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Supplementary material: Calculation of Fe(ll) Half Lifes
Sarthou, G., E. Bucciarelli, F. Chever, S. P. Hehgsl. Gonzalez-Davila, J. M. Santana-

Casiano, F. Planchon, S. Speich.

The calculation of Fe(ll) half lifes was done fallimg the models of Santana-Casiano et

al. (2005, Model I) and Trapp and Millero (2007, diéb11) at 4°C.

In Model I, the inorganic species taken into actoare Fé', Fe(OHJ, Fe(OH),
Fe(CQ), Fe(CQ),, and Fe(CQ(OH).

In Model Il, the inorganic species taken into agtoare F&", Fe(OHY, Fe(OH), and
Fe(CQ)..

Input variables include ionic strength (I), pH, atidsolved inorganic carbon, all obtained
by CTD or shipboard measurements.:&@ calculated using data of alkalinity and total
dissolved inorganic carbon and the set of constagtdMehrbach et al (1973) after
Dickson and Millero (1987). ¥D, concentrations were measured on board (Bucciatelli
al., in prep.). The water dissociation constdfy is calculated as a function of
temperature (T) and ionic strength (1) (Milleroatt, 1987). The OHconcentration (free

scale) is then given b, [H*]™.

The overall rate of oxidation of Fe(ll) is given:by

—d[F;f”)] = —[Fe(ll)]([oz]zai Kio, + [H 202]Zai Kino, * [Oé_]zai Ko J (2)

for Model I. The superoxide concentrations are a&slito equal [€)/1000 (Santana-

Casiano et al., 2005).
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And by:

d[ijll)] = _[Fe(ll)]([Oz]Zai ki,o2 + [H 202]Zi:ai ki,H202 J (3)

for Model II. Here the oxidation by the anion supeade is assumed inside the oxygen

contribution.

Kio,» Kino,» andk . are the oxidation rate constants of the individspecies for

2

oxidation by oxygen, hydrogen peroxide (the staometry factor of 2 is already

considered in data from Gonzalez-Davila et al.,.53)08nd superoxide, respectively.

The distribution coefficient of each inorganic Fe@pecies in seawater is given by :

kil
TS W)

where [i] is the inorganic ligand concentration &igdis the conditional stability constant

1)

for each species.

Finally, the Fe(ll) half life is given by:

t1/2

@ . .
(o +Kog ) “

wherek'y, =[0,] Y a ko, . Kup =[H,0,] > a k0, »and Ko :[O'Z'JZcri K o

for Model I, and by:

In(2)

+ 1
2 k H202

Ly, = Ky (5)

for Model II.
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2 1. Calculation of K’;
For both models, the conditional stability conssafir each species (¥ ’are calculated

4 as afunction of T and | using the equations giverapp and Millero (2007, corrected

via pers. com.):

6 log, K/ =log, K, + Al +BI® +CI°+ D+ EIn(T) (16)
with
Fe(OH)  Fe(OH) Fe(CQ?) Fe(CQ),
Log Ki -218.186  -267.22 26.2876 6.7908
0.5 0.47 0.7 0.029
B 11 -1.93 -2 -2.287
C -0.02 -0.03 -0.031 -0.026
D 10120.8  12411.4 -2029.8 -88.68
E 33.1239  40.8906 -2.4676 0.1116
8
For the species Fe(GIDH, log K = 8.90 at 25°C and the same temperaturfiiceat
10 as for Fe(CQ) is used (Gonzélez-Davila et al., 2005).
12 2. Calculation of k
For Model 1, the following equations are used (iastants in M s?).
14 logk,,.. , = 0544-586 - %95_15) (5)
109Keeon 0, = 238586134 - 1o 1 o) (6)
16 109 Keeony, o, = 606-5861 34~ 100 o) ©)
109 Kee(co 0, = 06 =586~ 100 o) ©)
18 109Keoicoy, 0, = 369-5861 30~ 1o 1 o) 8)
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109 Kee(co,y0m) 10, = 1’87_5861% _%98.15) ©)

For Model II, the following equations are usedédreonstants in Mmin™).

INKe g 10, = 21+ 041 %5 - 55627 (5)
INKeeopi 1, = 171+ 151 °° — 26087 (6)
IN Keegor, -0, == 8:3+ 381 °° - 621) 7)
IN Keecoy, o0, = 314 + 561 °° — 6698 (8)

3. Calculation of ki-Hzoz

For both models, the following equations are usede(constants in M s*) from

Gonzalez-Davila et al (2005).

INKeg o, = 38095297 (17)
IN Keeon 1,0, = 242 = 27577 (18)
INKegony, 1h0, = 444~ 665% (19)
INKee(co 11,0, = 332 - 675%’ (20)
IN Kee(coy, 10, = 656 — 144607 (20)

These equations explicitly correct for the effeofstemperature on decay rates and
because their experiments were done in seawatér7@y no further corrections for
relatively minor ionic strength differences were dea This treatment assumes that

competition between Oand HO, is negligible (cf. Gonzalez-Davila et al., 2006hd
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that pseudofirst-order decay constants are addiitefurther assume that aside from the

effect of pressure oM, the effect of pressure on other equilibrium aaig Iconstants is

negligible.

4. Calculation of ki o

2

For Model I, the following equations are used (@iastants in M s?).

10k, o, = 384-282(% - Vo . )
109Kz o, = 496-282(11 = 1ygc 1
10GK oy, o = 1218-282(34 ~ Yoo 1)
100K 0,0 = 294-282(34 ~ Yoo 1)
100K o, o = 96-282(14 ~ Jrg015)

10gKee(co,y0m) 10, = 204~ 282(%‘ B %9&.15)
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