2009)*
G48404  TrGAroCN STYRENE + NO; — NSTYRENO2 1.50E-12 Rickard and Pascoe (2009)
648405  TrGAroC STYRENE + Oz — .545 HCHO + .1 BENZENE + .28 1.70E-17 Rickard and Pascoe (2009)*
C6H502 + .56 CO + .36 OH + .28 HO; + .075 PHCOOH
+ .545 BENZAL + .09 H,0; + .075 HCOOH + .2 CO,
G48406  TrGAreC STYRENE + OH — STYRENO2 5.80E-11 Rickard and Pascoe (2009)
648407  TrGAroCN NSTYRENO2 + HO; —+ NSTYRENOOH k_R02_HO2(temp,8) Rickard and Pascoe (2009)
G48408  TrGAroCN NSTYRENO2 + NO — NOy + NOs + HCHO + BENZAL  KRO2ND Rickard and Pascoe (2000)*
648409  TrGAroCN NSTYRENO2 + NOz — NO; + NO; + HCHO + KRO2ND3 Rickard and Pascoe (2009)*
BENZAL
648410  TrGAroCN NSTYRENO2 — NO3 + HCHO + BENZAL k1_RO2sRO2 Rickard and Pascoe (2000)*
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Table 1: Gas phase reactions (... continued)

# labels reaction rate coefficient reference
G48411  TrGAroCN NSTYRENOOH + OH — NSTYRENO2 6.16E-11 Rickard and Pascoe (2009)
G48412a TrGAroC STYRENO2 + HOy — STYRENOOH k_RO2_HO2(temp,8)*{1.-T_ Rickard and Pascoe (2009)
CHOHCH202_0H)
G48412b TrGAroC STYRENO2 + HO; —+ HO3; + OH + HCHO + BENZAL k RO2 HO2(vemp,B8)#r CHOHCH202 OH Rickard and Pascoe (2009)*
648413  TrGAroCN STYRENO2 + NO — NOy + HOy; + HCHO + BENZAL  KRO2ND Tickard and Pascoe (2009)*
G4s414  TrGAroCN STYRENO2 + NO3 — NOs + HO; + HCHO + BENZAL  KRO2ND3 Rickard and Pascoe (2000)*
648415  TrGAroC STYRENO2 — HOy; + HCHO + BENZAL k1_RO2sRO2 Tickard and Pascoe (2009)*
G48416  TrGAroC STYRENOOH + OH —+ STYRENO2 6.16E-11 Rickard and Pascoe (2009)
649200  TrGTerC C9602 — CO702 k1_RO2pRO2 Tickard and Pascoe (2009)
549201 TrGTeC 0602 + HO; — CO600H k_RD2_HO2(temp,9) Rickard and Pascoe (2009)
G49202a TrGTerCN CO9602 + NO — C9702 4+ NOo KRO2NO#(1.-alpha_AN{10,1,0,0,0, Tickard and Pascoe (2009)
temp,cair))
G49202b TrGTerCN CO602 + NO — CO6NO3 KRO2NO#alpha_AN(10,1,0,0,0, Rickard and Pascoe (2009)
temp, cair)
649203  TrGTerCN C96N03 + OH — NORPINAL + NO2 2.88E-12 Tickard and Pascoe (2009)
G49204a  TrGTerC CO600H + OH — C9602 k_ROOHRO Rickard and Pascoe (2009)
G49205p  TrGTerC CO600H + OH — NORPINAL + OH 1.30E-11 Tickard and Pascoe (2009)
G49206  TrGTerC CO702 — C9802 ki_RO2tRO2 Rickard and Pascoe (2009)
649207  TrGTerCN C9702 + NO — C9802 + NO, KRO2ND Tickard and Pascoe (2009)*
G49208a TrGTerC C9702 + HO; — C9700H k_RD2_HO2(temp,9)*r_COCH202_OOH Rickard and Pascoe (2000),
Sander et al. (2019)
649208 TrGTerC Co702 + HOy — COR02 + OH k_RO2_HO2(temp, 9)*r_COCH202_OH Rickard and Pascoe (2000),
Sander et al. (2019)
649208  TrGTerC COT700H + OH — C9702 1.05E-11 Rickard and Pascoe (2009)
649210  TrGTerC C9802 — C61402 + CH3COCH; k1_RO2tRO2 TRickard and Pascoe (2009)
G49211a  TrGTerCN CO802 + NO — C61402 + CHzCOCHz + NOy KRO2NO*(1.-alpha AN(12,3,0,0,0, Rickard and Pascoe (2009)
temp, cair))
G49211b  TrGTerCN COR02 + NO — 9 LCARBON + LNITROGEN KROZNO*alpha_AN(12,3,0,0,0, Rickard and Pascoe (2009)
temp, cair)
549212 TrGTerC CO802 + HO; — COR00H k_RD2_HO2(temp,9) Rickard and Pascoe (2009)
649213 TrGTerC CO200H + OH — C9802 2.05E-11 Tickard and Pascoe (2009)
549214 TrGTerC NORPINAL + OH — C85C03 2.64E-11 Rickard and Pascoe (2009)
649215  TrGTerCN NORPINAL + NO; — C85C03 + HNO3 KND3AL#8.5 Tickard and Pascoe (2009)
549216  TrGTerC C85C0O3 — C8502 + COq ki_RO2RCO3 Rickard and Pascoe (2009)
649217  TrGTerCN C85C03 + NO — C8502 + COy + NOy KAPND Tickard and Pascoe (2009)
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G49218  TrGTerCN CR5CO3 + NO2 —+ COPAN2 k_CH3C03_N02 Rickard and Pascoe (2009)
6492192 TrGTerC C85C03 + HO; —+ C85C03H KAPHO2* (r_CO3_00H+r_C03_03) Rickard and Pascoe (2009)
0492100 TrGTerC C85C03 + HOy — C8502 + COs; + OH KAPHO2*r_C03_0OH Rickard and Pascoe (2009)
649220  TrGTerCN COPAN2 — CR5C03 + NOy K_PAN_M Rickard and Pascoe (2009)
G49221  TrGTerCN COPAN2 + OH — C8500H + CO + NO2 6.60E-12 Rickard and Pascoe (2009)
649222  TrGTerC C85C03H + OH — C85C03 1.02E-11 Rickard and Pascoe (2009)
G49223a TrGTerC CROCO3 —+ .8 CB11CO3 + .2 C8902 + .2 COs k1 RO2RCO3+0.9 Sander et al. (2019)
G49223b TrGTerC CROC03 — CROCO2H k1_RO2RCO3%0.1 Sander et al. (2019)
G49224a  TrGTerC CR9C03 + HO, —+ CROCO3H KAPHO2#r_CO3_00H Rickard and Pascoe (2009)
G49224b  TrGTerC CRICO3 + HOs — CROCO2H + Oy KAPHO2#r_C03_03 Rickard and Pascoe (2009)
G49224c  TrGTerC CROCO3 + HO; — .80 C811CO3 + .20 C8902 + .2 CO2 KAPHO2#r_C03_OH Rickard and Pascoe (2009)
+ OH
649225  TrGTerCN CROCOI + NOg — CROPAN k_CH3C03_N0O2 Rickard and Pascoe (2000)
649226  TrGTerCN CR9C0O3 + NO — .8 C811CO3 + .2 CR902 + .2 COz + KAPNO Rickard and Pascoe (2009)
NO9
649227  TrGTerC CHOCO2H + OH — .8 C811C03 + .2 C8902 + 2 COg 2.69E-11 Rickard and Pascoe (2000)
G49228  TrGTerC CROCO3H + OH — C89CO03 3.00E-11 Rickard and Pascoe (2009)
649229  TrGTerCN CHIPAN — CROCO3 + NOy E_PAN_M Rickard and Pascoe (2000)
G49230  TrGTerCN CRIPAN + OH —+ CHCOCH; + CO13C4CHO + CO + 2.52E-11 Rickard and Pascoe (2009)
NO9
G49231a TrGTerC CRI1CO3 — C81102 + COy k1_RO2RCO3+0.9 Sander et al. (2019)
G49231b  TrGTerC C#11C03 — PINIC k1_RO2RCO3%0.1 Sander et al. (2019)
G49232a  TrGTerC CE811CO3 + HOy — CBI11CO3H KAPHO2#+r_CO03_00H Rickard and Pascoe (2009)
G49232b  TrGTerC C211C03 + HOy — PINIC + O3 KAPHO2*r_C03_03 Rickard and Pascoe (2009)
G49232¢  TrGTerC C811CO3 + HOy — C81102 + CO; + OH KAPHO2#*r_CO3_0H Rickard and Pascoe (2009)
G49233  TrGTerCN CR11C0O3 + NO — C81102 + COa + NOa KAPNO Rickard and Pascoe (2009)
649234  TrGTerCN C811C03 + NOy — CBIIPAN k_CH3C03_ND2 Rickard and Pascoe (2009)
G49235  TrGTerC PINIC + OH — C81102 + CO2 7.29E-12 Rickard and Pascoe (2009)
649236  TrGTerC NOPINONE + OH — NOPINDO2 1.55E-11 Capouet et al. (2008), Rickard
and Pascoe (2000)
G49237a TrGTerC NOPINDO2 + HO: —+ NOPINDOOH k_RO2_HO2 (temp, 9)*r_COCH202_00H Rickard and Pascoe (2009),
Sander et al. (2019)
G49237b  TrGTerC NOPINDO2 4+ HO, — CR9CO3 + OH k_RO2_HO2(temp, 9)+r_COCH202_0H Rickard and Pascoe (2009),
Sander et al. (2019)
649238  TrGTerCN NOPINDO2 + NO — C89CO03 + NO, KRO2ND Rickard and Pascoe (2000)*
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649238  TrGTerC NOPINDO2 — CS9C03 k1_RO2pOROZ Rickard and Pascoe (2009)
G49240  TrGTerC NOPINDOOH — NOPINDCO 2.63E-11 Rickard and Pascoe (2000)
649241 TrGTerC NOPINDCO + OH — C89C03 3.07E-12 Rickard and Pascoe (2009)
G49242  TrGTerC NOPINOO — NOPINONE + HaOs 6.00E-18*c (ind_H20) Rickard and Pascoe (2000)
649243 TrGTerC NOPINOO + CO — NOPINONE + CO4 1.2E-15 Rickard and Pascoe (2009)
G49244  TrGTerCN NOPINOO + NO — NOPINONE + NOz 1E-14 Rickard and Pascoe (2000)
649245  TrGTerCN NOPINOO + NOy — NOPINONE + NOy 1.E-15 Rickard and Pascoe (2009)
G49246  TrGTerC NORPINENOL + OH — HCOOH + OH + C8602 k_CH2CHOH_OH_HCOOH Sander et al. (2019), So et al.
(2014)*
649247  TrGTerC NORPINENOL + HCOOH — NORPINAL + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
G49248  TrGTerC NORPINAL + HCOOH — NORPINENOL + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
G4924%  TrGTerC CR11CO3H + OH — CE11C03 1.04E-11 Rickard and Pascoe (2009)
649250  TrGTerCN CB11PAN — C811C0O2 + NO, k_PAN_M Rickard and Pascoe (2009)
G49251  TrGTerCN CR11PAN + OH — CT21CHO + CO + NO2 6.7T7E-12 Rickard and Pascoe (2009)
G49400a  TrGAroC LTMB + OH — TLEPOXMUC + HO; + 2 LCARBON  0.827E-11 Rickard and Pascoe (2009)*
G49400b  TrGAroC LTMB + OH — C6H5CH202 + 2 LCARBON 0.189E-11 Rickard and Pascoe (2000)*
G49400c  TrGAroC LTMB + OH — CRESOL + 2 LCARBON 0.141E-11 Rickard and Pascoe (2009)*
G49400d  TrGAroC LTMB + OH — TLBIPEROZ2 + HOy + 2 LCARBON 2.917E-11 Rickard and Pascoe (2000)*
649401  TrGAroCN LTMB + NO3 — C6H5CH202 + HNO; + 2 LCARBON  1.52E-15 Rickard and Pascoe (2000)*
G40200  TrGTerC APINENE + OH — .75 LAPINABO2 + .15 1.2E-11+EXP(440./temp) Atkinson et al. (2006)*
MENTHENGONE + .15 HO; + .10 ROO6R102
G40201a TrGTerCN LAPINABO2 + NO — PINAL + HO3 + NOa KRO2NO*(1.- (.65*alpha AN(11,3,0, Rickard and Pascoe (2000),
0,0,temp, cair)+.35+alpha_AN(11, Sander et al. (2019)
2,0,0,0,temp, cair)))
G40201b  TrGTerCN LAPINABO2 + NO — LAPINABNO3 KROZNO#(.65+alpha _AN(11,3,0,0,0, Rickard and Pascoe (2009),
temp, cair)+.35+alpha_AN(11,2,0, Sander et al. (2019)
0,0,temp, cair))
G40202a TrGTerC LAPINABO2 + HO; — LAPINABOOH k_RO2_HO2(temp, 10)*(1.-r_ Rickard and Pascoe (2000),
CHOHCH202_0H) Sander et al. (2019)
6402026 TrGTerC LAPINABO2 + HOy — PINAL + HOs + OH k_RO2_H02(temp, 10)*r_CHOHCH202_ Rickard and Pascoe (2000),
0H Sander et al. (2019)
640203  TrGTerC LAPINABO2 — PINAL + HO» RO2# (0.65+k1_RO2tOR02+.35+k1_ Rickard and Pascoe (2000)*
RO2s0R02)
G4
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640204  TrGTerC LAPINABOOH + OH — .35 LAPINABO?2 + .65 C96C0O3  2.77E-11 TRickard and Pascoe (2009)%
G40205  TrGTerCN LAPINABNO3 + OH — .35 PINAL + .65 C96C03 + NOy  4.29E-12 Rickard and Pascoe (2000)*
640206  TrGTerC MENTHENGONE + OH — OHMENTHENGONEO2 6.46E-11 Vereecken et al. (2007)*
G40207  TrGTerCN OHMENTHENGONEO2 + NO — 20HMENTHENG60ONE  KROZND Vereecken et al. (2007)*
+ HO3 + NO,
G40208  TrGTerC OHMENTHENGONEO2 + HO; — 20HMENTHEN60ONE  k_R02_HD2(temp, 10) Vereecken et al. (2007)
640208  TrGTerC OHMENTHENG60ONEO2 — 20HMENTHENGONE + HO,  k1_RD2tORD2 Vereecken et al. (2007)
G40210  TrGTerC 20HMENTHENGONE + OH — 10 LCARBON 1E-11 Vereecken et al. (2007)
640211 TrGTerC PINAL + OH — .772 C96CO3 + .228 PINALO2 5.2E-12+EXP(600./temp) Wallington et al. (2018)*
640212  TrGTerCN PINAL + NOg — C96C03 + HNOs 2.0E-14 Wallington et al. (2018)*
G40213a  TrGTerC C96CO3 — C9602 + COa k1_RO2RCO3%0.9 Rickard and Pascoe (2009)
340213b  TrGTerC CO6C03 — PINONIC ki_ROZRCO3#0.1 Rickard and Pascoe (2009)
G40214a TrGTerC C96C0O3 + HO3 — PERPINONIC KAPHO2+r_CD3_00H Rickard and Pascoe (2009)
G40214b  TrGTerC CO6C03 + HO: — PINONIC + Og KAPHOZ2*r_C03_03 Rickard and Pascoe (2009)
G40214c  TrGTerC CO6CO3 + HO; —+ C9602 + OH + COy KAPHO2*r_C03_0H Rickard and Pascoe (2000)
640215  TrGTerCN CO6C0O3 + NOz — C10PAN2 k_CH3C03_NO2 Rickard and Pascoe (2009)
G40216  TrGTerCN CO6CO3 + NO — C9602 + NO, + CO, KAPND Rickard and Pascoe (2000)
640217 TrGTerCN CO6CO3 + NOz — C9602 + NOy + CO, KRO2ZNO3%1.74 Rickard and Pascoe (2009)
G40218  TrGTerCN C10PAN2 —+ C96CO3 + NOy k PAN M Rickard and Pascoe (2009)
G40219  TrGTerCN C10PAN2 + OH — NORPINAL + CO + NO; 3.66E-12 Rickard and Pascoe (2009)
640220 TrGTerC PINONIC + OH — C9602 + COy 6.65E-12 Rickard and Pascoe (2009)
G40221  TrGTerC PERPINONIC + OH — C96C0O3 9.73E-12 Rickard and Pascoe (2009)
640222  TrGTerC PINALO?2 + HOs — PINALOOH k_RO2_HD2(temp, 10) Rickard and Pascoe (2009)
G40223a  TrGTerCN PINALOZ2 + NO — CL0602 + NOg KRO2NO#(1.-alpha_AN(12,3,0,1,0, Rickard and Pascoe (2009),
temp, cair)) Sander et al. (2019)
G40223b  TrGTerCN PINALO2 + NO — PINALNO3 KRO2NO*alpha AN(12,3,0,1,0, Rickard and Pascoe (2009),
temp, cair) Sander et al. (2019)
G40224  TrGTerC PINALO?2 — C10602 ki_RO2ZLRO2 Rickard and Pascoe (2009)
640225  TrGTerC PINALOOH + OH — PINALO2 2.T5E-11 Rickard and Pascoe (2009)
640226  TrGTerCN PINALNO3 + OH — CO235C6CHO + CHzCOCHz + 2.25E-11 Rickard and Pascoe (2009)
NOg
G40227  TrGTerC C10602 + HOq — C10600H k_ROZ_HO2(temp, 10) Rickard and Pascoe (2009)
G40228a  TrGTerCN C10602 + NO — C71602 + CH3COCH3 + NO» KRO2NO#0.875# (1.-alpha_AN(13,3,0, Rickard and Pascoe (2009),

0,0,temp, cair))

Sander et al. (2019)
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6402280 TrGTerCN C10602 + NO — C106NO3 KRO2NO#0.875+alpha_AN(13,3,0,0, Rickard and Pascoe (2009),
0, temp, cair) Sander et al. (2019)
640229  TrGTerC C10602 — CT1602 + CH3;COCH; k1_RO2TRO2 Rickard and Pascoe (2000)
640230  TrGTerC C10600H + OH — C10602 8.01E-11 Rickard and Pascoe (2009)
G40231  TrGTerCN C106NO3 + OH — CO235C6CHO + CH3COCHz + NO2  7.03E-11 Rickard and Pascoe (2009)
640232  TrGTerC APINENE + O3 — .09 APINBOO + .08 PINONIC + 8.05E-16+EXP(-640./temp) Wallington et al. (2018)*
.77 OH + .33 NORPINAL + .33 CO + .33 HO» + .06
APINAOO + .44 C10902
G40233 TrGTerC APINAOO — PINAL + H20s 1.00E-17*c(ind_H20) Rickard and Pascoe (2000)
640234  TrGTerC APINAOQO + CO — PINAL + COg 1.20E-15 Rickard and Pascoe (2009)
G40235  TrGTerCN APINAOO + NO — PINAL + NO3 1.00E-14 Rickard and Pascoe (2000)
640236  TrGTerCN APINAOO + NOs — PINAL + NO3 1.00E-15 Rickard and Pascoe (2009)
G40237a  TrGTerC APINBOO — PINONIC 1.00E-17*c(ind_H20)#*(0.08+0.15) Rickard and Pascoe (2009)
G40237b  TrGTerC APINBOO — PINAL + HaOs 1.00E-17*c (ind_H20)*0.77 Rickard and Pascoe (2009)
G40238  TrGTerC APINBOO + CO — PINAL + COs 1.20E-15 Rickard and Pascoe (2009)
640239  TrGTerCN APINBOO + NO — PINAL + NOg 1.00E-14 Rickard and Pascoe (2009)
G40240  TrGTerCN APINBOO + NOy — PINAL + NO, 1.00E-15 Rickard and Pascoe (2009)
Ga0241  TrGTerC C10902 — C89CO3 + HCHO k1_RO2pOR02 Rickard and Pascoe (2009)
G40242  TrGTerCN C10802 + NO — C89C03 + HCHO + NO, KRO2NO Rickard and Pascoe (2000)*
6402432 TrGTerC C10902 + HOs — C10900H k_RO2_HO2(temp, 10)#r_COCH202_00H Rickard and Pascoe (2009),
Sander et al. (2019)
G40243b  TrGTerC 10902 + HOz — CRICO3 + HCHO + OH k_RO2_HO2 (vemp, 10)*r_COCH202_0H  Rickard and Pascoe (2000),
Sander et al. (2019)
640244  TrGTerC C10900H + OH — C109CO + OH 5.47E-11 Rickard and Pascoe (2009)
G40245  TrGTerC C109CO + OH — C89CO3 + CO 5.47E-11 Rickard and Pascoe (2009)
640246  TrGTerCN APINENE + NO3 — LNAPINABO2 1.2E-124EXP(490./temp) Wallington et al. (2018)*
640247  TrGTerCN LNAPINABO2 — PINAL + NO3 (0.65+k1_RO2GROZ + 0.35+k1_ Rickard and Pascoe (2000)
RO2sRO2)
G40248  TrGTerCN LNAPINABO2 + NO — PINAL + NOg + NO3 KRO2NO Rickard and Pascoe (2009)*
640249  TrGTerCN LNAPINABO2 + HO3; — LNAPINABOOI k_RD2_HO2(temp, 10) Rickard and Pascoe (2000)
G40250  TrGTerCN LNAPINABO2 + NOz — PINAL + NOs + NO» KRO2NO3 Rickard and Pascoe (2009)
640251 TrGTerCN LNAPINABOOH + OH — LNAPINABO2 (.B5%6.87E-12+.35%1.23E-11) Rickard and Pascoe (2009)
G40252a TrGTerC BPINENE + OH — BPINAO2 1.47E-11+EXP (467./temp) Gill and Hites (2002)*
*(0.8326+0.3+0.068) / (0.8326+0.068)
66
Table 1: Gas phase reactions (... continued)
7 labels reaction rate coefficient reference
G40252b  TrGTerC BPINENE + OH — ROO6R102 1.47E-11+EXP (467 /temp) Gill and Hites (2002)°
*0.8326%0.7/ (0.8326+0.068)
G40253a TrGTerC BPINAO2 + HO; —+ BPINAOOH k_RO2_HO2(temp, 10)*r_COCH202_00H Rickard and Pascoe (2000),
Sander et al. (2019)
G40253b  TrGTerC BPINAO2 + HOs — NOPINONE + HCHO + HOs + OH  k_RO2_HOZ(temp, 10)#r_COCH202_0H  Rickard and Pascoe (2009),
Sander et al. (2019)
G40254a TrGTerCN BPINAO2 + NO — NOPINONE + HCHO + HO3 + NO; KRO2NO#(1.-alpha AN(11,3,0,0,0, Rickard and Pascoe (2009),
temp, cair)) Sander et al. (2019)
G402564b  TrGTerCN BPINAOZ + NO — BPINANO3 KRO2NO*alpha AN(11,3,0,0,0, Rickard and Pascoe (2000),
temp, cair) Sander et al. (2019)
G40255  TrGTerC BPINAO2 — NOPINONE + HCHO + HOo k1_ROZtORO2 Rickard and Pascoe (2009)
G40266  TrGTerC BPINAOOH + OH — BPINAO2 1.33E-11 Rickard and Pascoe (2009)
640257  TrGTerCN BPINANO3 + OH — NOPINONE + HCHO + NOy 4.70E-12 Rickard and Pascoe (2009)
G40258a TrGTerCN ROOGR102 + NO — ROOGR302 + CH3COCH3 + NOg  KRO2NO+(i.-alpha_ AN(13,3,0,0,0, Vereecken and Peeters (2012)
temp, cair))
G40258b TrGTerCN ROOGR102 + NO — ROOGRINO3 KRO2NOD*alpha_AN(13,3,0,0,0, Vereecken and Peeters (2012)
temp, cair)
G40259  TrGTerC ROOGR102 + HO; — 10 LCARBON k_RO2_HO2(temp, 10} Vereecken and Peeters (2012)*
G40260  TrGTerC ROOGR102 — ROO6R302 + CH,;COCH, k1_RO2tORO2 Vereecken and Peeters (2012)
G40261a TrGTerCN ROGR102 + NO — ROGR302 + NOg KRO2NO*(1.-alpha_AN(12,3,0,0,0, Vereecken and Peeters (2012)
temp, cair))
G40261b TrGTerCN ROGR102 + NO — ROGRINO3 KRO2NO*alpha AN(12,3,0,0,0, Vereecken and Peeters (2012)
temp, cair)
640262  TrGTerC ROGR102 + HO; — 10 LCARBON k_RO2_HO2(temp, 10} Vereecken and Peeters (2012)*
640263  TrGTerC ROGR102 — ROGR302 ki_RO2s0R02 Vereecken and Peeters (2012)
G40264a TrGTerCN ROGR302 + NO — 9 LCARBON + HCHO + HO; + NOs  KRO2NO*(1.-alpha_AN(12,3,0,0,0, Vereecken and Peeters (2012)
temp, cair))
G40264b TrGTerCN ROGR302 + NO — 10 LCARBON + LNITROGEN KRO2NO#*alpha AN(12,3,0,0,0, Vereecken and Peeters (2012)
temp, cair)
640265  TrGTerC ROGR302 + HO; — 10 LCARBON k_RO2_HO2(temp, 10} Vereecken and Peeters (2012)
G40266  TrGTerC ROGR302 — 9 LCARBON + HCHO + HO» ki_RO2sRO2 Vereecken and Peeters (2012)*
G40267a  TrGTerC BPINENE + O3 — NOPINONE + .63 CO + .37 CH200  1.35E-15+EXP(-1270./temp)} Wallington et al. (2018)*
+ 16 OH + .16 HOg *.051/(1.-.027)
G40267Tb  TrGTerC BPINENE + Oz — NOPINOO + COs 1.35E-15+EXP (-1270./temp) Nguyen et al. (2009), Wallington

