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Reactions Koo Ea/R  References Notes
(M-n+1 S-l) (K)

HO, chemistry

053+ hv > H,0, + 0, - H,0 R(1) Calculated (Graedel and
Weschler, 1981)

H,0, + hv = 2 HO® R(2) Calculated (Graedel and
Weschler, 1981)

HO," + HO," = H,0, + 0, R(3) 8.310° 2700 (Bielski et al., 1985)

HO," +0," = H,0, + 0, + OH - H,0 R(4) 9.6 10’ 910 (Christensen and
Sehested, 1988)

05+ HO," > HO +2 0, R(5) <1.010* (Sehested et al., 1984) 1

0;+0,” >HO " +20,+0OH -H,0 R(6) 1.510° 2200 (Sehested et al., 1983)

Iron chemistry

Fe* +hv > Fe’" + HO  + H' - H,0 R(7) Calculated (Benkelberg and
Warneck, 1995)

[Fe(OH)]*" + hv = Fe*" + HO" R(8) Calculated (Benkelberg and
Warneck, 1995)

[Fe(OH),]" + hv = Fe’" + HO" + OH’ R(9) Calculated (Benkelberg et al.,
1991); (Weschler et
al., 1986)

[Fe(SO4)]" + hv = Fe** +50,” R(10) Calculated (Benkelberg and
Warneck, 1995)

H,0, + Fe”" > Fe® + HO" + OH R(11) 5.2 10" 5050  (Christensen et al.,
1993); (Kremer, 2003)

H,0, + Fe0*" = Fe® + HO," + OH R(12)  9510° 2800  (Jacobsen et al., 1997)

0, +Fe’* > Fe’* + H,0,- 2 H' R(13)  1.010 (Rush and Bielski,
1985)

0, +Fe** > Fe’ + 0, R(14) 1.510° =k(0,” + [Fe(OH)]*)

0," + [Fe(OH)]** = Fe™ + 0, + OH R(15)  1.510° (Rush and Bielski,
1985)

0,” +[Fe(OH),]" > Fe* + 0, + 2 OH’ R(16)  1510° = k(0" + [Fe(OH)I™)

HO,  + Fe” > Fe® + H,0,- H" R(17)  1.210° 5050  (Jayson et al., 1973a)

HO," + FeO> = Fe*" + 0, + OH" R(18)  2.010° (Jacobsen et al., 1997)

05+ Fe’* > FeO™ + 0, R(19) 8.210° (Logager et al., 1992)

FeO™ = Fe* + HO" + OH - H,0 R(20) 13107 4100  (Jacobsen et al., 1997)

FeO™ +Fe’ > 2 Fe® +2 OH - H,0 R21)  7.210" 840  (Jacobsen etal., 1997)

FeO” + Fe’* = Fe(OH),Fe™ - H,0 R(22) 1810 5050  (Jacobsen et al., 1997)

Fe(OH),Fe™ = 2 Fe’ + 2 OH R(23) 4910" 8300  (Jacobsen et al., 1997)

Fe(OH),Fe™ + H' > 2 Fe® + 2 H,0 - H' R(24) 2.0 5650  (Jacobsen et al., 1997)

ClL+Fe” > Fe’ +20r R(25) 1.010’ 3060  (Thornton and
Laurence, 1973)

ClL," + Fe™ = [FeCl]™ + CI R(26)  4.010° 3700  (Thornton and
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Reactions

Koos Ea/R  References
(M-n+1 S-l) (K)

Notes

Laurence, 1973)

