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Photochemistry of the Fe(III)–EDTA complexes
A mechanistic study
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Abstract

The Fe(III) photoreduction in the EDTA complexes studied by pulse photolysis and continuous irradiation revealed that LMCT excitation is
followed by reaction of the primary photoproduct with the parent complex, generating intermediate species formulated as [(H2O)(EDTA•+)FeII(�-
OHx)FeIIIEDTA]x − 4. The presence of molecular oxygen is of crucial relevance for the intermediate life time and pathway of decay. In deoxygenated
media, the intermediate is relatively long-lived (kobs ∼1 × 10−3 s−1) and its degradation proceeds by the back electron transfer regenerating the
parent complex and by the second inner-sphere electron transfer producing Fe(II) species and EDTA oxidation products. In this case the product
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atio of the Fe(II) to (EDTA)ox should be 2:1, consistent with the previous reports.
In the presence of molecular oxygen, the intermediate dimer decomposes much faster (kobs ∼1.4 × 102 s−1), presumably via outer-sphere two-

lectron oxidation of the dangling CH2COO• group and the Fe(II) centre, yielding [FeIIIEDTA]−, [FeIIIED3A] and EDTA oxidation products.
ormation of the [FeIIIED3A] complex was recorded only when Fe(III)–EDTA was irradiated in the presence of O2. Under prolonged irradiation,

t undergoes photoredox reaction resulting in oxidation of successive EDTA fragments and Feaq
3+ production. Thus, in aerated media EDTA is

xidized by O2 in the photocatalytic process, in which Fe(III) species plays a role of photocatalyst.
Quantum yields of the Fe(III)–EDTA decay depend on the irradiation wavelengths and solution pH; in deoxygenated media, the post-irradiation

ubstrate regeneration makes the measured quantum yields apparently dependent on measurement time (φ0 ≈ 4–5φ∞).
2005 Elsevier B.V. All rights reserved.
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. Introduction

Iron compounds play an important role in environmental and
iochemical systems, where interconversion between their main
xidation states proceeds readily. Fe(II) is oxidized by molecu-
ar oxygen, whereas Fe(III) is photoreduced by sunlight at the
xpense of its ligands or other sacrificial donors present in the
edium. These reactions are integral parts of the Fe(III)/Fe(II)

hotocatalytic cycle, in which organic pollutants undergo degra-
ation [1].

For some recalcitrant organic compounds, e.g. ethylenedi-
minetetraacetate (EDTA) and its derivatives, the photochemical
xidation is often the only way of its removal under environ-
ental conditions. Neither conventional chemical nor biolog-
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ical wastewater treatment removes effectively EDTA, which
is released to natural waters in relatively large amounts [2].
The advanced oxidation processes (AOP) have been developed,
such as photocatalytic EDTA degradation with TiO2 [3] or
decomposition under UV light in the presence of H2O2 (photo-
Fenton) [4–10]. It was reported earlier that in the case of the
Fe(III)–EDTA complex the direct photolysis itself is also effec-
tive enough to abate the EDTA pollution; a minor role was
assigned to [MnIIEDTA]2− and [CoIIIEDTA]− [12]. Recently,
also the [CrEDTA]− complex was reported to show a similar
behaviour, although with a relatively low yield [13].

The molecular structure of the Fe–EDTA complexes is com-
plicated due to their two different coordination modes suggested
for solid phases and solutions. In the crystalline Fe(III) salts
EDTA is usually hexadentate and water molecule is coordinated
as seventh ligand, forming approximate pentagonal-bipyramidal
structure [14–21]. In the protonated form, [FeH(EDTA)(H2O)],
a pentadentate six-coordinate geometry with EDTA containing
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one uncoordinated, protonated carboxylic group was also sug-
gested [22].

Further studies [23–29] have demonstrated that the structures
are retained in solutions exhibiting characteristic acid–base equi-
libria. In the pH range typical for the environmental systems
(4–9) the equilibrium involves two forms:

[FeEDTA(H2O)]− + OH− � [FeEDTA(OH)]2− + H2O (1)

with pK1 value within the 7.4–7.8 at 25 ◦C [11,14,15,18,19,
30,33]. Besides the monomeric Fe(III)–EDTA complexes, also
an oxo-bridged dimer:

2[FeEDTA(OH)]2− � [EDTAFe(�-O)FeEDTA]4− + H2O

(2)

with a pentadentate six-coordinate geometry, was identified in
the solid phase and in moderately concentrated alkaline solutions
(c ≥ 1 mM) [18,19,26,31–35].