*.368/(1.-.027)

et al. (2018)
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G40267c  TrGTerC BPINENE + O3 — NOPINDO2 + €O, + OH 1.35E-15+EXP(-1270./temp) Nguyen et al. (2009), Wallington
*.283/(1.-.027) ot al. (2018)
G40267d TrGTerC BPINENE + O3 —+ C8BC + 2 COa 1.35E-15+EXP(-1270./temp) Nguyen et al. (2009), Wallington
*(.104+.167) /(1.-.027) et al. (2018)
G40268  TrGTerCN BPINENE + NOz; —+ LNBPINABO2 2.51E-12 Wallington et al. (2018)*
640269  TrGTerCN LNBPINABO2 + HO; — LNBPINABOOH k_R0O2_HO2(temp, 10) Rickard and Pascoe (2009)
G40270  TrGTerCN LNBPINABO2 + NO — NOPINONE + HCHO + NOs; + KRO2NO Rickard and Pascoe (2000)*
NO3
G40271  TrGTerCN LNBPINABO2 + NOz — NOPINONE + HCHO + NO2 KRO2NO3 Rickard and Pascoe (2009)
+ NOg
G40272a  TrGTerCN LNBPINABO2 — NOPINONE + HCHO + NOg k1 _RO2TRO2%0.7 Rickard and Pascoe (2009)
G40272b TrGTerCN LNBPINABO2 — BPINANO3 k1_RO2tRO2%0.3 Rickard and Pascoe (2009)
G40273  TrGTerCN LNBPINABOOH + OH — LNBPINABO2 9.58E-12 Rickard and Pascoe (2009)
640274  TrGTerCN ROOGRINO3 + OH — ROOGR302 + CHyCOCH3 + NOs  9.16E-13 Vereecken and Peeters (2012),
Gill and Hites (2002)*
G40275  TrGTerCN ROGRINO3 + OH — 9 LCARBON + HCHO + HO» + 9.16E-13 Vereecken and Peeters (2012),
NO, Gill and Hites (2002)
G40276  TrGTerC PINEOL + OH — HCOOH + OH + NORPINAL k_CH2CHOH_OH_HCOOH Sander et al. (2019), So et al.
(2014)*
G40277  TrGTerC PINEOL + HCOOH — PINAL + HCOOH k_CH2CHOH_HCOOH Sander et al. (2019), da Silva
(2010)*
G40278  TrGTerC PINAL + HCOOH — PINEOL + HCOOH k_ALD_HCOOH Sander et al. (2019), da Silva
(2010)*
G4027%9a TrGC CARENE + OH — LAPINABO2 8.8BE-11#(.50+.25) Atkinson and Arey (2003)
G40279b TrGC CARENE + OH — MENTHENGONE + HO3 8.8E-11%.25%.60 Atkinson and Arey (2003)
G40279c  TrGC CARENE + OH — ROO6R102 8.8E-11#.25%.40 Atkinson and Arey (2003)
G40280a TrGC CARENE + O3 — APINBOO 3.7E-17%.50%.18 Atkinson and Arey (2003)
G40280b TrGC CARENE + Oz — PINONIC 3.7E-17#.50%.16 Atkinson and Arey (2003)
G40280c  TrGC CARENE + O3 — OH + NORPINAL + CO + HOs 3.7E-17%.50%.66 Atkinson and Arey (2003)
G40280d TrGC CARENE + Oz —+ APINAOO 3.7E-17#.50%.12 Atkinson and Arey (2003)
G40280e TIGC CARENE + O3 — OH + C10902 3.7E-17%.50%(.22+.66) Atkinson and Arey (2003)
G40281  TrGCN CARENE + NO; —+ LNAPINABO?2 9.1E-12 Atkinson and Arey (2003)
G40282a TrGTerC SABINENE + OH — BPINAO2 1.47E-11+EXP (467./temp) Gill and Hites (2002)*
*(0.8326+0.3+0.068) / (0.8326+0.068)
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Table 1: Gas phase reactions (... continued)
# labels reaction rate coefficient reference
G40282b  TrGTerC SABINENE + OH — ROO6R102 1.4TE-11+EXP (467./temp) Vereecken and Peeters (2012),
*0.8326%0.7/ (0.8326+0.068) Gill and Hites (2002)*
G40283a TrGTerC SABINENE + O3 — NOPINONE + .63 CO + .37 1.35E-15+EXP(-1270./temp) Wallington et al. (2018)*
HOCH,O00H + .16 OH + .16 HO, *.051/(1.-.027)
G40283b  TrGTerC SABINENE + Oz — NOPINOO + CO3 1.35E-15+EXP(-1270./temp) Nguyen et al. (2009), Wallington
*.368/ (1.-.027) et al. (2018)
G40283c  TrGTerC SABINENE + Oz — NOPINDO2 + CO; + OH 1.35E-15+EXP(-1270./temp) Nguyen et al. (2009), Wallington
*.283/(1.-.027) et al. (2018)
G40283d TrGTerC SABINENE + Oz — C8BC + 2 COq 1.35E-15+EXP(-1270./temp) Nguyen et al. (2009), Wallington
*(.104+.167) /(1.-.027) et al. (2018)
G40284  TrGTerCN SABINENE + NOz — LNBPINABO2 2.51E-12 Wallington et al. (2018)*
G40285a TrGTerC CAMPHENE + OH — BPINAO?2 1.47E-11+EXP(467./temp) Gill and Hites (2002)%
*(0.8326%0.3+0.068) / (0.8326+0.068)
G40285b TrGTerC CAMPHENE + OH — ROO6R102 1.47E-11+EXP(467./temp) Vereecken and Peeters (2012),
*0.8326%0.7/ (0.8326+0.068) Gill and Hites (2002)*
G40286a TrGTerC CAMPHENE + O3 — NOPINONE + .63 CO + .37 1.35E-15#EXP(-1270./temp) Wallington et al. (2018)*
HOCH,00H + .16 OH + .16 HO, *.051/(1.-.027)
G40286b TrGTerC CAMPHENE + O3 — NOPINOO + CO, 1.35E-15+EXP(-1270. /temp) Nguyen et al. (2009), Wallington
*.368/ (1.-.027) et al. (2018)
G40286c  TrGTerC CAMPHENE + O3 — NOPINDO2 + COy + OH 1.35E-15+EXP(-1270./temp) Nguyen et al. (2009), Wallington
*.283/(1.-.027) et al. (2018)
G40286d TrGTerC CAMPHENE + O3 — C8BC + 2 CO2 1.35E-15+EXP (-1270./temp) Nguyen et al. (2009), Wallington
*(.104+.167) / (1.-.027) et al. (2018)
640287  TrGTerCN CAMPHENE + NO3 — LNBPINABO2 2.51E-12 Wallington et al. (2018)*
G40400  TrGAreC LHAROM + OH — .14 TLEPOXMUC + .03 C6H5CH202 5.67E-11 Rickard and Pascoe (2009)*
+ .04 CRESOL + .79 TLBIPERO2 + .18 HO: + 4
LCARBON
640401  TrGAroCN LHAROM + NO3; — CBH5CH202 - 2.60E-15 Rickard and Pascoe (2000)*
LCARBON
G6100 UpStTrGCl Cl+ 0z = ClO + O2 2.8E-11+EXP (-250./temp) Atkinson et al. (2007)
G6101 UpStGCl C10 + OF°P) = Cl + Oy 2.5E-11+EXP(110./temp) Atkinson et al. (2007)
G6102a  StTrGCl ClO + ClO — Cla + Oa 1.0E-12+EXP(-1590./temp) Atkinson et al. (2007)
G6102b  StTrGCl ClO + ClO — 2 Cl + 04 3.0E-11#EXP (-2450./temp) Atkinson et al. (2007)
G6102c  StTrGCl ClO + ClIO — C1 + OCIO 3.5E-13+EXP (-1370./temp) Atkinson et al. (2007)
G6102d  StTrGCl €10 + ClI0 — C1,04 k_C10_C10 Burkholder et al. (2015)
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Table 1: Gas phase reactions (... continued)

# labels Teaction rate coefficient reference
G6103 StTrGCl Cl,03 —+ C10 + Cl1O k_C10_Cl0/(2.16E-27+EXP (8537./ Burkholder et al. (2015)*
temp))
G6200 StGCl Cl+ Ha - HCl+ H 3.9E-11+EXP(-2310./Temp) Atkinson et al. (2007)
G6201a StGCl Cl + HOg — HCL + Oy 4 4E-11-7.5E-11+EXP(-620./temp) Atkinson et al. (2007)
G6201b  StGCl Cl + HO2 — C1O + OH 7.5E-11+EXP(-620./temp) Atkinson et al. (2007)
G6202 StTrGCl Cl + Ha03 — HCI + HOg 1.1E-11+EXP(-980./temp) Atkinson et al. (2007)
G6203 StGCl ClO + OH — .94 C1 + .94 HO, + .06 HC1 + .06 Oa 7.3E-12+EXP(300./temp) Atkinson et al. (2007)
G6204 StTrGCl ClO + HO3 — HOCI + Og 2.2E-124EXP(340./temp) Atkinson et al. (2007)*
G6205 StTrGCl HCl + OH — C1 + H,0 1.7E-12+EXP(-230./temp) Atkinson et al. (2007)
G6206 StGCl HOCI + OH — CIO + Ha0 3.0E-124EXP(-500./temp) Burkholder et al. (2015)
G6300 UpStTrGCIN  ClO + NO — NO; + C1 6.2E-12+EXP(295./temp) Atkinson et al. (2007)
G6301 StTrGCIN ClO + NOg — CINOg k_3rd_iupac(temp, cair, 1.6E-31, Atkinson et al. (2007)
3.4,7.E-11,0.,0.4)
06302 TrGCIN CINO3 — ClO + NOs 6.918E-T+EXP(-10909. /temp) *cair Anderson and Fahey (1990)
G6303 StGCIN CINO; + O(*P) — CIO + NO3 4,5E-12+EXP(-900./temp) Atkinson et al. (2007)
G6304 StTrGCIN CINOg + Cl — Cla + NOy 6.2E-12+EXP(145./temp) Atkinson et al. (2007)
G6400 StTrGCl1 Cl + CH,; — HCI + CHy 6.6E-12+EXP(-1240./temp) Atkinson et al. (2006)
66401 StTrGCl Cl + HCHO — HCl + CO + HO, 8.1E-11+EXP(-34. /temp) Atkinson et al. (2006)
G6402 StTrGCl1 Cl + CH;00H — HCHO + HCI + OH 5.9E-11 Atkinson et al. (2006)*
G6403 StTrGCL ClO + CH305 — HO; + C1 + HCHO 1.BE-12+EXP(-600./temp) Burkholder et al. (2015)
G6404 StGCl CCly + 0('D) -+ LCARBON + ClO + 3 Cl 3.3E-10 Burkholder et al. (2015)
G6405 StGCl CH3Cl + O('D) — 0.1 CHaCl + 0.1 O(°P) + 0.46 CIO + 1.65E-10 Burkholder et al. (2015)
0.35 C1 + 0.09 H + 0.9 LCARBON + 0.09 LCHLORINE
G6406 StGCl CH3C1 + OH —+ LCARBON + H,0 + Cl 1.96E-12+EXP(-1200./temp} Burkholder et al. (2015)
G407 StGCCl CH;CCly + O('D) — 2 LCARBON + OH + 3 C1 3.25E-10 Burkholder et al. (2015)
G6408 StTrGCCl CH3CClz + OH — 2 LCARBON + H.0 + 3 Cl1 1.64E-12+EXP(-1520./temp} Burkholder et al. (2015)
G409 TrGCCl €1 + CoHy — HOCHyCH205 + HC1 k_3rd_iupac (temp, cair, 1.85E-29, Atkinson et al. (2006)*
3.3,6.0E-10,0.0,0.4)
G6410 TrGCCl Cl + CH3CHO — HCl + CH;C(0) 8.0e-11 Atkinson et al. (2006)
G6411 TrGCCl CyHs + C1 —+ LCARBON + CHz + HC1 k_3rd_iupac(temp, cair,6.1e-30, Atkinson et al. (2006)
3.0,2.0e-10,0.,0.6)
G6412 TrGCCl CoHg + C1 —+ CoH50, + HCL 8.3E-11+EXP(-100./temp) Atkinson et al. (2006)
G6413 StTrGCIN Cl 4+ CH;ONOs — HCI + HCHO + NOa 1.3E-114EXP(-1200./temp) Burkholder et al. (2015)
G6414 StTrGCIN Cl + CH;ONO — HC1 + HCHO + NO 2.1E-12 Sokolov et al. (1099)
06415 StTrGCl Cl + CH305 — .5 ClO + .5 CH30 + 5 HCl 4+ .5 CH,00  1.6E-10 Burkholder et al. (2015)
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# labels reaction rate coefficient reference
66416 TrGCCIN Cl1 + CH3aCN — NCCH302 + HCI 1.6E-11+EXP(-2104./temp) Tyndall et al. (1996), Tyndall
et al. (2001b), Sander et al
(2019)
G6500 StGCIF CF2Cly + O('D) — LCARBON + 2 LFLUORINE + CIO  1.4E-10 Burkholder et al. (2015)
+
G6501 StGCIF CFCl; + O('D) —+ LCARBON + LFLUORINE + C1O + 2.3E-10 Burkholder et al. (2015)
2C1
GT100 StTrGBr Br+ O; = BrO + O, 1.7TE-11+EXP (-800./Temp) Atkinson et al. (2007)
G7101 StGBr BrO + 0(*P) — Br + Oy 1.9E-11+EXP(230./temp) Atkinson et al. (2007)
G7102a  StTrGBr BrO + BrO — 2 Br + Oy 2.7E-12 Atkinson et al. (2007)
671020  StTrGBr BrO + BrO — Bra + Oa 2.9E- 14+EXP (840./ temp) Atkinson et al. (2007)
GT200 StTrGBr Br + HOy; — HBr + Og 7.TE-12+EXP(-450_/temp) Atkinson et al. (2007)
G7201 StTrGBr BrO + HO; — HOBr + O3 4.5E-12+EXP(500./ temp) Atkinson et al. (2007)
GT202 StTrGBr HBr + OH — Br + H.O 6.7E-12+EXP(155./temp) Atkinson et al. (2007)
GT203 StGBr HOBr + O(*P) —+ OH + BrO 1.2E-10+EXP(-430./temp) Atkinson et al. (2007)
GT204 StTrGBr Bry, + OH — HOBr + Br 2.0E-11*EXP(240./temp) Atkinson et al. (2007)
G7300 TrGBrN Br + BrNOs — Bra + NO3 4.9E-11 Orlando and Tyndall (1996)
GT301 StTrGBrN BrO + NO — Br + NOg 8.7E-12+EXP(260./temp) Atkinson et al. (2007)
67302 StTrGBrN BrO + NO3; — BrNOs k_Br0_NO2 Atkinson et al. (2007)*
(7303 TrGBrN BrNO; —+ BrO + NOs E_Br0_NO2/(5 44E-9+EXP(14192./ Orlando and Tyndall (1096),
temp)#+1.E6#R_gas+temp/(atm2PasN_  Atkinson et al. (2007)*
4))
GT400 StTrGBr Br + HCHO — HBr + CO + HOs T.TE-12+EXP(-580./temp) Atkinson et al. (2006)
G7401 TrGBr Br + CHz:00H — CH10, + HBr 2.6E-12+EXP(-1600./Temp) Kondo and Benson (1984)
67402 TrGBr BrO + CH20; — HOBr + CH.00 2.42E-14*EXP(1617./temp) Shalleross et al. (2015)
G7403 StTrGBr CH3Br + OH — LCARBON + H,0 + Br 1.42E-12+EXP(-1150./temp) Burkholder et al. (2015)
G7404  TrGBrC Br + C,H, — HOCH,CH,0, + HBr 2.8E-13+EXP(224./temp) / (1.+ Atkinson et al. (2006)*
1.13E24+EXP(-3200./temp)
/C(ind_02))
GT405 TrGBrC Br + CH;CHO — HBr + CH3C(O) 1.8e-11+EXP(-460./temp) Atkinson et al. (2006)
GT406 TrGBrC Br + CaHs — LCARBON + CH30s; + HBr 6.35e-15*EXP (440./tenp) Atkinson et al. (2008)
GT407 TrGBr CHBrz + OH — LCARBON + HaO + 3 Br 9.0E-13+EXP(-360./tenp) Burkholder et al. (2015)*
GT408 TrGBr CH2Bra + OH — LCARBON + H.O + 2 Br 2.0E-12+EXP(-840./temp) Burkholder et al. (2015)*
GTE00 TrGBrCl Br + BrCl — Bry + C1 3.32E-15 Manion et al. (2015)
GT601 TrGBrCl Br + Cly — BrCl + C1 1.10E-15 Dolson and Leone (1987)
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# labels reaction rate coefficient reference
G7602 TrGBrCl Bry + C1 —+ BrCl + Br 2.3E-10+EXP (135./temp) Bedjanian et al. (1998)
G7603a  StTrGBrCl BrO + ClO — Br + OCIO 1.6E-12+EXP (430./temp) Atkinson et al. (2007)
G7603b  StTrGBrCl BrO + ClO — Br + Cl + O 2.9E-12+EXP (220./temp) Atkinson et al. (2007)
GT603c  StTrGBrCl BrO + CIO — BrCl + Oa 5.8E-13+EXP (170./Temp) Atkinson et al. (2007)
GT604 TriGBrCl BrCl + Cl — Br + Cly 1.45E-11 Clyne and Cruse (1072)
GT605 TrGBrCl CHClaBr + OH — LCARBON + 2 C1 + H30 + Br 2.0E-12+EXP (-840./temp) see note®
GTE06 TrGBrCl CHCIBrz + OH —+ LCARBON + Cl + H20 + 2 Br 2.0E-12+EXP(-840./temp) see note®
GTE07 TrGBrCl CH2CIBr + OH — LCARBON + Cl + H20 + Br 2.1E-12+EXP(-880./temp) Burkholder et al. (2015)*
G8100 Tril I1+0; =10+ 0 2.1E-11+EXP(-830./temp) Atkinson et al. (2007)
G8102 TrGI 010 + OI0 — I(part) 5.E-11 von Glasow et al. (2002)*
G8103 TrGI 10 + IO — .38 OIO + 1.621 + .62 Oy 5.4E-11+EXP (180./temp) Atkinson et al. (2007)*
G8200 TrGI I+ HO; — HI + 02 1.5E-11+EXP(-1090./temp) Atkinson et al. (2007)
G8201 TrGI 10 + HO7 — HOI + O2 1.4E-11+EXP (540./Temp) Atkinson et al. (2007)
68202 TrGI HI + OH — I + H,0 1.6E-11+EXP (440./temp) Atkinson et al. (2007)
G8203 TrGI OI0 + OH — HIO, 2.2E-10+EXP (243./temp) Plane et al. (2006)
G8204 TrGI I, + OH -+ HOL + I 2.1E-10 Atkinson et al. (2007)
G8205 TrGI HOI + OH — 10 + H O 5.0E-12 Riffault et al. (2005)
68300 TrGIN I+ NO; — INOy k_T_NO2 Atkinson et al. (2007)*
G8301 TrGIN I+ NOz — 10 + NO2 1E-10 Dillon et al. (2008)
G8302 TrGIN I0 + NO =1+ NO; 7.15E-12+EXP (300./temp) Atkinson et al. (2007)
G8303 TrGIN 10 + NOg — INOy k_3rd_iupac(temp, cair,7.7E-31, Atkinson et al. (2007)
5.,1.6E-11,0.,0.4)
G8304 TrGIN 0I0 + NO — NO; + IO 1.1E-12+EXP (542./Temp) Atkinson et al. (2007)
38305 TrGIN INOs — 1 + NOy k_I_ND2/(3.7TE-T+EXP(9568./temp) van den Bergh and Troe (1976),
#1.E6+R_gas«temp/ (atm2Pa+N_A) ) Atkinson et al. (2007)*
G8306 TrGIN INOy — IO + NO, 2.1e15+EXP(-13670./temp) Kaltsoyannis and Plane (2008)
68307  TrGIN I + NOy — I + INO4 1.5E-12 Atkinson et al. (2007)
G8308 TrGIN I0 + NO3 — OIO + NO3 9.E-12 Dillon et al. (2008)
G8309 TrGIN 14+ INO3 = 1Ia + NO3 9.1E-11*EXP (-146. /temp) Kaltsoyannis and Plane (2008)
G8400 TriGCL CH3CHICH3 + OH — 2 LCARBON + CHz02 + 1 1.22E-12 Carl and Crowley (2001)
G8401 TrGI CH305 + 10 — 41+ .6 OIO + HCHO + HO2 2E-12 Dillon et al. (2006h), Bale et al.
(2005)*
G8402 TrGIN CHal + NO3 — HNOs + HCHO + 10 3.4E-17 Wayne et al. (1991)*
G8600 TrGCIL 10 + Cl10 = 21C1 + .25 C1 4+ 55 OCIO + 81+ 45 Oy 4.TE-12+EXP(280./temp) Atkinson et al. (2007)
GETO0 TrGBrl I+ BrO — IO + Br 1.2E-11 Burkholder et al. (2015)
Table 1: Gas phase reactions (... contimed)
# labels reaction rate coefficient reference
G8701 TrGBrl IO +BrO -+ Br+ 8010+ 21+ .20, 1.5E-11+EXP (510./Temp) Atkinson et al. (2007)*
G8T02 TrGBrl IBr + OH — .84 HOI + .84 Br + .16 HOBr + .16 1 1.4E-10 Riffault et al. (2005)
G8703 TrGBrl 10 + Br —+ I + BrO 2.3E-11 Bedjanian et al. (1997)
GB704 TriGBrl Io + Br +IBr+1 1.2E-10 Bedjanian et al. {1997)
G9200 StTrGS 50, + OH — H250; + HO, k_3rd(temp, cair,3.3E-31,4.3, Burkholder et al. [2015)
1.6E-12,0.,0.6)
G9400a  TrGCS DMS + OH — CH;S0, + HCHO 1.13E-11*EXP (-253./tenp) Atkinson et al. (2004)*
Godo0b  TrGCS DMS + OH — DMSO + HO, k_DMS_DH Atkinson et al. (2004)*
G9401 TrGCNS DMS + NO3 — CH380, + HNO; + HCHO 1.9E-13+EXP (520./temp) Atkinson et al. (2004)
G9402 TriGCs DMSO + OH — .6 802 + HCHO + .6 CHz + 4 HO; + 1E-10 Hynes and Wine {1995)*
4 CH380.H
G9403 TriGS CH3502 —+ SO, + CH3 1.8E13+EXP (-8661./temp) Barone et al. (1995)
G9404 TrGS CH350; + O3 — CH350, 3.E-13 Barone et al. (1995)
G9405 TrGS CH350; + HOz — CH280:H B5.E-11 Barone et al. (1995)
G9408 StTrGS CH200 + S0y — HoSOy + HCHO k_CH200_S02 Welz et al. (2012), Stone et al.
(2014)*
G9409 TrGTerCS NOPINOO + 803 — NOPINONE + H2804 TE-14 Rickard and Pascoe (2009)
G9410 TrGTerCS APINAOO + SO; — PINAL + HaS0, 7.00E-14 Rickard and Pascoe (2009)
Go411 TrGTerCS APINBOO + S0s — PINAL + H2304 7.00E-14 Rickard and Pascoe (2009)
G9412 TrGTerCs MBOOO + S0O3 — IBUTALOH + HaSOy 7.00E-14 Rickard and Pascoe (2009)
GO600 TrGCCIS DMS + Cl —+ CH350; + HC1 + HCHO 3.3E-10 Atkinson et al. (2004)
GaT00 TrGBris DMS + Br — CH350s + HBr + HCHO 9.E-11~EXP(-2386./temp) Jefferson et al. (1994)
G701 TrGBrCs DMS + BrO — DMSO + Br 4.4E-13 Ingham et al. (1999)
G9800 TrGCIS DMS + 10 — DMSO + 1 3.2E-13+EXP (-925. /temp) Dillon et al. (2006a)
610100  TrGHg Hg + O3 — HgO + Oa 3.0E-20 Hall (1995)
G10200  TrGHg Hg + OH — HgO + H 3.55E-14+EXP(294./temp) Pal and Ariya (2004)
G10201  TrGHg Hg + Ha0a — HgO + H20 8.5E-19 Tokos et al. (1998)*
G10600 TrGClHg Hg + CI — HgCl 1.0E-11 Ariya et al. (2002)
G10601  TrGClHg Hg + Cls — HgCla 2.6E-18 Ariya et al. (2002)
G10700 TrGBrHg Hg + Br — HgBr 3.0E-13 Donchone et al. (2006)
G10701  TrGBrHg HgBr + Br — HgBry 2.5E-10% (temp/298.) #+(-0.57) Goodsite et al. (2004)
G10702  TrGBrHg Hg + Bra — HgBra 9.0E-17 Ariya et al. (2002)
G10703 TrGBrHg Hg + BrO — HgO + Br 1.0E-15 Raofie and Ariya (2003)
G10704  TrGBrHg HgBr + BrO — BrHgOBr 3.0E-12 Calvert and Lindberg (2003)
G10705  TrGBrClHg  HgCl + BrO — ClHgOBr 3.0E-12 Calvert and Lindberg (2003)
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# labels reaction rate coefficient reference
G10706  TrGBrClHg  HgDBr + Cl — ClHgBr 3.0E-12 Calvert amd Lindberg (2003)
610707  TrGBrClHg  HgCl + Br — CIHgBr 3.0E-12 Calvert and Lindberg (2003)

General notes

Three-body reactions

Rate coefficients for three-body reactions are defined
via the function k_3rd(T, M, k™, n, kX%, m, f.). In
the code, the temperature T is called temp and the con-
centration of “air molecnles” M is called cair. Using
the auxiliary variables ko(T'), kine(T'), and kratio, k_3rd

is defined as:
RolT) = K x (3?%) W
kint(T) = k3590 x (3[;91\:)"‘ ()
e -
k_3rd — % . fc(m) @

A similar funetion, called k_3rd_iupac here, is used by
Wallington et al. (2018) for three-body reactions. It has
the same funetion parameters as k_3rd and it is defined

as:
300Ky "
ko(T) = kS“‘“x(T‘) )
300Ky ™
hualT) ~ % (5 )
k(MM
Fratio FurlT) (7)
N = 0.75-1.27 x log,(f) (8)
k_3rd_iupac = MXfc('mﬂmntrlmmwvﬂgg}
1+ Fratio
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Structure-Activity Relationships (SAR)

Some unmeasured rate coefficients are estimated with
structure-activity relationships, using the following pa-
rameters and substituent factors:

k for H-abstraction by OH in em—%s~!

k_p 4.49 % 10718 x (T/K)® exp(—320K/T)
k_s 4.50 % 10718 » (T/K)? exp(253K/T)
k_t 2.12 % 107 % 5 (T/K)? exp(696 K/T)
k_ROHRO 2.1 % 10718 % (T/K)? exp(-85K/T)
k_CO2H 0.7 x kopyco,HeoH

k_ROOHROD 0.6 x kcpaoonson

f_alk 1.23

f_sOH 344

f_tOH 2.68

f_s00H 8.

f_t0OOH 8.

f_0NO2 0.04

f_CH20NDZ 0.20

f_cpan 0.25

f_allyl 3.6

f_CHO 0.55

f_CO2H 1.67

f_co 0.73

0 815

f_pCH20H  1.20

f_tCH20H 0.53

k for OH-addition to donble bonds in em=3s~!

k_adp 4.5 % 10712 x (T/300K)~08%

k_ads 1/4 % (1.1 % 107" x exp(485 K /T')+
1.0 1071 x exp(553K/T))

k_adt 1.022 5 1071w exp(450 K /T') — kaae

k_adsecprim 3.0 % 107!

k_adtertprim 5.7 x 10~

a_PAN 0.56

a_CHO 0.31

a_COCH3 0.76

a_CH20H 1.7

a_CH200H 1.7

a_COH 2.2

a_CO0H 2.2

a_COZH 0.25

a_CH20ND2 0.64

RO, self and cross reactions

The self and cross reactions of organie peroxy rad-
icals are treated according to the permmtation reac-
tion formalism as implemented in the MCM (Rickard
and Pascoe, 2009), as decribed by Jenkin et al. (1997).
Every organic peroxy radical reacts in a psendo-first-
order reaction with a rate constant that is expressed
as k'™ = 2 x /Fear % E_.CH302 x [RO5] where keop =
second-order rate coefficient of the self reaction of the
organic peroxy radical, k_CH302 = second-order rate
coefficient of the self reaction of CH309, and [ROs| =
sum of the concentrations of all organic peroxy radicals.



Specific notes

G1002a: The path leading to 2 O(°P) + O results in a
null evele regarding odd oxygen and is neglected.
G2110:  The rate coefficient is: k_HO2_HOZ =—
(3.0E-13«EXP (460./temp)+2.1E-33+EXP(920./temp)
#cair)*(1.+1.4E-21+EXP(2200./temp)*C(ind_H20)).
G2117: Converted to Ke [molec-1 em3]= Kp*R*T/NA,
where R is 82.05736 [cm3atmK 1moll].

G2118: Assuming fast equilibrimm.

G3109: The rate coefficient is: k_ND3_NO2 = k_
3rd(temp, cair, 2.4E-30, 3.0, 1.6E-12,-0.1,0.6).
G3110: The rate coefficient is defined as backward re-
action divided by equilibrium constant.

G3203: The rate coefficient is: k_ND2_HD2 = k_
3rd(temp, cair, 1.9E-31, 3.4, 4.0E-12,0.3,0.6).
G3206: The rate coefficient is: k_HNO3_OH =
1.32E-14 » EXP(527/temp) + 1 / (1 /

(7.39E-32 » EXP(453/temp)*cair) + 1 /
(9.73E-17 * EXP(1910/temp)) )

G3207: The rate coefficient is defined as backward re-
action divided by equilibrium constant.

G3227: Backward reaction divided by equilibrium con-
stant from Burkholder et al. (2015).

G3228: Same as for OH + HNO,.

G4104b: Methyl nitrate yield according to Banic et al.
(2003) but reduced by a factor of 10 according to the up-
per limit derived from measurements by Munger et al.
(1999).

G4109: Same temperature dependence as for
CH3CHO+NO3 assumed.

G4115: The rate coefficient is defined as backward re-
action divided by equilibrium constant.

promptly. The decomposition produets are 2 HCHO +
HOs.

G42051a: Same as for the CH30s channel in G4107:
CH300H+O0H.

G42058b: The aldehydic H is assumed to be like the
analogous H of HOCH,CHO.

G42074a: Factor of 3 to match the estimate of k = 1.E-
11 molec/em3 /s by Paulot et al. (2009a).

G42074b: Factor of 3 to match the estimate of k = 1L.E-
11 molec/em3 /s by Paulot et al. (2009a).

G42075: NOzCHyCOsH and NO2CH2CO4I neglected.
542078: NO3CH2COoH neglected.
642082 Same rate constant as for PAN + OH.

G42083a: Rate constant is the high-pressure limit as
recommended by Atkinson et al. (2006).

G42083b: Rate constant is the high-pressure limit as
recommended by Atkinson et al. (2006).

G42085a: Uncertainties on the kineties at pressures <
0.1 bar.

G420850: Channel proposed by Hynes and Wine 1901,
OH + HCHO + HOCN, could not be confirmed hy
Tyndall et al. (2001b). There is no alternative mech-
anism at the moment. Products assumed to be OH +
CH3CO3 + NO

3420860 Assuming HCN is from channel 2h, HCO +
H + HCN. HCO is replaced by H + CO.

G42086c: Assuming exothermic channels 2b and 2d are
equally important.

G42087: HCOCN is produced but replaced here by its
likely oxidation produets (HCN + COs) as studied by
Tyndall et al. (2001b). The rate constant for a typical
ROo + NO reaction is used.