Cl + Fe(O)2+ S Fe* + CIOH - H' R(27) 1.0 10° (Jacobsen et al., 1998)
NO;" + Fe”" = Fe® + NO5’ R(28)  8.010° (Pikaev et al., 1974)
NO, + Fe”* > Fe* + NO, R(29)  3.110" (Epstein et al., 1982)
HNO, + FeO™" = Fe** + NO, + OH R(30)  1.110° 4150  (Jacobsen et al., 1998)
NO, + FeO” = Fe* + NO, + OH - H' R(31)  <1.010° (Jacobsen et al., 1998)
HSO5 + [Fe(OH)]* = Fe? + 505" - H,0 R(32)  3.010' (Ziajka et al., 1994)
SOs™ + Fe” = [Fe(OH)]™ + HSOs - H,0 R(33) 2610 (Williams, 1996)
HSOs + Fe”* = [Fe(OH)]™ +50," R(34)  3.010" (Gilbert and Stell,
1990)
S0,” + Fe” > Fe* +50,” R(35)  4.110° 2165  (Buxton et al., 1997)
0, + [Fe(S0.)]" = Fe* +50,” + 0, R36)  1.510° (Rush and Bielski,
1985)
S,05" + Fe” > Fe* +50," +50,” R(37) 1710 (Buxton et al., 1997)
HSO; + FeO™ = Fe® +50," + OH R(38)  2.510° (Jacobsen et al., 1998)
Fe* +50,” = [Fe(S0,)]" R(39)  3.210° (Jayson et al., 1973b)
[Fe(SO,)]" = Fe’* +50,” R(40)  2.710' (Jayson et al., 1973b)
Fe’* +CI' = [FeCl)™ R(41) 48 (Xu et al., 1985)
[FeC|]2+ SFe¥+cl R(42) 9.210" Estimated following
(Nadtochenko and
Kiwi, 1998)
C,0, +0,>2C0,+0,” R(43) 2.410° (Hislop and Bolton,
1999)
CO(0)CO(0) + Fe** > [Fe(C,0.)]" R(aa)  7.510° ;
[Fe(C,0,4)]" = CO(O)CO(O) + Fe?' R(45) 3.010° (Moorhead and Sutin,
1966)
CO(O)CO(O) + [Fe(C,04)]" = [Fe(C,04),] R(46) 1.9 10 :
[Fe(C,04),] = CO(O)CO(O) + [Fe(C,04)]" R(47) 3.010° = k([Fe(C,04)]" >
CO(0)CO(0) + Fe*)
CO(0))CO(O') + [Fe(C;04),] > [Fe(C,04):]* R4g)  4810° 3
[Fe(C,04)5]” = CO(O)CO(O) + [Fe(C,0,),] R(49) 3.010° =k([Fe(C,0,)]" >
CO(0)Co(0) + Fe*")
[Fe(C,04)]" + hv > Fe™ + C,0,” R(50) Calculated (Long et al., 2013)
[Fe(C,0,),] + hv = Fe** + CO(0)CO(0') + C,0,” R(51) Calculated (Faust and Zepp,
1993)
[Fe(C,04)s]” + hv = Fe™ +2 CO(0)CO(0) + C,0,™ R(52)  Calculated (Faust and Zepp,
1993)
Chlorine chemistry
Cl" = OHCl + H" - H,0 R(53) 1.710° (Yu, 2004)

3



Reactions Koo Ea/R  References Notes
(M-n+1 S-l) (K)

OHCI +H" > CI" + H,0 R(54) 33107 (Yu and Barker, 2003)

c'+cr->calL” R(55)  7.810° (Yu and Barker, 2003)

cL">cl+clr R(56) 5.7 10° (Yu and Barker, 2003)

Cl," = OHCI + CI' + H" - H,0 R(57) 1.3.10° (Yu, 2004)

CL™ +OH > OHCI + CI R(58) 2.010 (Grigor'ev et al., 1987)

OHCI +CI' > Cl," + OH R(59) 1.0 10 (Grigor'ev et al., 1987)

clLm+Clh">cCh+2Cr R(60) 9.0 10° (Yu, 2004)

L, "+ > ch+Cr R61)  2.110° (Yu, 2004)

Cl, = CI + HOCl + H" - H,0 R(62) 2.210" 7600  (Wangand
Margerum, 1994)

CI"+ HOCI + H" = Cl, + H,0 R(63)  2.110° 3500  (Wangand
Margerum, 1994)

HOCI + HO," - CI" + 0, + H,0 R(64)  7.510° = k(HOCI +0,")

HOCI + 0, > CI" + O, + OH R(65)  7.510° (Long and Bielski,
1980)

Cly+HO, > ClhL" + 0, + H' R(66) 1.0 10° (Bjergbakke et al.,
1981)

Clh,+0,”>ClL™+0, R(67) 1.0 10° = k(Cl, + HO,')

HO," +CI" > Cl + 0, + H' R(68) 3.110° 1500  (Graedel and
Goldberg, 1983)

H,0,+Cl" > ClI + HO," + H R(69) 2.010° (Yu and Barker, 2003)

Cl+NO;" > NOy +CI R(70) 1.010’ 4300  (Exneretal., 1992)

NO; +ClI" > I+ NO;” R(71) 1.010° (Buxton et al., 2000)

S0, +Cl+->50,7 +ClI’ R(72)  2.510° (Buxton et al., 1999)

SO, +ClI">50,” +CI R(73)  2.110° (Buxton et al., 1999)

