Supplement B - Chemistry

Isoprene chemistry and emissions

The isoprene chemistry scheme used in the MATCH-model is somewhat more condensed, i.e., uses
fewer model species and reactions (7 species, 26 reactions) than the EMEP MSC-W scheme
(currently, EmChem0Q9: 19 species, 32 reactions; Simpson et al., 2012). Both are, however, very small
compared to more explicit chemical mechanisms, such as, e.g., the MCM scheme

( ) with hundreds of species and reactions for the isoprene chemistry.

The EMEP MSC-W isoprene scheme is based on the isoprene chemistry scheme by Paulson and
Seinfeld (1992) (with a few reactions omitted, as described by Simpson et al., 1993); the scheme has
been updated with new reaction rate constants and some other changes of the chemical mechanism
during 2008-2009 (Simpson et al., 2012).

The MATCH model isoprene scheme was constructed in 1998 (Langner et al., 1998) and is based on
the Carter 1-product scheme (Carter, 1996). The MATCH isoprene scheme was updated
simultaneously as the EMEP scheme (EmChemQ9) taking into account the same new reaction rate
data.

Both the MATCH and EMEP MSC-W model isoprene schemes were chosen to be computationally
efficient and still model ozone formation well (compared to larger chemical mechanisms). The
compact MATCH isoprene scheme has been shown to yield comparable ozone concentrations as the
somewhat larger EMEP MSC-W scheme (Langner et al., 1998) and has been successfully used in many
studies focused on ozone (e.g., van Loon et al., 2007).

The isoprene emission scheme in the MATCH-SALSA model is different from the completely revised
biogenic emission module in the EMEP MSC-W model (Simpson et al., 2012). The emissions of
isoprene in the MATCH and EMEP MSC-W models are compared in Langner et al. (2012); the total
European isoprene emissions are about twice as large in the EMEP MSC-W model as in the MATCH
model.

The MATCH SOA chemistry is presently under development. The latest version of MATCH includes a
new biogenic emission model, including isoprene and terpene emissions. In the current MATCH-
SALSA version, SOA formation from terpene emissions (0-pinene) is taken into account. In future
versions of MATCH-SALSA, SOA formation from isoprene will be included as well.

MATCH-SALSA chemical mechanism

The chemical reactions and rates used in the MATCH-SALSA model are found in Table 1 (except for
particulate ammonium species). The following particulate nitrogen-species are included in MATCH-
SALSA: ammonium sulfate [(NH,4),SO,4], ammonium nitrate [NH,NOj3] and coarse mode nitrate.

These species are all treated outside the SALSA-module and the ammonium chemistry scheme and
gas-particle partitioning are very simplified:



NH;(g) reacts instantaneously (and irreversibly) with available sulfate and form ammonium sulfate
(NH,4),S0,4, which is distributed over different particle sizes according to the sulfate distribution in
MATCH-SALSA.

If there is excess NH3(g) available, ammonium nitrate can be formed via the reaction:
NHs(g) + HNOs(g) <> NH;NOs(p).

The ammonium nitrate is assumed to be in equilibrium and the dissociation constant of NH;NO; is
dependent on relative humidity and temperature, using the equations and parameters from
Mozurkewich (1993). Ammonium nitrate is distributed over different particle sizes according to the
available aerosol surface area.

Table 1. Gas phase chemical reactions and heterogeneous reactions in the MATCH model and the
corresponding reaction rates. The KPP, kinetic pre-processor (Damian et al., 2002), is used to produce
the Fortran code for the chemical solver. Text within {}-brackets are comments or compounds in the
reactions which are not explicitly included in the chemical mechanism.

Chemical reaction Rate

{Inorganic chemistry}

{1}0{+02+M}=03 K0O02;

{ 7J01D{+M}=0 KO1DtoO;

{ 8.J01D + H20 = 2 OH 2.2e-10;

{11.}03 + NO = NO2 {+02} ARR(1.4E-12, -1310.);
{12.} 03 + NO2 = NO3 {+02} ARR(1.4E-13, -2470.);
{13.}03 + OH = HO2 {+02} ARR(1.7E-12, -940.);
{14.} 03 + HO2 = OH {+202} KO3HO2;

{15.}NO + NO3 = 2 NO2 ARR(1.8E-11, 110.);
{17.}NO + HO2 = NO2 + OH ARR(3.6E-12, 270.);
{19.}NO2 + NO3 = NO + NO2 ARR(4.5E-14, -1260.);
{30.} OH + HO2 = H20 ARR(4.8E-11, 250.);
{31.} OH + H202 = HO2 {+H20} ARR(2.9E-12, -160.);
{33.} OH + H2 = HO2 {+H20} ARR(7.7E-12, -2100.);