G4116: Same value as for PAN + OH.

G4126: Same as for G4104 but scaled to match the
recommeded value at 208K,

G4127: Same as for CH302 + NO3 in G4105.

G4130a: SAR for H-abstraction by OH.

G4130b: SAR for H-abstraction by OH.

G4132: SAR for H-abstraction by OHL

G4133: Lower limit of the rate constant. Products
uncertain but CHzOH can be excluded because of a
likely high energy barrier (L. Vereecken, pers. comm.).
CH400 production cannot be excluded.

G4134: Estimate based on the decomposition lifetime
of 3 s (Olzmann et al., 1997) and a 20 keal/mol energy
barrier (Vereecken and Franciseo, 2012).

G4135: Rate constant for CHyOO + NO3 (G4138) mul-
tiplied by the factor from Ouyang et al. (2013).

G4136: Average of two measurements.

G4137: Upper limit.

G4138: Average of 7.E-12 and 1.5E-12.

G4141: HOOCH>OCHO forms and then decomposes to
formic anhydride (Gruzdev et al., 1993) which hydrol-
yses in the humid atmosphere (Conn et al., 1942).
G4142: High-pressure limit.

G4143: Generic estimate for reaction with alechols.
G4144: Generic estimate for reaction with ROs.
G4148: Same value as for NOa+CHz04.

G4149: Barnes et al. (1985) estimated a decomposition
rate equal to that of CHzO:NOa.

G4150: Value for CH;OoNOy + OH, H-abstraction en-
haneed by the HO-group by fs0H.

G4154: Products assumed to be CHzO + Og (eould
also be HCHO + O3 + OH).
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G42088: NCCH2OOH is produced but replaced here by
its likely oxidation products (HCN + COq) as studied
by Tyndall et al. (2001b). The rate constant for a typ-
ieal ROs + HOsq reaction is used.

G42089a: The minor channel with k=5.2E-12 is com-
bined with the major one producing HCOOH.

G42090: Theoretical keto-enol tantomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G42091: Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G43001a: Branching ratios according to Rickard et al.
(1009).

G43001b: Dranching ratios according to Rickard et al.
(1009).

G43004: The value for the generic ROs + HOs reaction
from Atkinson (1997} is used here.

G43008: The value for the generic ROy + HOj; reaction
from Atkinson (1997} is used here.

G43011: Strong positive deviation of k below 240
K compared to the expression recommended by JPL
(Burkholder et al., 2015).

G43015a: The same value as for G4107 (CH;00H +
OH) is used, multiplied by the branching ratio of the
CH3 05 channel.

G43028: Alkyl nitrate formation neglected. (also not
considered in MCM).

G43037: Alkyl nitrate formation neglected. (also not
considered in MCM).

G43040a:  Rate coefficient estimated with SAR
(Taraborrelli, 2010).
G43040b:  Rate coefficient estimated with SAR

(Taraborrelli, 2010).
G43044: Alkyl nitrate formation neglected.
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G4160b: Half of the H-yield is attributed to fast see-
ondary chemistry.

G4160c: The NH + CO channel is also significant but
neglected here.

G4161: No studies below 450 K and only the major
channel is considered.

G4164: Upper limit. Dominant pathway under atmo-
spherie conditions.

G42001: The produet distribution is from Rickard
and Pascoe (2009), after substitution of the energized
Criegee intermediate, CH2OO, by its decomposition
products and reaction of the stabilized CT with the wa-
ter dimer.

G42010: Only major channel considered as the end
products are essentially the same.

G42013: The rate coefficient is: k_CH3C03_NO2 = k_
3rd(temp, cair, 9.78-29,5.6,0.38-12,1.5,0.6).
G42018: The rate coefficient is the same as for the CHs
channel in G4107 (CH;O0H+0H).

G42021: The rate coefficient is k_PAN_M = k_CH3C03_
ND2/9.0E-29+EXP (-14000./temp), ie. the rate coeffi-
cient is defined as backward reaction divided by equi-
librinm eonstant.

G42022a: (mantum yields and products are from
Glowacki et al. (2012).

G42022b:  Quantum yields and products are from
Glowacki et al. (2012).

(G42024a: Rate constant is the high-pressure limit as
recommended by Atkinson et al. (2006).

G42024b: Rate constant is the high-pressure limit as
recommended by Atkinson et al. (2006).

G42047: Orlando et al. (1998) estimated that about
25% of the HOCHaCH20 in this reaction is pro-
duced with sufficient excess energy that it decomposes

G43045c: Rate coefficient assumed to equal to the one
of hydroxyacetone (ACETOL) for this channel.

G43048: Using the high-pressure limit.
G43049: The pressure fall-off between 1000 and 100
mbar is only 3% (Kirchner et al., 1999).

G43050: Value for CH30.NO. + OH, H-abstraction
enhanced by the CH3;CO-group by f.CO.

G43051c: Products approximated with CoH,CHO +
HOa.

G43052: Only major H-abstraction channel considered.

G43059: Products approximated with the major end-
product CH,CHO.

G43060b: Products approximated with the major end-
product CH,CHO.

G43061: Products approximated with the likely end-
product CH,CHO.

G43065: As for HCOCO;.

G43070a: Branching ratios estimated with SAR for II-
abstraction rate constants by OH.

(43070b: Branching ratios estimated with SAR for II-
abstraction rate constants by OH.

G43071a: Omly this channel considered as the interme-
diate radical is likely more stable than CHCH(OH)s.

G43072:  Theoretical keto-enol tautomerization ecat-
alyzed by formic acid (Grenfell et al., 2006).

G43073:  Theoretical keto-enol tautomerization ecat-
alyzed by formic acid (Grenfell et al., 2006).

G43074: HCOCOCHO would be produced but under-
goes fast photolysis (faster than MGLYOX) and is sub-
stituted with its products.

G43223: Products simplified
G43419: KDEC C3DIALO — GLYOX + CO + HO2
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G43420: KDEC C3DIALO — GLYOX + CO + HO2

G43421:
moved).
544000 The LCHgOq composition (nCyHgOa:sCyHeOy
ratio) is assumed to be equal to the ratio of the pro-
duction rates at 208K: k_p/(kp+ks) = 0.1273 and
ks/(kp+ks) = 0.8727.

G44001b: sCyHqOy products are substituted with 0.636
MEK + HO3 and 0.364 CH2CHO + C3H-04 at 1 bar
and 208 K.

G44003c: The alkyl nitrate yield is the weighted aver-
age yield for the two isomers forming from nCyHgOq
and sCyHqOs.

G44010b: H-abstraction from primary C and substitu-
tion of the resulting peroxy radical with its products
from the reaction with NO.

Permutation reaction (minor channels re-

G44011: H-abstraction from primary C and substitu-
tion of the resulting peroxy radieal with its produets
from the reaction with NO.

G44015b:  Products assumed to be only from H-
abstraction from a seeondary C bearing the -OOH
group.

G44016:  Produects assumed to be only from H-
abstraction from a secondary C bearing the -ONOj
group.

G44018: LHMVKABO?2 is 0.12 HMVKAO2 + 0.88
HMVKBO2.

G44019: LMEKO2 represents 0.62 MEKBO2 + 0.38
MEKAO2.

Ga4021a: The products of MEKAO are substituted
with HCHO + CO; + HOCH,CH,04.

G44023a: Products from H-abstraction from the ter-
tiary carbon bearing the ONO; group.

G44134:  Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G44135:  Theoretical keto-enol tautomerization ecat-
alyzed by formic aecid (Grenfell et al., 2006).

G44136: Omly this channel considered as the intermedi-
ate radieal is likely more stable than CHCH(OH)..

G44137:  Theoretical keto-enol tautomerization cat-
alyzed by formic aecid (Grenfell et al., 2006).

G44138:  Theoretical keto-enol tautomerization cat-
alyzed by formic aecid (Grenfell et al., 2006).

G44139:
G44140:
G44141:
G44142:
G44202: Alkyl nitrate formation neglected.

G44203a:  Rate coefficient estimated with SAR
(Taraborrelli, 2010).

G44205: Alkyl nitrate formation neglected.
G44210: Alkyl nitrate formation neglected.

G44221: Same k as for MGLYOX + OH (Tyndall et al.,
1905).

G44402: KDEC NC4DCO2—+ MALANHY + NO2
G44406c: KDEC MALDIALCO2 — 0.6 MALANHY +
HO2 + 04 GLYOX + 0.4 CO + 0.4 CO2

G44407: KDEC MALDIALCO2 — 0.6 MALANHY +
HO2 + 04 GLYOX + 0.4 CO + 0.4 CO2

G44409: KDEC MALDIALCO2 — 0.6 MALANHOY +
HO2 + 0.4 GLYOX + 0.4 CO + 0.4 CO2

G44410: KDEC MALDIALCO2 — 0.6 MALANHOY +
HO2 + 0.4 GLYOX + 0.4 CO + 0.4 CO2

G44412: KDEC BZFUONOOA — 0.5 BZFUONOO
+ 0.5 CO + 0.5 CO2 + 0.5 HCOCH202 + 0.5 OH

Simplified oxidation.
Simplified oxidation.
Simplified oxidation.
Simplified oxidation.
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G44023b:  Produets from H-abstraction from the sec-
ondary carbon bearing the ONO. group.

G44025: Same value as for PAN.

G44026: Products as in G4415. Only the main chan-
nels for each isomer are considered. Weighted average
for the isomers.

G44035: Rate constant replaced with the one of beta
hydroxy RO;.

G44046b: Using value for secondary nitrate (88% of to-
tal).

G44061a: Using value for secondary nitrate (88% of to-
tal).

G44061b: Using value for secondary nitrate (88% of to-
tal).

G44062a: Simplified products.

G440620: Simplified products.

G44066: Alkyl nitrate formation neglected.

G44070:
G44076:
G44078:
G44081:

Alkyl nitrate formation neglected.
Alkyl nitrate formation neglected.
Other channel neglected.
Alkyl nitrate formation neglected.
G44082: Other channel neglected.

G44085: k for CHaCHCO from Hatakeyama et al
(1985) adjusted.

G44086: Simplified product distribution.

G44089: The nitrated RO, is replaced by its products
upon reaction with NO.

G44096: Both LBUT1ENO2 isomers mostly CoHzCHO.

G44097a: Branching ratios according to Rickard et al.
(1999). CH3CHO2CHO is replaced with its major prod-
ucts CHaCHO + CO + HOs.
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and BZFUONOO — 0.625 CO1403CO2ZH + 0.375
CO1403CHO + 0.375 H202

G44421: Only major channel.

G44424: KDEC: GLYOOA — 0.125 HCHO + 0.18
GLYOO + 0.82 HO2 + 057 OH + 1.265 CO +
0.25 CO2 and H20 substitution GLYOO — 0.625
HCOCO2H + 0.375 GLYOX + 0.375 H202

G44425: Merged equations.
G44430: KDEC MALANHYO — HCOCOHCO3
G44431: KDEC MALANHYO — HCOCOHCO3

G44432: Only major channel. KDEC MALANHYO —
HCOCOHCO3

G44436: KDEC NBZFUO — 0.5 CO1403CHO + 0.5
NO2 + 0.5 NBZFUONE + 0.5 HO2

G44437: KDEC NBZFUO — 0.5 CO1403CHO + 0.5
NO2 + 0.5 NBZFUONE + 0.5 HO2

G44438: KDEC NBZFUO — 0.5 CO1403CHO + 0.5
NO2 + 0.5 NBZFUONE + 0.5 HO2 and RO2 Only ma-
jor channel.

G44439: KDEC MALDIALCO2 — 0.6 MALANHY +
HO2 + 0.4 GLYOX + 0.4 CO + 04 CO2

G44443: KDEC MECOACETO — CH3CO3 + HCHO
G44444: KDEC MECOACETO — CH3CO3 + HCHO
G44445: KDEC MECOACETO — CH3CO3 + HCHO
G44450: KDEC BZFUO — CO1403CHO + HO2
G44451: KDEC BZFUO — CO1403CHO + HO2

G44452: KDEC BZFUO — CO1403CHO + HO2.
Only major channel.

G44457: KDEC MALDIALO — GLYOX + GLYOX +
HO2

G44458: KDEC MALDIALO — GLYOX + GLYOX +
HO2

G44097b: Branching ratios according to Rickard et al.
(1999).

G44098: The nitrated RO; is replaced by its products
upon reaction with NO.

G44103p: MEKCOH replaced by its major oxidation
products.

G44104: Carbonyl nitrate replaced by its major oxida-
tion produets.

G44106: CH3CHOOA products as from CaHg + O re-
action.

G44107: The nitrated ROs is replaced by its products
upon reaction with NO.

G44110: The nitrated RO; is replaced by its products
upon reaction with NO.

G44124b: Skipping intermediate steps mostly leading to
acetone.

G44126: Skipping intermediate steps mostly leading to
acetone.

G44127: Only this channel considered as the intermedi-
ate radical is likely more stable than CHCH(OH ).
G44128: Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G44129:  Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G44130: Only this channel considered as the intermedi-
ate radieal is likely more stable than CHCH{OH)s.
G44131: Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G44132:  Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006).

G44133: Only this channel considered as the intermedi-
ate radieal is likely more stable than CHCH(OH ).

G44459: KDEC MALDIALO — GLYOX + GLYOX +
HO?2. Only major channel.

G44461: KBPAN — Kk PAN_M

G45019d: Delta-1 and delta-2 LIEPOX are not consid-
ered and replaced by beta-LIEPOX formed by 1SOP-
BOOH and ISOPDOOH.

G45021: SAR estimate within uncertainty range of the
experimentally determined rate constant by Solberg
et al. (1997), 1.1E-11.

G45037: SAR estimate within uneertainty range of the
experimentally determined rate constant by Solberg
et al. (1997), 4.2E-11.

G45040: Alkyl nitrate formation neglected.
G45043: Old MCM rate constant 4.16E-11.
G45047: Alkyl nitrate formation neglected.

G45055: Alkyl nitrate formation neglected.

G45071: Alkyl nitrate formation neglected.

G45074: Formic acid production consistent with results
of Bates et al. (2014). Here, the high yields of formic
acid and hydroxycarbonyls at low NO from oxidation
of cis-beta-LIEPOX (the most abundant isomer) are
approximated with the produetion of DB10 which un-
dergo both the Dibble double H-transfer to DB202 and
HOCH2 elimination yielding HVME and HMAC (keto-
vinyl alcohol potentially arising from decomposition of
the alkoxy radieal resulting from the ring opening after
H-abstraction). The rate constant is from Paulot et al.
(2009b) and adjusted based on Bates et al. (2014) that
determined the single rate constants for the cis- and
trans- beta isomer.

G45080: Alkyl nitrate formation neglected.

G45092a: C4MDIAL = CM4DIAL in MCM only from
aromaties.

G45092b: Only one acyl peroxy radical considered.



G45093: Two aldehydic sites reacting with NOg but
only one isomer product considered.

G45095: Alkyl nitrate formation neglected.

G45098: Alkyl nitrate formation neglected.

G45100: Alkyl nitrate formation neglected.

G45104a: DB10OOH is a hydroperoxide bearing a vinyl
aleohol moiety that upon reaction with OH yields
HCOOH (Davis et al., 1998).

G45107: OH production here is to take into account
the hydroperoxidie funetion formed by the shift of the
enolic hydrogen and not present in DB202. This ap-
proximation leads to spurious HO, produetion.
G45108a: Consistent with the results of Dates et al.
(2014).

G45108b: Consistent with the results of Dates et al.
(2014). Assuming that the enol alkoxy radical partly
decomposes yielding a substitute vinyl aleohol.
G45111: Alkyl nitrate formation neglected.

G45114b: Here, formie acid is mechanistieally pro-
duced by the OH-addition to the vinyl aleohol which,
upon RO,-to-RO conversion (skipped here), yields the
HOCHOH fragment which in turn reacts with Oy
forming HCOOH + HO,. Along CH,COCHOOHCHO
should be produced but not in the mechanism. Only
CH;COCHO2CHO. The rate constant is consistent
with predictions by Ganzeveld et al. (2006) for ENOL.
OH-addition to the OH-bearing carbon is considered
the dominant channel as it is already for the ENOL
(Ganzeveld et al., 2006).

G45115:  Theoretical keto-enol tautomerization cat-
alyzed by formic acid (Grenfell et al., 2006). The prod-
uct should be C1ODCI0OHC40D but it is neglected
in the mechanism.

G45116: As for DBE1OOH + OH.

G4548T: KDEC C5DIALO —MALDIAL

G45488: KDEC C5DIALO —MALDIAL

645489 KDEC C5DIALO —MALDIAL

G45491b: Reactions with KRO2HOZ2.

645492 MGLYOX + GLYOX + HO2 from KDEC sub-
stitution

645493 MGLYOX + GLYOX + HO2 from KDEC sub-
stitution
645494
moved).
G46201: Alkyl nitrate formation neglected.

G48404b:  Reactions with KRO2HO2 and KDEC
C615C020 — C5DICARB + CO + HO2.

G46405: KDEC C615C020 — C3DICARB + CO +
HO2

G46406: KDEC C615C020 — C5DICARB + CO +
HO2

G46407: Only major channel.

G46413b: Reaections with KRO2HO2 and KDEC ND-
NPHENO — NC4DCO2H + HNO3 + CO + CO +
NO2.

G46414: KDEC NDNPHENO — NC4DCO2H + HNO3
+ CO + CO + NO2

G46415: KDEC NDNPHENO — NC4DCO2H + HNO3
+ €O + CO + NO2

G46416: KDEC NDNPHENO — NC4DCO2H + HNO3
+ CO + CO + NO2

G46418: KDEC CATECOOA — MALDALCO2H +
HCOCO2H + HO2 + OH

G46426: KFPAN —k_ CH3C0O3 NO2

G46430: KDEC GLYOOA — 125 HCHO + .18
GLYOO + .82 HO2 + .57 OH + 1.265 CO

Permutation reaction (minor channels re-

G45117: Additional sinks for DB200OH are neglected.

G45121b: Nitrate assumed to be major isomer that is
mostly similar to produets of ISOPDO2-chemistry.

G45128: Rate constant by Liljegren and Stevens (2013).
A Tumped ROg that upon eonversion to RO yields 100%
2-methyl-butenedial (C4MDIAL) although Aschmann
et al. (2014) quantified a 38% yield of the Z/E mixture.

G45129: As for SMETHYLFURAN + OH but with ad-
ditional NOs produection for mass conservation.

G45131: Alkyl nitrate formation neglected.
G45132: Hydroperoxide formation neglected.

G45134b: ZCO2HC23DBCOD formation is neglected.
However, it is produced in MCM and in aromatic-
related reactions under the name of MC30DBCO2H.

G45139: LZCPANC23DBCOD is assumed to react like
LC5PANIT19.

G45201: Alkyl nitrate formation neglected.
G45207: Alkyl nitrate formation neglected.
G45214: Alkyl nitrate formation neglected.
G45217: Alkyl nitrate formation neglected.
G45225: Alkyl nitrate formation neglected.

G45236: LMBOABO2 = 0.67 MBOAO2 + 033
MBOBO2
G45247: Alkyl nitrate formation neglected.

KDEC NC4AMDCO2 — MMALANHY + NO2
KDEC NTLFUO — ACCOMECHO + NO2
KDEC NTLFUO — ACCOMECHO + NO2
KDEC NTLFUO — ACCOMECHO

KBPAN — k_PAN_M(renaming)

KFPAN — k.CH3CO3_NO2 (renaming)
KDEC MMALANHYO-—CO2H3CO3

G45400:
G45404:
G45405:
G45406:
G45409:
G45413:
45422
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G46432b:  Reactions with KRO2ZHO2 and KDEC
NCATECO — NC4DCO2H + HCOCO2H + HO2

G46433: KDEC NCATECO — NC4DCO2H +
HCOCO2H + HO2

G46434: KDEC NCATECO — NC4DCO2H +
HCOCO2H + HO2

G46435: KDEC NCATECO — NC4DCO2H +
HCOCO2H + HO2

G46437b:  Reactions with KRO2HO2 and KDEC
NPHENO — MALDALCOZH + GLYOX { NO2

G46438: KDEC NPHENO — MALDALCO2H +
GLYOX + NO2

G46439: KDEC NPHENO — MALDALCO2H +
GLYOX + NO2

G46440: KDEC NPHENO — MALDALCO2H +
GLYOX + NO2

G46441: Merged equations.

G46447b:  reactions with KRO2HO2 and KDEC
NNCATECO — NC4DCO2H + HCOCO2H + NO2

G46448: KDEC NNCATECO — NC4DCO2H +
HCOCO2H + NO2

G46449: KDEC NNCATECO — NC4DCO2H +
HCOCO2H + NO2
G46450: KDEC
HCOCO2H + NO2
G46457: Merged equations.
G46458: Merged equations.

G46461b:  Reactions with KRO2HO2 and KDEC
PHENO — 0.71 MALDALCOZH + 0.71 GLYOX +
0.20 PBZQONE + HO2

G46462; KDEC PHENO — 0.71 MALDALCO2H +
0.71 GLYOX + 0.20 PBZQONE + HO2

NNCATECO — NC4DCO2H +
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G45423: KDEC MMALANHYO+CO2H3C0O3
G45424: KDEC MMALANHYO—CO2H3CO3 and
Only major channel.

G45429: KBPAN — k_PAN_M (renamed)

G45430a: KDEC C5C014C02 — 0.83 MALANHY +
(.83 CH3 + 0.17 MGLYOX + 0.17 HO2 + (0L17 CO +
017 CO2

G45431: KDEC C5C014C02 — 0.83 MALANHY +
0.83 CH3 + 0.17 MGLYOX + 0.17 HO2 + (.17 CO +
0.17 CO2

G45432: KFPAN —k CH3CO3_NO2 (renaming)
G45433: KDEC C5C014C02 — 0.83 MALANHY +
0.83 CH3 + 0.17 MGLYOX + 0.17 HO2 + 0L17 CO +
017 CO2

G45434: KDEC C5C014C02 — 0.83 MALANHY +
0.83 CH3 + 0.17 MGLYOX + 0.17 HO2 + .17 CO +
0.17 CO2 and only major channel.

G45436: KDEC C5C014C02 — 0.83 MALANHY +
0.83 CH3 + 0.17 MGLYOX + 0.17 HO2 + 0L17 CO +
0.17 CO2

G45444: KDEC MC3CODBCO2 — 0.35 GLYOX +
0.35 CH3 + 0.35 CO + 0.35 CO2 + 0.60 MMALANHY
+ 0.65 HO2

G45452: KDEC TLFUONOOA — 0.5 CO + 0.5 OH
+ 0.5 MECOACETO2 + 0.5 TLFUONOO and H20
subs TLFUONOO — 0.625 C2403CCO2H + 0.375 AC-
COMECHO + 0.375 H202

G45456: KFPAN —k CH3C03_NO2 (renaming)
G45476b: KDEC NTLFUO — ACCOMECHO + NO2
and reactions with KRO2HO2.

G45477: KDEC NTLFUO — ACCOMECHO + NO2
G45478: KDEC NTLFUO — ACCOMECHO + NO2
G45479: KDEC NTLFUO — ACCOMECHO + NO2
G45486b: KDEC C5DIALO —MALDIAL + CO +
HO2 and reactions with KROZHO2.

G46463: KDEC PHENO — 0.71 MALDALCO2H +
0.71 GLYOX + 0.20 PBZQONE + HO2

G46464: KDEC PHENO — 0.71 MALDALCO2H +
0.71 GLYOX + 0.20 PBZQONE + HO2 and Only ma-
jor channel.

G46468: KFPAN —k CH3CO3_NO2

G46472b: new channel

G46476: HOCEH4ANO2 is a nitro-phenol

G46480b:  Reactions with KRO2HO2 and KDEC
PBZQO —C5C0O20HCO3

G46481: KDEC PBZQO —C5C0O20HCO3

G46482: KDEC PBZQO —C5CO20HCO3

(46483 KDEC PBZQO —C5CO20HCOZ and Only
major channel.

G46485D:  Reactions with KRO2HO2 and KDEC
DNPHENO — NC4DCO2H + HCOCO2H + NO2
G46486: KDEC DNPHENO — NC4DCO2H +
HCOCO2H + NO2

G46487: KDEC DNPHENO — NC4DCO2H +
HCOCO2H + NO2

G46488: KDEC DNPHENO — NC4DCO2H +
HCOCO2H + NO2

G46490b: Reactions with KRO2ZHO2 and KDEC BZE-
MUCO — 0.5 EPXC4DIAL + 0.5 GLYOX + 0.5 HO2
-+ 0.5 CIDIALO2 + 0.5 C320H13CO.

G46491b: KDEC BZEMUCO — 0.5 EPXCADIAL +
0.5 GLYOX + 0.5 HO2 + 0.5 C3DIALO2 + 0.5
C320H13CO.

G46492: KDEC BZEMUCO — 0.5 EPXC4DIAL +
0.5 GLYOX + 0.5 HO2 + 0.5 C3DIALO2 + 0.5
C320H13CO

G46493: KDEC BZEMUCO — 0.5 EPXC4DIAL +
0.5 GLYOX + 0.5 HOZ + 0.5 C3DIALO2 + 0.5
C320H13CO and Only major channel.
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G46499b:  Reactions with KRO2ZHO2 and KDEC
NBZQO — C6CO4DB + NO2.

G46500: KDEC NBZQO — C6CO4DB + NO2
G46501: KDEC NBZQO — C6CO4DB + NO2
G46502: KDEC NBZQO — C6CO4DB + NO2
G46505b: New channel.

G46515: Only major channel.

G46522b:  In analogy te TLBIPEROZ2 from toluene
(Birdsall et al., 2010).

G46523b: KDEC BZBIPERO — GLYOX + HO2 + 0.5
BZFUONE + 0.5 BZFUONE

G46524: KDEC BZBIPERO — GLYOX + HO2 + 0.5
BZFUONE + 0.5 BZFUONE

G46525: KDEC BZBIPERO — GLYOX + HO2 + 0.5
BZFUONE + 0.5 BZFUONE and Only major channel.

G47210:
G47214:
G47218:
G47222:
G47223:
G47225:

Alkyl nitrate formation neglected.

Alky] nitrate formation neglected.

Alkyl nitrate formation neglected.

Alkyl nitrate formation neglected.
ROOGR300H produced but no sink for it.
ROO6RAP produced but no sink for it.
G47226: ROOGR5P produced but no sink for it
G47400: Merged.

3474023 KROPRIM*O2 fast reaction C6H5CH20 =
BENZAL + HO2.

G47402b: KROPRIM*O2 fast reaction C6H5CH20 =
BENZAL + HO2.

G47403: KROPRIM*02 fast reaction CBH5CH20 =
BENZAL + HO2.

G47404: KROPRIM*O2 fast reaction C6HSCH20 =
BENZAL + HO2. C6H5CH20H replaced by its oxida-
tion product BENZAL.

G47484: KDEC NPTLQO — C7CO4DB + NO2
647485: KDEC NPTLQO — C7CO4DB + NO2
G4T486b:  Reactions with KRO2HO2 and KDEC
PTLQO — C6CO20HCO3

47487 KDEC PTLQO — C6CO20HCO3

G47488: KDEC PTLQO — C6CO20HCO3

647489 Only major channel. KDEC PTLQO —
CECO20HCO3.

G474%4: New channel.

G47497b: Reactions with KRO2HO2 and KDEC MN-
NCATECO — NCAMDCO2H + HCOCO2H + NO2
G47498: KDEC MNNCATECO — NCAMDCO2H +
HCOCO2H + NO2

647499: KDEC MNNCATECO — NC4MDCO2H +
HCOCO2H + NO2

G47501b: Reactions with KRO2HO2 and KDEC MN-
CATECO — NCAMDCO2H + HCOCO2H + HO2
G47502: KDEC MNCATECO — NC4MDCO2H +
HCOCO2H + HO2

647503: KDEC MNCATECO — NC4MDCO2H +
HCOCO2H + HO2

G47504: KDEC MNCATECO — NC4MDCOZH +
HCOCO2H + HO2

G47509b: Reactions with KRO2HO2 and KDEC ND-
NCRESO — NC4MDCO2H + HNO3 + CO + CO +
NO2

G47510: KDEC NDNCRESO — NC4MDCO2H +
HNO3 + CO + CO + NO2

G47511: KDEC NDNCRESO — NC4MDCO2H +
HNO3 + CO + CO + NO2

647512: KDEC NDNCRESO — NCAMDCO2H +
HNO3 + CO + CO + NO2
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G47405: Merged.

G47406: Merged.

G47407b:  According to Birdsall et al. (2010), the
branching ratio rhipero2.oh is set to 0.4 in order to
take into aceount the OH-recyeling and summed yield
of butendial and methylbutendial.