HO," +ClL," > 0, +2Cl +H" R(74) 1.310" (Jacobi et al., 1996)

0, +ClL7">0,+2Cl R(75) 6.0 10° (Jacobi et al., 1996)

H,0,+ Cl," > 2 Cl + HO,  + H' R(76) 6.2 10° (Yu, 2004)

03+ Cl," = OHCl + CI" + 0, + OH -H,0 R(77) 9.010’ (Bielski, 1993)

HSO; +Cl," > S0; " +2Cl +H' R(78) 1.7 10° 400 (Jacobi et al., 1996)

SO," +Cl,7 =50, +2Cl R(79) 6210 (Jacobi et al., 1996)

Carbonate chemistry

HCOs +50,” = S0,” +CO;™ +H' R(8O)  2.810° 2100  (Huie and Clifton,
1990)

€O, +50,” = 50,” +CO;"~ R(81)  4.110° 3200  (Padmaja et al., 1993)

HCO; +CI" > Cl' +CO;" + H’ R(82)  2.410° (Buxton et al., 2000)

C032- +CI" > Cl+Co5™ R(83) 5.0 10° (Mertens and Von
Sonntag, 1995)

CO; " +C05">20,7+2C0,-0, R(84) 2.210° (Huie and Clifton,

1990)
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Reactions

kzgg Ea/R
(M-n+1 S-l) (K)

References

CO;" +HO," > HCO5 + 0, R(85) 5610 (Behar et al., 1970)
CO5"+0,” > COs" +0;, R(86)  6.510° (Eriksen et al., 1985)
CO;" + H,0, > HO," + HCO5 R(87) 4310° (Draganic et al., 1991)
CO;" +505" = CO5~ +50;” R(88) 2.910 470 (Huie et al., 1991)
CO;" " + 03 > CO,+0," + 0, R(89) 1.010° (Sehested et al., 1983)
CO5;" +NO, > CO, + NO5’ R(90) 1.010° (Lilie et al., 1978)
N chemistry
HNO, + hv = NO + HO® R(91) Calculated (Graedel and
Weschler, 1981)
NO, +hv + H,0 > NO + HO" + OH R(92) Calculated (Graedel and
Weschler, 1981) ;
(Zellner et al., 1990)
HNO, + H,0, + H" > NO3 + 2 H* + H,0 RO3)  6.310° 6700  (Lee and Lind, 1986)
NO, + O3 > NO3 + 0O, R(94) 5.010° 6900 (Damschen and
Martin, 1983)
HNO, + NO;" = NO, + NO; + H' R(95) 8.0 10° (Katsumura, 1998)
NO, +NO; > NO, + NO3’ R(96) 1.410° (Herrmann and
Zellner, 1998)
NO, + CO;" = NO, + CO5” R(97)  6.610° 850 (Huie et al., 1991)
NO, +ClI" > NO, + CI R(98)  5.010° (Buxton et al., 2000)
NO, + HO," = HNO, R(99) 1.810° (Logager and
Sehested, 1993)
NO, +0,” > NO, R(100) 4.5 10° (Logager and
Sehested, 1993)
HNO, = HO," + NO, R(101) 2.6107 (Goldstein and
Czapski, 1997)
HNO, = HNO, + O, R(102) 7.010" (Logager and
Sehested, 1993)
NO, - NO, + 0O, R(103) 1.1 (Goldstein and
Czapski, 1997)
NO, > NO, + 0,” R(104) 1.3 (Goldstein and
Czapski, 1997)
HNO, + HSO5; = 5042' +NO;3; +2 H R(105) 3310° (Amels et al., 1996)
NO, + NO, = HNO, + NO3 + H" - H,0 R(106) 8.410’ -2900  (Park and Lee, 1988)
NO, + NO = 2 NO, + 2H" - H,0 R(107)  3.010° (Hoffmann and
Calvert, 1985)
NO; +hv = NO, + HO® + OH - H,0 R(108)  Calculated (Graedel and
Weschler, 1981) ;
(Zellner et al., 1990)
N,0s > 2 HNO; - H,0 R(109) 1.010° Estimated
NO;" +hv > NO + 0, R(110)  Calculated (Graedel and
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Reactions Koo Ea/R  References Notes
(M-n+1 S-l) (K)

Weschler, 1981)

NO;" + HO,” > NOy + H + 0, R(111)  3.010 (Sehested et al., 1994)

NO;" +0,” = NO; + 0, R(112) 3.010° = k(NO3™ + HO,')