{35.} OH + HNO3 = NO3 {+H20}
{36.}2 HO2 = H202

{37.}2HO2 + M = H202

OH + HONO = NO2

OH + HO2NO2 = NO2 {+ H20 + 02}

{Sulfur chemistry}
{39.} OH + SO2 = HO2 + H2S04

{Methane chemistry}
{59.} OH + CH4 = CH302
{70.} OH + CO = HO2

KMT3_OH_HNO3;
FH20*ARR(2.2E-13, 600.);
FH20*ARR(1.9E-33, 980.);
ARR(2.5e-12, -260.0);
ARR(3.2e-13, 690.0);

KSO20H;

KOHCH4;
KOHCO;




{61.}2 CH302 = 2 HCHO + 2 HO2 ARR(7.4E-13, -520.);

{63.} OH + CH30H = HO2 + HCHO {+H20} KOHCH30H ;

{67&68} CH302H + OH = 0.4 HCHO + 0.4 OH + 0.6 CH302 {+0.6 H20} ARR(5.3E-12, 190.);

{69.} NO3 + HCHO = HNO3 + CO + HO2 ARR(2.0e-12, -2440.0);

{Ethane chemistry}

{72.}C2H502 + NO = HO2 + CH3CHO + NO2 ARR(2.55e-12, 380.);

{76A.} C2H500H + OH = CH3CHO + OH 8.01e-12;
{MCM; highly uncertain rate, IUPAC gives only
lower limit k(C2H500H + OH) > 6e-12 at 298K, but
this also includes 76B}

{75.} OH + CH3CHO = 0.95 CH3C002 + 0.05 CH302 + 0.05 CO ARR(4.4E-12, 365.);

{80.} CH302 + CH3C0O02 = 0.9 HO2 + HCHO + 0.9 CH302 + 0.1 CH3COOH ARR(2.0e-12, 500.);

{88&89} CH3COO0O2 + HO2 = 0.41 CH3COO2H + 0.15 O3 + 0.44 OH + 0.44 CH302 + ARR(5.2E-13, 980.);
0.15 CH3COOH {highly uncertain rate}

{64.} OH + C2H50H = CH3CHO + HO2 KOHC2H50H ;

{n-butane chemistry}

{ 83.} NO + SECC4H902 = NO2 + 0.65 HO2 + 0.65 CH3COC2H5 + 0.35 CH3CHO + 0.35 KRO2NO;
C2H502

{86.} OH + CH3COC2H5 = CH3COCHO2CH3 KOHMEK;

{104.} CH3COCHO2CH3 + HO2 = CH3COCHO2HCH3 0.625*KHO2R02;

SECC4H902H + OH = SECC4H902 KRC92;

{110.} CH202CH20H + NO = NO2 + 2 HCHO + HO2 KRO2NO;




CH200OHCH20H + OH = CH3CHO + OH 1.38e-11;
{MCM-rate, but product in MCM is HOCH2CHO}

{112.} C2H4 + 03 = 1.14 HCHO + 0.63 CO + 0.13 HO2 + 0.13 OH + 0.14H202 + 0.23 ARR(9.1E-15, -2580.);
HCOOH {IUPAC - b rate, MCM products}

{Propene chemistry}

{126.} NO + CH3CHO2CH20H = NO2 + CH3CHO + HCHO + HO2 KRO2NO;

CH3CHOOHCH2O0H + OH = ACETOL + OH 2.44e-11;

CH3CHOOHCH20H + OH = CH3CHO2CH20H KRC92;

{o-xylene chemistry}

{235.} OXYO2H + OH = OXYO02 4.2E-11;
{Based on MCM 55% of OXYO2H reacts at 7.62e-
11, but the other OXYO2Hs do not return to
OXYO02!}

{220.} MALO2 + NO = NO2 + HO2 + MGLYOX + GLYOX KRO2NO;

{223.} MALO2H + OH = MALO2 ARR(1.9e-12, 190.);
{MCM}

{222.} OH + MGLYOX = CH3C002 + CO ARR(1.9e-12, 575.);

{Isoprene chemistry, version recommended by IVL, Sep 1997; A few rates updated!}

C5H8 + OH = ISRO2 + 0.079 X02 ARR(2.7E-11, 390.);