G47408a: KDEC TLBIPERO — 0.6 GLYOX + 0.4
MGLYOX + HO2 + 0.2 C4MDIAL + 0.2 C5DICARB
+ 0.2 TLFUONE + 0.2 BZFUONE + 0.2 MALDIAL
G47408p: KDEC TLBIPERO — 0.6 GLYOX + 0.4
MCLYOX + HO2 + 0.2 ZCODC23DB COD + 0.2
C3DICARB + 0.2 TLFUONE + 0.2 BZFUONE + 0.2
MALDIAL

G47409: KDEC TLBIPERO — 0.6 GLYOX + 04
MGLYOX + HO2 + 0.2 ZCODC23DB COD + 0.2
C3DICARB + 0.2 TLFUONE + 0.2 BZFUONE + 0.2
MALDIAL

G47410: Only major channel and KDEC TLBIPERO
—+ 0.6 GLYOX + 04 MGLYOX + HO2 + 0.2
ZCODC23DB COD + 0.2 CiDICARB + 0.2 TL-
FUONE + 0.2 BZFUONE + 0.2 MALDIAL

G47412: KDEC MGLOODB — (.125 CH3CHO + 0.695
CH3CO + 0.57 CO + 0.57 OH + 0.125 HO2 + 0.18
MGLOO + 0.25 CO2

G47413: Merged.

G47418b:  Reactions with KRO2HO2 and KDEC
CRESO — 0.68 C3CO140H + 0.68 GLYOX + HO2
+ 0.32 PTLQONE.

G47419: KDEC CRESO — 0.68 C5COI40H + 0.68
GLYOX + HO2 + 0.32 PTLQONE

G47420: KDEC CRESO — 0.68 C5COI40H + 0.68
GLYOX + HO2 + 0.32 PTLQONE

G47421: KDEC CRESO — 0.68 C5CO140H + 0.68
GLYOX + HO2 + 0.32 PTLQONE and Only major
channel.
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G47513b:  Reactions with KRO2HO2 and KDEC
DNCRESO — NC4MDCO2H + HCOCO2H + NO2

G47514: KDEC DNCRESO — NC4AMDCO2H +
HCOCO2H + NO2

G47515:  KDEC DNCRESO — NCIMDCO2H +
HCOCO2H + NO2

G47516: KDEC DNCRESO — NCAMDCO2H +
HCOCO2H + NO2

G48202: Alkyl nitrate formation neglected.
G48205:
G48210:
G48212:

G48216:

Alkyl nitrate formation neglected.
Alkyl nitrate formation neglected.
Alkyl nitrate formation neglected.
Alkyl nitrate formation neglected.

G48222: Alkyl nitrate formation neglected.

G48400a: Same products as for toluene.  Assum-
ing a 1:1:1 proportion in xylenes emissions the anal-
ogous toluene product is produced with a rate con-
stant equal to (1.36E-11%0.24 + 2.31E-11%0.29 + 1.43E-
11%0.155) /3, where k and coefficients are for the single
isomers ortho, meta and para from MCM.

G48400b: Same products as for toluene. Assuming
a 1:1:1 proportion in xylenes emissions the analogous
toluene product is produced with a rate constant equal
to (1.36E-11%0.05 + 2.31E-11%0.04 + 1.43E-11*0.10)/3,
where k and coefficients are for the single isomers ortho,
meta and para from MCM.

G48400c: Same products as for toluene. Assuming
a 1:1:1 proportion in xylenes emissions the analogous
toluene product is produced with a rate constant equal
to (1.36E-11%0.16 + 2.31E-11%0.17 + 1.43E-11*0.12)/3,
where k and coefficients are for the single isomers ortho,
meta and para from MCM.
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G47422b:  Reactions with KRO2HOZ2 and
NCRESO — C5CO140H + GLYOX + NO2

KDEC

G47423: KDEC NCRESO — C5CO140H + GLYOX
+ NO2
G47424: KDEC NCRESO — C5CO140H + GLYOX
+ NO2
G47425; KDEC NCRESO — C5COI40H + GLYOX

+ NO2 and Only major channel.
G47426: TOL10OHNO2 is a nitro-phenol

G47429: KDEC MCATECOOA — MC30DBCO2H +
HCOCO2H + HO2 + OH

G47436: KFPAN —k CH3C0O3_NO2
G47438: Only major chanmel.

G47439p:  Reactions with KRO2HO2 and KDEC
TLEMUCO— 0.5 C3DIALO2 + 0.5 CO2H3CHO + 0.5
EPXCADIAL + 0.5 MGLYOX + 0.5 HO2

G47440p: KDEC TLEMUCO— 0.5 C3DIALO2 + 0.5
CO2H3CHO + 0.5 EPXC4DIAL + 0.5 MGLYOX + 0.5
HO2

G47441: KDEC TLEMUCO— 0.5 C3DIALO2 + 0.5
COZHICHO + 0.5 EPXC4DIAL + 0.5 MGLYOX +
0.5 HO2

G47442: KDEC TLEMUCO— 0.5 C3DIALO2 + 0.5
CO2HICHO + 0.5 EPXCADIAL + 0.5 MGLYOX +
0.3 HO2 and Only major channel.

G47445: KFPAN —k CH3CO3_NO2
G47447: Only major chanmel.
G47454: New channel.

G47479: New channel.

G47482b:  Reactions with KRO2HO2 and
NPTLQO — CTC0O4DB + NO2

G47483: KDEC NPTLQO — CTCO4DB + NO2

KDEC

G48400d4: Same products as for toluene.  Assum-
ing a 1:1:1 proportion in xylenes emissions the anal-
ogous toluene product is produced with a rate con-
stant equal to (1.36E-11%0.55 + 2.31E-11%0.50 + 1.43E-
11*0.625) /3, where k and coefficients are for the single
isomers ortho, meta and para from MCM.

G48401: Same products as for toluene. The rate con-
stant is the average of m, p, o k=(4.10E-16+2 60E-
16+5.00E-16)/3 = 3.9E-16.

G48402: merged under same rate constant

G48403: Same produets as for toluene

648405 KDEC CH200B — 0.24 CH200 + 0.40 CO
+ 0.36 HO2 + 0.36 CO + 0.36 OH and H20 + PH-
CHOO — 0.625 PHCOOH + 0.375 BENZAL + 0.375
H202 + 0.2 CO2

648408: KDEC NSTYRENEO — NO2 + HCHO +
BENZAL

G48409: KDEC NSTYRENEO — NO2 + HCHO +
BENZAL

G48410: KDEC NSTYRENEO — NO2 + HCHO +
BENZAL

G48412b: KDEC STYRENO — HO2 + HCHO + BEN-
ZAL and reactions with KRO2HO2.

G48413: KDEC STYRENO — HO2 + HCHO + BEN-
ZAL

G48414: KDEC STYRENO — HO2 + HCHO + BEN-
ZAL

G48415: KDEC STYRENO — HO2 + HCHO + BEN-
ZAL

G49207: Alkyl nitrate formation neglected.

G49238: Alkyl nitrate formation neglected.

G49246: Omly this channel considered as the

intermediate radical is likely more stable than



CHCH(OH)s.Instead of the (lacking) carbonyl a prod-
uct of further degradation is assumed.

649247:  Theoretical keto-enol tautomerization cat-
alyzed by formie acid (Grenfell et al., 2006).

G49248: Theoretical keto-enol tautomerization cat-
alyzed by formie acid (Grenfell et al., 2006).

G49400a: Same products as for toluene. Assuming
a 1:1:1 proportion in xylenes emissions the analogous
toluene product is produced with a rate constant equal
to (3.27E-11%0.21 + 3.25E-11%0.30 + 5.67E-11*0.14) /3,
where k and coefficients are for the single isomers 1,2,3-,
1,3,4- and 1,3,5- from MCM.

G49400b: Same products as for toluene. Assuming
a 1:1:1 proportion in xylenes emissions the analogous
toluene product is produced with a rate constant equal
to (3.27TE-11%0.06 + 3.25E-11*0.06 + 5.67E-11*0.03) /3,
where k and coefficients are for the single isomers 1,2,3-
1,3 4- and 1,3 5- from MCM.

G49400c: Same products as for toluene. Assuming
a 1:1:1 proportion in xylenes emissions the analogous
toluene product is produced with a rate constant equal
to (3.27E-11%0.03 + 3.25E-11*0.03 + 5.67E-11*.04)/3,
where k and coefficients are for the single isomers 1,2,3-,
1,34- and 1,3,5- from MCM.

G49400d: Same products as for toluene. Assuming
a 1:1:1 proportion in xylenes emissions the analogous
toluene produet is produced with a rate eonstant equal
to (3.27TE-11%0.70 + 3.25E-11%0.61 + 5.67E-11*0.79) /3,
where k and coefficients are for the single isomers 1,2,3-,
1,3,4- and 1,3,5- from MCM.

G49401: Same products as for toluene. The rate con-

stant is the average of m, p, o k=(1.90+1.8040.88)E-
15/3—1.52E-15.

640200: Products from Vereecken et al. (2007). LAP-
INABO2 = 0.65 APINAO2 + 0.35 APINBO2

G7408: It is assumed that the reaction liberates all Br
atoms. The fate of the earbon atom is currently not
considerad.

G7605: Same value as for G7408: CHyBry+OH as-
sumed. It is assumed that the reaction liberates all Br
and Cl atoms. The fate of the earbon atom is currently
not considered.

G7608: Same value as for GT408: CHsBro+OH as-
sumed. It is assumed that the reaction liberates all Br
and C1 atoms. The fate of the carbon atom is currently
not considered.

G7607: It is assumed that the reaction liberates all Br
and Cl atoms. The fate of the earbon atom is currently
not considered.

68102: Consistent with O'Dowd and Hoffmann (2005),
it is assumed that the reaction produces new particles.
68103 The yield of 38 % OIO is from Atkinson et al.
(2007). It is assumed here that the remaining 62 %
produce 21 + Oq.

G8300: The rate coefficient is: k_I_NO2 = k_3rd_
iupac(temp,cair,3.E-31,1.,6.6E-11,0.,0.63).

G40203: Weighted average for isomers A and B,
k = 0.33+9.20E-14+0.67+3.80E-13.

G40204: Weighted average for isomers A and B,
k = 0.35%1.83E-11+0.65%3.28E-11

G40205: Weighted average for isomers A and B,
k = 0.35%5.50E-12+0.65+3.64E-12.

G40206: SAR-estimated rate constant,
kadt)*acoch3 = 6.46E-11 where kads =
kadt = 5.5E-11, acoch3 = 0.76

G40207: Alkyl nitrate formation neglected.

G40211: Produets from Rickard and Pascoe (2009).
G40212: Produets from Rickard and Pascoe (2009).
G40232: Products from Capouet et al. (2008).

Alkyl nitrate formation neglected.

G40246: Produets from Rickard and Pascoe (2009).
G40248: Alkyl nitrate formation neglected.

G40252a: Products from Vereecken and Peeters (2012).
G40252b: Products from Vereecken and Peeters (2012).
G40259: ROO6R100H is produced but no sink for it.
G40262: ROGR100H is produeced but no sink for it.

G40266: Rate constant modified according to MCM
protocol.

G40267a: Products from Nguyen et al. (2009).
640268: Produets from Rickard and Pascoe (2009).
G40270: Alkyl nitrate neglected.

G40274: As for ROSRINO3 in G4085.

G40276: Only this channel considered as the intermedi-
ate radical is likely more stable than CHCH({OH)s.

G40277: Theoretical keto-enol tautomerization eat-
alyzed by formie acid (Grenfell et al., 2006).

(kads+
3.0E-11,

G40242:
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G8305: The rate coefficient is defined as backward re-
action (Atkinson et al., 2007) divided by equilibrium
constant (van den Bergh and Troe, 1976).

G8401: The rate coefficient is from Dillon et al. (2006b),
the yield of T atoms is a lower limit given on page 2170
of Bale et al. (2005).

G8402: The produets are from Nakano et al. (2005).
G8701: 80% Br + OIO production is from Atkinson
et al. (2007). The remaining channels are assumed to
produce Br + I + Oa.

G9400a: For the abstraction path, the assumed reaction
sequence (omitting HoO and Og as produets) according
to Yin et al. (1990) is:

G40278: Theoretical keto-enol tautomerization ecat-
alyzed by formic acid (Grenfell et al., 2006).

G40282a: Products from Vereecken and Peeters (2012).
G40282b: Products from Vereecken and Peeters (2012).
G40283a: Products from Nguyen et al. (2009).
G40284: Products from Rickard and Pascoe (2009).
G40285a: Products from Vereecken and Peeters (2012).
G40285b: Products from Vereecken and Peeters (2012).
G40286a: Products from Npuyen et al. (2000).
G40287: Products from Rickard and Pascoe (2009).

G40400: DIET35TOL(from MCM) as representative of
higher aromatics

G40401: Same products as for toluene,

G6103: The rate coefficient is defined as backward re-
action divided by equilibrium constant.

G6204: At low temperatures, there may be a minor reac-
tion channel leading to O3 +HCL See Finkbeiner et al.
(1995) for details. Tt is neglected here.

G6402: The initial products are probably HCl and
CH,O0H (Atkinson et al., 2006). It is assumed that
CH,0O0H dissociates into HCHO and OH.

G6409: It is assumed that the reaction liberates all C1
atoms in the form of HCIL

G7302: The rate coefficient is: k_BrO_NO2 = k_
3rd(temp, cair,5.2E-31,3.2,6.9E-12,2.9,0.6).
G7303: The rate coefficient is defined as backward re-
action (Atkinson et al., 2007) divided by equilibrinm
constant (Orlando and Tyndall, 1996).

G7404: It is assumed that the reaction liberates all Br
atoms in the form of HBr.

G7407: It is assumed that the reaction liberates all Br
atoms. The fate of the earbon atom is eurrently not
considered.

Neglecting the effect on Oz and NO,, the remaining
reaction is:

DMS + OH + Oy — CHy80, + HCHO

G9400b: For the addition path, the rate coefficient
is: k_DMS_OH — 1.0E-39+EXP(5820./temp)*C(ind_02)
/ (1.+5.0E-30=EXP(6280./temp) *C(ind_02)).

G29402: Products and yields are not from Hynes and
Wine (1996).

G9408: Average of 3.9E-11 and 3.42E-11.

G10201: Upper limit.

DMS + OH - CH;SCH,
CH38CH, + 05— CH3SCH,00
CH:SCH,00 + NO  —  CH3SCH0 + NO;y
CH.SCH,O  —  CHyS + HCHO
CHyS+ 0y — CHi80
CH380 + 03 — CHS0,
DNSTOH T NO 20, = CH50, T HCHO 7 NO,
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Table 2: Photolysis reactions

# labels Teaction rate coefficient reference
T (gas)
Jooo1 UpGJ OFP) —+ Ot + e~ jx(ip_Op_em) +jx(ip_se_Op_em) Fuller-Rowell (1993)
Jo002a UpGJ 0y = 07 +e jx(ip_02p_em) +jz(ip_se_02_b1) Tuller-Rowell (1093)
J0002b UpGJ 03 =+ 01 + O(*P) + e~ jx(ip_Op_0_em) +jx(ip_se_02_b2) Fuller-Rowell (1993)
Jooo3a UpGJIN Ny =+ Nf +e” jx(ip_N2p_em) +jx(ip_se N2 bi) Fuller-Rowell {1993)
Jo003b UpGIN No + Nt + N+e™ jx(ip_Np_N_em) +jx(ip_se_N2_b2) Fuller-Rowell (1993)
J0003c UpGIN Ny =+ N+t + N(*D) + e~ jx(ip_Np_N2D_em)+jx(ip_se_N2_b3) Fuller-Rowell (1993)
Jooo3d UpGIN N2 =+ N + N(D) jx(ip_N_N2D_em) +jx(ip_se_N2_b4) Fuller-Rowell (1993)
J1000a UpStTrG] 02 + v — O(°P) + O°P) jx(ip_02) Sander et al. (2014)
J1000b UpGJ 02 + v — O(*P) + O('D) jx(ip_03P01D) Sander et al. (2014)
J1000c UpGJ O3 +hv —+ 0Of +e jx(ip_02_b1) Sander et al. (2014)
J1000d UpGJ 03 + hr = Ot + O(°P) + e~ jx(ip_02_b2) Sander et al. (2014)
J1001a UpStTrGJ O3 + hr — O('D) + Oy jx(ip_01D) Sander et al. (2014)
J1001b UpStTrG] 03 + hr — O(*P) + Oy jx(ip_03P) Sander et al. (2014)
J1002 UpGJ OFP) + hw —» OF e jx(ip_03Pp) Sander et al. (2014)
J2100a UpStGT HoO + hv — H + OH jx(ip_H20) Sander et al. (2014)
J2100b UpGJ HoO + he — Hy + O('D) jx(ip_H201D) Sander et al. (2014)
J2101 UpStTrGJ  HaOs + w —+ 2 OH jx(ip_H202) Sander et al. (2014)
J3000a UpGIN Np + hv = NJ +e” jx(ip_N2_b1) Sander et al. (2014)
J3000b UpGJIN No+hr + Nt + N+ e jx(ip_N2_b2) Sander et al. (2014)
J3000c UpGJN Nz + hr =+ Nt + N(2D) + e~ jx(ip_N2_b3) Sander et al. (2014)
J30004 UpGIN Nz + hr —+ N + N(?D) jx(ip_NN2D) Sander et al. (2014)
J3100 UpStGIN N,O + hr — O('D) + N, jx(ip_N20) Sander et al. (2014)
J3101 UpStTIGIN  NO, + hv — NO + O(*P) jx(ip_o2) Sander et al. (2014)
J3102a UpStGIN NO + w — N + O(*P) jx(ip_no) Sander et al. (2014)
J3102b UpGIN NO + hw — NOT + e jx(ip_NOp) Sander et al. (2014)
J3103a UpStTrGIN  NO3 + w — NOa + OC°P) jx(ip_NO20) Sander et al. (2014)
J3103b UpStTrGIN  NO3 + hw — NO + Oq jx(ip_ND02) Sander et al. (2014)
J3104 StTrGIN NoOj + hr — NOg + NOy jx(ip_N205) Sander et al. (2014)
J3200 TrGJIN HONO + v —+ NO + OH jx(ip_HONO) Sander et al. (2014)
J3201 StTrGIN HNO; + b — NOo + OH jx(ip_HND3) Sander et al. (2014)
J3202 StTrGIN HNO, + h — 667 NOa + .667 HO, + .333 NO3 + .333 OH jx(ip_HND4) Sander et al. (2014)
J41000 StTYGJ CH,00H + hw — CH,0 + OH jx(ip_CH300H) Sander et al. (2014)
J41001a StTrGJ HCHO + hv —+ Hy + CO jx(ip_COH2) Sander et al. (2014)
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Table 2: Photolysis reactions (... contimed)

# labels reaction rate coefficient reference
J41001b StTYGJ HCHO + v — H + CO + HO, jx(ip_CHOH) Sander et al. (2014)
J41002 StGJ COs + hw — CO + O(*P) jx(ip_c02) Sander et al. (2014)
J41003 StGJ CHy + hv — 42 CHz + 42 H + 6912 Hy + 0864 HCHO + .0864 jx(ip_CH4) Sander et al. (2014)*

O(*P) + .1584 OH + .1584 HO» + 2112 CO» + 1824 CO + .024

H20 + .10 LCARBON
J41004 StTrGIN CH20ONO + hy —+ CH20 + NO jx(ip_CH30ND) Sander et al. (2014)
J41005 StTrGIN CH30NO; + e — CH30 + NO, jx(ip_CH3ND3) Sander et al. (2014)
J41006 StTrGIN CH30:NOs + hy — 667 NOs + 667 CH30. + .333 NO3 + .333  jx(ip_CH302N02) Sander et al. (2014)*

CH20
J41007 StTrGJ HOCHO0H + hr — HCOOH + OH + HOz jx(ip_CH300H) Sander et al. (2014)
J41008 StTrGI CH30, + v — HCHO + OH jx(ip_CH302) Sander et al. (2014)
J41009 StTYGJ HCOOH + hr — CO + HOs + OH jx(ip_HCOOH) Sander et al. (2014)
J41010 StTrGIN HOCH302NO3 + i — 667 NOg + .667 HOCH203 + .333 NOz  jx(ip_CH302N0O2) Sander et al. (2014)

+ .333 HCOOH + .333 HO»
J42000 TrGJC CyH,0O0H + hw — CH3CHO + HO2 + OH jx(ip_CH300H) von Kuhlmann (2001)
Ja2001a TrGIC CH2CHO + hr — CHz + HO2 4+ CO jx(ip_CH3CHO) Sander et al. (2014)
J42001b TG CHLCHO + hr —+ CH,CHOH jx (ip_CH3CHO2VINY) Clubb et al. (2012)
J42002 TrGIC CH,C(0)O0H + v — CHy + OH + CO, % (1p_CH3CO3H) Sander et al. (2014)
J42004 TrGICN PAN + hw — .7 CH;C(O) + .7 NO; + .3 CH; + .3 CO; + .3 jx(ip_PAN) Sander et al. (2014)*

NO;
J42005a TrGIC HOCH:CHO + hr — HCHO + 2 HO, + CO jx(1p_HOCH2CHD) *0.83 Sander et al. (2014)*
J42005b TrGIC HOCH;CHO + hr — OH + HCOCH;04 jx(ip_HOCHZCHD) *0.07 Sander et al. (2014)*
J42005¢ TrGJC HOCH;CHO + hv —+ CH30OH + CO jx(ip_HOCH2CHD) =0.10 Sander et al. (2014)*
J42006 TrGIC HOCH;CO3H + hr — HCHO + HOs + OH + COq jx(ip_CH300H) Rickard and Paseoe (2009)
J42007 TrGICN PHAN + hr — .7 HOCH2CO + .7 NO; + .3 HCHO + .3 HO; jx(ip_PAN) soe note®

+ .3 COz + .3 NO3
J42008 TrGIC GLYOX + e — 2 CO + 2 HOy jx(ip_GLYODX) Sander et al. (2014)
J42009 TrGIC HCOCO:H + hv — 2 HOy + CO + COs jx(ip_MGLYDX) Rickard and Paseoe (2009)
J42010 TrGIC HCOCOzH + hy — HO3 + CO + OH + COy jx(ip_CH300H)+jx(ip_HOCH2CHO) Rickard and Pascoe (2000)
J42011 TrGJC HYETHO2H + hv —+ HOCH2CH-O + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J42012 TrGICN ETHOHNO3 + hy —+ HOs + 2 HCHO + NOs Jj_IC3H7NO3 Rickard and Paseoe (2000)
J42013 TrGIC HOOCH2CO3H + hy — OH + HCHO + CO. + OH 2.+jx (1p_CH300H) Sander et al. (2019)
Ja2014 TrGe HOOCH2CO2H + hy — OH + HCHO 4 HOz + COy jx(ip_CH300H) Sander et al. (2019)
J42015 ree CH2CO + hr —+ 4 COs; + .8H + .34 CO + 34 OH + .34 HO; j_ketene*0.38 Sander et al. (2019)

+ .16 HCHO + .16 O(*P) + .1 HCOOH + CO
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Table 2: Photolysis reactions (... continued)
4 labels reaction rate coefficient reference
J42016 GC CH3CHOHOOH + hv — CH; + HCOOH + OH jx(ip_CH300H) Sander et al. (2019)
Ja2017 TrGICN NO3CH2CHO + hr — HO» + CO + HCHO + NO» (jx(ip_C2H5N03)+jx(1p_CH3CHO)) Sander et al. (2019)*
*(jx(1p_NDA)+1E-10)/(0.59%] _
IC3H7TNO3+jx(ip_CH3COCH3)+1E-10)
Ja2018 TrGIC HOOCH2CHO + hr — OH + HCHO + CO + HOq jx(ip_CH300H)+jx (1p_HOCH2CHO) Sander et al. (2019)
Ja2019 TrGICN CoH50ONOs + hr — CH3CHO + HOa + NOg jx(ip_C2H5N03) Sander et al. (2019)
J42020 TrGICN NO3CH2CHO + hr — .7 NOgCH2COz + .7 NO3 + .3 HCHO +  jx(ip_PAN) Sander et al. (2019)*
ANOy +.3C0; + .3NOy
Ja2021 StTrGICN CoH50oNOs + hry — 667 NOa + 667 CoHz02 + 333 NO3 +  jx(ip_CH302NO02) Sander et al. (2019)*
.333 CH3CHO + .333 HO4
J43000 GIC iC3H;OO0H + hw — CH:COCHz + HO9 + OH jx(ip_CH300H) von Kuhlmann (2001)
Ja3001 TrGIC CH;COCH; + hv — CH;C(O) + CHy jx(ip_CH3COCH3) Sander et al. (2014)
Ja3002 TrGIC CH3;COCH20H + hr — .5 CH3C(O) + .5 HCHO + .5 HO2 + .5 j_ACETOL Sander et al. (2014)*
HOCH2CO + .5 CHs
143003 TrGIC MGLYOX + he —+ CH;C(0) + CO + HO, jx (ip_MGLYDX) Sander et al. (2014)
Ja3004 TrGIC CH3COCH20:H + hy — CH3C(0) + HCHO + OH jx(ip_CH300H)+j_ACETOL Rickard and Paseoe (2009)
J43005 TrGIC HOCH2COCH200H + hr — HOCH2CO + HCHO + OH jx(ip_CH300H)+j_ACETOL Sander et al. (2019)
J43006 TrGJICN iC;H; ONOy + I — CHyCOCH; + NOy + HOy j_IC3HTNO3 von  Kuhlmann et al
(2003)*
Jazoo7 TrGICN NOA + hr — CH3C(0) + HCHO + NO3 jx(ip_NOA) Barnes et al. (1993)
J43009 TGIC HYPROPO2H + hv — CH3;CHO + HCHO + HOa + OH jx(ip_CH300H) Rickard and Paseoe (2009)
J43010 TrGICN PR202HNO3 + hrv —+ NOA + HO, + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Ja3011 TrGIC HOCH2COCHO + hy — HOCH2CO + CO + HOs jx(ip_MGLYODX) Rickard and Pascoe (2009)
Ja3012 TrGIC HCOCOCH>00H + hr — HCOCO + HCHO + OH jx(ip_CH300H)+j_ACETOL Sander et al. (2019)
J43013 GIC HCOCOCH;O0H + hry — HOOCH:CO;3 + CO + HO4 jx(ip_MGLYDX) Sander et al. (2019)
Jasoi4 TrGJITerC HCOCH2CHO + hy — HCOCH,0; + HOy + CO jx(ip_HOCH2CHO) +2. Rickard and Pascoe (2009)
J43015 TrGJTerC HCOCH2CO2H + hr — HCOCH203 + COz + HO4 jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
J43016 TrGJITerC HOC2H4CO3H + hy — HOCH2CH;0s + COs + OH Jjx(ip_CH300H) Rickard and Pascoe (2009)
J43017 TrGIC HCOCOCHO + hy — HCOCO + HOy + CO 2.#Jx(1p_MGLYOX) Sander et al. (2019)
Jaso1s rGIC CH3COCO:H + hy — .32 CH3CHO + .16 CHoCHOH + .54 CO2  jx(ip_CH3CDCO2H) Sander et al. (2019)*
+ .38 CHzC(0) + .38 HO; + .38 COy + .07 CH3COOH + .07
CO + .05 CH3C(O) + .05 CO + .05 OH
J43019 Ge CHaCOCO3H + hy — CH3C(O) + OH + CO» jx(ip_MGLYOX)+jx(ip_CH300H) Sander et al. (2019)
Ja43020 Ge CH3CHCO + hr — CaHy + CO j_ketene+0.36+2. Sander et al. (2019)
J43021 TrGCN PROPOLNO3 + hw —+ HOCH:CHO + HCHO + HOg + NOy j_IC3HTNO3 Sander et al. (2019)
a8
Table 2: Photolysis reactions (... continued)
§ labels reaction tate coefficient reference
J43022 TrGCN CH3COCH200NO, + hrr — CH3C(0) + HCHO + NOgy jx(ip_CH302N02)+jx (1p_CH3COCH3) Sander et al. (2019)
J43023 TrGIC C3H-00H + hr — CoHCHO + HO; + OH jx(ip_CH300H) von Kuhlmann (2001)
J43024 TrGICN C3H;ONO; + hr — CoH5CHO + NO3 + HO, 0.59%j_IC3HTNO3 see note”
J43025a TrGIC CoHsCHO + v — CsH: 05 + HO3 4+ CO jx(ip_C2HSCHOZHCO) see note®
J43025b TrGIC CoH5CHO + hw — CHyCHCHoOH jx (ip_C2HECHOZENDL) Andrews et al. [2012),
Sander et al. (2019)*
J43026 TrGICN PPN + lw — .7 CoHsCOs + .7 NOg + .3 CaHsO03 + .3 CO2 +  jx(ip_PAN) Sander et al. (2014)
A NO;
Ja3027 TrGIC CoH5CO3H + hr — CaHs0s + CO; + OH jx(ip_CH300H) von Kuhlmann (2001)
J43028a TGIC HCOCOCH;00H + hy — HOOCH3COs + CO + HO4 jx (ip_MGLYOX) Sander et al. (2019)
J43028b TrGIC HCOCOCH.0OO0H + hv — HCOCO + HCHO + OH jx(ip_HOCH2CHO)+jx (1p_CH300H) Sander et al. (2019)
Ja3200 TrGJITerC HCOCH2CO3H + hr — HCOCH20: + COs + OH jx(ip_HOCHZCHO)+jx (ip_CH300H) Rickard and Pascoe (2009)
J43400 TrGJAT0C C3DIALOOH + hw — GLYOX + CO + HO; + OH jx(ip_HOCH2CHO) #2.+jx(ip_CH300H)  Rickard and  Pascoe
(2000)*
J43401 TrGJAT0C C320H13C0O + hw — GLYOX + HOg + HO2 + CO jx(ip HOCH2CHO) #2. Rickard and Pascoe (2009)
J43402 TrGJAToC HCOCOHCO3H + hv —+ GLYOX + HO2 + CO; + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J44000a TrGIC LC HyO0H + hr — OH + C3H,CHO + HO, jx(ip_CH300H)*(k_p/(k_p+k_s)) Rickard and  Pascoe
(2009), Sander et al
(2019)
J44000b TrGIC LCHaOOH + hw — OH + .636 MEK + .636 HO, + .364 jx(ip_CH300H)*(k_s/(k_p+k_s)) Rickard  and  Paseoe
CHzCHO + .364 CaH504 (2000), Sander et al
(2019)
J44001 TrGIC MVK + hw — .5 CaHg + .5 CHaC(O) + .5 HCHO + CO + .5 jx(ip_MVK) Sander et al. (2014)
HOq
J44002 TrGIC MEK + e — CH3C(0) + CaHz0a 0.42*jx(ip_CHOH) von Kuhlmamm et al
(2003)
J24003 TGIC LMEKOOH + hr — .62 CHaC{O) + .62 CH3CHO + .38 HCHO  jx(ip CH300H)+0.42+jx(ip_CHOH) Sander et al. (2019)
+ .38 CO, + .38 HOCH,CHo05 + OH
Ja4004 TrGIC BIACET + hw — 2 CHzC(O) 2.15+jx(ip_MGLYOX) see note™
J44005a TrGJCN LC4H9NO3 + hv — NOa + C3H;CHO + HOy j_IC3H7TNO3*(k_p/(k_p+k_s)) see note™
J44005p TrGICN LC4HINO3 + hr —+ NO; + MEK + HO, j_IC3HTNO3#* (k_s/(k_p+k_s)) see note®
J44006 TrGJCN MPAN + hrr — .7 MACO3 + .7 NOz + .3 MACO2 + .3 NO3 jx(ip_PAN) see note™
J4400Ta TrGIC CO2H3CO3H + hv — MGLYOX + HO; + OH + COs jx(ip_CH300H) Rickard and Pascoe (2009)
J440070 TrGIC CO2H3CO3H + hw —+ CH3C(O) + HO; + HCOCOsH J_ACETOL Rickard and Pascoe (2009)