NO5;" + OH = NO; + HO® R(113) 9.4 10 2700 (Exner et al., 1992)

NO;" + H,0, = NO; + H" + HO," R(114)  4.910° 2000 (Herrmann et al.,
1994)

NO;" +HSO, = NO3 +H" +50,” R(115) 2610 (Raabe, 1996)

NO;" +50,” = NO; +50,” R(116) 1.010° (Logager and
Sehested, 1993)

NO;" +HSO; = SO5™ + NO3 + H' R(117) 1310° 2200 (Exneretal, 1992)

NO;" + 505" - NO3 + 505" R(118) 3.010° (Exner et al., 1992)

S chemistry

SO +0, = SOs R(119) 1.110° (Das, 2001)

505" +505" = 5,06 R(120) 1.610 1200  (Buxton et al., 1996b)

SOs" + HSO3 = HSOg + SO;3™ R(121) 8610 (Buxton et al., 1996b)

SOs™ + HSO; = S0, +50,” + H' R(122) 3.610° (Buxton et al., 1996b)

SOs™ + 5032’ - HSOs +S0;3 + OH - H,0 R(123) 2.110° (Buxton et al., 1996b)

SOs™ + 505" = S0,” +50,” R(124) 5510° (Buxton et al., 1996b)

SOs” + HO," = HSOs + O, R(125) 1.7 10 (Buxton et al., 1996a)

SOs” + 0, = HSOs + O, + OH - H,0 R(126) 2310° (Buxton et al., 1996b)

SOs" +S0s" =250, +0, R(127) 2.1 10° (Das, 2001)

50" + 505" = 5,05° + 0, R(128) 2210° (Das, 2001)

HSOs + HSO5; + H" > 250,” + 3 H' R(129) 1.010 (Das, 2001)

HSOs +505” +H" > 250,” + 2 H' R(130) 1.010’ =k(HSOs + HSO5)

HSOs +S0," = SOs™ + HSO, R(131)  1.010° (Das, 2001)

50, +50," = 5,05> R(132)  7.010° (Das, 2001)

SO,” + HSO; = SO,~ +H + 505 R(133) 6.810° (Buxton et al., 1996b)

50, +505° = S0,% + 505" R(134) 3.110° 1200  (Buxton et al., 1996b)

S0, + HO,” > S0,” +H" + 0, R(135)  3.510° (Jiang et al., 1992)

S0, +0,7 > 5042’ +0, R(136) 4.0 10 (Buxton et al., 1996b)

S0, + OH = S0,” + HO" R(137) 2.010 (Ross et al., 1994)

S0,” + H,0, > S0,” +HO, + H' R(138)  1.210 (Maruthamuthu and
Neta, 1978)

S0, + NO5s = S0, + NO;" R(139) 5.010° (Exner et al., 1992)

S0, - HSO, + HO" - H,0 R(140) 3.6 10 (Tang et al., 1988)

HSO; + 03 = HSO, + O, R(141) 3.710° 5500 (Hoffmann, 1986)

S0;” + 05 > 50,7 + 0, R(142) 1510 5300  (Hoffmann, 1986)

HSO; + H,0, > 5042’ +2H +H,0-H R(143)  9.110 3600 (MaaR et al., 1999)




! _Sehested et al. (1984) argue that this reaction is very slow with a rate constant lower than 10°M*st

2 Xuetal. (1985) calculated k(Fe3+ +Cl) =48 M?*st The equilibrium constant from Nadtochenko and Kiwi (1998) is equal to 5.3 M. Therefore we calculate the backward rate constant by 4.8/53=9.1 10" s

® _ The equilibrium constants are from Martell and Smith (1977). logK(CO(0')CO(Q) + Fe** <> [Fe(C,0,)]") = 9.4 ; logK(2 CO(0)CO(O') + Fe*" ¢ [Fe(C,0,),]) = 16.2 ; logK(3 CO(0)CO(0) + Fe** <> [Fe(C,0,)51%) = 20.4).
We calculate the equilibrium constants : logk(CO(O)CO(O") + [Fe(C,04)]" <> [Fe(C,0,),]) = 6.8 ; logK(CO(O)CO(O) + [Fe(C,04),] <> [Fe(CZO4)3]3’ = 4.2. With these equilibrium constants and the backward rate constant,
we calculate the forward rate constants.