Direct photochemistry of the Fe(III)–EDTA system was stud-
ied repeatedly. The Fe(II) species, CO2 and HCHO were identi-
fied as the final products of the Fe(III)–EDTA photoreduction in
solid salts or in deoxygenated solutions [30,35–37]. The quan-
tum yield ratio, φ(Fe2+):φ(CO2):φ(HCHO) ≈ 2:1:1 suggested a
rapid thermal reduction of the substrate by the primary photol-
ysis product according to overall reaction [30]:
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Thus, although a number of kinetic information and corre-
sponding considerations are available, some mechanistic details
still remain unclear and call for further clarification. This knowl-
edge is important mainly because of the environmental relevance
of the Fe–EDTA photochemistry, where such parameters as pH
and concentration of substrate and/or O2 can vary within wide
limits.

In this study, a more detailed investigations of O2 and pH
influence on the Fe–EDTA photochemistry was performed.
Our investigation possibly does not fill all gaps in this area
but supplies some more data, which can be satisfactorily
interpreted.

2. Experimental

2.1. Chemicals

All reagents of highest available purity were used as
purchased. Solutions of all reagents were freshly prepared
using triply distilled water or demineralised by Millipore
Milli Q Plus filter. Aqueous solutions of 1–15 × 10−5 M
Na[FeEDTA]·2H2O were used in Britton–Robinson buffer con-
taining 0.04 M H3PO4, 0.04 M H3BO3, 0.04 M CH3COOH and
NaOH, adjusted to pH 4 and 9. Oxygen-free and oxygenated
solutions were made by saturation with argon or molecular oxy-
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2[FeIIIEDTA]
− hν−→[FeIIEDTA]

2− + FeII·aq + ED3A3−

+ CO2 + HCHO (3)

Opposite to EDTA, its photodegradation products were
eported to be biodegradable [12]. A more detailed product
nalysis has shown that prolonged irradiation of aerated solu-
ions yields EDTA photodegradation products, such as ethylene-
iaminetriacetic acid (ED3A), ethylenediaminediacetic acids
EDDA-N,N′ and EDDA-N,N), ethylenediaminemonoacetic
cid (EDMA), imidoacetic acid (IMDA) and glycine. Similar
ecomposition products were identified for the Fe(III)–DTPA
omplex (DTPA: diethylenetriaminepentaacetic acid) [38].

The rate of the Fe(III)–EDTA photoreduction was analysed
s a function of radiation wavelength, pH, presence of oxygen
nd temperature. The quantum yields appeared to be suscepti-
le to various parameters, such as irradiation wavelength, light
ntensity and substrate concentration [11,30,35]. The molecular
xygen was claimed to increase the φ value but the effect could
ot be interpreted unambiguously [11].

The effect of pH was studied a few times and in most papers
he enhanced photolysis efficiency at low pH was reported
7,12], whereas more recent results showed that φ values mea-
ured at 405, 366 and 313 nm were independent of pH over the
ange 4 ≤ pH ≤ 9 [11].

More extensive investigations of the Fe(III)–EDTA photo-
hemistry were performed by Natarajan and Endicott [30] and
ari et al. [11], unfortunately their experimental conditions
ere completely different: the former study was carried out

n relatively concentrated deoxygenated solutions, whereas the
atter—in extremely diluted solutions in the presence of an O2
xcess. The results cannot be therefore comparable.
en, respectively, over at least 30 min. All measurements were
erformed at 293 and 303 ± 0.1 K.

.2. Instrumentation and procedures

UV–vis spectra were recorded in thermostated 1 cm quartz
ells using a Shimadzu UVPC 2100 or a Hewlett-Packard HP
453 spectrophotometer. PH values were measured using a CX-
41 Elmetron pH-meter with a glass electrode.

Irradiations were carried out using a low-pressure mercury
amp as source of 254 nm radiation and a high-pressure mercury
BO-200 lamp equipped with interference 365 or 313 nm fil-

er. Differential quantum yields φ = d[c]/dt
n

(where d[c]/dt is the
ate of the Fe(III)–EDTA concentration change and n is amount
f einsteins absorbed per unit time) were determined using a
risoxalatoferrate(III) actinometer [40].