29
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Table 2: Photolysis reactions (... eontinued)

¥ labels reaction rate coefficient reference
Ja4008 TrGJIC MACR + hw —+ .5 MACO3 + .5 CHzC(O) + .5 HCHO + .5 CO  jx(ip_MACR) Sander et al. (2014)
+ HO,
J44009 TrGIC MACROOH + hv — MACRO + OH jx(1p_CH300H)+2.77+jx(ip_ Sander et al. (2019)*
HOCH2CHO)
J24010 TrGJC MACROH + hv —+ CH3COCH20H + CO + HOz + HO3 2.77=jx(ip_HOCH2CHD) see note®
Ja4011 TrGIC MACO3H + hy —+ MACO2 + OH jx(1p_CH300H) Sander et al. (2019)
Jaao12 TrGIC LHMVKABOOH + hv — .12 MGLYOX + .12 HO» + .88 jx(ip_CH300H)+j_ACETOL Sander et al. (2019)
CH3C(0O) + .88 HOCH,CHO + .12 HCHO + OH
J44013 TrGIC CO2H3CHO + hr — MGLYOX + CO + HOs + HO» jx(ip_HOCH2CHOD)+j_ACETOL Sander et al. (2019)
Jaao14 TrGJIC HO12C03C4 + hr — CH3C(0) + HOCH2CHO + HO» J_ACETOL Rickard and Pascoe (2009)
Ja4015 TrGJC BIACETOH + v — CH3C(O) + HOCH2CO 2.15+jx (1p_MGLYOX) see note®
Ja4016 rGC HCOCCH2CO + hwv — .5 OH + .5 CH:CHO + CO + .5 j_ketene Sander et al. (2019)
CH3CHCO + .5 CO
Ja4017a TrGC CH3COCHCO + hr — .0192 CH3COCO2H + 1848 HoOp + 2208 j_ketene+0.5 Sander et al.
MGLYOX + .36 OH + .36 CO + .56 CHsC(O) + .2 CHzCHO + (2019),Rickard and
2C02 + 2HCHO + 2 HOs + CO Pascoe (2009)*
J44017TD TrGC CH,COCHCO + hr — CHICHCO + CO j_ketenex0.5 Sander et al. (2019)
J44018a TrGIC CH,COCOCHO + hr — CH3C(0) + 2 CO + HO, jx(ip_MGLYOX) Sander et al. (2019)
J44018b TrGIC CH;COCOCHO + hv — HCOCO + CH3C(0) 2.15+jx (ip_MGLYOX) Sander et al. (2019)
Ja4019 TrGJC CH3COCOCO2H + v — CH3C(0) + CO + COy + HO, 3.15+jx (1p_MGLYOX) Sander et al. (2019)
J44020a TrGJTerC CH3COCOCH,00H + hr — CH3C{0) + OH + HCHO + CO  jx(ip_CH300H)+j_ACETOL Rickard and Pascoe (2009)
J44020p TrGJ TerC CH3COCOCH;00H + hr — CH3C(O) + HCOCO 2.15+jx (ip MGLYOX) Rickard and Pascoe (2000)
Jaa021 TrGJTerC C4400H + hv —+ HCOCH2CHO + CO; + HOs + OH jx(ip_CH300H) Rickard and Paseoe (2000)
Jaa022 TrGJ TerC C413CO00H + hr — HCOCH2CO3 + HCHO + OH jx(1p_CH300H)+jx (1ip_HOCHZCHO) Rickard and Pascoe (2000)
+j _ACETOL
J44023a TrGJTerC C4CODIAL + hr —+ HCOCOCH202 + HO2 + CO jx(ip_HOCH2CHD) Rickard and Pascoe (2009)
J44023b TrGJTerC C4CODIAL + hr — HCOCH2CO3 + HOs + CO jx(ip_MGLYOX) Rickard and Paseoe (2009)
Jaaoz24 TrGJTerC C312COCO3H + hr — HCOCOCH;,0, + CO; + OH jx(ip_CH300H)+jx (ip_MGLYOX) Rickard and Pascoe (2009)
Ja4025 TrGJCN LMEKNO3 + lw — .62 CH3C(0) + .62 CH3CHO + .38 HCHO  jx(ip_MEKNO3) Barnes et al. (1993),
+ .38 COy + .38 HOCHyCHa0Os + NOy Sander et al. (2019)*
Ja4026 TrGICN MVKNO3 + v — CH3C({0) + HOCH2,CHO + NO; jx(1p_MEKNO3) Barnes et al. (1993),
Sander et al. (2019)*
Jaaoza7 TrGJCN MACRNO3 + hy — CHzCOCH20H + CO + HOg + NO3 (2.84%j_IC3HTNO3+jx (ip_CH3CHO) ) Miller et al (2014),
#(jx(ip_MEKNO3)+1E-10)/(j_ Sander et al. (2010)*
IC3HTND3+0.42+jx (ip_CHOH)+1E-10)
90
Table 2: Photolysis reactions (... continued)
3 labels reaction tate coeffieient reference
J44028 TrGJCN TC4HINO3 + he —+ CHaCOCH3 + CHz + NO» 2.84=j_IC3HTNO3 Sander et al. (2019)
J44029 TrGIC TCHgOOH + hr — CH3COCH;3 + CH3 + OH jx(ip_CH300H) Sander et al. (2019)
J44030 TrGICN IBUTOLBNO3 + hr — CHaCOCHz + HCHO + HO3 + NOg 2.84xj_IC3HTNO3 Sander et al. (2019)
J44031 TrGIC IBUTOLBOOH + hr — CHz3COCH;3; + HCHO + HO; + OH jx(ip_CH300H) Sander et al. (2019)
J44032 TrGIC LBUT1ENOOH + hv — CaH;CHO + HCHO + HO; + OH jx(ip_CH300H) Sander et al. (2019)
J44033 TrGJCN LBUTIENNO3 + hy — C3HsCHO + HCHO + HO3 + NOg j_IC3HTND3 Sander et al. (2019)
J44034 TrGIC BUT20LOOH + w — 2 CH;CHO + HO; + OH jx(ip_CH300H) Sander et al. (2019)
J44035 TrGICN BUT20LNO3 + hv — 2 CH2CHO + HOz + NOg j_IC3HTND3 Sander et al. (2019)
J44036 TrGIC BUT20LO + hr — CH3C(0) + HOCH2CO j_ACETOL Sander et al. (2019)
J4403Ta TrGIC C3H-CHO + hw — CaH-02 + CO + HOo jx(ip_C3HTCHO2HCO) Sander et al. (2019)
J44037b TrGIC C3HyCHO + hv — C3Hy + CHoCHOH jx(ip_C3H7TCHO2VINY) Sander et al. (2019)*
J44038 TrGIC TPRCHO + hy — iC3H-05 + CO + HO3 jx(ip_IPRCHODZHCO) Sander et al. (2019)
J44039 TrGICN IC4HONO3 + hv — IPRCHO + NO3 j_IC3H7ND3 Sander et al. (2019)
J44040 TrGIC IC4HOOH + hw — IPRCHO + HOs + OH jx(ip_CH300H) Sander et al. (2019)
J44041 TrGIC PERIBUACID + hr —+ iC3H-0, + CO2 + OH jx(ip_CH300H) Sander et al. (2019)
Ja4042 TrGICN PIPN + hr — .7 IPRCO3 + .7 NO3 + .3 iC3H:04 + .3 COy +  jx(ip_PAN) Sander et al. (2019),
B3 NO, Sander et al. (2014)
J44043 TrGIC HVMEK + hr — MGLYOX + CO + 2 OH jx(ip_PeDIONE24) Sander et al. (2019),
Nakanishi et al. (1977),
Messaadia et al. (2015),
Yoon et al. (1999)*
J44044 TrGIC HMAC + hr — HCOCCH5CO + 2 OH jx(ip_PeDIONE24) Sander et al. (2019),
Nakanishi et al. (1977),
Messaadia et al. (2015),
Yoon et al. (1999)*
J44045a TrGIC CO2C3CHO + hw — CH3COCH»0s + HOs + CO jx(ip_C2H5CHO2HCO) Rickard and Pascoe (2009)
J44045p TrGIC CO2C3CHO + w — HVMK jx(ip_C2HSCHO2ENOL) Andrews et al. (2012},
Sander et al. (2019)
J44046a TrGIC IBUTDIAL + hw — CH3CHO + CO + HO3 + CO; + HaO jx(ip_C2H5CHD2HCO) *2. see Note*
J44046b TrGIC IBUTDIAL + v — HMAC jx(ip_C2HSCHOZENOL)#2. Andrews et al. (2012),
Sander et al. (2019)
J44200 TrGJTerC IBUTALOH + hr — CH3COCH; + HOy + HOp + CO J_ACETOL Rickard and Pascoe (2009)
Ja4201 TrGJTerC IPRHOCO3H + hr — CH2COCHz + HOz + COz + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J44400a TrGJAT0C MALDIALOOH + hw — C320H13CO + CO + OH + HO, jx(ip_HOCH2CHO) #2. Rickard and Pascoe (2009)
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Table 2: Photolysis reactions (... continued)
# labels reaction Tate coefficient reference
J44400b TrGJATaC MALDIALOOH + hv — GLYOX + GLYOX + HO, + OH jx(ip_CH300H) Rickard  and  Pascoe
(2000)*
Jaaqo1 TrGJAT0C BZFUOOH + hr — CO1403CHO + HOz + OH jx(ip_CH300H) Rickard  and  Pascoe
(2000)*
Ja4402 TrGJATaC HOCOCADIAL + hw — HCOCOHCO3 + HO; + CO jx(ip_MGLYOX)+jx(ip_HOCH2CHO) Rickard and Paseoe (2000)
Ja4403 TrGJAroCN NBZFUOOH + hv — .5 COI403CHO + .5 NO jx(ip_CH300H) Rickard  and  Pascoe
NBZFUONE + .5 HOs + OH (2000)*
Jad404a TrGJAT0C MALDALCO3H + hrr — HCOCOzH + HO3 + CO + HO3 + CO  jx(ip_MACR) Rickard and Pascoe (2009)
J44404b TrGJAroC MALDALCO3H + hv — .6 MALANHY + HOs + .4 GLYOX + jx(ip_CH300H) Rickard and Pascoe
4CO + 4CO, + OH (2000)*
Jaa405 TrGJAT0C EPXDLCO2H + h — C3DIALO2 + CO; + HOq 2.77*jx(ip_HOCHZCHO) Rickard and Pascoe (2009)
Ja4406 TrGJAT0C MALDIAL + hv — .4 BZFUONE + .6 MALDIALCO3 + .6 HOz; jx(ip_N02)0.14 Rickard and Pascoe (2009)
Ja4407 TrGJAroC MALANHYOOH + hy —+ HCOCOHCO3 + COz + OH jx(ip_CH300H) Rickard and Pascoe
(2000)*
Jaaqos TrGJAT0C EPXDLCO3H + hr — C3DIALO2 + OH + CO» jx(ip_CH300H)+2.77*jx(ip_ Rickard and Pascoe (2009)
HOCHZCHO)
J44409 TrGJAroC CO2C4DIAL + hy — CO + CO + HOy, + HO, + CO + CO Jx(ip_MGLYDX)=*2. Rickard and Paseoe (2009)
Jaa410 TrGJATaC MALDALCO2H + hr —+ HCOCO,H + HO; + CO + HO; + CO  jx(ip_MACR) Rickard and Paseoe (2009)
Jaaqi1 TrGJAT0C EPXCADIAL + hy — C3DIALO2 + CO + HOy 2.77#jx(1p_HOCHZCHO)#2. Rickard and Pascoe (2009)
Jadq12 TrGJATaC CO1403CHO + hw — HO; + CO + HCOCH20; + COa jx(ip_MGLYOX) Rickard and Paseoe (2009)
Jaaq14 TrGJAToC MECOACEOOH + hr — CH3C{(0O) + HCHO + CO; + OH jx(ip_CH300H) Rickard  and  Pascoe
(2000)*
Ja5002 TrGIC LISOPACOOH + hr — LISOPACO + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J45003 TrGICN LISOPACNOS + hw — LISOPACO + NOy 0.59%j_IC3HTNO3 see note*
Jas004 rGIC ISOPBOOH + hv —+ MVK + HCHO + HO; + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Ja5005 TrGICN ISOPBNO3 + hw — MVK + HCHO + HOy + NO» 2.84%j_IC3HTNO3 see note®
J45006 TrGIC ISOPDOOH + hr —+ MACR + HCHO + HOa + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J4B007 TrGICN ISOPDNO3 + hr — MACR + HCHO + HOz + NOy j-IC3HTNO3 see note®
J45008 TrGICN NISOPOOH + hr —+ NCACHO + HO, + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Ja5009 TrGICN NC4CHO + hr — LHC4ACCO3 + NOy (.59%] _IC3H7TNO3+jx{1p_MACR)) Miller et al (2014),
*(jx(ip_MEKND3)+1E-10)/(j_ Sander et al. (2019)*
IC3HTNO3+0.42+ jx (ip_CHOH)+1E-10)
J45010 TrGICN LNISOOH + hv — NOA + OH + .5 HOCHCHO + .5 CO + .5 jx(ip_CH300H) Taraborrelli et al. (2009),
HOa + .5 COs Sander et al. (2019)
Table 2: Photolysis reactions (... continued)
o labels reaction rate coefficient reference
J45011 TrGIC LHC4ACCHO + hr — .5 LHC4ACCO3 + 5 HO, + .5 CO + .5 jx(ip_MACR) Sander et al. (2019)
OH + .26 MACRO2 + .26 LHMVEKADBO2
J45012 TrGJIC LC57T800H + hw — .25 CH;COCH20H + .75 MGLYOX + .26 jx(ip CH300H)+ 2.77*jx(ip_ Sander et al. (2019)
HOCHCHO + .75 HOCH;CHO + .75 HO, + OH HOCH2CHO)
J45013 TrGIC LHC4ACCO3H + hr — OH + .5 MACRO2 + .5 LHMVKABO2 j_HPALD Sander et al. (2019)
+ OH + €Oy
J45014 TrGICN LC5PANI1T19 + hw — .T LHC4ACCO3 + .7TNO3 + .15 MACRO2  jx(ip_PAN) Sander et al. (2019)
+ .15 LHMVKABO2 + .3 COy + .3 NO3
J45015 TrGIC HCOCS + hw — .65 CHy + .65 CO + .65 HCHO + .35 OH + 0.5+jx(ip_MVK) Sander et al. (2019)*
.35 CH:COCH;04 + HOCH2CO
J45016 TrGJIC C5900H + h —+ CHzCOCH20H + HOCH2CO + OH J_ACETOL+jx(ip_CH300H) Sander et al. (2019)
J45017 TrGITerC C51100H + hr — CH3C(0O) + HCOCH2CHO + OH jx(ip_CH30D0H)+jx(1ip_HOCH2CHO) Rickard and Paseoe (2000)
J45018a TrGJITerC CO23C4CHO + hr — CH3COCOCH202 + HO, + CO jx(ip_HOCH2CHOD) Rickard and Pascoe (2009)
J45018b TrGJTerC CO23C4CHO + hw — CH;C(O) + HCOCH2CO3 2.15*jx{ip_MGLYOX) Rickard and Pascoe (2009)
J45019 TrGJTerC CO23C4CO3H + hv — CH3COCOCH202 + CO2 + OH jx(ip_CH300H)+jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
J45020 TrGITerC C51200H + hr — C51302 + OH jx(ip_CH300H)+jx (ip_HOCH2CHD) Rickard and Paseoe (2000)
J45021 TrGJITerC CO13C4CHO + hr — CHOC3COO02 + CO + HO, jx(ip_HOCH2CHO) #2. Rickard and Pascoe (2009)
Ja5022 TrGJTerC C51300H + hr — GLYOX + HOC,H,CO; + OH jx(ip_CH300H)+jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
J45023 TrGJTerC C513C0O + hr — HOC,H,CO3 + HOy + CO + CO jx(ip MGLYDX)+2.16*jx(ip MGLYDX)  Rickard and Pascoe (2009)
Jas024 TrGJTerC C51400H + hy — COI3C4CHO + HO. + OH jx(ip_CH300H)+jx(ip_HOCH2CHO)*2.  Rickard and Pascoe (2000)
Ja5025 TrGJTerCN ~ C514NO3 + hr —+ CO13C4CHO + HO; + NOg J_IC3HTNO3+jx(ip_HOCH2CHO) *2. Rickard and Pascoe (2009)
J45026a TrGIC LZCODC2IDBCOOH + v — OH + CO + HVMK + OH j_HPALD=*0.6%0.5 Sander et al. (2019),
Jenkin et al  (2015),
Peeters et al. (2014)
J45026b TrGIC LZCODC23DBCOOH + w — OH + CO + CHsC{O) + j HPALD#0.6%0.5 Sander et al. (2019),
HOCH;CHO Jenkin et al  (2015),
Peeters et al. (2014)
J45026¢ TrGIC LZCODC2IDBCOOH + hr — OH + CO + HMAC + OH J_HPALD=*0.4%0.5 Sander et al. (2019),
Jenkin et al  (2015),
Peeters et al. (2014)
J45026d TrGIC LZCODC2IDBCOOH + hwr — OH J_HPALD#0.4%0.5 Sander et al. (2019),
CH3COCH,0H + HOa Jenkin et al  (2015),
Peeters et al. (2014)
145027 TrGIC LZCO3HC2IDBCOD + hw — 62 EZCH3CO2CHCHO + .38 j_HPALD Sander et al. (2019)

EZCHOCCH3CHO?2 + OH + COsy
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Table 2: Photolysis reactions (... continued)
3 labels reaction rate coefficient reference
J45028a TrGIC C100HC200HC40D + hw — CH3;COCH20:H + OH + 2 CO  2.77#jx(ip_HOCH2CHO) Sander et al. (2019)
+ HO2
Ja5028b TrGIC ClOOHC200HC40D + W — .5 CHsCOCHzO0:H + .5 2Z.«jx(ip_CH300H) Sander et al. (2019)
HOCHCHO + .5 CO2H3CHO + .5 HCHO + 1.5 OH
J45029 rGC DB10OH + hv — DB102 + OH jx(ip_CH300H) Sander et al. (2019)
J45030 rGC DB200OH + hr — 48 CH3COCH20H + .52 HOCH2CHO + .52 jx(ip_CH300H) Sander et al. (2019)
MGLYOX + .48 GLYOX + HO; + OH
J45031a GIC C10DC200HC40D + hw —+ MGLYOX + HOCHCHO + OH jx(ip_CH300H) Sander et al. (2019)
J45031b TrGIC C10DC200HC40D + hy — COZH3CHO + CO + HO; + OH  2.%2.77*jx (1ip_HOCH2CHO) Sander et al. (2019)
J45032 TrGIC CAMDIAL + hv — .5 CH3COCHCO + .5 HCOCCH3CO + CO  jx(ip_N02)#0.1+0.5 Sander et al. (2019)*
+ HO; + OH
J45033 TrGCN DBINO3 + hv — DB102 + NO» j_IC3HTNO3 Sander et al. (2019)
Ja5034 TrGJTerC CHOC3COOOH + hr —+ CHOC3C002 + COy + OH jx(ip_CH3DOH)+jx(ip_HOCH2CHO) Rickard and Paseoe (2009)
+j_ACETOL
J45200a TrGJTerC LMBOABOOH + hr — HOCH2CHO + CH2COCHz + HOs +  jx(ip_CH300H)*.67 Rickard  and  Pascoe
OH (2009), Sander et al
(2019)
J45200b TrGJTerC LMBOABOOH + hr — IBUTALOH + HCHO + HO, + OH jx(ip_CH300H)*.33 Rickard and  Pascoe
(2009), Sander et al
(2019)
Ja5201 TrGJTerC MBOACO + hw — HCHO + HO; + IPRHOCO3 j_ACETOL Rickard and Pascoe (2009)
Ja5202 TrGJTerC MBOCOCO + hv —+ CO + HO; + IPRHOCO3 jx(ip_MGLYOX) Rickard and Pascoe (2009)
J45203a TrGJTerCN  LNMBOABOOH + hy — NO3CH2CHO + CH3COCHz + HO:  jx(ip_CH300H)=*.65 Rickard  and  Pascoe
+ OH (2009), Sander et al
(2019)
J45203b TrGJTerCN  LNMBOABOOH + hr — IBUTALOH + HCHO + NO; + OH  jx(ip_CH300H) *.35 Rickard and  Pascoe
(2009), Sander et al
(2019)
Ja5204 TrGJTerCN  NC40OHCO3IH + h — IBUTALOH + COs + NOa + OH jx(ip_CH300H) TRickard and Pascoe (2009)
J45400 TrGJAT0C C54C0 + hw —+ HOs + CO + CO + CO + CHzC(0O) jx(ip MGLYDX)+2.15+jx(ip MGLYDX)  Rickard and Pascoe (2009)
*2.
Ja5401 TrGJATaC C5134C020H + hw — CH3COCOCHO + HO; + CO + HOq jx(ip_HOCH2CHO)+2.15+jx(1ip_ Rickard and Paseoe (2009)
MGLYOX)
Ja5402 TrGJAT0C CHDIALOOH + hr — MALDIAL + CO + HOa + OH jx(ip_CH300H)+jx(ip_MACR) Rickard and  Pascoe
(2009)*
a4
Table 2: Photolysis reactions (... continued)
# labels reaction rate coefficient reference
JA5406 TrGJAroC C5CO140H + hr — CHzC(O) + HCOCO:H + HO, + CO jx(ip_MVK) Rickard and Pascoe (2000)
J45407 TrGJAToC C5DICARB + i — .6 C5C01402 + .6 HO2 + .4 TLFUONE Jjx(ip_N02)*0.2 Rickard and  Pascoe
(2000)*
Ja5408 TrGJAroC MC30DBCO2H + hr — CH3COCOH + HO; + CO + HO2 +  jx(ip_MACR) Rickard and Pascoe (2000)
cO
Ja5409 TrGJAroC ACCOMECHO + hr — MECOACETO2 + HO3; + CO jx(ip_HOCH2CHD) Rickard and Pascoe (2000)
Ja5410 TrGJAroC MMALNHYOOH + hy — CO2H3CO03 + COz + OH jx(ip_CH300H) Rickard  and  Pascoe
(2000)*
Jasa11 TrGJAroC CS5DICAROOH + hr —+ MGLYOX + GLYOX + HO; + OH jx(ip_CH30D0H)+jx (ip_HOCH2CHO) Rickard  and  Pascoe
+j_ACETOL (2009)*
Jas5412 TrGJAroCN NTLFUOOH + hw — ACCOMECHO + NO, + OH jx(1p_CH300H) Rickard  and  Pascoe
(2000)*
Jasaia TrGJAroC C5CO1400H + hr — .83 MALANHY + .83 CH: + .17 jx(ip_CH300H) Rickard and  Pascoe
MGLYOX + .17 HO + .17 CO + .17 CO3 + OH (2009)*
J45415 TrGJAT0C TLFUOOH + hy -+ ACCOMECHO + HOs; + OH jx(ip_CH300H) Rickard and Pascoe
(2000)*
Jas5417 TrGJAroC ACCOMECO3H + hv —+ MECOACETO2 + CO, + OH jx(1p_CH300H) Rickard and Pascoe (2000)
Jas418 TrGJAroC C5DIALCO + hr — MALDIALCO3 + CO + HO, jx(ip_MGLYOX)+jx(ip_MACR) Rickard and Pascoe (2000)
Ja6200 TrGJTerCN  C614NO3 + hir — CO23C4CHO + HCHO + HO, + NO, 2.15+jx (ip_MGLYOX) Rickard and Pascoe (2000)
J46201 TrGJTerC C61400H + hr — CO23C4CHO + HCHO + HO, + OH jx(1p_CH30D0H)+2.16+jx(ip_MGLYOX)  Rickard and Pascoe (2000)
J46202 TrGJTerC CO235C5CHO + hy — CO23C4C03 + CO + HO, jx(1p_MGLYOX) Rickard and Pascoe (2000)
Ja6203 TrGJTerC CO235C600H + hw — CO23C4C03 + HCHO + OH jx(ip_CH300H)+2.15#jx(ip_MGLYOX)  Rickard and Pascoe (2000)
J46400 TrGJAroC PHENOOH + hv — .71 MALDALCO2H + .71 GLYOX + .29 jx(ip_CH300H) Rickard and  Pascoe
PBZQONE + HOs + OH (2009)*
J46401 TrGJAT0C CHCO4DB + hw — C4CO2DBCO3 + HO; + CO Jx(ip_MGLYOX)*2. Rickard and Pascoe (2009)
J46402 TrGJAroC C5CO2DCO3H + he — CH3C(0) + HCOCOCHO + CO; + OH  jx(ip_CH30D0H)+jx(ip_MGLYOX) Rickard and Pascoe (2000)
J46403 TrGJAroCN NDNPHENOOH + hy — NC4DCO2H + HNOg + CO + CO +  jx(ip_CH300H) Rickard  and  Pascoe
N0, + OH (2000)*
Ja6404 TrGJAroCN BEZBIPERNO3 + hr — GLYOX + HO; + .5 BZFUONE + .5 j_IC3H7NO3 Rickard and  Pascoe
BZFUONE + NOa (2000)*
J46405 TrGJAToCN  HOC6HANO2 + v — HONO + CPDKETENE jx(ip_HOCEHANOD2) Chen et al. (2011)*
J46406 TrGJAroC CPDKETENE + hv —+ CO; + CO + 2 HO; + MALDIAL j_ketene see note*
J46407 TrGJAroC C5COOHCO3H + hr — HOCOCADIAL + HOy + CO + COs +  jx(ip_CH300H) Rickard and Pascoe (2000)

OH
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Table 2: Photolysis reactions (... continued)