*~ Moorhead and Sutin (1966) measured rate constants for the equilibrium Fe(OH)b + CO(OH)CO(O') ¢ Fe(C,04)" : Kpackward = 3.0 10° s and Kforward = 2.0 10°M1s™ The equilibrium constant is similar to Martell and
Smith (1977). We suppose that the rate constant of the reaction [Fe(C,0,)]" = CO(O’)CO(0) + Fe¥'is equal to 3.0 107%™,

- We suppose that the N,Os hydrolysis is fast with a first order rate constant equal to 10° ! (Bertram and Thornton, 2009).



Equilibria

Species K, or K, -AH/R  References Notes
(K)

H,0, <> HO, +H' T(1) 2210% 3730 (Smith and Martell,
1976)

HO," <> 0,  +H" T(2) 1.6 107 (Bielski et al., 1985)

HNO, <> NO, +H" T(3) 1610° 1760 (Park and Lee, 1988);
(Riordan et al., 2005)

HNO; <> NO; + H" T(4) 2.2 10" (N.B.S, 1965)

HNO, <> NO, + H" T(5) 1.310° (Goldstein and Czapski,
1997)

HCl &> Cl +H' T(6) 1.710° -6890 (Marsh and McElroy,
1985)

S0, + H,0 ¢> HSO5 + H' T(7) 1.310° -1960 (Maash, 1982)

HSO; ¢ S05” + H' (8) 6.410° -1430 (Maash, 1982)

H,S0, <> HSO, + H" T(9) 1.0 10° (Cotton and Wilkinson,
1980)

HSO, <> S0,” +H' T(10) 1.010° (Eigen et al., 1964)

Fe* + H,0 & [Fe(OH)) + H' T(11)  6.010° (Brandt and van Eldik,
1995)

[Fe(OH)]** + H,0 <> [Fe(OH),]" + H T(12) 7.610" (Brandt and van Eldik,
1995)

CO, + H,0 > HCO5 +H* T(13) 42107 (Cotton and Wilkinson,
1980)

HCO; & CO32' +H T(14) 4810™ (Cotton and Wilkinson,

1980)

Table SM1: Chemical mechanism considered in the M2C2 model.



Redox

Anions (pmol/L)

Cations (pmol/L)

