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Introduction |
* Fenton reactions are based on the decomposition of H,O, catalysed by Fe species. EPR Spin Trapplng T
» The oxidation of volatile organic compounds in the atmosphere originates water-soluble dicarboxylic acids that ¢ Spin-trapping experiments were performed at pH 5, -* ..
complex Fe. It is estimated that over 95% of the iron in cloud samples is found in a complex form (Gonzélez et al., Fe:H,0, ratio of 1:10, and DMPO concentration of Y

2022). Iron complexes have different solubility and reactivity. Reported rate constants for the Fenton reaction inthe = 20 mMM. Spectrometer: Bruker EMXplus. Data |
presence of oxalate are in the order of 10° Mt st (Park et al., 1997). Besides acting as ligands, carboxylic acids processed using Xenon — SpinFit.

can also scavenge HO'® (Table 1). lron conversion .
Table 1. Stability constants of Fe complexes and rate constants for reactions between  Modification of APHA 3500 Fe test (APHA,
« The mechanisms of Fenton-like HO" and Fe ligands 1997). . .
processes are still debatable and involve Higand-Fe(ll) | k HO® REICIENce ) Speciation of Fe-Ligands
(M'l S'l) 00— sy
the formation of HO® and higher valence -6
_ : : J 0 Oxalic acid 1.4 x 10° IUPAC 1.46/4.40 3.05 5.08 4.0x10% - B : FE (a5t 12 M
~e states (Farinelli et al., 2020). H (OXL) 1.0 x 108 oH 0.5/3/6 | : OXL9x 10° M
. o 0 6.0 x 107 - -~ (Conditions used in EPR) :
e |n the present Study, the Fenton reaction o . | : : = | S ¥ 2 1 B A
has been investigated in the oresence of _Omo_ Clt(rclg%ud 5.0x 10 Adams et al.,1965 3.1/4.7/6.4 4.61 O ot ] EEEEE Fig. 1: Speciation of Fe-
. . > | o OXL  complexes  and
organic ligands of relevance to the ¢ 5  Mabonicacid 1.6x107 Wallingand El-Taliawi, 1973 2.8/57 220 3.21 1060 ] __ Fa(oH), nvestigated pH  range
atmospheric aqueous phase and with o (MAL) I indicated by the shaded
- 1T - -o [ Tartaric acid 7.0 x 108  Scholes and Willson, 1967 2.98/4.34 2.24 L | | | | | | rectangle. Created using
different stability constants with Fe (II). T AR I | o INTEG 31

*Log K: Martell and Smith, 1997

Results

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

pH 5, Fe 4.5 uM, H,0, 45 uM pH 5, Fe 4.5 uM, H,0, 45 ptM pH 5, Fe 4.5 uM, H,0, 45 uM pH 5, Fe 4.5 uM, H,0, 45 uM

5.5x10° 5.5x107® 5.5x107° 5.5x107® 0024 ——+v+v+—v+—++—+——+—1—"+— 4.5x10°
{ = Fe(l)4.5uM A {® Fe(l)4.5uM B {= Fe(ll)4.5uM C { = Fe(ll)45uM D | —a— First-order rate constant
50x10%4 4 MAL4.5uM 5.0x10°q 4 TAR 4.5 uM 5.0x1064 4 CIT 4.5 puM 5.0x10%4 4 OXL 4.5 uM 0.022 —a— Concentration at equilibrium |
1 v MAL9uM s]v TAR9uM 1v cToum | v OXL9uM . |
45x10°1 o MAL 135 ul\/l 45x10° 1y TAR 135 uM 4.5x10°1 ¢ CIT13.5 uM 45310 o OXL 135 uM n Lelily
o e et g %
OI 35 10-6 _ %‘ &* !Il- zl ﬁ!‘h : Y, ‘ml "! i b % d 3.5X10_6 n % % T i : Il “ " 4 =' '_;: :gi; Ol 3 5X10—6 _ } # % O i :“‘*DD,] 6 -
o~ X i_I| '!| i!| |E 4 “' $- | TOTTOATTY, O ] % |" ¢ , by, i ;"ih i pLitl]y O~ ?j ! 5 + '
T l!, l‘ '! 2 ol 3.0x1076 4 Ilf" I 1 A I O 3.5x10™ 1 £ 1
% 3.0x10° % ‘ S < _ i % 3.0x10° - % } % A Q ' + = 0.014 1
. 6 _ - 1 0Ox1 -6 | % -
0O 2.5x10° - 0 2.5a0° 0O 25x10% §§ | B . % e %& %}%%+ ’ } o
. 9l -6 _| . I 6. i
= gl % |l e
4 -6 | E \ I 4 ) 4
1.5x10° - %F 1.5x10 ] 1.5x107° 1 !\ I‘I‘Iﬁ‘ K b : »' ||I é ‘ !"‘ "Q‘ l ‘I ﬂ:ai o 2.0x10° - l&i’%&&%ﬂ} 0.008 -
] -6 ] + : |
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Fig. 2 A-D: EPRresults in increasing ligand concentrations. (A) malonate, (B) tartrate, (C) citrate, and (D) oxalate Fig. 3: Summary of EPR results for OXL