Pulse photolysis in the millisecond time scale was performed
sing a LKS 60 Spectrometer (Applied Photophysics) equipped
ith Nd-YAG laser pump source Surelite I-10 (Continuum),
perating in fourth harmonic (266 nm, max 75 mJ pulses, 6 ns
WHM). Data were recorded on a digital storage oscilloscope
P 54522A with 0.5 ns time resolution and transferred to a com-
uter for subsequent handling.

Factor analysis of the irradiated solution spectra was per-
ormed using Target 96M software (MATLAB version) [39].
his method is based on algorithm of decomposition of the
xperimental spectroscopic information recorded as matrix into
he concentration and molar absorbance matrices, which corre-
pond to the Beer–Lambert’s law as follow:

(p × q) = C(p × n) × E(n × q),
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where A is the experimental matrix, C the concentration matrix
and E is the matrix of molar absorption coefficients. Their sizes
are indicated in the parentheses where n, p and q are a numbers
of absorbing species, samples and wavelengths, respectively.
Input matrix A was built from 12 experimental spectra obtained
in individual experiments.

3. Results and discussion

The study is focused on the photochemical behaviour of two
main forms of the Fe(III)–EDTA species, which prevail in the
nature, i.e. aqua [FeIIIEDTA(H2O)]− (investigated at pH 4) and
hydroxo [FeIIIEDTA(OH)]2− (at pH 9). The substrate concen-
trations (1–15 × 10−5 M) were kept low enough to avoid the
oxo-bridged dimer formation in the thermal reaction (Eq. (2)),
but high enough to enable noticeable consumption of the second
substrate molecule upon excitation (cf. Eq. (3)).

The electronic spectra of the complexes are characterized
by an intense LMCT bands at λmax = 258 nm (εmax =
8530 M−1 cm−1) and λmax = 248 nm (εmax = 8170 M−1 cm−1)
for [FeIIIEDTA(H2O)]− and [FeIIIEDTA(OH)]2− forms, respec-
tively, which are in agreement with the values reported earlier
[8,11,19,28,41]. Irradiation within the absorption bands leads
to decrease in absorption characteristic of the parent Fe(III)
complex, consistent with its anticipated reduction to Fe(II)
[

(

[

[

i

[

[

and by reactive decay of the transient radical species, which was
recorded within milliseconds upon excitation by a 266-nm laser
pulse. The results show that the most important factor determin-
ing the post-irradiation pathway is the presence of molecular
oxygen; pH and substrate concentration are of minor signifi-
cance.

In the absence of oxygen, a post-irradiation consumption of
the parent complex is the first effect detected within millisec-
onds. The effect is illustrated in Fig. 1a showing the absorption
changes recorded in deoxygenated solutions at pH 4. The reac-
tion rate depends on the Fe(III)–EDTA concentration (Fig. 1b),
consistent with the rapid thermal reduction of the substrate
by the primary photolysis product (Eq. (3)) suggested earlier
[30].

At longer delay times (within minutes), a partial regeneration
of the substrate is observed (Fig. 2), proceeding with a moderate
rate, which initial value (kobs ≈ 1 × 10−3 s−1) is nearly indepen-
dent of pH (within 4–9) and temperature (within 292–302 K).
This behaviour leads to considerably different reaction yields
when substrate concentrations are measured immediately after
switching the light off and after some time (Fig. 3). In conse-
quence, the quantum yield values (φ), measured in deoxygenated
solutions depend apparently on the measurement time. This is
shown in Table 1, where φ0 (extrapolated to the time of switch-
ing the light off), is ∼4–5 times higher than φ∞ (measured after
∼2 h, i.e. time long enough to cease almost all post-irradiation
p
p
u

s
s
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F M so
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(

30,35,37].
The reduction initiated by the photoinduced electron transfer

PET):

FeIIIEDTA(H2O)]
− hν(LMCT)−−−−−−→[FeIIEDTA•(H2O)]

−
(4a)

FeIIIEDTA(OH)]
2− hν(LMCT)−−−−−−→[FeIIEDTA•(OH)]

2−
(4b)

s followed by the back electron transfer:

FeIIEDTA•(H2O)]− → [FeIIIEDTA(H2O)]− (5a)

FeIIEDTA•(OH)]2− → [FeIIIEDTA(OH)]2− (5b)

ig. 1. (a) Time resolved spectra (Aτ − A0) recorded in deoxygenated 5 × 10−5

he delay times are shown on the drawing; (b) kinetic traces at 250 nm recorded
3) [FeEDTA(H2O)]− solutions.
rocesses). The considerable difference between φ0 and φ∞ is
resumably the source of discrepancy in the quantum yield val-
es reported earlier [11,37].