Date Origin Tem?)ecr)a ture pH potential (;O/C TC IC

(mV) L) (mg/L) (mg/L) SO CI" Acetate Formate Oxalate Succinate Na' NH,” Mg® K' ca"
1 10/14/2013 4PM-6PM w 6 6.1 NM NM NM 2.7 23.0 459 8.7 34.8 4.5 3.3 18.5 66.2 33.7 72 24
2 10/14/2013 6PM-9PM W 6.5 5.6 NM NM NM 0.9 16.7 825 3.3 204 2.5 3.7 7.6 33.0 6.4 33.1 04
3 10/14/20139PM-12PM W 6.7 5.6 NM 1.6 2.2 0.7 185 46.2 2.6 11.7 1.8 4.2 11.9 44.6 5.2 209 38
4 10/29/2013 5AM-8AM wW 2.2 5.0 261 2.8 3.6 0.8 46.8 246.921.1 28.5 2.7 4.2 56.3 38.0 NM 4.8 NM
5 10/29/20138AM-12AM W 3.1 5.6 248 3.2 3.3 0.1 55.8 269.519.1 25.3 2.8 5.2 76.3 64.0 NM 11.7 NM
6 11/5/2013 2PM-4PM W 6 5.8 231 2.0 2.7 0.7 85 25.013.9 255 1.9 3.4 7.8 135 NM 34.1 NM
7 11/5/2013 4PM-7PM W 6 55 263 1.1 1.7 0.6 4.5 7.2 175 12.4 1.3 3.9 3.7 89 M N 257 NM
8 11/5/2013 7PM-9PM w 5.8 5.6 313 0.8 1.4 0.56 7.9 16.6 9.3 245 1.7 3.0 4.5 17.7 NM 219 NM
9 11/5/2013 9PM-12PM W 55 5.0 290 0.6 1.5 0.8 9.8 16.9 5.7 7.2 1.3 2.3 6.5 26.7 NM 22.7 NM
10 11/6/2013 7AM-10AM W 7.9 5.4 289 1.1 1.9 0.9 6.1 9.7 7.5 17.2 1.3 5.7 6.0 180 M N 243 NM
11 11/6/201310AM-12AM W 8 5.7 352 1.9 2.6 0.7 6.7 5.8 7.5 9.5 1.5 2.7 3.3 27.0 NM25.8 NM
12 3/22/2014 7TAM-11AM W 0 6.7 228 2.9 35 0.6 34.8 65.713.3 48.3 4.1 0.1 20.9 87.6 12.4 2.3 4.7
13 3/22/2014 11AM-2PM W 0 6.7 264 5.4 6.1 0.7 37.1 133.8204 43.8 5.4 0.2 36.8 108.8 8.7 4.9 6.6
14 3/25/2014 11AM-1PM W -2 6.6 240 3.4 3.9 0.5 49.2 228.513.8 30.6 3.2 0.1 56.8 73.2 10.3 9.1 7.1
15 3/25/2014 1PM-3PM NW 0 6.4 228 6.0 6.6 0.5 32.6 153.814.0 65.1 3.3 0.2 38.8 79.6 12.5 6.4 6.9
16 3/25/2014 7PM-9PM  NW -2 6.1 243 8.7 9.0 0.4 148 73.0125 65.0 3.8 0.2 20.8 50.2 13.6 4.0 9.4
17 3/26/2014 8AM-9AM N -3 55 233 6.5 7.0 0.5 56.4 25.226.2 38.3 5.9 0.8 9.6 252.4 7.2 2.9 7.9
18 3/26/2014 9AM-11AM N -3 5.4 239 8.6 9.2 0.6 454 26.515.8 34.9 5.3 0.7 8.3 206.0 9.0 24 156
19 4/4/2014 8PM-10PM NW 2 6.2 261 1.5 2.0 0.5 135 194 9.6 23.6 3.4 0.4 5.0 39.6 5.4 7.8 0.0
20 4/4/2014 10PM-12PM NW 2 6.5 261 1.7 2.1 0.4 182 182 7.2 24.2 3.8 0.3 3.9 71.4 4.3 7.1 0.0
21 4/5/2014 1PM-4AM W 2 6.6 250 2.6 3.1 0.5 26.0 29.414.3 325 4.4 0.3 6.9 124.1 4.4 7.4 0.0
22 4/5/2014 A4AM-7TAM W 2 6.9 237 3.9 4.6 0.7 39.8 48.7254 48.8 6.9 0.4 12.6 192.8 4.3 4.8 0.0
23 4/5/2014 T7AM-10AM W 2 6.8 239 4.5 5.3 0.7 675 76.1304 63.4 7.4 0.5 18.0 212.7 5.3 4.3 2.0
24 4/11/2014 11AM-1PM W 1 5.4 207 1.9 1.9 0.0 7.5 14.0 7.6 3.6 5.4 6.2 27.7 NM NM 319 NM
25 5/11/2014 4AM-6PM W 0.3 4.7 238 1.8 1.8 0.0 58.1 354118 3.8 113.2 13.9 514 NM NM 26.0 NM
26 5/11/2014 7AM-9AM  NW 0 4.1 280 1.8 1.8 0.0 139.3 41.75.2 3.3 115.7 9.2 43.8 39.7 NM 20.3 NM




27 5/11/2014 9AM-12AM  NW -0.1 4.1 298 NM 14.9 0.1 2474 098.0 3.8 3.4 302.2 18.8 99.9 83.9 NM 178 NM
28 5/11/2014 12AM-1PM  NW 0.1 4.2 295 3.6 3.6 0.0 202.8 87.010.8 3.1 377.2 27.9 116.7 97.37 NM 21.7 NM
29 12/11/2014 3PM-5PM w 3 54 250 4.0 4.0 0.0 38.3 78.911.9 54 83.2 21.9 83.5 151 NM 199 NM
30 12/11/2014 5PM-7PM w 2 5.5 261 2.3 24 0.1 28.7 68.212.7 4.8 47.1 21.7 72.2 NM NM 176 NM
31 12/11/2014 7PM-9PM w 2 5.6 254 2.7 2.8 0.1 242 68.9 2.9 2.9 325 33.0 77.3 NM NM 213 NM
32 12/11/20149PM-12PM W 2 54 254 1.7 1.7 0.1 234 64452 4.5 20.2 135 80.1 NM NM 175 NM
33 14/11/2014 5PM-7PM S 5 55 258 2.2 2.2 0.0 113 6.0 4.9 3.6 10.4 54 15.7 NM M N 16.3 NM
34 17/11/2014 4PM-6PM w 11 5.6 249 2.2 2.4 0.1 8.8 4.7 7.6 3.9 11.8 5.6 131 NM NM21.3 NM
35 17/11/2014 7PM-9PM w 0.7 5.7 245 1.0 11 0.0 8.0 2.0 7.3 3.6 10.0 5.8 10.9 NM NM19.9 NM
36 17/11/20149PM-12PM W 0.6 53 263 1.2 1.2 0.0 11.0 53 6.9 3.8 14.3 6.9 14.2 NM M N 185 NM
37 18/11/2014 6AM-8AM  NW 0.1 54 258 1.0 0.9 0.0 28.2 165 4.2 3.4 32.6 7.2 23.0 NM NM 19.1 NM
38 18/11/2014 5PM-7PM  NW 1.8 5.7 243 2.3 2.4 0.1 164 119 8.8 3.6 22.0 7.0 18.3 2.2 NM 202 NM
39 18/11/2014 7PM-9PM  NW 1 53 257 1.8 1.8 0.0 140 73 5.6 3.7 141 5.6 18.2 NM M N 20.2 NM
40 18/11/20149PM-12PM  NW 1 4.9 284 1.9 1.9 0.1 20.0 18.07.0 3.6 16.0 8.3 17.7 NM NM 18.7 NM
41 19/11/201412PM-2AM  NW 1 4.6 306 2.2 2.2 0.0 26.7 36.710.3 3.4 34.7 12.3 28.1 NM NM 171 NM

