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Iron conversion: dependence on  pH at different OXL concentrations 

Introduction

• Fenton-like reactions were investigated in the presence of the Fe(II) ligands oxalate

(OXL), malonate (MAL), citrate (CIT), and tartrate (TAR).

• EPR results showed a decrease in the final HO• budget and in the rate constant of

HO• production in the presence of OXL and CIT.

• With the monitoring of Fe (II) conversion, it is possible to conclude that the rate

constant of Fenton-like reactions increases in the presence of increasing

concentrations of OXL.

• The increase in the second-order rate constant of Fenton-like reactions catalysed by

Fe-OXL complexes is more significant at higher pH values, probably due to the

ligand speciation.

Summary
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Experimental

EPR Spin Trapping

Iron conversion

HO• production at pH 5: dependence on ligand and ligand concentration 

• Rate constants for the Fenton-like reaction increase in the presence of higher concentrations of OXL, and the effect is more significant at higher pH due to OXL speciation.

Speciation of Fe-Ligands

• Ligands with higher stability constants with Fe (II) showed a decrease in the HO• production at increasing ligand concentrations.

• Spin-trapping experiments were performed at pH 5,

Fe:H2O2 ratio of 1:10, and DMPO concentration of

20 mM. Spectrometer: Bruker EMXplus. Data

processed using Xenon – SpinFit.

• Modification of APHA 3500 Fe test (APHA,

1997).

Results

pH 3 (M-1 s-1) pH 5 (M-1 s-1)

Fe (II) 60 ± 6 63 ± 7

1Fe(II)-1OXL 65 ± 2 76 ± 5

1Fe(II)-2OXL 82 ± 6 117 ± 9

1Fe(II)-3OXL 149 ± 10 238 ± 16

• Rate constants were calculated using 4.5x10-5 M of Fe and increasing Fe:OXL ratios.

Table 2. Second-order rate constants for Fenton and Fenton-like (Fe-OXL) at pH 3 and 5
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Fig. 2 A-D: EPR results in increasing ligand concentrations. (A) malonate, (B) tartrate, (C) citrate, and (D) oxalate  Fig. 3: Summary of EPR results for OXL  

Fig. 7: Plots for the determination of first-order rate constants in the presence 

of increasing OXL concentration 
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Fig. 4 A-D: Iron (II) conversion in Fenton and Fenton-like (Fe-OXL) reactions at (A) pH 2, (B) pH 3, (C) pH 4, (D) pH 5  
Fig. 5: Summary of Fe conversion 

results at different pH 

Table 1. Stability constants of Fe complexes and rate constants for reactions between 

HO• and Fe ligands

Ligand-Fe(II) k HO•

(M-1 s-1)

Reference pka Log K*

ML ML2

Oxalic acid 

(OXL)

1.4 x 106

1.0 x 108

6.0 x 107

IUPAC 

pH 0.5/3/6

1.46/4.40 3.05 5.08

Citric acid 

(CIT)

5.0 x 107 Adams et al.,1965 3.1/4.7/6.4 4.61

Malonic acid 

(MAL)

1.6 x 107 Walling and El-Taliawi, 1973 2.8 / 5.7 2.20 3.21

Tartaric acid 

(TAR)

7.0 x 108 Scholes and Willson, 1967 2.98/4.34 2.24

*Log K: Martell and Smith, 1997

Increasing rate constants

at higher Fe:OXL!

Atmospheric aqueous phase implications

• Fenton processes are key reactions taking part in atmospheric oxidation cycles,

and Fe is found complexed with organic compounds, particularly dicarboxylic

acids.

• EPR results indicate different HO• production in the presence of OXL and CIT,

while MAL and TAR show the same final concentration of radicals at different

ligand concentrations.

• OXL is the ligand found in higher concentrations in clouds/aerosols, and the Fe

conversion test proved that this ligand can increase the Fenton reaction rate

constant, particularly at higher pH values, which are typical of cloud systems.

• These results indicate a change in the reaction mechanism in the presence of Fe

ligands, which can affect the models and the study of oxidation processes

occurring in the atmospheric aqueous phase.

Fe (II) 4.5 x 10-6 M

OXL 9 x 10-6 M

(Conditions used in EPR)

• Fenton reactions are based on the decomposition of H2O2 catalysed by Fe species.

• The oxidation of volatile organic compounds in the atmosphere originates water-soluble dicarboxylic acids that

complex Fe. It is estimated that over 95% of the iron in cloud samples is found in a complex form (González et al.,

2022). Iron complexes have different solubility and reactivity. Reported rate constants for the Fenton reaction in the

presence of oxalate are in the order of 103 M-1 s-1 (Park et al., 1997). Besides acting as ligands, carboxylic acids

can also scavenge HO• (Table 1).

• The mechanisms of Fenton-like

processes are still debatable and involve

the formation of HO• and higher valence

Fe states (Farinelli et al., 2020).

• In the present study, the Fenton reaction

has been investigated in the presence of

organic ligands of relevance to the

atmospheric aqueous phase and with

different stability constants with Fe (II).

Fig. 1: Speciation of Fe-

OXL complexes and

investigated pH range
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Second-order rate constants for Fe-OXL