ISRO2 + NO = 0.088 ONIT + 0.912 NO2 + 0.912 HO2 + 0.912 ISOPROD + 0.629 HCHO ARR(4.20E-12, 180.);
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ISRO2 + CH3COO02 = ISOPROD + 0.5 HO2 + 0.5 CH302 + 0.5 CH3COOH ARR(8.40E-14, 220.);

C5H8 + 0 = 0.75 ISOPROD + 0.25 CH3COO02 + 0.25 HCHO + 0.25 CH302 3.6E-11;

ISONRO2 + HO2 = ONIT ARR(7.70E-14, 1301.);

ISONRO2 + CH302 = CH3CHO + ONIT + 0.5 HCHO + 0.5 HO2 ARR(3.40E-14, 220.);

IPRO2 + NO = NO2 + HO2 + 0.59 CO + 0.55 CH3CHO + 0.25 HCHO + 0.08 GLYOX + ARR(4.20E-12, 180.);
0.34 MGLYOX + 0.63 CH3COC2HS

IPRO2 + CH3CO02 = 0.5 HO2 + 0.5 CH302 + 0.5 CH3COOH + 0.5 CH3CHO + 0.5 ARR(8.40E-14, 220.);
CH3COC2H5

ISOPROD + 03 = 0.268 OH + 0.1 HO2 + 0.114 CH3COO2 + 0.054 CH302 + 0.07 XO2 + 7.11E-18;
0.155 CO + 0.146 HCHO + 0.02 CH3CHO + 0.01 GLYOX + 0.85 MGLYOX + 0.09
CH3COC2HS5 + 0.462 HCOOH

X02 + HO2 = C2H500H ARR(7.7E-14, 1300.);

X02 + CH3C002 = CH302 ARR(4.2E-14, 220.);

XO02 + NO = NO2 ARR(4.2E-12, 180.);

N205 + H20 =2 HNO3 KN205H20;

{TROE TYPE REACTIONS}

{20.} NO2 + NO3 = N205 KNO2NO3;

{21.} NO2 + OH = HNO3 KNO20H;

{ 78.} PAN = CH3CO02 + NO2 KPANDIS;
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{125.} OH + C3H6 = CH3CHO2CH20H KOHC3HS;

{22.} NO2 + HO2 = HO2NO2 KNO2HO2;
{ 23.} HO2NO2 = NO2 + HO2 KHO2NO2DIS;
OH + NO = HONO KOHNO;

{Heterogeneous reactions}

{45.} HNO3 = NITRATE R_HNO3_to_NITRATE
{43.} CH302H = AEROSOL R_CH302H_to_AEROSOL;
{44.} N205 =2 HNO3 R_N205_to_HNO3; {heterogeneous reaction,

immediate evaporation of HNO3 assumed}

{SOA formation reactions, simplified version stopping after oxidation step for parameterised use in MATCH-SALSA}

{Terpenes} APINENE + O3 = TERPPEROXY + 03 ARR(6.3e-16,-580.0) ;
{MCM, IUPAC recommendation 2007}

APINENE + OH = TERPPEROXY + OH ARR(1.2e-11,444.0) ;

APINENE + NO3 = TERPPEROXY + NO3 ARR(1.2e-12,490.0) ;

ARR(A, B) = A * EXP(B/T) — Arrhenius type reaction rate

KOO2: Rate from IUPAC - a

KO1DtoO = 1.8E-11*[N2]*EXP(107.0/T) + 3.2E-11*O2*EXP(67.0/T);

KO3HO2: Rate from IUPAC - a

KMT3_OH_HNO3: Rate from IUPAC ( using the Lamb et al., 1984 mechanism with the
elementary rate constants from (Brown et al., 1999; NASA, 2000 — as referred to by IUPAC)

FH20 = 1.+1.4E-21*[H20]*EXP(2200./T)

KSO20H: Rate from IUPAC - a

KOHCH4 =1.85E-20*T>***EXP(-987.0/T);

KOHCO = 1.44E-13 + [M]*3.43E-33;

KCH302x2b = 1.03E-13*EXP(365./T) - 7.4E-13*EXP(-520./T);

KOHCH3OH = 6.38E-18*T** EXP(144.0/T);

KOHHCHO = 1.25E-17* T*EXP(615.0/T);

KRC92 = 1.9E-12*EXP(190./T) ;

KOHC2H50H = 6.7E-18*T**EXP(511.0/T);

KRO2NO = 2.54E-12*EXP(360.0/T);