Table SM2 Physico-chemical parameters of sampled cloudsa®®les have been analyzed corresponding to @ eleents. Acet: acetic acid; Form: formic acid, Dxa

oxalic acid, Succ: succinic acid). NM: not measured



Relative contribution (%) .

Cloud sample ) ] R .
HO,+hv Fe(l)+HO, Fe(lll)+hy NOs+hv HNO,+ NG, +hv HO

mod M) R exp(Ms)

1 86.7 0.0 0.0 2.6 10.6 4.3x1o 3.3x10"
2 64.9 0.0 0.0 1.0 34.1 4.2x1o NM

3 90.7 0.0 0.0 1.3 7.9 5.0x1b NM

4 91.2 0.0 0.0 2.0 6.7 4.6x1b 1.4x10%
5 89.1 0.0 0.0 2.2 8.6 4.4x1b 1.2x10%
6 99.3 0.0 0.0 0.7 0.0 2.4x1b 2.8x10"
7 99.4 0.0 0.0 0.6 0.0 1.9x1b 5.6x10™
8 98.4 0.0 0.0 1.6 0.0 3.0xtb 2.5x10M"
9 97.8 0.0 0.0 2.2 0.0 2.5x1b 2.2x10"
10 99.5 0.0 0.0 0.5 0.0 3.1x1b 2.9x10M"
11 99.3 0.0 0.0 0.7 0.0 5.2x10 6.8x10™
12 22.3 21.6 54.2 0.7 1.2 2.4x%0 6.1x10™"
13 57.3 10.7 22.4 1.2 8.4 1.3%f0 4.7x10"
14 52.4 10.7 35.1 1.8 0.0 6.9%10 2.8x10"
15 92.5 0.0 0.0 2.7 4.9 4.7x%o 1.1x10"
16 91.8 0.0 0.0 4.8 3.4 3.0x1o NM

17 50.2 12.4 21.7 15.1 0.7 9.8%10 6.1x10™"
18 51.8 22.3 10.4 14.6 0.9 9.4%10 3.4x10"
19 94.6 0.0 0.0 2.8 2.6 4.8x1o 8.1x10™"
20 91.4 0.0 0.0 4.8 3.7 5.2x1o 8.5x10™
21 88.0 0.0 0.0 6.4 5.6 7.6x10 1.5%x10"
22 90.7 0.0 0.0 5.1 4.2 1.7x10 3.4x10™
23 89.0 0.0 0.0 5.3 5.7 1.7x1% 4.2x10"
24 98.0 0.0 0.0 2.0 0.0 2.5x10 5.1x10™"
25 60.6 29.2 1.1 4.2 4.9 3.4x¥0 2.4x10"
26 26.2 70.0 1.1 2.6 0.1 1.0x10 1.4x10%
27 19.3 76.8 0.9 3.0 0.1 1.8x10 5.0x10™
28 17.6 79.0 1.0 2.4 0.0 2.2x10 NM




29 39.8 40.3 12.7 2.7 4.5 6.2x10 8.5x10"

30 43.4 27.3 18.6 2.2 8.5 6.2x10 8.4x10M"
31 21.7 33.0 39.4 1.1 4.8 1.3%0 6.1x10™"
32 92.1 1.6 1.3 3.3 1.7 4.3x1o NM

