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Figure S1.a) Annual mean OGiC m®) and annual mean contributions to total OC (carass ratio)
of b) Primary OC from land —POCland, c) Primary @&n oceans — POCocean, d) Secondary OC
from precursors of biogenic origin — SOCb, e) Seleoy OC from precursors of anthropogenic origin —
SOCa, f) Secondary OC from precursors of oceamginor SOCocean, g) Aged Secondary OC —
SOCaged and h) OXL expressed in carbon mass — O&oxhlculated by the model for S1 Simulation;
for surface (left), 500 hPa (middle), and zonabméight).
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Figure S2. OXL (ng-OXL m ) as a function of S§ (ng-SQ* m>) mass concentrations from
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Figure S4.Comparison between model results (S1) (red lind)abservations (black squares) of OXL
fraction to water soluble organics (OXL/WSOC), atel OC (OXL/OC), to sulfate (OXL/SG) and
concentrations of S&, OC, WSOC and OXL (from top to bottom) for theléa¥ing locations: a)
Finokalia, b) Amsterdam Island, c) Aveiro, d) Azere) Puy de Dome, f) Schauinsland and h) K-
Pustza. All values of organics are expressed inmgCSQ, 2 is expressed in ngS
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Figure S5: Ratio of OH total concentrations in June to thosganuary: Top: surface, Bottom: zonal
mean.
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Table 1. The aqueous phase chemical mechanism and corresgaate constants used in TM4-ECPL.
Units for the photolysis frequencies are and for the second order aqueous reactions ressed in
L mol™* s*. Reaction rates are taken from Lim et al. (2008)ess referred differently. Reactions rates

are calculated as follows:

E(1 1
K=K,.exp|- —| —— —
298 p{ R(T 298)}

Agueous Phase Reactions K208 E/R

1 O,+hv(+ H0) - H0,+0, ’
2 HO,+hv —  20H a
3 NOy +hv(+H) —  NO,+OH a
4 HO, + HO, >  H0,+0, 9.7106 2500
5 HO, + O, (+ HY) - H0,+ 0, 1.0 16 900
6 O;+0 (+H) — OH+2Q 15106
7  O;+OH -  HO,+ 0, 1.116
8 HO,+OH —  0O,+H0 7.1106
9  OH+OH - HO0, 5.510
10 H0,+ OH —  HO,+H,0 2.710
11  NO;+ OH —  NO;y+OH 9.4 10 2700
12 S(V) + HO, -  SO? b
13 S(IV)+Q -  SO? ¢
14  CHy(OH), + OH (+ Q) —  HCOOH + HQ + H,0 1.116 1020
15  CHy(OH), + NO; (+ Oy) —  HCOOH + HQ + NO; + H" 1.016 4400
16 GLYAL + OH (+ Q) —  GLY +HO, 1.016 15644
17 GLYAL + OH (+ Q) —  GLX +HO, + H,0 5.0 16 15644
18  GLYAL + NO;(+ Oy) —  GLX +NOy +H' 1.110°¢
19  GLYAL + NO3(+ O)) —  GLY +NO;y +H' 5.51¢°
20 GLY +OH (+Q) —  GLX +HO, 1110 15649
21 GLY+OH —  0.03GLX + 0.970XL 3.114"
22 GLY + NG (+ O) —  GLX +HO, + NO; + H' 6.310"
23 GLY + hv/OH —  0.20XL + 0.8©LIGOMERIC-SOA i

(only inaerosol water)

1.3107 (pH = 2)’

