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Figure S1. Fig. 4 of the main paper, but for every day between 19 and 30 July 2008.
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Table S1. Gasphase reactions. The reaction rates constants in the second column are given in units of either cm®s™" or cm®s™2 depending
on the type of the reaction. Reaction rate constants are provided by the MECCA module, incorporated in [ICON-ART. Terms in the reaction
rate constants are: cair and cH20 concentrations of air and H2O in cm ™ and t emp air temperature in K. k_3rd refers to equations for
threr body reactions by Jet Propulsion Laboratory (Sander et al., 2011). The abbreviated reaction rate constants are shown in the respective
reaction directly above.

Reaction

Rate Constant (cgs-system)

O + O(ID) — O(SP) + 0o
02+0(CP)+M = 03+ M
03 +0('D) =202
03 +O(3P) —)202

3.3E-11+EXP (55./temp)

6.E-34% ((temp/300.)*%(-2.4)) xcair

1.2E-10
8.E-12+EXP (-2060./temp)

H+O2+M — HOz;+M
H+ O3 — OH + O2

Hz + O('D) — H+OH
OH+O(*P) — H+ O,
OH + O3 — HO2 + O
OH+H; - H:O+H
HO2 + O(®P) — OH + O3
H02+O3—>OH+202
HO2: +H — 2 0OH
HOQ+H—>H2+02
HOs + H — O(®P) + H20
HO2 + OH — H20 + O

HOQ+H02+M—>H202+OQ+M

H>0 +O('D) — 2 0OH
H202 + OH — HQO + H02

k_3rd(temp,cair,4.48-32,1.3,7.5E-11,-0.2,0.6)

1.4E-10+EXP (-470./temp)
1.2E-10

1.8E-11+EXP (180./temp)
1.7E-12+EXP (-940./temp)
2.8E-12+EXP (-1800./temp)
3.E-11+EXP (200./temp)
1.E-14+EXP (-490./temp)
7.2E-11

6.9E-12

1.6E-12

4.8E-11+EXP (250./temp)

1.5E-12+EXP (19./temp)+1.7E-33%«EXP (1000./temp) xcair)

1.+41.4E-21%EXP (2200./temp) *xcH20)

.63E-10+EXP (60./temp)
.8E-12

N+ 02 — NO + O(°P)

Nz + O('D) — O(®°P) + N
N»O +O('D) — 2NO
NQO + O(lD) — NQ + OQ
NO+03—>N02+02
NO +N — O(®P) + N,

.5E-11+EXP (-3600./temp)
.15E-11+EXP (110./temp)
.25E-11+EXP (20./temp)
.63E-11+EXP (20./temp)

.1E-11%EXP (100./temp)

NO:2 + O(®P) — NO + O2
N02+O3 —>N03+02

NOz + N — N2O + O(®P)
NO3+NO—)2NO2
N03+N02+M—)N205+M
N205 +M—>NOQ +N03+M
NO + HO; — NO; + OH
NO2+OH+M — HNO3 + M
NO2 + HOs + M — HNO4 + M

(
.1E-12+EXP (210./temp)
.2E-13%EXP (-2450./temp)
.8E-12xEXP (220./temp)
.5E-11+EXP (170./temp)
3rd(temp,cair,2.0E-30,4.4,1.4E-12,0.7,0.6)
k_NO3_NO2/ (2.7E-27+EXP (11000./temp) )
3.3E-12%EXP (270./temp)
k_3rd(temp,cair,1.88-30,3.0,2.8E-11,0.,0.6)
k_3rd(temp,cair,2.0E-31,3.4,2.9E-12,1.1,0.6)
2.4E-14%EXP (460./temp) + 1./ ( 1./(6.5E-34x
HNO3 + OH — H,0 + NO3 EXP (1335./temp) xcair) + 1./(2.7E-17+EXP (2199./temp)) )
HNO4s+M — NO2 + HO2 + M k_NO2_HO02/ (2.1E-27*EXP (10900./temp) )
HNO4 + OH — NO3 + H>O 1.3E-12+EXP (380./temp)
CH, + O('D) — .75 CH302 + .75 OH +
25HCHO + .4 H + .05 Ho
CH4 + OH — CH305 + H>O 1.85E-20+EXP (2.82*1log (temp)-987./temp)
CH302 + HO; — CH300H + O 4.1E-13%EXP (750./temp)
CH302 + NO — HCHO + NO2 + HO2 2.8E-12xEXP (300./temp)