# labels reaction rate coefficient reference
J46408 TrGJAToC BZEPOXMUC + hv — .5 C5DIALO2 + 1.5 HO; + 1.5 CO + .5  4.E3%]x(ip_MVK)*0.1 Rickard and Pascoe (2009)
MALDIAL
J46409 TrGJAroCN  NPHEN1OOH + hy —+ NPHEN1O + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Ja6410 TrGJAToC BZEMUCCO + hr —+ HCOCOHCO3 + C3DIALO2 jx(ip_HOCH2CHO)#2.+j_ACETOL Rickard and Pascoe (2000)
Ja6411 TrGJAToC BZEMUCCO2H + hr — C3DIALO2 + COz + HO4 jx(ip_MACR) Rickard and Pascoe (2009)
J46412 TrGJAroCN NNCATECOOH + hv —+ NC4DCO2H + HCOCO;H + NOs +  jx(ip_CH300H) Rickard and  Pascoe
OH (2000 )*
J46413 TrGJAToC CH15C0O200H + hr — CSDICARB + CO + HOs + OH Jx(ip_MVK)+jx(1ip_CH300H) Rickard and Pascoe (2009)
Jasa14 TrGJAroCN NPHENOOH + hr —+ MALDALCO2H + GLYOX + OH + NO; j_IC3H7NO3 + jx(ip_CH300H) Rickard and Pascoe (2009)
J46415 TrGJAToCN  NCATECOOH + hy — NC4DCO2H + HCOCOsH + HOy + OH  jx(ip_CH300H) Rickard and  Pascoe
(2009)*
J46416 TrGJAroC PBZQOOH + hy — C5CO20HCO3 + OH jx(ip_CH300H) Rickard and  Pascoe
(2000 )*
Ja6417 TrGJAToC BEZOBIPEROH + hr — MALDIALCO3 + GLYOX + HO, J_ACETOL Rickard and Pascoe (2009)
J46418 TrGJAroC BEZBIPEROOH + hw — GLYOX + HO; + .5 BZFUONE + .5 jx(ip_CH300H) Rickard and  Pascoe
BZFUONE + OH (2009)*
Ja6419 TrGJAroCN  NBZQOOH + hw — C6CO4DEB + NOy + Ol jx(ip_CH300H) Rickard and  Pascoe
(2009)*
J46420 TrGJAroC CATEC100H + lw — CATEC10 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Jas421 TrGJAroC CB125C0O + hy — C5C0O1402 + CO + HOo Jx(ip_MGLYOX)+jx (ip_MVK) Rickard and Pascoe (2009)
Ja6422 TrGJAToCN DNPHENQOH + hr — NC4DCO2H + HCOCO:H + NOa + OH  jx(ip_CH300H) Rickard and  Pascoe
(2009)*
J46423 TrGJAToC BZEMUCCOSH + hw — CS5DIALO2 + COq + OH jx(ip_CH300H)+jx(ip_MACR) Rickard and Pascoe (2009)
Ja6424 TrGJAToC CBH500H + hy — C6H50 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J46425 TrGJAroC BZEMUCOOH + hr — .5 EPXC4DIAL + .5 GLYOX + .5 HO;  jx(ip_CH300H)+jx(ip_HOCH2CHO)*2.  Rickard and  Pascoe
+ .5 C3DIALO2 + .5 C320H13CO + OH (2000)*
Ja6aa7 TrGJAroCN BZEMUCNO3 + hy — EPXCADIAL + NOz + GLYOX + HOs  2.77+jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
Ja6428 TrGJAroCN  DNPHEN + hy — HONO + NCPDKETENE jx(ip_HOCG6HANDZ) Sander et al. (2019)
J46429 TrGJAroCN NCPDKETENE + hv — COa + CO + 2 HO2 + NC4DCO2H j_ketene see note™
Ja7200 TrGITerC CO235C6CHO + hw — CHOC3COCO03 + CHRC(0O) 2.15#jx (ip_MGLYOX) Rickard and Pascoe (2000)
Jar201 TrGITerC C235C6CO3H + hv — C0O235C602 + COy + OH jx(ip_CH300H)+2.15%jx(ip_MGLYOX)  Rickard and Pascoe (2009)
Ja7202 TrGJITerC CT1600H + hr — CO13C4CHO + CH3C(O) + OH jx(ip_CH300H)+jx (ip_HOCH2CHQO) Rickard and Pascoe (2009)
Ja7203 TrGJITerC CT2100H + hr —+ C72202 + OH jx(ip_CH300H) Rickard and Pascoe (2000)
Ja7204 TrGJTerC CT2200H + hr — CH3COCHz + C4402 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
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Table 2: Photolysis reactions (... continued)
5 labels reaction rate coefficient reference
JA7400 TrGJAroC TLEPOXMUC + hv — 5 C615C0202 + HO; + CO + .5 4E3=jx(ip_MVK)*0.1 Rickard and Pascoe (2000)
EPXC4DIAL + .5 CH3C(O)
Ja7401 TrGJAroC C6HSCH200H + hy — BENZAL + HO, + OH jx(ip_CH300H) Rickard  and  Pascoe
(2000)*
Ja7402 TrGJAroCN  CGH5CH2NO3 + hrr — BENZAL + HOg 4+ NOy 0.59+j _IC3HTNO3 Rickard and  Pascoe
(2009)*
J47403 TrGJAroC BENZAL + hw — HO; + CO + C6H502 jx(ip_BENZAL) Wallington et al. (2018)
Ja7404 TrGJAroC TLBIPEROOH + hv — .6 GLYOX + .4 MGLYOX + HO + .2 jx(ip_CH300H) Rickard  and  Pascoe
CAMDIAL + .2 C5DICARB + .2 TLFUONE + .2 BZFUONE + (2000)*
.2 MALDIAL + OH
Ja7405 TrGJAroCN  TLBIPERNO3 + hv — .6 GLYOX + .4 MGLYOX + HOs + .2 j_IC3H7NO3 Rickard  and  Pascoe
CAMDIAL + .2 C5DICARB + .2 TLFUONE + .2 BZFUONE + (2000)*
.2 MALDIAL + NO3
JAT406 TrGJAroC TLOBIPEROH + hv — C5C01402 + GLYOX + HO, j_ACETOL Rickard and Pascoe (2000)
JaTao7 TrGJAToC CRESOOH + hv — .68 C5CO140H + .68 GLYOX + HO + .32 jx(ip_CH300H) Rickard  and  Pascoe
PTLOONE + OH (2000)*
Ja7408a TrGJAroCN NCRESOOH + hr — .68 C5CO140H + .68 GLYOX + HO, + j_IC3H7NO3 Rickard and  Pascoe
.32 PTLQONE + OH + NO, (2009)*
JA7408b TrGJAroCN  NCRESOOH + hr — C5CO140H + GLYOX + NOy + OH jx(ip_CH300H) Rickard  and  Pascoe
(2000)*
Ja7409 TrGJAroCN TOL10OHNO2 + hr —+ HONO + MCPDKETENE jx(ip_HOPh3Me2NO2) see note®
Jara10 TrGJAroC TLEMUCCO2H + hy — C615C0202 + CO; + HO» jx(ip_MACR) Rickard and Pascoe (2000)
Ja7a11 TrGJAroC TLEMUCCO3H + hr — C615C0202 + CO; + OH jx(ip_CH300H)+jx(ip_MACR) Rickard and Pascoe (2000)
JaT412 TrGJAT0C TLEMUCOOH + hr — .5 C3DIALOZ + .5 CO2H3CHO + 5 jx(ip_CH300H)+2.77*jx(ip_ Rickard  and  Pascoe
EPXCADIAL + .5 MGLYOX + .5 HO; + OH HOCH2CHO)+j _ACETOL (2000)*
Ja7413 TrGJAroCN TLEMUCNO3 + hr — EPXC4DIAL + NOy + CH3C(O) + CO  2.77*jx(ip_HOCH2CHO)+j_ACETOL Rickard and Pascoe (2000)
+ HO,
Jaral4 TrGJAroC TLEMUCCO + hr — CH3C(0) + EPXC4DIAL + CO + HOo  2.77*jx(ip_HOCH2CHO)+2.15%jx (ip_ Rickard and Pascoe (2000)
MGLYOX)
Ja7415 TrGJAT0C C6H5CO3H + hw — C6H502 + CO2 + OH jx(ip_CH300H) Rickard and Pascoe (20009)
JAT416 TrGJAT0C OXYLIOOH + v — TOL1O + OH jx(ip_CH300H) Rickard and Pascoe (2009)
JATA1T TrGJAroCN  MNCATECH + hr — HONO + MCPDKETENE jx(ip_HOPh3Me2ND2) see note®
Jarais TrGJAToC MCPDKETENE + hr — COz + CO + 2 HOy + C4AMDIAL j_ketene see note®
Ja7419 TrGJAroCN DNCRES + hw —+ HONO + MNCPDKETENE jx(ip_HOPh3Me2ND2) see note®
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Table 2. Photolysis reactions (... continued)
# labels reaction tate coefficient reference
JAT420 TrGJAroCN  MNCPDKETENE + hr —+ CO; + CO + 2 HO. + j_ketene s0e note®
NCAMDCO2HN
Jara21 TrGJAT0C MCATEC100H + hy — MCATECI10 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Jarazz TrGJAToCN  NPTLQOOH + hw — CTCO4DB + NOs + OH jx(ip_CH300H) Rickard  and  Pascoe
(2009)*
JaT423 TrGJAToC PTLQOOH + hv —+ C6CO20HCO3 + OH jx(ip_CH300H) Rickard and  Pascoe
(2000 *
Jaraz4 TrGJAroCN  NCRES100H + hr — NCRES10 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
JaTa2s TrGJAroCN  MNNCATCOOH + hy —+ NCAMDCO2HN + HCOCOoH + NO,  jx(ip_CH300H) Rickard and  Pascoe
+ 0H (2009)*
JATA26 TrGJAToCN  MNCATECOOH + hr — NCAMDCO2HN + HCOCOoH + HO2  jx(ip_CH300H) Rickard  and  Pascoe
+ OH (2009}
JaATA2T TrGJAreC C7CO4DB + v — C5CO2DBCO3 + HO; + CO jx(ip_MGLYOX)=*2. Rickard and Pascoe (2009)
JaT428 TrGJAroCN  NDNCRESOOH + hr — NCAMDCO2HN + HNO3 + CO + CO  jx(ip_CH300H) Rickard  and  Pascoe
+ NO2 + OH (2000)*
Jar429 TrGJAroCN DNCRESOOH + hr — NCAMDCO2HN + HCOCO,H + NOs +  jx(ip_CH300H) Rickard and  Pascoe
oH (2009)*
JaT430 TriGJAroC C6COOHCO3H + Iy — C5134CO20H + HO, + CO + COy +  jx(ip_CH300H) Rickard and Pascoe (2009)
OH
J48200 TrGJTerC C8600H + hw — C51102 + CH3COCH; + OH jx(ip_CH300H)+ jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
Ja8201 TrGJ TerC C81200H + hr — C81302 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J48202 TrGJ TerC CR1300H + hy —+ CH3COCH3 + C51202 + OH jx(ip_CH300H)+jx(ip_MGLYDX) Rickard and Pascoe (2009)
J48203 TrGJ TerC CT21CHO + e — C72102 + CO + HOq jx(ip_ HOCH2CHD) Rickard and Pascoe (2009)
J48204 TrGITerC CT721CO3H + hv —+ CT2102 + CO, + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J48205 TrGJ TerC C8BCOOH + hy — CRO0O2 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J48206 TrGJTerC CR900H + hw — C81002 + OH jx(ip_CH300H)+jx (ip_HOCH2CHO) Rickard and Pascoe (2009)
Jag207 TrGJTerCN  CRONO3 + hy — CR1002 + NO2 jx(1p_CH300H)+jx (ip_HOCHZCHO) Rickard and Pascoe (2009)
Jas208 TrGJ TerC CR1000H + hy —+ CH3COCHz + C51402 + OH jx(ip_CH300H)+jx (ip_HOCH2CHO) Rickard and Pascoe (2009)
J48209 TrGJTerCN - C810NO3 + hw — CH3COCH: + C51402 + NO3 2.84=j_IC3HTNO3+]x (ip_HOCH2CHO) Rickard and Pascoe (2009)
J48210 TrGJTerCN  CEBCNO3 + hr — CRIO2 + NOy j_IC3HTND3 Rickard and Pascoe (2009)
Jag211 TrGITerC C8500H + hy — CR602 + OH jx(ip_CH300H)+j _ACETOL Rickard and Pascoe (2009)
J48400 TrGJAT0C STYRENOOH + hr —+ HO; + HCHO + BENZAL + OH jx(ip_CH300H) Rickard and  Pascoe
(2009)*
J49200 TrG] TerC CO600H + hr — CO702 + OH jx(ip_CH300H)+j_ACETOL Rickard and Pascoe (2009)
J49201 TrGJ TerC CO700H + hy — C9802 + OH jx(ip_CH300H)+j_ACETOL Rickard and Pascoe (2009)
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Table 2: Photolysis reactions (... continued)
7 labels reaction rate coefficient reference
J49202 TrGJTerC COSO0H + hy — C61402 + CHsCOCHs + OH (jx(ip_CH300H)+2.15+jx(ip_ Rickard and Pascoe (2009)
MGLYOX) )
J49203a TrGITerC NORPINAL + hy — C8502 + CO + HO, jx(ip_PINAL2HCO) Rickard and  Pascoe
(2009), Sander et al
(2019)
J49203b TrGJTerC NORPINAL + h — NORPINENOL jx(ip_PINAL2ENOL) Sander et al. (2019), An-
drews et al. (2012)
749204 TIGITerC  C85CO3H + hr — C8502 + COz + OH jx(ip_CH3DOH) +j_ACETOL Rickard and Pascoe (2000)
J49205 TrGJTerC CROCO2H + hr — 8 CR11CO3 + .2 C8002 + 2 COz + HOa jx(ip_HOCH2CHO) Rickard and Paseoe (2000)
J49206 TrGJTerC C80CO3H + hr — .8 C811CO3 + .2 C8902 + .2 CO2 + OH jx(ip_CH300H)+jx (1p_HOCH2CHO) Rickard and Pascoe (2009)
J49207 TrGJTerC C211CO3H + hr — C81102 + COs + OH jx(ip_CH300H) Rickard and Pascoe (2000)
J49208 TrGJITerC NOPINDOOH + hr — C89CO3 + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J40200 TrGJTerC LAPINABOOH + hv — PINAL + HO; + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Ja0201 TrGJTerC MENTHENGONE + hv — RO6R102 + OH jx (ip_CH300H) Vereecken et al. (2007)
J40202 TrGJTerC 20HMENTHENGONE + hr — 10 LCARBON + OH jx(ip_CH300H) Vereecken et al. (2007)
J40203a TrGJTerC PINAL + hy — C902 + CO + HOy jx(ip_PINAL2HCO) Rickard and Pascoe (2009)
J40203b TrGJITerC PINAL + hi — PINEOL jx(ip_PINAL2ENOL) Sander et al. (2019), An-
drews et al. (2012)*
J40204 TrGJTerC PERPINONIC + hr — C9602 + CO, + OH jx(ip_CH300H)+j_ACETOL Rickard and Pascoe (2009)
J40205 TrGJTerC PINALOOH + v — C10602 + OH jx(ip_CH300H)+jx (1p_HOCH2CHO) Rickard and Pascoe (2009)
J40208 TrGJTerCN  PINALNO3 + hr — C10602 + NO» j_IC3HTNO3+jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
Janz207 TrGJTerC C10600H + hy — C71602 + CH;COCHz + OH jx(ip_CH300H)+jx(ip_HOCH2CHO) Rickard and Pascoe (2000)
J40208 TrGJTerCN  C106NO3 + hr — C71602 + CHzCOCHz + NO3 j_IC3HTNO3+ jx(ip_ HOCH2CHO) Rickard and Pascoe (2009)
J40209 TrGJTerC CI10900H + hy — C89C0O3 + HCHO + OH jx(ip_CH300H)+jx(ip_HOCH2CHO) Rickard and Pascoe (2009)
J40210 TrGJTerC C109CO + hr — C89CO3 + CO + HO, jx (ip_MGLYOX)+jx (ip_HOCH2CHO) Rickard and Pascoe (2000)
J40211 TrGJTerCN  LNAPINABOOH + hy — PINAL + NO; + OH jx(ip_CH300H) Rickard and Pascoe (2009)
J40212 TrGJITerC BPINAOOH + hr — NOPINONE + HCHO + HO, + OH jx(ip_CH300H) Rickard and Pascoe (2009)
Ja0213 TrGJTerCN  LNBPINABOOH + hr — NOPINONE + HCHO + NO; + OH  jx(ip_CH300H) Rickard and Pascoe (2000)
Ja0214 TrGJTerCN  ROOGRINO3 + hr — ROO6R302 + CHzCOCHz + NOg 2.84+j_IC3HTNO3+jx(ip_CH300H) Sander et al. (2019)
J40215 TrGJTerCN - ROGRINO3 + hw — 9 LCARBON + HCHO + HO + NOy 2.84+j_IC3HTNO3 Sander et al. (2019)
J6000 StTYGICL Cls +hw = Cl+ C1 jx(ip_C12) Sander et al. (2014)
J6100 StTrGICT ClOs + hw — 2 C1 jx(ip_C1202) Sander et al. (2014)
J6101 StTrGICL 0CIO + hw — ClO + O(*P) jx(ip_0C10) Sander et al. (2014)
J6200 StGJICI HCl +w —+ Cl+ H jx(ip_HC1) Sander et al. (2014)
J6201 StTrGICL HOCI + hv — OH + Cl1 jx(ip_HOC1) Sander et al. (2014)
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Table 2: Photolysis reactions (... contimed)
# labels reaction rate coefficient reference
J6300 TrGICIN CINOs + b — Cl + NOa jx(ip_C1ND2) Sander et al. (2014)
J6301a StTrGICIN  CINOsz + hv — Cl + NOs jx(ip_C1N03) Sander et al. (2014)
JE301b StTrGICIN CINO3 + hir — ClO + NOg jx(ip_Cl0ONO2) Sander et al. (2014)
16400 StGICL CH;Cl + hv — Cl + CHy jx(ip_CHAC1) Sander et al. (2014)
J6401 StGJICI CCly + hv — LCARBON + 4 C1 jx(ip_ccla) Sander et al. (2014)
J6402 StGJCCL CH2CClz + hv — 2 LCARBON + 3 Cl jx(ip_CH3CC13) Sander et al. (2014)
J6500 StGICIF CFCl; + hv — LCARBON + LFLUORINE + 3 C1 jx(ip_CFC13) Sander et al. (2014)*
J6501 StGICIF CFsCls + hr —+ LCARBON + 2 LFLUORINE + 2 Cl1 jx(ip_CF2c12) Sander et al. (2014)*
J7000 StTrGJBr Bra + hw — Br + Br jx(ip_Br2) Sander et al. (2014)
J7100 StTrGJIBr BrO + hr — Br + O(°P) jx(ip_Bro) Sander et al. (2014)
J7200 StTrGJIBr HOBr + hw — Br + OH jx(ip_HOBr) Sander et al. (2014)
J7300 TrGIBIN BrNOz + v — Br + NO3 jx(ip_BrNo2) Sander et al. (2014)
J7301 StTrGIJBrN  BrNO; + hr — .85 Br + .85 NOg + .15 BrO + .15 NOs jx(ip_BrNo3) Sander et al. (2014)*
J7400 StGJBr CHzBr + hv — Br + CHz jx(ip_CH3BT) Sander et al. (2014)
J7401 TrGIBr CHsBrs + hr — LCARBON + 2 Br jx(ip_CH2Br2) Sander et al. (2014)
J7402 TrGJBr CHBrz + hr — LCARBON + 3 Br jx(ip_CHBr3) Sander et al. (2014)
J7500 StGJBrF CF3Br + hvy — LCARBON + 3 LFLUORINE + Br jx(ip_CF3Br) Sander et al. (2014)
JT600 StTrGIBrCl BrCl + hy — Br + Cl jx(ip_BrcCl) Sander et al. (2014)
J7601 StGIBrCIF  CF:;CIBr + hr — LCARBON + 2 LFLUORINE + Br + C1 jx(ip_CF2C1Br) Sander et al. (2014)
J7602 TrGJBrCl CH3CIBr + hv — LCARBON + Br + Cl jx(ip_CH2C1Br) Sander et al. (2014)
J7603 TrGJIBrCl CHCl3Br + hy — LCARBON + Br + 2 C1 jx(ip_CHC12Br) Sander et al. (2014)
J7604 TrGJIBrCl CHCIBrs + hy — LCARBON + 2 Br + C1 jx(ip_CHC1Br2) Sander et al. (2014)
JB00o TrGJI ILi+hw —1+1 jx(ip_I12) Sander et al. (2014)
J8100 TrGJI I0 + hw =+ 1 4+ OF*P) jx(ip_10) Sander et al. (2014)
J8200 TrGJI HOI + hw — 1+ OH jx(ip_HOI) Sander et al. (2014)
J8300 TrGJIN INOg + hw =1 + NO3 jx(ip_INO2) Sander et al. (2014)
18301 TrGIIN INOz + hr — 1 4 NOg jx(ip_TND3) Sander et al. (2014)
18400 TrGII CHaly + hv — 21+ 2 HO, + CO Jx(ip_CH2T2) Sander et al. (2014)
J8401 TrGJI CHal + hw — 1+ CHy jx(ip_CH3I) Sander et al. (2014)
J8402 TrGICl CH2CHICH3 + hv — 2 LCARBON + I 4+ CHa jx(ip_C3HTI) Sander et al. (2014)
J2403 TrGICIH CHzClI + hr —+ 1+ Cl + 2HOy + CO jx(ip_CH2C1I) Sander et al. (2014)
J8600 TrGICI ICl+hw —-1I+Cl jx(ip_1C1) Sander et al. (2014)
JB700 TrGJIBrl IBr + v -1+ Br jx(ip_IBr) Sander et al. (2014)
PH (aqueous)
PH3200_a01 TrAa01IN NO; (aq) + hv — NOs(aq) + OH(aq) + OH (aq) xaer(01)*jx(ip_NO2) * 1.4E-4 see note®
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Table 2: Photolysis reactions (... continued)
¥ labels reaction rate coefficient reference
PH10200_a01 TrAaOlJHg  Hg(OH)s(aq) + he — Hglaq) xaer (01)*BE-E=jx(ip_N02) see note®
PH11000_a01 TrAa0lJFe  FeOH?**(aq) + hv — Fe’*(aq) + OH(aq) xaer (01)*4 . 51E-3#0.312 Herrmann et al. (2000)
PH11001_a01 TrAaOlJFe  Fe(OH)J(aq) + hv — Fe’t(aq) + OH[aq) + OH (aq) xaer (01)*5.77E-3%0.255 Herrmann et al. (2000)
PH11003_a01 TrAa0lJFeS FeSOJ (aq) + hr — Fe*t(aq) + SO; (aq) xaer (01)+6.43E-3+7 9E-3 Herrmann et al. (2000)

General notes

j-values are calenlated with an external module (e.g.,
JVAL) and then supplied to the MECCA chemistry.

Values that originate from the Master Chemical Mech-
anism (MCM) by Rickard and Pascoe (2009) are trans-
lated according in the following way:

j(11) — jx(ip_COH2)

j(12) — jx(ip_CHOH)
j(15) — jx(ip_HOCH2CHO)

j(18) — jx(ip_MACR)

j(22) — jx(ip_ACETOL)
3(23)43(24) — jx(ip_MVK)
3(31)+3(32)+j(33) — jx(ip_GLYDX)
j(34) — jx(ip_MGLYOX)

j(41) — jx(ip_CH300H)

j(53) — j(isopropyl nitrate)

j(54) — j(isopropyl nitrate)

j(55) — j(isopropyl mtrate1
j(56)43(57) — jx(ip_NOA)

Specific notes

J41003: CHz- and CHa-channels are considered only
and with their branching ratios being 0.42 and 0.48,
respectively (Gans et al., 2011). CH-production is ne-
glected. CHs is assumed to react only with O2 yielding
1.44 Hy + 0.18 HCHO + 0.18 O(*P) + 0.33 OH + 0.33

HOg + 0.44 CO3 + 0.38 CO + 0.05 H20 as assumed
in the WACCM model by J. Orlando (Doug Kinnison,
pers. comm. with D. Taraborrelli).

J41006: product distribution as for HNO4
J42004: Quantum yields from Burkholder et al. (2015).

J42006a:  Quantum yields from Burkholder et al.
(2015).

J42005D:  Quantum yields from Burkholder et al.
(2015).
J42005c:  Quantum yields from Burkholder et al
(2015).

J42007: It is assumed that J(PHAN) is the same as
J(PAN).

J42017: Enhancement of j according to Miiller et al.
(2014).

J42020: It is assumed that j(NO;CH2CHO) is the same
as j(PAN).

J42021: In analogy to what is assumed for CH;0.NO2
photolysis as in (Sander et al., 2014).

J43002: Following von Kuhlmann et al. (2003), we use
j(CHzCOCH20H) = 0.11*jx(ip_CHOH). As an addi-
tional factor, the quantum yield of 0.65 is taken from
Orlando et al. (1999a).

J43006: Following von Kuhlmann et al. (2003), we use
J(iC;H,ONO,) = 3.7#jx(ip_PAN).
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J43018: One third of the acetaldehyde channel is con-
sidered to be CH2CHOH according to Hjorth (2002)
EUPHORE Report.

J43024; Assuming J(C3H;ONO3) = 059 x
J(iC3H;ONO;), econsistent with the photolysis rate
coefficients used in the MCM (Rickard and Pascoe,
2008).

J43025a: Photolysis frequencies very similar to the ones
of CHaCHO.

J43025b: Photolysis frequencies very similar to the ones
of CHyCHO.

J43400: KDEC C3DIALO — GLYOX + CO + HO2

J44004: It is assumed that J(BIACET) is 2.15 times
larger than J(IMGLYOX), consistent with the photol-
vsis rate coefficients used in the MCM (Rickard and
Pascoe, 2009).

J44005a: It is assumed that J(LC4HINO3) is the same
as J(iC;H;ONO4).

J44005b: It is assumed that J(LC4HONO3) is the same
as J(iC3H; ONOg).

J44006: It is assumed that J(MPAN) is the same as
J(PAN).

J44009: It is assumed that JMACROOH) is 2.77 times
larger than JJHOCH,CHO), consistent with the pho-
tolysis rate coefficients used in the MCM (Rickard and
Paseoe, 2000).
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J44010: It is assumed that JIMACROH) is 2.77 times
larger than J(HOCH.CHO), consistent with the pho-
tolysis rate coefficients used in the MCM (Rickard and
Pascoe, 2009).

J44015: It is assumed that J(BIACETOH) is 2.15 times
larger than J(MGLYOX), consistent with the photolysis
rate coefficients used in the MCM (Rickard and Pascoe,
2000).

J44017a: CO-channel yielding CH;COCH which upon
reaction with Oz produces an excited Criegee Interme-
diate assumed to be similar to MGLOOA in MCM.
MGLOOA is produced also in other reactions and is
substituted by its decomposition products. Further-
more, the stahilized Criegge Intermediate is assumed
to solely react with water.

J44025: J values only for the secondary nitrate.
J44026: Like for LMEKNO3 photolysis

J44027: 2.84*J_ICIHTNO3 like for other tertiary alkyl
nitrates (see J4505). Enhancement of J according to
Miiller et al. (2014).

J44037b:  Channel which produces just vinyl al-
cohol and not a larger enol via keto-enol photo-
tautomerization.

J44043: The resulting vinyl peroxy radical is assumed
to mostly form with HOs a labile hydroperoxide (see
ketene formation). The products are further simplified.
Ja4044: 1,5-H-shift for the resulting vinyl peroxy radi-
cal assumed to be dominant.

Ja4046a: Simplified oxidation.

J44400p: KDEC MALDIALO — GLYOX + GLYOX
+ HO2

J44401: KDEC BZFUO — CO1403CHO + HO2

J44403: KDEC NBZFUO — 0.5 CO1403CHO + 0.5
NO2 + 0.5 NBZFUONE + 0.5 HO2

J47408a: KDEC CRESO — 0.68 C5C0O140H + 0.68
GLYOX + HO2 + 0.32 PTLQONE

J47408b: KDEC NCRESO — C5C0140H + GLYOX
+ NO2

J47409: Using J for 3-methyl-2-nitrophenol.