GLY + NH," 2.4 10 (pH = 5)!
24 —  OLIGOMERIC-SOA _

(only in aerosol water) 0.43 pH=7)!
25 MGLY +OH (+ Q) —  0.92PRV + 0.08GLX + H@+ H,0 1.1 16 1600
26 MGLY + NOs(+ O)) —  0.92PRV + 0.08GLX + N@ + H 6.310°¢
27 HCOOH + OH (+ § —  CO,+HO, + H,0 1.216 990
28 HCOO+ OH (+ Q) -  CO+H0 (+ Q) 3.110 1240
29 HCOOH + NQ(+ O,) —  CO,+NOy +2H (+ O)) 3.816 3400
30 HCOO+ NO;(+ Oy) —  CO;+NOy +H' (+O) 5.110 2200
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31 CHCOOH + OH (+ Q) —  0.85GLX + 0.15CHOH), 1510 1330
32 CHCOO + OH (+ Q) —  0.85GLX + 0.15CH(OH), 1.910 1800
33 CHCOOH + NQ (+ 0O,) —  0.85GLX + 0.15CH(OH), +NOy + H 1.4 10°¢ 3800
34 CHCOO + NO; (+ O) —  0.85GLX + 0.15CH(OH), + NO; + H" 2.9 16¢ 3800
35 PRV +OH (+0Q —  CH;COOH + HG + CG, 1.216 2766
36 PRV +OH —  CHCOO + HO, + CO, 7.016 2285
37 PRV +NQ(+ 0) —  CH,COOH + CQ + HO, + NO;y + H' 4.816¢
38 PRV +NO; —  CHyCOO +CQ+ NOy +H" 1.9 16¢
39 GLX+OH(+Q) —  OXL +HO,+ H,0 3.6 169 9629
40 GLX +OH —  OXL +HO, + H,0 2.8 18¢° 4330°
41  GLX + NG (+ Oy) —  OXL+HO,+ NO;y + H 3.016™
42 GLX + NO, —  OXL +NO; +H 1.116™
43  OXL +20H —  2CO,+2H,0 1.416 2766"
44  OXL + OH (+ Q) —  2CO+2H,0 (+ ) 1.9 16¢ 2766°
45 OXL* +OH (+ Q) —  2CO,+OH (+ O)) 1.6 16° 4330°
46  OXL+2NQ —  2CQO, + 2NOj +2H 6.8 10°
47  OXL + NO; (+ O) —  2CO,+ NO; + H' (+ ©y) 6.8 10"
48  OXL* + NO; (+ 0) —  2C0O,+NO5 (+ ) 2.2 16"

& using the gas-phase photolysis rates (Myriokefiilitaet al. (2008) supplementary material.), incehsby a factor of 1.5 as
recommended by Barth et al. (2003) | a1 A

®Seinfeld and Pandis (1998 = 7'5X101i13[H 3 7]

¢ Seinfeld and Pandis (1998);%2.4 10f, K, = 3.7 10 &5%00T-129%)K = 1 5 1 (F 5280(1/T - 1/298)

das for GLY + OH

®Herrmann et al. (2005)

fas for MGLY+ NO;

9 Herrmann (2003)

" lumped reactions based on Carlton et al. (2007)

" photochemical lumped reaction in aerosol water contmsed on Ervens and Volkamer (2010) with ratésdfscaled on the photolysis
frequencies of b0,

INoziere et al. (2009)

KErvens et al. (2004)

" Herrmann et al. (2000)

Mas for glycolic acid from Herrmann et al. (2005)

" as for OXL+ OH

°as for OXL+ NO;
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Table 2. Outline of simulations performed in this study.

Simulation Description

S1 In-cloud OXL formation taking into account the eff®f the ionic strength of cloud droplets on GLYAGLY and
MGLY.

S1.1 As S1, neglecting the effect of the ionic strenajftisloud droplets on GLYAL, GLY and MGLY.

S1.1.1 As S1, neglecting the effect of the ionic strengftisloud droplets on GLYAL and MGLY.

S1.1.2 As S1, neglecting the effect of the ionic strengftisloud droplets on MGLY.

S1.2 As S1, omitting the temperature dependence of Heomgtants.

S1.3 As S1, assuming constant pH values of 4.5 for chinaghlets.

S1.4 As S1, assuming a constant droplet radius h5

S15 As S1, assuming a Henry law constant of OH radicb®1G mol L™ atri*

S2 As S1, also taking into account potential primasyrses of OXL.

S3 As S2, also taking into account the potential clvairfiormation of OXL into aerosol water.

S4 As S3, also taking into account GLY concentrationer oceans.

Table 3.Global OXL budget analysis

Atmospheric  Primary Clou.d Clou.d Particuilate Net. Dry Wet
Burden Source Chemlt.:al Chemlc-al Chemlt.:al Chemlt.:al Deposition  Deposition
(Ta) (Tg yr) Production ~ Destruction  Production  Production (Tgyr) (Tgyr)
(Tgyr?) (Tgyr? (Tgyr?) (Tgyr)

S1 0.30 - 31.8 10.6 - 21.2 1.3 19.9
S1.1 0.19 - 21.2 8.0 - 13.2 0.8 124
S1.1.1 0.20 - 219 8.2 - 13.7 0.8 12.9
S1.1.2 0.30 - 31.9 11.0 - 20.9 1.3 19.6
S1.2 0.31 - 35.5 13.7 - 21.8 1.3 20.5
S1.3 0.29 - 34.4 14.2 - 20.2 1.3 18.9
S1.4 0.30 - 32.4 11.1 - 21.3 1.3 20.0
S1.5 0.26 - 37.2 18.8 - 184 1.1 17.3
S2 0.31 0.1 318 10.6 - 21.2 1.3 19.9
S3 0.33 0.1 35.0 14.2 15 22.3 14 20.9
S4 0.34 0.1 36.8 14.9 1.8 23.7 15 22.2
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