33 31.0 10.2 56.8 2.0 0.0 2.3x40 3.3x10™
34 16.6 27.9 52.0 0.5 3.1 1.5x0 2.7x10"
35 24.0 5.5 48.5 3.7 18.4 2.9x40 3.6x10™"
36 60.7 7.3 18.9 13.0 0.2 1.1x%0 6.0x10™"
37 63.5 8.3 15.6 12.4 0.2 1.0%f0 2.4x10M"
38 47.7 17.3 6.7 5.9 22.4 1.5x%0 5.8x10™
39 67.5 14.7 7.7 10.0 0.1 1.4%%0 2.7x10"
40 81.6 4.5 1.3 12.4 0.2 2.1x10 1.3x10™
41 47.0 35.9 2.9 9.0 5.3 3.5x%0 1.1x10%

Table SM3: Modelled relative contributions of H&ources for the 41 cloud samples. Modelled anérfﬁmntalRLo_ are also indicated. NM: not measured.



Relative contribution (%)

f 1 f 4
HoO, + hv NOs +hv HNO, + NO; + hv R mod (Ms) R, exp(Ms)

Cloud sample

1 93.2 3.1 3.7 6.6 x 18 3.3 x 10"
2 84.4 1.4 14.2 5.3 x 19 NM

3 95.7 1.6 2.7 7.9 x 18 NM

4 95.3 2.4 2.4 7.3 x 18 1.4 x 10"
5 94.4 2.6 3.0 6.9 x 18 1.2 x 10"
6 99.2 0.8 0.0 3.9x 18 2.8 x 10"
7 99.3 0.7 0.0 3.1x 18 5.6 x 10"
8 98.3 1.7 0.0 4.9 x 18 2.5 x 10"
9 97.6 2.4 0.0 4.2 x 18 2.2 x 10"
10 99.4 0.6 0.0 5.1 x 18 2.9 x 10"
11 99.2 0.8 0.0 8.6 x 18 6.8 x 10"
12 95.2 3.2 1.6 9.4 x 18 6.1 x 10"
13 93.4 2.2 4.3 1.3x 19 4.7 x 10"
14 96.2 3.8 0.0 6.2 x 18 2.8 x 10"
15 95.3 3.1 1.6 7.6 x 18 1.1 x 10"
16 93.5 5.4 1.1 4.8 x 18 NM

17 74.6 25.0 0.4 1.1 x 19 6.1 x 10"
18 75.8 23.8 0.5 1.1 x 18 3.4 x 10"
19 96.0 3.2 0.8 7.7 x 18 8.1 x 10"
20 93.3 5.5 1.2 8.4 x 18 8.5 x 10"
21 90.8 7.3 1.8 1.2 x 19 1.5 x 10"
22 92.9 5.8 1.4 2.8 x 18 3.4 x 10'°
23 92.0 6.1 1.9 2.7 x 19 4.2 x 10%°
24 97.7 2.2 0.0 4.1 x 18 5.1 x 10"
25 90.4 7.1 2.6 3.7 x 18 2.4 x 10"
26 87.3 12.6 0.1 3.9x 19 1.4 x 10"
27 77.8 22.0 0.2 42 x19 5.0 x 10"
28 79.7 20.2 0.2 4.5 x 19 NM

29 89.8 6.8 33 4.4 x 18 8.5 x 10"
30 89.4 5.0 5.7 4.9 x 18 8.4 x 10"
31 88.7 5.0 6.3 5.1 x 18 6.1 x 10"
32 95.6 3.8 0.6 6.8 x 18 NM

33 93.3 6.7 0.0 1.1 x 19 3.3 x 10*
34 91.8 2.8 5.5 4.6 x 18 2.7 x 10"
35 70.6 12.0 17.4 1.6 x 14 3.6 x 10"
36 80.7 19.2 0.1 1.3x 19 6.0 x 10
37 82.0 17.9 0.1 1.3 x 19 2.4 x 10"
38 77.6 10.8 11.7 1.5 x 16 5.8 x 10"
39 85.7 14.2 0.1 1.8 x 19 2.7 x 10"
40 85.4 14.5 0.1 33x19 1.3 x 10"
41 79.5 17.2 3.2 3.3x19 1.1 x 10"




Table SM4. Modeled relative contributions of H&ources for the 41 cloud samples considering ¢ve photolysis

experimental rates in the model fop®d, nitrite and nitrate and without iron chemistryotiéled and experimental

RL@ are also indicated. NM: not measured.
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