JaT412: KDEC TLEMUCO — 0.5 C3IDIALO2 + 0.5
COZHICHO + 0.5 EPXCADIAL + 0.5 MGLYOX + 0.5
HO2

JAT4AT:
J4AT418:
J47419:
JATA20:
J4T7422:

Using J for 3-methyl-2-nitrophenol.
new channel
Using J for 3-methyl-2-nitrophenol.
new channel

KDEC NPTLQO — C7TCO4DB + NO2
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J44404p: KDEC MALDIALCO2 — 0.6 MALANHY +
HO2 + 0.4 GLYOX + 0.4 CO

J44407: KDEC MALANHYO — HCOCOHCO3
J44414: KDEC MECOACETO — CH3CO3 + HCHO

J45003: It is assumed that J(LISOPACNO3) = 0.59 x
J(iC3H;ONOQg), consistent with the photolysis rate co-
efficients used in the MCM (Rickard and Pascoe, 2009).

J45005: It is assumed that J(ISOPBNO3) = 2.84 x
J(iC3H;ONOQg), consistent with the photolysis rate co-
efficients used in the MCM (Rickard and Pascoe, 2009).
J45007: It is assumed that J(ISOPDNO3) is the same
as J(iC;H;ONOg).

J45009: 0.59*I_ICIHTNO3 like for other primary alkyl

nitrates (see J4503). Enhancement of J according to
Miiller et al. (2014).

J45015: Consistent with the MCM (Rickard and Pas-
coe, 2000), we assume that J(HCOCS) is hall as large
as J(MVEK). With exeption of HOCH2CO the products
of MACO2 decomposition without COs.

J45032: approximation with 4-oxo-pentenal photolysis
combining results of Thner et al(2004) and Xiang et
al(2007)

J45402: KDEC C5DIALO — MALDIAL + CO + HO2

J45407: KDEC TLFUONE — 0.6 C5C01402 + 0.6
HO2 + 0.4 TLFUONE

J45410: KDEC MMALANHYO — CO2H3CO3

J45411: KDEC CSDICARBO — MGLYOX + GLYOX
+ HO2

J45412: KDEC NTLFUO — ACCOMECHO + NO2

J45414; KDEC C5C0O14C02 — 0.83 MALANHY +
0.83 CH3 + .17 MGLYOX + .17 HO2 + .17 CO + .17
o2

J45415: KDEC TLFUO — ACCOMECHO + HO2
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J47423: KDEC PTLQO — C6CO20HCO3

J47425: KDEC MNNCATECO — NC4MDCO2H +
HCOCO2H + NO2

J47426: KDEC MNCATECO — NCAMDCO2H +
HCOCO2H + HO2

J47428: KDEC NDNCRESO — NC4MDCO2H +
HNOZ + CO + CO + NO2

J47429: KDEC DNCRESO — NC4IMDCO2H +
HCOCO2H + NO2

J48400: KDEC STYRENO — HO2 + HCHO + BEN-
ZAL

J40203b:  Substituted vinyl aleohol in analogy to
CHzCHO photolysis.
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J46400: KDEC PHENO — 0.71 MALDALCO2H +
0.71 GLYOX + 0.20 PBZQONE + HO2

J46403: KDEC NDNPHENO — NC4DCO2H + HNO2
+ CO + CO + NO2

Ja6404: KDEC BZBIPERO — GLYOX + HO2 + 0.5
BZFUONE + 0.5 BZFUONE

J46405: new channel created for nitrophenol decompo-
sition

J46406: new channel created for nitrophenol decompo-
sition

Ja6412: KDEC NNCATECO — NC4DCOZH +
HCOCO2H + NO2

J46415: KDEC NCATECO — NC4DCO2H +
HCOCO2H + HO2

J46416: KDEC PBZQO — C5CO20HCO3

Ja6418: KDEC BZBIPERO — GLYOX + HO2 + 0.5
BZFUONE + 0.5 BZFUONE

J46419: KDEC NBZQO — C6CO4DB + NO2
Ja6422:  KDEC DNPHENO — NC4DCO2H +
HCOCO2H + NO2

Ja6425: KDEC BZEMUCO — 0.5 EPXC4DIAL + 5
GLYOX + .5 HO2 + .5 C3IDIALO2 + .5 C320H13CO
J46429: new channel

J47401: KROPRIM*O2 fast reaction C6H5CH20 =
BENZAL + HO2

J47402: KROPRIM*02 fast reaction C6HSCH20 =
BENZAL + HO2

J47404: KDEC TLBIPERO — 0.6 GLYOX + 0.4 MG-
LYOX + HO2 + 0.2 CAMDIAL + 0.2 C5DICARB +
0.2 TLFUONE + 0.2 BZFUONE + 0.2 MALDIAL
J47405: KDEC TLBIPERO — 0.6 GLYOX + 0.4 MG-
LYOX + HO2 + 0.2 C4MDIAL + 0.2 C5DICARB +
0.2 TLFUONE + 0.2 BZFUONE + 0.2 MALDIAL
J47407: KDEC CRESO — 0.68 C5CO140H + 0.68
GLYOX + HO2 + (.32 PTLQONE

J8500: Even though the elementary reaction produces
only 1 Cl atom (Felder and Demuth, 1993), it is as-
sumed here that eventually all Cl atoms are released in
secondary reactions,

JE501: Even though the elementary reaction probably
produces only 1 C1 atom (as for CFCly), it is assumed
here that eventually all Cl atoms are released in sec-
ondary reactions.

J7301: The quantum yields are recommended by
Burkholder et al. (2015) for A = 300nm and used here
for the entire spectrum.

PH3200_a01: Scaled to J(NO;z) so that its lifetime is
about 10.5 days, as suggested by Zellner et al. (1990).

PH10200_a01: Secaled to J(NOa) so that it produces
ahout 3.0 x 1077,



Table 3: Reversible (Henry’s law) equilibria and irreversible (“heterogenous™) uptake

# labels reaction rate coefficient reforence
H1000f_a01  TrAallSe 05 — Og(aq) k_exf(01,ind_02) see general notes®
H1000b_a01 TrAaDlSe Oo(ag) — On k_exb(01,1ind_02) see general notes*
H1001f a01  TrAal1MblScSem 03 — Os(aq) k_exf(01,ind 03) see general notes*
H1001b_a01 Tr Aal1MblScSem Oa(ag) — O3 k_exb(01,ind_03) see general notes™
H2100f_a01  TrAallSe OH — OH(aq) k_exf(01,ind_OH) see general notes®
H2100b_a01 TrAallSe OH(aq) — OH k_exb(01,ind_OH) see general notes™
H2101f_a01  TrAa01Se HO; — HOs(aq) k_exf(01,ind_HO2) see general notes*
H2101b_a01 TrAallSe HOa(aq) — HO» k_exb(01,ind_HO2) see general notes*
H2102f_a01  TrAallMblScSem Hy03 — HaOs(aq) k_exf(01,1ind H202) see general notes*
H2102b_a01 TrAal1MblScSem HoOs(aq) —+ HaOg k_exb(01,ind_H202) see general notes™
H3101f_a01  TrAallSeN NOs — NOa(aq) k_exf(01,ind_NO2) see general notes*
H3101b_a01 TrAal1SeN NOs(aq) — NOy k_exb(01,ind_NO2) see general notes®
H3102f_a01  TrAallSeN NO; — NOz(aq) k_exf(01,ind_NO3) see general notes*
H3102b_a01  TrAallSeN NOj(aq) — NOy k_exb(01,ind_NO3) see general notes*®
H3200f_a01  TrAalIMblScSemN  NH; — NHa(aq) k_exf(01,1ind_NH3) see general notes*
H3200b_a01 TrAa0IMblSeSemN  NHa(aq) — NHz k_exb(01,ind_NH3) see general notes™
H3201_a01 TrAallMblScSemN  NyO; —+ HNOj(aq) + HNOz(aq) k_exf_N205(01)#C(ind_H20_a01) Behnke et al. (1004), Behnke et al.
(1997)
H3202f_a01  TrAallSeN HONO — HONO{aq) k_exf (01, ind_HONO) see general notes*
H3202b_a01  TrAallSeN HONO(aq) —+ HONO k_exb(01,ind HOND) see general notes*
H3203f_a01  TrAallMhblSeSemN  HNO; — HNOgz(aq) k_exf (01, ind_HND3) see general notes*®
H3203b_a01  TrAaliMblScSemN  HNOs(aq) — HNO; k_exb(01,ind_HND3) see general notes*
H3204f_a01 TrAa0lSeN HNO, — HNOy(aq) k_exf(01,ind_HND4) see general notes®
H3204b_a01  TrAal1SeN HNO,(aq) —+ HNO, k_exb(01, ind_HND4) see general notes*
H4100£f_a01 TrAalIMblScSem COs — COalaq) k_exf(01,1ind_C02) see general notes*
HA100b_a01  TrAa01MblScSem COa(aq) —+ COs k_exb(01,ind_C02) see general notes®
H4101f_a01  TrAadlSeSem HCHO — HCHO(aq) k_exf (01, ind_HCHO) see general notes®
H4101b_a01  TrAad1ScSem HCHO(aq) -+ HCHO k_exb(01, ind_HCHO) see general notes*
H4102f_a01  TrAallSe CH302 — CH300(aq) k_exf(01,ind_CH302) see general notes*
HA102b_a01  TrAa01Se CH300(aq) — CH304 k_exb(01,ind_CH302) see general notes™
H4103f_a01  TrAadlSeSem HCOOH — HCOOH(aq) ¥_exf(01,ind_HCOOH) see general notes*®
H4103b_a01  TrAallSeSem HCOOH(aq) — HCOOH k_exb(01, ind_HCOOH) see general notes*®
H4104f _a01 TrAallSeSem CH;00H — CH3;00H(aq) k_exf (01, ind_CH300H) see general notes®
H4104b_a01  TrAallSeSem CH300H(aq) —+ CH;O0H k_exb(01, ind_CH300H) see general notes”
Table 3: Reversible (Henry’s law) equilibria and irreversible (“heterogenons™) uptake
# labels Teaction rate coefficient reference
HB000f _a0l TrAaDIMblSeCl Cly —+ Cla(aqg) k_exf(01,ind _C12) see general notes*
H6000b_a0l  TrAa01MbISeCl Cla(aq) — Cly k_exb(01,ind_C12) see general notes®
H6200f_a01  TrAaDIMblScSemCl  HCl — HCl{aq) k_exf(01,1ind_HC1) see general notes*
H6200b_a01  TrAa01MblSeSemCl HCl(aq) — HC1 k_exb(01,ind HCL) see general notes*
H6201f a01  TrAa0IMblSeCl HOCI — HOCl(aq) k_exf(01,ind HOCL) see general notes*
H6201b_a01  TrAa01MblSeCl HOC(aq) — HOCI k_exb(01,ind_HOC1) see general notes*
H6300_a01 TrAa0IMbICIN N2O5 + Cl-(aq) — CINOs + NO; (aq) k_exf_N205(01) % 5.E2 Behnke et al. (1994), Behnke et al.
(1997)
H6301_a01 TrAaD1IMbICIN CINO3 — HOCl{aq) + HNO3(aq) k_exf CIND3(01) = C(ind_H20_a01) see general notes*
H6302_a01 TrAa0IMbICIN CINO3 + Cl (aq) — Clafaq) + NO3 (aq) k_exf_CLND3(01) = 5.E2 see general notes®
H7000f_a0i  TrAa01MblSeBr Bra — Bra(aqg) k_exf(01,ind_Br2) see general notes*
H7000b_a01  TrAa01MhblSeBr Bra(aq) — Bra k_exb(01,ind_Br2) see general notes*
H7200f_a01  TrAa0lMblScSemBr HBr — HBr{aq) k_exf(01,ind_HBr) see general notes*
H7200b_a01 TrAa01MblScSemBr  HBr(aq) — HBr k_exb(01,ind_HBr) see general notes*
H7201f_a0i  TrAaDIMblSeBr HOBr — HOBr(aq) k_exf(01,ind_HOBr) see general notes*
H7201b_a01  TrAa01MblSeBr HOBr(aq) —+ HOBr k_exb(01,ind_HOBr) see general notes*
H7300_a01 TrAa01MbIBrN N2Os + Br—{aqg) — BrNO; + NO3 (aq) k_exf N205(01) * 3.ES Behnke et al. (1994), Behnke et al.
(1007)
H7301_2a01 TrAaD1MbIBrN BrNO; — HOBr(aq) + HNO3(aq) k_exi_BrN0O3(01) * C(ind_H20_a01) see general notes*
H7302_a01 TrAa01MbIBrN BrNOs + Br—(aq) — Bralaq) + NO; (aq) k_exf BrNO3(01) = 3.ES see general notes*
H7600f_a01  TrAa01MblSeBrCl BrCl — BrCl{aq) k_exf(01,ind_BrCl) see general notes®
H7600b_a01  TrAa01MhblSeBrCl BrCl(aq) —+ BrCl k_exb(01,ind_BrCl) see general notes*
HT601_a01 TrAa0IMbIBrCIN CINOg + Br—(aq) — BrCl(ag) + NO3 (aq) k_exf CINO3(01) = 3.ES see general notes®
H7602_a01 TrAaD1MbIBrCIN BrNO; + Cl—(aq) — BrCl{aq) + NO3 (aq) k_exf_BrNO3(01) = 5.E2 see general notes*
H8000f _a01 TrAaD1Scl 1o — Ia(aq) k_exf(01i,ind_I2) see general notes*
H8000b_a0i  TrAaD1Scl Is(aq) — Is k_exb(01,ind_T12) see general notes*
H8100f_a01  TrAa01MblScl 10 — I0(aq) k_exf(01,ind_I0) see general notes*
H8100b_a01  TrAa01MblSel 10(aq) — IO k_exb(01,ind_I0) see general notes*
H8101_a01 TrAanil OI0 — HOI(aq) + HOs(aqg) k_exf{01,ind 0IO) see general notes*
HS8102_a01 TrAa01l 1,02 — HOI(aq) + H*(aq) + 107 (aq) k_exf(01,ind_1202) see general notes*
H8200f_a01  TrAad1MblScl HOI — HOI{aq) k_exf(01,ind_HOI) see general notes*
H8200b_a01  TrAa01MblSel HOI(aq) — HOIL k_exb(01,ind_HOI) see general notes*
H8201_a01 TrAaD1MblSel HI — H™(aq) + I~ (aq) ke (HI) - lwe see general notes*
H8202_a01 TrAad1Scl HIO; — 105 (aq) + H(aq) kme (HIOg) - [we see general notes*
H8300_a01 TrAa01IN INO; —+ HOI{aq) + HONO(aq) k_exf(01,ind IND2) see general notes®
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Table 3: Reversible (Henry’s law) equilibria and irreversible (“heterogenous”) uptake

labels reaction rate coefficient reference
H3301_a01 TrAa01MbIN INO3 —+ HOI(aq) + HNOg(aq) k_exf (01, ind_IND3) see general notes®
H3600f_a01  TrAa0IMblScClI IC1 — IC](aq) k_exf(01,ind ICL) see general notes®
H8600b_a01  TrAaO0IMblSeCl ICl{aq) —+ ICI k_exb(01,ind_IC1) see general notes®
H8700f_a01  TrAa0IMblScBrl IBr — IBr(aq) k_exf(01,ind_IBr) see general notes®
H8700b_a01  TrAa01MblSeBrl IBr(aq) — IBr k_exb(01,ind IBr) see general notes®
HO1007_a01  TrAaDIMblScSemS  80; — S0alaq) k_exf(01,ind_s02) see general notes®
H9100b_a01  TrAa0IMblSeSemS  SO,(aq) — SO, k_exb(01, ind_s02) see general notes*
H9200_a0l TrAa0IMblSeSemS  HyS0; — HaS0y4(aq) xnom7sulf+k_exf(01, ind_H2504) see general notes™
H9400f_a01  TrAa01CS DMSO — DMSO(aq) k_exf(01,ind DMSO) see general notes®
HO400b_a0l  TrAad1CS DMSO(aq) —+ DMSO k_exb(01, ind_DMSO0) see general notes®
H9401_a01 TrAa01MbBIS CH3S0;H — CH350; (aq) + H'(aq) k_exf (01, ind_CH3S03H) see general notes*
H9402f _a01  TrAadlCS DMS — DMS(aq) k_exf(01,ind_DMS) see general notes®
HO402b_a01  TrAaD1CS DMS(aq) —+ DMS k_exb(01, ind_DMS) see general notes*®
H10000f_a01 TrAaOlHg Hg — Hg(aq) k_exf(01,1ind_Hg) see general notes®
H10000b_a01 TrAaD1Hg Hg(ag) — Hg k_exb(01, ind_Hg) see general notes®
H10100f_a01 TrAa0lHg HgO — HgO(aq) k_exf (01, ind_Hg0) see general notes*®
H10100b_a01 TrAaD1Hg HgO{aq) — HgO k_exb(01, ind_HgD) see general notes®
H10600f_a01 TrAa01CIHg HgClo — HgCla(aq) k_exf(01,ind_HgCl2) see general notes®
H10600b_a01 TrAa01ClHg HgCla(aq) — HgCly k_exb(01,ind HgC12) see general notes*
H10700f_a01 TrAa01BrHg HgBrs —+ HgBra(aq) k_exf (01, ind_HgBr2) see general notes®
H10700b_a01 TrAa01BrHg HgBra(aq) — HgBra k_exb(01, ind_HgBr2) see general notes*
H10701f_a01 TrAa01BrClHg CIHgBr — ClHgBr(aq) k_exf(01,ind ClHgBr) see general notes®
H10701b_a01 TrAa01BrClHg ClHgBr(aq) —+ ClHgBr k_exb(01, ind_C1HgBr) see general notes*®
H10702f_a01 TrAaOIBrHg BrHgOBr — BrHgOBr(aq) k_exf(01,ind_BrHgOBr) see general notes®
H10702b_a01 TrAaO1BrHg BrHgOBr{aq) —+ BrHgOBr k_exb(01, ind_BrHgOBr) see general notes®
H10703f_a01 TrAa01BrClHg ClHgOBr — CIHgOBr(aq) k_exf (01, ind_C1HgOBr) see general notes®
H10703b_a01 TrAa01BrClHg CIHgOBr(aq) — ClHgOBr k_exb(01,ind C1HgOBr) see general notes®

General notes

The forward (k_exf) and backward (k_exb)
rate  coefficients  are  calenlated in sub-
routine  mecca_aero_calc_k ex in  the file

messy_mecca_aero.f90 using accommodation coef-

the branching between hydrolysis and the halide reac-
tions. The factor 5x 107 was chosen such that the chlo-
ride reaction dominates over hydrolysis at about [C1-
= 0.1 M (see Fig. 3 in Behnke et al. (1997)), i.e. when
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ficients and Henry's law constants from chemprop (see
chemprop.pdf).

For uptake of X (X = NoOs, CINOs, or BrNOg) and
subsequent reaction with H2O, C17, and Br~ in H3201,
H6300, HE301, HE202, HT300, HT301, H7302, HT601,
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the ratio [HyO]/[C17] is less than 5x10%. The ratio
5x10?/3x10° was chosen such that the reactions with
chloride and bromide are roughly equal for sea water
composition (Behnke et al., 1994). These ratios were
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and H7602, we define:

B Fe (X)) x LWC

~[Ha0] + 5 % 10%[C17] + 3 x 10°[Br—]
Here, k. = mass transfer coefficient, and LWC = lig-

uid water content of the aerosol. The total uptake rate
of X is only determined by k. The factors only affeet

Faxe (X)

measured for uptake of NaOs. Here, they are also used
for CINOz and BrNOs.



Table 4: Heterogeneous reactions

# labals Teaction rate coefficient reference

HET200 StHetN NyOg + HoO — 2 HNO; khet_St (ihs_N205_H20) see general notes™
HET201  TrHetN N3Oz — 2 NO; (es) + 2 H (es) khet_Tr (iht_N205) see general notes®
HET410 StHetCl HOCI + HCl — Clz + HaO khet_St (ihs_HOC1_HC1) see general notes™
HET420 StHetCIN CINO3; + HCl — Cla + HNO;y khet_St(ihs_CLND3_HC1) see general notes®
HET421 StHetCIN CINO; + HaO — HOCI + HNO3 khet_St(ihs_CINO3_H20) see general notes®
HET422 StHetCIN NaOg + HCI — CINOs + HNOg khet_St (ihs_N205_HC1) see general notes®
HET510 StHetBr HOBr + HBr — Bra + HaO khet_St (ihs_HOBr_HEBr) see general notes®
HET520 StHetBrN BrNO; + HaO — HOBr + HNO;z khet_St (ihs_BrNO3_H20) see general notes®
HET540 StHetBrCIN CINO3; + HBr — BrCl + HNO3 khet_St (ihs_CIlND3_HBr) see general notes®
HET541 StHetBrCIN BrNO; + HC1 — BrCl + HNOg khet_St (ihs_BrNO3_HC1) see general notes®
HET542  StHetBrCl HOC1 + HBr — BrCl + HaO khet_St (ihs_HOC1_HBr) see general notes*
HET543 StHetBrCl HOBr + HCI — BrCl + Ha0 khet_St(ihs_HOBr_HC1) see general notes®
HET1001 StTrHetHg Hg — Hg(es) khet_Tr(iht_Hg) + khet_St(ihs_Hg) see general notes®

HET1002 StTrHetHg
HET1003 StTrHetClHg
HET1004 StTrHetClHg
HET1005 StTrHetBrHg
HET1006 StTrHetBrHg
HET1007 StTrHetBrClHg
HET1008 StTrHetDrHg

HgO — Hg(es)

HgCl — Hg(es) + LCHLORINE
HgCl, —+ Hg(es) + 2 LCHLORINE
HgBr — Hg(es) + LBROMINE
HgBry —+ Hg(es) + 2 LBROMINE

ClHgBr —+ Hg(es) + LCHLORINE + LBROMINE
BrHgOBr — Hg(es) + 2 LBROMINE
HET1009 StTrHetBrClHg ClHgOBr — Hgles) + LCHLORINE + LBROMINE

khet_Tr (iht_RGM)
khet_Tr (ibht_RGM)
khet_Tr (iht_RGM)
khet_Tr(iht_RGM)
khet_Tr (iht_RGM)
khet_Tr (iht_RGM)
khet _Tr(iht_RGM)

+
+
+
+
+
+
+

khet_Tr (iht_RGM) +

khet_St(ihs_RGM)
khet_St(ihs_RGM)
khet_St(ihs_RGM)
khet_St(ihs_RGM)
khet_St(ihs_RGM)
khet_St(ihs_RGM)
khet_St(ihs_RGM)
khet_St(ihs_RGM)

sep general notes®
see general notes®
see general notes™
see general notes®
see general notes®
see general notes®
see general notes®
sep general notes*

General notes

Heterogeneous reaction rates are caleulated with an external module (e.g., MECCA_KHET) and then supplied to the MECCA chemistry (see www.messy-interface.org

for details)
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Table 5: Aeid-base and other equilibria

# labels reaction Ko[M™ "] -AH/RIK] reference
EQ20_a01 TrAadlSc HO: = O, + H 1.6E-5 ‘Weinstein-Lloyd and Schwartz (1991)
EQ21_a01 TrAalIMblSeSem HoO = HT + OH™ 1.0E-16 -6716 Chameides (1984)
EQ30_a01 TrAaDIMblSeSemN  NH} = HY + NH; 5.88E-10 -2301 Chameides (1984)
EQ31_a01 TrAallScN HONO = H* + NO, 5.1E-4 -1260 Schwartz and White (1981)
EQ32_a01 TrAa0IMblSeSemN  HNOz = HY + NOg 15 8700 Davis and de Bruin (1964)
EQ33_a01  TrAadiSeN HNO, = NOj + H* 1LES Wamneck (1999)
EQ40_a01 TrAalIMblSeSem CO; = Ht + HCO; 4.3E-7 -013 Chameides (1984)*
EQ41_a01 TrAa01ScScm HCOOH = H* + HCOO~ 1.8E-4 Weast (1980)
EQ60_a01  TrAadlCl Cl; = Cl+ ClI- 7.3E-6 Yu (2004)
EQ61_a01 TrAa0IMblSeSemCl  HCl = HF + C1- 1.7EG GROG Marsh and McElroy (1985)
EQ62_al1 TrAa01SeCl HOCI = H* + ClO~ 3.2E-8 Lax (1969)
EQ70_a01 TrAal1Br Bry = Br + Br— 2.54E-6 -2256 Lin et al. (2002)
EQ71_a01 TrAa0IMblScSemBr  HBr = HY + Br— 1.0E9 Lax (1969)
EQ72_a01 TrAa01ScBr HOBr = Ht + BrO- 2.3E-9 -3001 Kelley and Tartar (1956)*
EQ73_a01 TrAa0IMbIBrCl BrCl + CI~ = BrCly 3.8 1191 ‘Wang et al. (1994)
EQ74_a01 TrAa0IMbIBrCl BrCl + Br~ = BraCl~ 1.8E4 T457 Wang et al. (1994)
EQ75_a01 TrAa01MbIBrCl Bra + CI- = BraCl™ 1.3 0 Wang et al. (1994)
EQ76_a01 TrAa0IMbIBrCl Br~ + Cly = BrCly 4.2E6 14072 Wang et al. (1994)
EQ80_ao1 TrAaOIMbISeCIT IC1 + CI~ = ICly 7.7E1 Wang et al. (1980)
EQ81_a01 TrAaOdIMblSeBrl IBr + Br— = IBry 2.9E2 Troy and Margerum (1991)
EQ82_a01 TrAaQ0IMbISeBrCll  IC1 + Br~ = IBr + Cl~ 3.3E2 see note*
EQ90_a01 TrAaDIMblSeSemS S0, = Ht + HSO; 1.7E-2 2090 Chameides (1984)
EQ91_ao01 TrAa0IMblSeSemS HS0; = Ht + 803~ 6.0E-8 1120 Chameides (1984)
EQ92_a01 TrAa0IMblSeSemS HSO, « H* + SOE’ 1.2E-2 2720 Seinfeld and Pandis (1998)
EQ93_al1 TrAa0IMblSeSemS H,80, = Ht + HSO; 1.0E3 Seinfeld and Pandis (1998)
EQi00_a01l TrAa0lHg Hg™ + OH = HgOH™ 4.0E10 Ammann and Pdschl (2007)
EQ101_a01 TrAa01Hg HgOH' + OH- = Hg(OH)» 1.58E11 Ammann and Péschl (2007)
EQ102_a01 TrAa01CIHg Hg?* + €1~ & HgClI*™ 5.8E6 Ammann and Péschl (2007)
EQ103_a01 TrAa01CIHg HgCl* + CI- = HgCly 2.5E6 Ammann and Péschl (2007)
EQi04_a01 TrAa01CIHg HgOH* + ClI- = Hg(OH)Cl 2.69ET Ammann and Pésehl (2007)
EQi0o5_a01 TrAa01BrHg Hg>t + Br~ = HgBrt 1.1E9 Raofie and Ariya (2004)
EQ106_a01 TrAad1BrHg HgBr* + Br~ = HgBr, 2.5E8 Raofie and Ariya (2004)
EQi07_a01 TrAa0l1HgS Hg?" + 503~ = HgS0, 2.E13 van Loon et al. (2001)
EQi08_a0l TrAal1Hgs Hp80; + 803~ = Hg(803)5 1.E10 van Loon et al. (2001)
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Table 5: Acid-base and other equilibria

# labels reaction

EQ110_201 TrAaDlFe Fe?+ = FeOH?* + H*

EQi11_a01  TrAadiFe FeOH?** = Fe(OH)] + Hf

EQ112_201 TrAaDlFe Fe*t 4 HaO2 = FeHO3™ + H*
EQ113_a01 TrAaliFe FeOH? + HaOy = Fe{OH)(HOs) + H
EQ114_201 TrAaDIClIFe Fe*t + C1- = FeCI?+

EQ115_201 TrAad1CIFe FeCI*+ | CI- = FeCly

EQ116_a01 TrAa0lFeS Fe*t 4 S0~ = FeSO;

EQ117_201 TrAaD1Fes FeOH?+ + HSO3 = FeSO3

EQ118_201  TrAaD1FeS Fe?* + 807 = FeS04

Ko[M™—"] -AH/RK]| reference

2.34E-3 de Laat and Le (2006)*

2E-4 de Laat and Le (2006)*
J.1E-3 de Laat and Le (2006)

2E-4 de Laat and Le (2006)

6.61 de Laat and Le (2006)*

1.6 de Laat and Le (2006)*

120 Brand and van Eldik (1995)*
8.25E2 Warneck (2018)*

1.6E7 ‘Warneck (2018)

Specific notes

EQ40_a01: For pi,(COa), see also Dickson and Millero (1987).
EQ72_a01: For pK,(HOBr), see also Keller-Rudek et al. (1992).

EQ82_a01: Thermodynamic caleulations on the IBr/IC1 equilibrium according to the
data tables from Wagman et al. (1982):

o+ Br- = IBr + Cl
-17.1 -103.96 = 42 -131.228
AG
T — 49— (=171 — S
/ol 4.2 — 131.228 — (—17.1 — 103.96) 14.368

B[] [ -AG 14368
K- LOT]  p (226 o (14365 ) gy
e eme) PP U Er ) T \eeta s

This means we have equal amounts of IBr and 1C1 when the [C17]/[Br~| ratio equals
330.