KHO2RO2 =2.91E-13*EXP(1300.0/T);

KOHNC4H10 = 2.03E-17*T**EXP(78.0/T);

KOHMEK = 2.53E—18*T2*EXP(503.O/T);

KOHGLYOX = 6.6E-18*T**EXP(820.0/T);

KN205H20 = 2.5E-22+1.8E-39*[H20];

KONO: Pressure dependent rate from MCM [citing IUPAC2001] (ko=1.0E-31*(T/300) **[M], k.=3.0E-11*(T/300)"?, F.=0.85)
KNO2NO3: Pressure dependent rate from IUPAC - a

KN205: Pressure dependent rate from IUPAC - a

KNO2OH: Pressure dependent rate from MCM [citing IUPAC2002] (k0:3.3E—30*(T/300)'3‘°*[M], ke=4.1E-11, F=0.4)
KPANFOR: Pressure dependent rate from IUPAC - b

KPANDIS: Pressure dependent rate from IUPAC - b

KC2H40H: Pressure dependent rate from IUPAC - b

KOHC3H®6: Pressure dependent rate from IUPAC - b

KNO2HO2: Pressure dependent rate from IUPAC - a

KHO2NO2DIS: Pressure dependent rate from IUPAC - a

KOHNO: Pressure dependent rate from MCM [citing IUPAC2001] (ko=7.4E-31*(T/300) >**[M], k.=3.3E-11*(T/300) °?, F = EXP(-T/1420.)
R_HNO3_to_NITRATE = 5.E-6%[M]/2.55E19;

R_CH302H_to_AEROSOL = 5.E-6*[M]/2.55E19;

R_N205_to_HNO3 = RH>0.9: 1.E-4*[M]/2.55E19; RH<=0.9: 1.E-5*[M]/2.55E19



Table 2. Photolysis reactions in the MATCH model.

{Photolysis reactions} Rate

{2}03+hv=0 103_3;

{4.}NO3 +hv=NO2+0 INO3a;

{6.}N205 + hv = NO2 + NO3 IN205 ;

{8.}HNO3 + hv=NO2 + OH JHNO3 ;

{9.}HCHO + hv=2 HO2 + CO JHCHOa ;

{11.} CH3CHO + hv = CH302 + HO2 + CO JCH3CHO ;

{14.} GLYOX + hv = CO + HCHO JGLYOX ;

{16.} MGLYOX + hv = CO + CH3COO02 + HO2 JMGLYOX;

{18.} CH3COO2H + hv = OH + CH302 JCH302H;

{21.} SECC4H902H + hv = OH + 0.65 HO2 + 0.65 CH3COC2H5 + 0.35 CH3CHO + 0.35 JCH302H;
C2H502

{23.} CH3CHOOHCH20H + hv = CH3CHO + HCHO + HO2 + OH JCH302H;

{25.} MALO2H + hv = OH + MGLYOX + GLYOX + HO2 JCH302H;

HO2NO2 + hv = OH + NO3 JHO2NO2_1;

HONO + hv = OH + NO JHONO ;

The photolysis rates are pre-calculated with the Phodis model (Kylling et al., 1995), using absorption cross-sections and quantum yields according to CODATA
and IUPAC evaluations (DeMore et al, 1997, Sander et al., 2000, Atkinson et al., 1997). Clear-sky photolysis rates are tabulated for model atmospheres for
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different seasons at varying latitudes, surface albedos and heights above ground. Below clouds the photolysis rates are scaled by the ratio of the actual global
radiation (with clouds) to the clear sky global radiation (Langner et al., 1998).

Table 3. Aqueous phase chemical reactions in the MATCH model, and the corresponding reaction
rates. Text within {}-brackets are comments or compounds in the reactions which are not explicitly
included in the chemical mechanism.

Chemical reaction Rate

{Sulfur chemistry}

{wetla} SO2(aq) + O3(aq) = SULFATE KSO203wet ;

{wetlb} HSO3(aq) + O3(aq) = SULFATE KSO203wet ;

{wet2} SO2(aq) + H202(aq) = SULFATE KSO2H202wet ;

{wet3a} SO2(aq) = SULFATE KSO2catalysedwet ; {catalysed oxidation by 02}
{wet3b} HSO3'(aq) = SULFATE KSO2catalysedwet ; {catalysed oxidation by 02}

KSO203wet = 1.81E4*[H*]** mol™ |;
KSO2H202wet = 8.31E5 mol™ |;
KSO2catalysedwet = 5.6e-6 s
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