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Section S1: Descriptions of reactions and associated rate constants for kinetic
modeling

In Table 1 in the main text, reactions A1-A4 describe the oxidation of inorganic
Fe(Il)gis by O2, *O2°, H202 and *OH, reaction A5 describes the reduction of inorganic
Fe(Ill)ais by <027, reactions A6—A7 describe the hydrolysis and precipitate of
inorganic Fe(Ill)dis, reactions A8—A9 describe the absorption and desorption of
inorganic Fe(Il)dis on lepidocrocite surface, reactions A10—A13 describe the oxidation
of Fe(Il)ad by O2, *O2°, H202 and *OH, reaction A14 describes the decomposition of
H20:2 by lepidocrocite and reaction A15 describes the reduction of lepidocrocite by
*O2". Reaction B1 describes the reaction between benzoate and *OH. Reactions
C1-C4 describe the complexation of inorganic Fe(Il)dsis and Fe(Ill)ais by citrate,
reaction C5—C8 describe the oxidation of citrate complexed Fe(Il) by Oz, *O2", H202
and *OH, reaction C9 describes the decomposition of H202 by citrate complexed
Fe(III), reaction C10 describes the reduction of citrate complexed Fe(III) by *O2", and
reactions C11-C12 describe the oxidation of citrate complexed Fe(Ill) and
uncomplexed citrate by *OH.

In the kinetic modeling, the rate constants for the oxidation of inorganic Fe(Il)dis,
Fe(Il)ad, complexed Fe(Il) by O2 and the oxidation of complexed Fe(Il) by H2O2 were
obtained likewise by Kintecus V5.50 through best fitting the measured concentrations
of Fe(Il)dis, Fe(IlT)ais and *OH (Figs. 1, 3 and S1). Other rate constants were referred

to literature. As shown in Table 1, the rate constant of inorganic Fe(Il)dis oxidation by

S2



O2 was much lower than that of Fe(I)ad and citrate complexed Fe(II) oxidation by Oz,
which was ascribed to the high reactivity of Fe(Il)ad and citrate complexed Fe(II) [1,2].
The rate constant of citrate complexed Fe(Il) oxidation by H202 was lower than that
of inorganic Fe(Il)ais oxidation by H202, which was consistent with the previous
observation that the rate of H202 decomposition by citrate complexed Fe(Il)
decreased with increasing citrate/Fe molar ratio [3].

In the absence of citrate, H202 reacted completely with inorganic Fe(I)dis, so the
*OH yield from H202 decomposition by inorganic Fe(Il)dis can be set as 2.1%, 1.8%
and 0.7% for pH 6, 7 and 7.5, respectively. Because the fraction of citrate complexed
Fe(Il) in total Fe(Il)sis was higher than 99% at pH 6-7.5 when the citrate
concentration reached 500 uM (i.e., citrate/Fe(Il) was 2, Fig. S4), H2O2 will be almost
completely decomposed by citrate complexed Fe(Il). For the sake of simplicity, we
assumed that the *OH yields from H202 decomposition by citrate complexed Fe(II)
were equal to the experimental measurements when citrate/Fe(II) molar ratio was 2.
Thus, the *OH yield from H202 decomposition by citrate complexed Fe(II) can be

roughly set to be 52.2%, 31.5% and 17.6% for pH 6, 7 and 7.5, respectively.

Section S2 Influence of citrate/Fe(I) molar ratio on *OH production from H2O2
decomposition
To further get insight into the role of citrate/Fe(II) molar ratio on *OH production,

we estimated the competitive effect of inorganic Fe(Il)ais and citrate complexed Fe(II)
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on H202 decomposition to generate *OH. In Fe(Il)-citrate system, the relative
contribution (R) of inorganic Fe(Il)ass and citrate complexed Fe(Il) to H202
decomposition can be calculated by Eq. (S1).
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where Cre(i is the concentration of inorganic Fe(Il)dis or citrate complexed Fe(Il) and
ko2,re(ini was the reaction rate constant of the inorganic Fe(Il)dis or citrate complexed
Fe(IT) with H20:.

When the concentration of H2O2 was lower than that of Fe(Il), the yield of *OH

(¢) from H202 decomposition in Fe(II)-citrate system can be calculated by Eq. (S2),

RFe(H) (S2)
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where @Fe(ilinorganic aNd PFe(icompienea Were the *OH yield from H2O2 decomposition by
inorganic Fe(Il)ais and citrate complexed Fe(Il) (e.g., Fe(I)-citrate”), respectively;
RFe(iinorganic and RFe(ileompiexea Were the relative contribution of inorganic Fe(Il)dais and
citrate complexed Fe(Il) to decompose H202, respectively.