EQ110_a01: See also K values listed in Tab. 2.5 of Brand and van Eldik (1995).

EQ111_a01: Equilibrium caleulated from Ky and K» in Tab. 1 of de Laat and Le
(2006). Rate constant for back reaction assumed. See also K values listed in Tahb. 2.5
of Brand and van Eldik (1995).

EQ114_a01: See also K values listed in Tab. 2.5 of Brand and van Eldik (1995).

EQ115_a01: Equilibrium ealculated from Kag and Ksp in Tab. 2 of de Laat and Le
(2006). Rate constant for forward reaction assumed. See also K values listed in
Tah. 2.5 of Brand and van Eldik (1995).

EQ116_a01: Equilibrium at I = 1 M. Rate constant for back reaction assumed.
EQ117_a01: Rate of equilibration assumed.

110

Tahle 6: Aqueous phase reactions

# labels reaction ko [MT~"s7T] —Eu/RK] reference

A1000_a01 TrAa013e O3 + Oy — OH + OH™ 1.5E9 Sehested et al. (1983)
A2100_a01 TrAa0iSe OH + Oy — OH™ 1.0E10 Sehested et al. (1968)
A2101_a01 TrAa013e OH + OH — Hy0a 5.5E9 Buxton et al. (1988)
A2102_a01 TrAa018e HOy + OF — HaOp + OH™ 1.0E8 -900 Christensen and Sehested (1988)
A2103_a01 TrAa01Se HO: + OH — H,0 7.1E9 Sehested et al. (1968)
A2104_a01 TrAal1Se HOs + HO3 — HaOs 0.7E5 -2500 Christensen and Sehested (1988)
A2105_a01 TrAa018e Ho0; + OH — HO2 2.7ET -1684 Christensen et al. (1982)
A3100_a01 TrAa018eN NOy + 03 =+ NOg 5.0E5 -6050 Damschen and Martin (1983)
A3101_a01 TrAa018eN NO; + NO; —+ HNO3 + HONO 1.0E8 Lee and Schwartz (1981)
A3102_a01 TrAa018eN NOy — NO3 2.0E1 Warneck (1999)

A3200_a01 TrAa018eN NO; + HOy —+ HNO, 1.8E9 Warneck (1999)

A3201_a01 TrAa(1SeN NO; + OH =+ NOg + OH™ 1.0E10 Wingenter et al. (1999)
43202_a01 TrAa018eN NOz + OH- — NO; + OH 8.2E7 -2700 Exner et al. (1992)
A3203_a01 TrAa015eN HONO + OH — NOy 1.0E10 Barker et al. (1970)

43204 _a01 TrAa018eN HONO + Hy0; + HY — HNO; + HY 4.6E3 -6800 Damschen and Martin (1983)
A4100_a01 TrAa018e COy + 05 —+ HCO3 + OH™ 6.5E8 Ross et al. (1992)
A4101_a01 TrAa01Se CO; + HaOy —+ HCO3 + HOq 4.3E5 Ross et al. (1992)

A4102_a01 TrAa(1Se HCOO~ + CO5 — 2 HCO; + HOy 1.5E5 Ross et al. (1992)
A44103_a01 TrAa01Se HCOO~ + OH — OH~ + HOs + CO2 3.1E9 -1240 Chin and Wine (1994)
A4104_a01 TrAa01Se HCOZ + OH — COy 8.5E6 Ross ot al. (1992)
A44105_a01 TrAa018e HCHO + OH — HCOOH + HO, 7.7E8 -1020 Chin and Wine (1994)
A4106_a01 TrAa01Se HCOOH + OH — HOy + CO, 1.1E8 -091 Chin and Wine (1994)

44107 _a01 TrAa01Se CH300 + O — CH300H + OH~ 5.0E7 Jacob (1986)

A4108_a01 TrAa01Se CHz00 + HOz — CHz00H 4.3E5 Jacob (1986)

A44109_a01 TrAa018e CHzOH + OH — HCHO + HO, 9.7E8 Buxton et al. (1988)
A4110a_a01  TrAa0liSe CH3z00H + OH — CH300 2.7E7 -1715 Jacob (1986)

A44110b_a01  TrAa0l1Se CH3z00H + OH —+ HCHO { OH 1.1E7 -1715 Jacob (1986)

AB000_a01 TrAa01Cl Cl+ Cl —+ Cla 8.8E7 Wu et al. (1980)

AB001_a01 TrAa01Cl Cly +Cl3 =+ Cla +2Cl- 3.5E9 Yu (2004)

A6100_a01 TrAa01Cl Cl~ + Oy — ClO— 3.0E-3 Hoigné et al. (1985)
A6101_a01 TrAa01Cl Cly + 05 = Cly 1.0E9 Bjerghakke et al. (1981)
A6102_a01 TrAa01Cl Cly +0, =2CI- 1.0E9 Jacobi (1996)*

A6200_a01 TrAa01Cl Cl —+ H* + CIOH- 1.8E5 Yu (2004)

A6201_a01 TrAa0iCl Cl + HoOy —+ HOy + C1- + HY 2.7E7 -1684 Christensen et al. (1982)
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Tahle 6: Aqueous phase reactions (...continued)

- labels reaction ko [MT757T] —E./RK] reference
AB202_a01 TrAa01Cl Cl~ + OH — CIOH™ 4.2E9 Yu (2004)
A6203_al01 TrAal1Cl Cly + HO; — Cl; + H 1.0E9 Bjergbakke et al. (1981)
A6204_a01 TrAaO1MbIC] Cly —+ C1- + HOC1 + H+ 21.8 -8012 Wang and Margerum (1994)
AB205_a01 TrAa01Cl Cl, + HO; — 2Cl- + HY 1.3E10 Jacobi (1996)
A6206_a01 TrAa01Cl HOCI + O3 — Cl + OH™ 7.5E6 Long and Bielski (1980)
A6207 _a01 TrAa01Cl HOCI + HO; — C1 T.5E6 Long and Bielski (1980)
A6208_al01 TrAaOIMbIC] HOCL + CI- + Hf = Cly 2.2E4 -3508 Wang and Margerum (1994)
AE209_ald1 TrAa01Cl CIOH- — ClI- + OH 6.0E9 Yu (2004)
A6210_a01 TrAa01Cl CIOH- + Ht = ql 2.4E10 Yu (2004)
AG300_al1 TrAaOICIN Cl + NO; — NO3 + CI™ 1.0ES Buxton et al. (1999b)
A6301_a01 TrAa01CIN Cl~ + NO3 — NO3 + Cl 3.4E8 Buxton et al. (1999b)*
AB302_a01 TrAaOICIN Cly + NO; — 2Cl7 4+ NOg 6.0E7 Jacobi et al. (1996)
AB400_a01 TrAaDIClL Cly + CH3O00H — 2 CI- + H' + CHz00 5.0E4 Jacobi et al. (1998)
AT000_a01 TrAa01Br DBr, + Br; —+2Dr~ + DBra 1.9E9 Ross et al. (1992)
AT100_a01 TrAa01Br Br~ + 03 —+ BrO— 2.1E2 -4450 Haag and Hoigné (1983)
AT101_a01 TrAa01Br DBrs + Oy — Bry 5.6E9 Sutton and Downes (1972)
AT102_a01 TrAa01Br Br; + O —+ 2 Br- 1.7TE8 ‘Wagner and Strehlow (1987)
AT200_a01 TrAa01Br Br- + OH — BrOH— 1.1E10 Zehavi and Rabani (1972)
A7201_a01 TrAa01Br Bry + HO; — Br, + Ht 1.1E8 Sutton and Downes (1972)
AT202_a01 TrAaODIMbIBr Br; — Br~ + HOBr + H* 9.7E1 -T457 Beckwith et al. (1996)
AT203_a01 TrAal01Br Br, + HO3 — Bra + Ha03 + OH™ 4.4E9 Matthew et al. (2003)
47T204_a01  TrAa01Br Bry + Hz0y — 2 Br— + H* + HOy 1.OES Jacobi (1996)
AT205_a01 TrAa01Br HOBr + O; — Br + OH~ 3.5E9 Schwarz and Bielski (1986)
AT206_a01 TrAal1Br HOBr + HOy; — Br 1.0E8 Herrmann et al. (1999)
AT207_a01 TrAa01Br HOBr + HoO; — Br~ + HY 1.2E6 Bichsel and von Gunten (1999)
AT208_a01 TrAaOIMbIBr HOBr + Br + H" — Bry LGELD Beckwith et al. (1996)
AT209a_a01 TrAaD1Br BrOH- — Br~ + OH 3.3E7 Zehavi and Rabani (1972)
AT209b_a01 TrAal1Br BrOH- — Br +~ OH— 4.2E6 Zehavi and Rabani (1972)
AT210_a01 TrAal01Br BrOH- + H* — Br 44E10 Zehavi and Rabani (1972)
A7300_a01 TrAaD1BrN Br~ + NOz — Br + NOj 4.0E9 Neta and Huie (1986)
AT301_a01 TrAa01BrN Br; + NO; —+2Br + NO, 1.7ET -1720 Shoute et al. (1991)
AT400_a01 TrAaD1Br Br; + CH300H — 2 Br~ + H* + CH3;00 1.0E5 Jacobi (1996)*
AT601_a01 TrAa01BrCl Br~ + ClO- + H" — BrCl + OH~ 3.7TE10 Kumar and Margerum (1987)
AT602_a01 TrAalIMbIBrCl Br~ + HOCI + H* — BrCl 1.32E6 Kumar and Margerum (1987)
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Table 6: Aqueons phase reactions (...continued)

# labels Teaction ko [MT-"g~T —E./RK]| reference
AT603_a01 TrAa0IMbIBrCl HOBr + CI” + HY — BrCl 2.3E10 Liu and Margerum (2001)*
AT604_ a0l TrAal1MbIBrCl BrCl —+ €1~ + HOBr + H™ 3.0E6 Lin and Margerum (2001)
A8100_a01 TrAaOIMbIT I~ + Oz -+ HOI + OH™ 4.2E9 -0311 Magi et al. (1997)
AB101_al1 TrAaOIMbIT 10 + 10 — HOI + 105 + H* 1.5E9 Buxton et al. (1986)
A8200_a01 TrAaO1MbIT 105 + Ha05 — 105 6.0E1 Furrow (1987)
48201 _a01 TrAa01l HOI + 10; — 107 +1- + HY 6.0E2 Chinake and Simoyi (1996)
A8202_a01 TrAaOiMbIT HOI+I- +HY = Is 4.4E12 Eigen and Kustin (1962)
A8203_a01 TrAa01MbIT 107 +1- + HX =+ 2 HOI + OH~ 2.0E10 Edblom et al. (1987)
A8600_a01 TrAa01MbICIT IC1 —+ HOI + C1- + HY 2.4E6 Wang et al. (1989)
ABE01_al1 TrAaOIMbICIT I~ + HOCl + H* — ICl 3.5E1L Nagy et al. (1988)
A8602_a01 TrAaD1CII 105 + HOC1 — 103 + ClI- + H* 1.5E3 Lengyel et al. (1996)
AB603_a01 TrAa01MbBICIT HOI + CI- + H® — IC1 2.9E10 Wang et al. (1989)
A2604_a01  TrAaDICII HOI + Clp —+ 105 + 2 CI~ + 3H* 1.OE6 Lenayel et al. (1996)
AB605_ad1 TrAa01CII HOI + HOC1 —+ 105 + Cl- + 2 HF 5.0E5 Citri and Epstein (1988)
AB606_a01 TrAa01CII ICI+T =1 +Cl- 1.1E9 Margerum et al. (1986)
ABT00_al1 TrAaO1MbIDBIT IBr —+ HOI + H* + Br~ 2.0ES Troy et al. (1991)
ABT01 a0l TrAa01MbIBrl I~ + HOBr — IBr + OH™ 5.0E9 Troy and Margerum (1991)
ABT02_a01 TrAa01Brl 105 + HOBr — 105 + Br~ + H" 1.0E6 Chinake and Simoyvi (1996)
A8703_a01 TrAa01MblBrI HOI + Br~ + H* — IBr 3.3E12 Troy et al. (1991)
A8704_a01 TrAa01Brl HOI + HOBr — 105 + Br- + 2H* 1.0E6 Chinake and Simoyi (1996)
A8705_a01 TrAa01Brl IBr+ 1" — I, + Br 2.0E9 Faria et al. (1993)
A9100_a01 TrAal1ScS SO§ + 02 — 807 L.5E9 Huie and Neta (1987)
A49101_a01 TrAaDIMblScSemS 803~ + O3 — SOg_ 1.5E09 -5300 Hoffmann (1956)
A9102_a01  TrAa01ScS SO + 05 —+ 802 3.5E9 Jiang et al. (1992)
49103_a01 TrAal1SeS 807 + 803~ — 803 + 50} 4.6E8 Huie and Neta (1987)
A9104_a01 TrAa015cS 80, + 0, — HS0; + OH~ 2.3E8 Buxton et al. (1996)
29105_a01  TrAadiS 805 + SO2~ — 72507 +.72S0 + 28507 + 1.3E7 Huie and Neta (1987), Deister

28 HSO; + .28 OH™ and Warneck (1990)*
A9106_a01 TrAa015 8507 + 805 — 0z + SOf‘;_ + LSULFUR L.OES Ross et al. (1992)*
A9200_a01 TrAa01SeS SOg_ + OH — SO; + OH~ 5.5E9 Buxton et al. (1988)
A9201_a01 TrAa01ScS 50, + OH — HSO, LOES Jiang et al. (1992)
29202_a01  TrAaD1SeS 807 + HOy — S0P~ + H* 3.5E9 Jiang et al (1992)
49203 _a01 TrAa018cS 80, +H,0 —+ 807 +H" + OH L1E1 -1110 Herrmann et al. (1095)
49204 _a01 TrAa018cS 807 + HaO3 — soz‘ + H+ + HOy 1.2E7 Wine et al. (1080)
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Table 6 Aqueous phase reactions (...contimed)

3 labels reaction ko [MT757T] —E,/R[K] reference
A9205_a01 TrAa015cS HSO; + 0y — 805~ + OH 2.0E3 see note®
A9206_a01 TrAa01MblSeScmS  HSO3 + O — 507 + HY 3.7E5 -5500 Hoffmann (1986)
49207 _a01 TrAa015cS HSO, + OH — SO, 4.5E9 Buxton et al. (1988)
A9208_a01 TrAa018c8 HSO3 + HOy —+ SO3~ + OH + HY 3.0E3 sep note®
49209_a01 TrAa01MblSeSemS  HSO; + HaOo — SO?‘ +Ht 5.2E6 -3650 Martin and Damschen (1981)
49210_a01  TrAa01ScS HSO; + 807 - S07 + SO}~ + H 8.0ES Huie and Neta (1987)
49211_a01 TrAa018 HSO; + SO; — .75 SOy + .75 S0T" + .75 H' + 1.0E5 Huie and Neta (1987)
.25 503 + .25 HSO,
A9212_a01 TrAa018c8 HSO; + HSO; + H* — 2HS0; + H 7.1E6 Betterton and Hoffmann (1988)
49301_a01 TrAa01ScNS 507 + NO7 — 503~ + NO, 5.0E4 Exner et al. (1992)
A9302_a01 TrAa01SeNS S037 + NO3 — NO; + SOy 1.0E5 Logager et al. (1993)
49304_a01 TrAaD18eNS HSO; + NO; — 805 + NOy + HY 1.4E9 -2000 Exner et al. (1092)
A9305_a01 TrAa01S5cNS HSO; + HNOy —+ HSO, + NO; + H* 3.1E5 Warneck (1999)
A9400_a01 TrAa015cS 505_ + HCHO — CH,OHSO; + OH™ 1.4E4 Boyee and Hoffmann (1984)*
A9401_a01 TrAa01ScS 803~ + CH300H + H — 802~ + H* + CH;0H 1.6E7 -3800 Lind et al. (1987)
A9402_a01 TrAal1Scs HSO; + HCHO — CHaOHSOZ 4.3E-1 Boyee and Hoffmann (1984)*
A9403_a01 TrAa01ScS HSO3 + CH300H + H" — HSO;7 + HY + CH;0H 1.6ET -3800 Lind et al. (1987)
A9404_a01 TrAa015cS CHoOHSO; + OH™ — S0~ + HCHO 3.6E3 Seinfeld and Pandis (1998)
A9600_a01 TrAa01CIS SO%‘ +Cl; -+ 8035 +2C1- 6.2E7 Jacobi et al. (1996)
A9601_a01 TrAa01MbBICIS 505 + HOCl — CI” + HSOy T.6E8 Fogelman et al. (1989)
A9602_a01 TrAa01CIS 807 + ClI- — SOi_ +Cl 2.5E8 Buxton et al. (1999a)
A9603_a01 TrAa01CIS 803~ + Cl —+ SOy + CI™ 2.1E8 Buxton et al. (1999a)
A9604_a01 TrAa01CIS HS0; + Cl; —+ 807 +2Cl- + HY 4.7E8 -1082 Shoute et al. (1991)
A9605_a01 TrAa01MbICIS HSO5; + HOC1 — C1- + HSOy + H* 7.6E8 see note®
A9606_a01 TrAa01CIS HSO; + ClI~ — HOCI + SO%~ 1.8E-3 -7352 Fortnum et al. (1960)
A9700_a01 TrAaD1BrS 803~ + Bry — 2 Br + 805 2.9E8 -640 Shoute et al. (1991)
49701 _a01 TrAa01BrS S02~ + BrO~ — Br~ + SO3~ 1.0E8 Troy and Margerum (1991)
A9702_a01 TrAa01MbIBrS SOg_ + HOBr — Br~ + HSO 5.0E0 Troy and Margerum (1991)
A9703_a01 TrAaD1BrS S0; + Br~ — Br + SO%~ 2.1E9 Jacobi (1996)
A9704_a01 TrAa01Brs HSO3 + Bry — 2 Br~ + Hf + 505 6.3E7 -T82 Shoute et al. {1991)
AS705_a01 TrAa01MbIBrS HSO; + HOBr — Br-— + HSO; + H* 5.0E9 see note*
A9706_a01 TrAa01Brs HSO, + Br~ — HOBr + S0%- 1.0E0 -6338 Fogelman et al. (1989)
A9800_a01 TrAa01IS HS0; + I, + 21~ + HSO; + 2 HF 1.7TE9 Yiin and Margerum (1990)
410100_a01  TrAaOIHg Hg + O3 — HgO + 09 1.7E7 Munthe (1992)
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Table 6: Aqueous phase reactions (...continued)
3 lahels reaction ko [MT—7s7T —E./RIK] reference
A410200_a01  TrAaD1Hg HgO + HY — Hg® + OH- 1.0E10 Pleijel and Munthe (1995)
A410201_a01  TrAallHg Heg + OH — Hg™ + OH™ 2.0E9 Lin and Pehkonen (1997)
A10202_a301  TrAa01Hg Hgt + OH — Hg** + OH™ 1.0E10 Lin and Pehkonen (1997)
410203_a01  TrAa0lHg Hg®t + HOs — Hg* + Oz + H* 1.7TE4 Enami et al. (2007)
410204 a01  TrAa0lHg Hgt + HOs — Hg + 02 + HT 1.0E10 Lin and Pehkonen (1997)
A410600_a01  TrAa01CIHg Hg + HOCI — Hg*t + CI- + OH~ 2.09E6 Lin and Pehkonen (1998)
A10601_a01  TrAaD1ClHg Hg + ClIO- — Hg?t + CI- + 2 OH— 1.99E6 Lin and Pehkonen (1998)
A10700_a01  TrAa01BrHg Hg + HOBr — Hg** + Br + OH~ 0.279 Wang and Pehkonen (2004)
A10701_a01  TrAa01BrHg Hg + BrO~ — Hg?* + Br~ + 2 OH~ 0.273 Wang and Pehkonen (2004)
A10702_a01  TrAa01BrHg Hg + Brz — Hg?* + 2 Br— 0.196 Wang and Pehkonen {2004)
A10900_a01  TrAa0l1HgS HgSOs; — Hg + HSO; + HY 0.0106 van Loon et al. (2000)
A11101_a01  TrAadlFe Fe?t + Oy — Fe'" + HO2™ + OH 1E7 de Laat and Le (2006)
411102_a01  TrAa0lFe Fe't 4 07 — 0y + Fe?* S5ET de Laat and Le (2006)
A11103_a01  TrAallFe Felt 4 03 - FeO* 4 0y 8.2E5 Legager et al. (1992)
A11201a_a01 TrAa01Fe Fe*t + OH — Fe?t + OH- 2.7TE8 de Laat and Le (2008)
A411201b_a01  TrAaliFe FeOH' 4+ OH — Fe*t 4+ 2 OH- 2.TE8 de Laat and Le (2006)
411202a_a01 TrAa01Fe Fe** + Ha0p — Fe** + OH + OH— 5.5E1 de Laat and Le (2006)
A411202b_a01 TrAaOlFe FeOH* + Ha0O2 — Fe?* + OH + 2 OH~ 5.9E6 de Laat and Le (2006)
A11203_a01  TrAa01Fe FeHO3" — Fe* 4+ HO, 2.3E-3 de Laat and Le (2006)
A11204_a01  TrAallFe Fe(OH)(HO,)* — Fe?t + HOy + OH™ 2.3E-3 de Laat and Le (2006)
411206_a01  TrAa01Fe Fe* + HOy — Fe't + HO2™ 1.2E6 de Laat and Le (2008)
A11208a_a01 TrAa0lFe FeOH?* + O, — Fe'* + 0y + OH~ 1.5E8 Rush and Bielski (1985)
A11208b_a01 TrAaOlFe Fe(OH)7 + O7 — Fe®™ + 03 + 2 OH~ 1.5E8 Rush and Bielski (1985)
411209_a01  TrAa01Fe Fe** + 07 — Fe + HaOy + 2 OH- 1.0E7 Rush and Bielski (1985)
411210_a01  TrAa0lFe Fe’* + OH — FeOH?* 4.3E8 Christensen and Sehested (1981)
411211 a01  TrAaOlFe FeO?* 4+ HaOs — Fe?* + HOs + OH™ 9.5E3 Logager et al. (1992)
A11212 a01  TrAaOlFe FeO?t — Fe®* 4+ OH + OH- 1.3E-2 Logager et al. (1992)
A11213 a0l TrAallFe FeO** + HOy —+ Fe't + 0y + OH™ 2.0E6 Legager et al. (1992)
411214 a01  TrAa01Fe FeO* | OH — Fet | HO2- 1.0E7 Logager et al. (1992)
A411215_a01  TrAa01Fe FeO* + Fe?* — 2 Fe®* + 2 OH 1.4E5 Logager et al. (1992)
A411216_a01  TrAa0lFe FeO?* 4 Fel* — Fe(OH)oFel* 1.8E4 Jacobsen et al. (1997)
A11217_a01  TrAa0lFe Fe(OH)sFe!t + HY — 2 Fe’* + OH~ 2.0 Jacobsen et al. (1097)
411218 a01  TrAaOlFe Fe(OH)sFet — 2 Fet + 2 OH- 0.49 Jacohsen et al. (1997)
411301 _a01  TrAaOlFeN FeO?* + HONO — Fe*t + NOg + OH™ 1.1E4 Jacobsen et al. (1998)
A411302_a01  TrAa01FeN Fe* 4+ NOy — Fe't + NO7 8.0E6 Herrmann et al. (2000)*
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Table 6: Aqueous phase reactions (...continued)

labels reaction ko [MT~"s7T] —E./RK] reference
A411601_a01  TrAa0iCIFe Fe'™ + Cl = Fe'F + CI” 5.9E0 Jayson et al. (1973)
A11602a_a01 TrAa01ClFe Fe’* + Cl; — Fet + 2 CI- 1ET Thornton and Laurence (1973)
A11602b_a01 TrAa01ClFe Felt Cly — FeCI?+ + C1- 4E6 Thornton and Lanrence {1973)
A11603a_a01 TrAa01ClFe FeClt + HO; — Fed+ + Cl1- + HO2~ 1.2E6 de Laat and Le (2006)
A411603b_a01  TrAa01ClFe FeCl™ + 07 — Fe®* 4 €17 + HO2™ + OH™ 1E7 de Laat and Le (2006)
A11604a_a01 TrAa01ClFe FeCI** + HOp — Fe?* + C1~ + Og + H* 2E4 de Laat and Le (2006)
A11604b_a01  TrAa01ClFe FeCl] + HOy — Fe** 42 Cl~ + O3 + H 2E4 de Laat and Le (2006)
A411604c_a01 TrAa01ClFe FeCI**+ + O3 —+ Fe*t + ClI- + Oy 5ET de Laat and Le (2006)
A11604d_a01 TrAa01CIFe FeCly + 05 — Fe* 4 201 + Oy 5ET de Laat and Le (2006)
A11605_a01 TrAa01ClFe FeO+ 4+ CI- — Fe?t+ + Cl + 2 OH~ 1E2 Jacobsen et al. (1998)*
A11701 a01  TrAa01BrFe Fe’* + Br, — Fe** + 2 Br- 3.6E6 Thornton and Laurence (1973)
211901_201  TrAa0iFeS FeO™ 4 80, — Fe'™ + SO7 45E5 Jacobsen et al. (1998)*
411902_a01  TrAa0lFeS FeO™ 4+ H30; — Fe'* + 50, + OH- 2.5E5 Jacobsen et al. (1998)*
A11903_a01  TrAa01FeS FeOH?* + HSO; — Fet + 505 + Ha0 0 Ziajka et al. (1904)
A11904_301  TrAa0lFeS Fe’* + 80, — FeOH" + HSO, SES Ziajka et al. (1994)*
A11905_a01 TrAa01FeS Fe** + HSO; — FeOH?** + S0 3.0E4 Gilbert and Stell (1990)
A11906_a01  TrAaOlFeS Fe®* + 50, — FeSO; A.6ET MeElroy and Waygood (1990)*
A11907_a01  TrAa01FeS FeOH?* + 8037 — Fe'* + HSOT 3ET Warneck (2018)
A11908_a01 TrAa01FeS FeSOS + S0, — Fe?t + SOE’ + 502 2.16E6 Warneck (2018)*

Specific notes

AB102_a01: Jacobi (1996) found an upper limit of 6E9
and cite an upper limit from another study of 2E9. Here,
we set the rate coefficient to 1E9.

A6301_a01: There is also an earlier study by Exner
et al. (1992) which found a smaller rate coefficient but
did not consider the back reaction.

A7400_a01: Assumed to be the same as for Bry +
Hs0s.

A7603_a01: The rate coefficient is defined as backward
reaction divided by equilibrium constant.

411904_a01: Assumed. Note that CAPRAM 2.4
lists k=4.3E7 from Herrmann Air Pollution Re-
search Report 57 and it also lists k= 2.65ET

29105_a01: The rate coefficient for the sum of the paths
(leading to either HSO; or SO3~ ) is from Huie and Neta
(1987), the ratio 0.28/0.72 is from Deister and Warneck
(1900).

A9106_a01: See also: (Huie and Neta, 1987; Warneck,
1991). If this reaction produees a lot of 807, it will have
an effect. However, we currently assume only the stable
SQO;;” as product. Since SQO§’ is not treated explic-
itly in the mechanism, SOE_ is used as a proxy and the
second sulfur atom is put into the lmmped LSULFUR.

29205_a01: D. Sedlak, pers. comm. (1993).

29208_a01: D. Sedlak, pers. comm. (1993).
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from Williams PhD 1996 http://1ib.leeds.ac.uk/
record=b1835184~85. Brand and van Eldik (1995) also
list k=3.56E4 from Waygood EUROTRAC 1992 report.

17

49400_a01: Product 2.48 x 107 x 5.5 x 10~ considering
the hydrated form of HCHO.

£9402_a01: Produet 790 x 5.5 % 10~! considering the
hydrated form of HCHO.

A9605_a01: Assumed to be the same as for SO;‘ +
HOCL

A9705_a01: Assumed to be the same as for SO;‘ +
HOBr.

A11302_201: value from Pikaev et al. (1974)
A11605_a01: products assumed
211901 _a01: products assumed
£11902_a01: products assumed

A11906_a01: 3ES*6500/(48000+6500)

A411908_a01: Assuming that the intermediate SgOg'
dissociates quickly.
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Figure C.1 Specifications of coated silica fiber used for transittance of 308 nm light through the
HORUS instrument. (Information taken from specification listings, Thorlabs GmbH, Europe,
Germany, www.thorlabs.de)
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laser emitting 532 nm light. (Information taken from www.radiant-dyes.com)
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Figure C.3 Spectrum of the Pen-Ray line source used for the calibration of the HORUS instrument (Taken
from manual, LOT-QuantumDesign, Europe, www.lot-qd.com)
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