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

Iron conversion: dependence on pH at different OXL concentrations

pH 2 pH 3 pH 4 pH 5
100 10 . T -10 0.18 4 [OXL] / mol L
2 Al ] (s Bl « - Cl |t D o160 I
-10.5 - - INY 11 X ~ s - 114 AT el i T 117 A & T o 1 ]45x10° J
°F A i'*\ PR o N N 0.14{[]9.0x 10°
11.04 S :.~ 1 v . ~ g ~ % - \ N . \§~ ~ - i i\ §\ ‘\ j ~ ~o 012_' I:I 13.5 X 10-5
U §\\ A : \\\ O | V\ l ~ U ] \ N\ ~0 U | § \%\ - ~ C I\U_)/ 010— I
< 1151 LARE N < v, A £ . T. A < N \% T~ X 0.08- . T
N \\ *\ N s H -13 A N 13 - *\ < 134 \i o - .
[OXL]/ mol L i\ e ) | [OXL]/mol L™ R / | \ h [OXL]/ mol L | [oXL]/ mol L 0.06 | .
-1204 m 0 SON A m 0 N v S i rE
5 Sl 5 S~V =0 0.04 - = . :
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Fig. 5: Summary of Fe conversion

Fig. 4 A-D: Iron (Il) conversion in Fenton and Fenton-like (Fe-OXL) reactions at (A) pH 2, (B) pH 3, (C) pH 4, (D) pH 5 results at different pH

» 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.

Second-order rate constants for Fe-OXL Atmospheric agueous phase implications
« Rate constants were calculated using 4.5x10> M of Fe and increasing Fe:OXL ratios. * Fenton processes are key reactions taking part in atmospheric oxidation cycles,
and Fe Is found complexed with organic compounds, particularly dicarboxylic
Table 2. Second-order rate constants for Fenton and Fenton-like (Fe-OXL) at pH 3 and 5 acids.
B B EP_R results indicate different HO® progluction In the presence c_)f OXL an_d CIT,
1Fe(I)-10XL 65 + 2 76 + 5 Increasmg rate constants while MAL and TAR show the same final concentration of radicals at different
82+ 6 117+ 9 ... othigher Fe:OXLY - ligand concentrations.
149 + 10 238 + 16 . 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
LR ’ . . ' constant, particularly at higher pH values, which are typical of cloud systems.

) Summary * 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 agueous phase.

* Fenton-like reactions were investigated in the presence of the Fe(ll) 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 * A(IIR=IAIH=E
< HO" production in the presence of OXL and CIT. S i

2+ With the monitoring of Fe (Il) conversion, it is possible to conclude that the rate °|  adams et al., Pulse Radiolysis, 1965, p. 131-143. APHA (1997) Standard Methods for the examination of
MEIERY constant of Fenton-like reactions Increases Iin the presence of Increasing | water and wastewater. Farinelli et al.. J. Hazard. Mater.. 2020, 393,122413. Gonzales et al.. Sci. Total

"N )
‘.'f_'; concentrations of OXL. s+ Environ., 2022, 829, 154642. IUPAC Task Group on Atmospheric Chemical Kinetic Data Evaluation,
.%ws * The increase In the second-order rate constant of Fenton-like reactions catalysed by f http://iupac.pole-ether.fr. Martell and Smith, NIST Standard Reference Database 46 Version 4.0, NIST
23,8 Fe-OXL complexes i1s more significant at higher pH values, probably due to the - critically selected constants of metal complexes, NIST Standard Reference Data, Gaithersburg, MD 20899
s 9% ’q r [
::.':’.‘:.*: ligand speciation. " USA, 1997. Park et al., Free Rad. Res., 1997, 27, 447-458. Scholes and Willson, Trans. Faraday Soc.,
:‘:‘.}3‘? .. 1967, 63 2983 2993 Walling and El-Taliawi, J. Am. Chem. Soc., 1973, 95, 844-847.
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