2

(1

(
(
1
1
1
2
7
4
3.E-12+EXP (-1500./temp)
2
5
1
5
1
k

1.75E-10

CH;05 — HCHO + HO» .*RO2x9.5E-14+EXP (390./temp) /

. +1./26.2%EXP (1130./temp))
CH302 — .5 HCHO + .5 CH30H + .5 O2 2.%R0O2%9.5E-14+EXP (390./temp) / (1.+26.2+EXP (-1130./temp) )
CH3O0OH + OH — .7 CH3042 +.3 HCHO +
.3 0H + H>O
HCHO + OH — CO + H.O + HO»
CO+OH — H + CO2

3.8E-12+EXP (200./temp)

9.52E-18+EXP (2.03+1log (temp) +636./temp)
(1.57E-134+cairx3.54E-33)




Table S1. Continued.

Reaction Rate Constant (cgs-system)

Cl+ O3 — CIO + O4
ClIO+O(®P) = Cl+ 02

CIO + ClO — Clz2 + O2
ClO+ClO -2 Cl+ 02

Cl10 + C1O0 — Cl + OCIO
CIO+ClIO+M — Cl02 + M
CloO2 + M — Cl1O + CIO + M
Cl+Hs; — HCl+H
Cl+}ﬂ)2—>HCI+(b

Cl+ HO2; — CIO + OH
Cl+IIﬂDQA%I{C1+I{OQ
ClIO+OH — 94 Cl + .94 HO> +
.06 HCI + .06 O2

ClO + HO3 — HOC1 + O2
HCl+ OH — Cl + H.O
HOCI+ OH — CI10O + H20

ClIO +NO — NO2 + Cl

ClIO + NO3z + M — CINO3z + M
CINO3 + O(®P) — ClO + NO3
CHN03+CHA?Cb-FNO3
Cl+(ﬂi4—+llCl+43H302
Cl+ HCHO — HCIl + CO + HO»

.8E-11+EXP (-250./temp)

.5E-11%EXP (110./temp)

.0E-12+EXP (-1590./temp)

.0E-11+EXP (-2450./temp)

.5E-13%EXP (-1370./temp)
_3rd_iupac(temp,cair,2.0E-32,4.0,1.0E-11,0.0,0.45)
_ClO_C10/ (1.72E-27+EXP (8649./temp) )
.9E-11+EXP (-2310./temp)
.4E-11-7.5E-11+EXP (-620./temp)
.5E-11+EXP (-620./temp)

.1E-11+EXP (-980./temp)
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.3E-12+EXP (300./temp)

.2E-12+EXP (340./temp)

.TE-12+EXP (-230./temp)

.0E-12xEXP (-500./temp)

.2E-12+EXP (295. /temp)
_3rd_iupac(temp,cair,1.6E-31,3.4,7.E-11,0.,0.4)
.5E-12*EXP (-900./temp)

.2E-12+EXP (145./temp)

.6E-12+EXP (-1240./temp)

.1E-11+EXP (-34./temp)

Cl+ CH3OOH — HCHO + HCI + OH .9E-11

Cl10 + CH302 — HO2 + C1+ HCHO .3E-12*EXP (-115./temp)
CCly + O(*D) — ClIO +3 Cl .3E-10

CH;Cl+ O(*D) — OH + Cl .65E-10

CH3Cl + OH — H>0O + Cl1 L4E-12+EXP (-1250./temp)
CH3CCl3 + O(*D) — OH + 3 Cl LE-10

CH3CCl3 + OH — H20 +3 C1 .64E-12+EXP (-1520./temp)
CF3Clz + O(*D) — ClO + Cl L4E-10

CFclz + O(*D) — ClO +2 Cl .3E-10

Br+ O3 — BrO + Oz

BrO + O(®P) — Br+ 02

BrO + BrO — 2 Br + O2

BrO + BrO — Brs + O2

Br+ HOs; — HBr + O

BrO + HO2 — HOBr + O2
HBr + OH — Br + H2O

HOBr + O(®P) — OH + BrO
Brs + OH — HOBr + Br

BrO + NO — Br + NO»