Combining Egs. (S1)—(S2) gives
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In Eq. (S3), the concentrations of inorganic Fe(Il)ais and complexed Fe(Il) can be
obtained from speciation calculation (Fig. S4), the reaction rate constants of inorganic

and citrate complexed Fe(Il) with H202 were given in Table 1, and the values of
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@Fe(Ilinorganic AN PFe(Ilcompiexea WETE given in Table 2.

Section S3 Influence of citrate on Fe(Il) oxidation and Fe(Ill)dis precipitate

Previous studies have shown that Fe(Il) oxidation and Fe(IIl) precipitate in the
inorganic Fe(Il)dis system can be described as the following processes [4,5]: inorganic
Fe(IT)ais was first oxidized by O: to generate inorganic Fe(Ill)dis, and then inorganic
Fe(II)dis was hydrolyzed to Fe(III) precipitates. The resulting Fe(III) precipitates may
adsorb Fe(Il)dis forming adsorbed Fe(Il) (Fe(Il)ad). Because Fe(Il)aa toward Oz was
more reactive than inorganic Fe(Il)ais, the formation of Fe(Ill) precipitates can
significantly accelerate inorganic Fe(Il)dis oxidation [6,7]. At pH 6, no Fe(lIll)
precipitates were generated in the inorganic Fe(Il)dis system, so the oxidation of
Fe(IT)dis controlled the total rate of Fe(Il) oxidation (Fig. S1).

In the presence of citrate, the complexation of citrate resulted in the formation of
Fe(Il)-citrate” and Fe(Ill)-citrate and the fractions of these complexed Fe species
increased with increasing citrate/Fe molar ratio (Fig. S4). Because Fecitrate” toward
02 was more reactive than Fe" [8], the presence of citrate accelerated Fe(Il)dis
oxidation at pH 6 and the rate of Fe(Il)ais oxidation increased with increasing citrate
concentration (Fig. 3). At pH 7 and 7.5, abundant Fe(III) precipitates produced in the
inorganic Fe(Il)dis system (Fig. S1), so the oxidation of Fe(Il)ad contributed mainly to
Fe(Il) oxidation. However, the addition of citrate impeded the formation of Fe(III)

precipitates in Fe(Il)-citrate system (Fig. 3e—f), thus inhibiting Fe(Il)ad generation. At
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pH 7 and 7.5, the negative effect due to inhibiting Fe(III) precipitates outcompeted the
acceleration effect of citrate complexed Fe(Il) formation, thus inhibiting Fe(II)
oxidation (Fig. 3b—c). For Fe(Ill) precipitates, in the absence of citrate, the resulting
Fe*" can be first hydrolyzed to dissolved Fe(IIl) oxyhydroxides (e.g., Fe(OH)2" and
Fe(OH)3@q) (Fig. S4), which then interacted with one another to form Fe(III)
precipitates [9]. However, in the presence of citrate, the complexation of citrate
resulted in the formation of Fe(III)-citrate® complex (Fig. S4). In addition, a previous
study reported that the presence of citrate prevented the crystallization of inorganic
Fe(IIT)dis when citrate/Fe molar ratio was higher than 0.1 [10]. In this study, the molar
ratio of citrate to Fe reached 0.25-2, which was higher than the threshold value. These

two causes may jointly inhibit the formation of Fe(III) precipitates at pH 7 and 7.5.
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Figure S1. Effects of solution pH on (a) inorganic Fe(Il)dis, (b) inorganic Fe(IlI)dis and
(c) solid Fe(IIl) production during oxidation. Initial conditions: 250 uM Fe(Il)dis, 20
mM benzoate and 10 mM buffer under oxic conditions. In panel (c¢), the concentration
of solid Fe(Ill) was calculated using the difference between Fewta and inorganic

Fe(IIT)dis concentrations. Points are the experimental results and lines are the modelled
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curves.
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Figure S2. XRD patterns of Fe(Ill) precipitates. The main mineral compositions were
detected by a D8-FOCUS X-ray diffractometer with Cu K radiation (Bruker AXS.,

Germany). The measurement was performed at 40 kV and 40 mA at the scanning step

size of 0.01° and step time of 0.05 s.
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Figure S3. Percentage of Fe(IlI) concentration in different size fractions as a function
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of solution pH and citrate dosage. The percentage of the y-axis means the
concentration of Fe(IIl) in a certain size fraction to the total concentration of Fe(III) in

the suspensions.
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Figure S4. (a—c) Fe(Il) and (d—f) Fe(III) species speciation distribution as a function
of the molar ratio of citrate to Fe(Il)/Fe(Ill). Initial conditions: variable solution pH

and citrate concentration specified in panels (a—f) and 250 puM Fe(Il)dis/Fe(III)dis.
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Calculations were performed by Visual MINTEQ 3.1 [11]. The solid phase was not

considered in both calculations.
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