BrO +NOs; + M — BrNO3 + M
Br + HCHO — HBr + CO + HO»
CH3Br + OH — H>O + Br

.TE-11+EXP (-800./temp)
.9E-11+EXP (230./temp)
.TE-12

.9E-14+EXP (840./temp)
.7E-12*EXP (-450./temp)
.5E-12+EXP (500./temp)
.TE-12*EXP (155./temp)
.2E-10*EXP (-430./temp)
.0E-11+EXP (240./temp)
.TE-12*EXP (260./temp)
_3rd_iupac (temp,cair,4.78-31,3.1,1.8E-11,0.0,0.4)
.7TE-12+EXP (-580./temp)
.35E-12%EXP (-1300./temp)

BrO + CIO — Br + OCIO
BrO + ClIO - Br+ Cl + O3
BrO + CIO — BrCl + O2

.6E-12xEXP (430./temp)
.9E-12+EXP (220./temp)
.8E-13%EXP (170./temp)

SOQ4'O}I—>HQSO4+I{OQ

ANl RPN I X ONRFEFOOD INDDNDNE RPRPINERFWNDREWWOUOOO O B X oy wrE N

3rd(temp,cair,3.3E-31,4.3,1.6E-12,0.,0.6)




Table S2. Heterogeneous reactions. Reaction rate constants are calculated by the PSC scheme of ICON-ART. The uptake coefficients of the
different PSC types are taken from Sander et al. (2011), where not stated differently.

Reaction YSTS YNAT Yice
N3Os5 + H,O — 2 HNOg (a) 0.0004  0.027
HOCI + HC1 — Cly + H,O (a) 0.1 0.2
CINO3 + HC1 — Cl; + HNOg3 (a) 0.2 0.3

CINO3 + H,O — HOCl + HNO3 (a) 0.004 0.3
N20s5 + HC1 — CINO2 + HNO3 (a) 0.003 0.03

HOBr + HBr — Bry + H,0 (a) 0.1® 0.1
BrNOs + H,O — HOBr+ HNO3 (@)  0.001®®  0.26
CINOj3 + HBr — BrCl + HNO3 (a) 0.3 0.3
BrNOj; + HC1 — BrCl + HNO; (a) 0.3® 0.26
HOCI + HBr — BrCl + HO (a) 03® 030
HOBr + HCI — BrCl + H,O (a) 0.1® 0.3

(@) Parametrised according to Carslaw et al. (1995).
®) In analogy to similar reactions, coming from Carslaw et al. (1995)

(¢) In analogy to HOBr + HCI



Table S3. Photolytic reactions. Photolysis rates are calculated by the CloudJ module, incorporated in ICON-ART.

Reaction

02 +hv — O(*P) + O(®P)

O3 +hrv — O(*D) + O

O3 +hv = O(CP) + O

H>O +hv — H+ OH

H202 +hry — 2 OH

N2O +hv — O(*D) + N,

NO; +hrv — NO + O(®P)

NO + hv — N+ O(*P)

NO3 +hv — NO2 + O(®P)

NOs3 + hv — NO + O2

N205 +hr — N02 + N03

HNOj3 + hvy —+ NO2 + OH

HNO4 + hv — .667 NO2 + .667 HO2 + .333 NO3 +.333 OH
CH3OOH + hvy — HCHO + OH + HO»
HCHO + hv — H2 + CO

HCHO + hv - H+ CO + HO-

COz +hv = CO + O(3P)

CHy +hy — CO +0.31 H+0.69 Hs + 1.155 H>O
Cly +hvy — Cl+ Cl1

Cl3O2 +hv — 2 Cl

0OCI10 + hv — C10 + O(®P)
HOCl+hry — OH + Cl

CINO:2 + hy — Cl+ NO2

ClNOg +hr — Cl+ N03

CINO3 + hv — CIO + NO.

CH3Cl + hy — Cl+ CH302

CCly + hv -4 Cl

CHgCCl:’, +hry —3Cl1

CFCls + hv — 3 Cl

CF2C12 +hv —2Cl

Brs + hv — Br + Br

BrO + hv — Br + O(®P)

HOBr + hvy — Br + OH

BrNOs + hvy — 0.85 Br + 0.85 NO3 + 0.15 BrO + 0.15 NO
CHgBI‘ +hry — Br+ CH302

CF3Br + hv — Br

BrCl+ hry — Br+ Cl

CF2CIBr + hv — Br + Cl
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