The post-irradiation effects imply a conclusion that the tran-
ient radical species produced by PET (4a,b) reacts fast with the
ubstrate generating a relatively stable intermediate, presumably
dimeric species, e.g.

[FeIIEDTA•+(H2O)]− + [FeIIIEDTA(H2O)]−

→ [(H2O)(EDTA•+)FeII(�-OHx)FeIIIEDTA]x − 4 (6)

lution of [FeEDTA(H2O)]− at pH 4 upon excitation by a 266-nm laser pulse;
in milliseconds upon flashing of 5 × 10−5 (1), 1 × 10−4 (2) and 1.4 × 10−4 M
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Fig. 2. Post-irradiation regeneration of the Fe(III)–EDTA parent complex after exposure of its deoxygenated 1 × 10−4 M solution to continuous 254 nm irradiation
for 1, 2, 4, 6 and 10 min at pH 4 (a) and pH 9 (b) (measured at 302 K).

(x = 0, 1 or 2). The back electron transfer reproduces the parent
Fe(III) complex:

[(H2O)(EDTA•+)FeII(µ-OHx)FeIIIEDTA]x − 4

→ 2[FeIIIEDTA(H2O)]− (7)

whereas the second innersphere electron transfer from the
EDTA•+ moiety to the Fe(III) centre results in formation of
Fe(II) complexes and EDTA oxidation products:

[(H2O)(EDTA•+)FeII(µ-OHx)FeIIIEDTA]x − 4

→ [FeIIEDTA]2− + FeII·aq + ED3A3− + CO2 + HCHO

(8)

Oxygenation of the photolysed solution leads to rapid regen-
eration of the parent FeIIIEDTA complex, which is in accordance
with the EDTA effect on acceleration of the iron(II) autoxida-
tion reported earlier [42–48]. However, because of the partial

EDTA degradation, the regeneration of the parent complex is
not complete.

The two-step mechanism of the Fe(III)–EDTA photoreduc-
tion (Eqs. (6) and (8)), and especially formation of the inter-
mediate dimer, are justified by some additional arguments.
(i) The photoinduced innersphere electron transfer from the
EDTA ligand leads to formation of a vacant coordination site
in the [FeII(EDTA•+)(H2O)]− or [FeII(EDTA•+)(OH)]2− tran-
sient species, enabling coordination of the parent complex by
means of its H2O or OH− ligand. (ii) As in the thermal dimer-
ization [32–34,41], the photoinduced dimerization is favoured
by the alkaline medium, i.e. the post-irradiation substrate con-
sumption at pH 4 ceases at ∼100 ms (kobs ∼ 20 s−1), whereas
at pH 9 the process is finished within ∼5 ms. Proton removal
from the bridging O-atom is presumably the reason of such
behaviour and more probable intermediate is the �-OH or even
�-O-dimer. (iii) The intermediate formation is accompanied by
an increase in absorption at 250 < λ < 500 nm (with bands at

F me of
i ares)
s he sca
d TA(H
ig. 3. Fe(III)–EDTA decay in function of irradiation time extrapolated to the ti
.e. upon ceasing all post-irradiation thermal reactions (τth ≈ ∞, marked as squ
olutions (full lines) and in oxygenated solutions (dotted lines, error bars show t
enote measurements at 292 K and filled symbols at 302 K; (a) applies to [FeED
switching the light off (τth ≈ 0, marked as circles) and recorded 100 min later,
; 1 × 10−4 M Fe(III)–EDTA was irradiated by a 254-nm line in deoxygenated
tter of results at different measurement times); empty symbols and dotted lines

2O)]− at pH 4, whereas (b) to [FeEDTA(OH)]2− at pH 9.
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Table 1
Effect of irradiation wavelength, pH and O2 concentration on quantum yields of the Fe(III)–EDTA photoreduction (initial concentration 1 × 10−4 M, temperature
292 K)

Irradiation wavelength (nm) pH Oxygen concentration

Deoxygenated Oxygenated Ambient air

254 4 φ0 = 0.33 ± 0.05a, φ∞ = 0.09±0.01b ∼0.4c 0.11 ± 0.01 0.12 ± 0.01
9 φ0 = 0.27 ± 0.025a, φ∞ = 0.05 ± 0.006b 0.04 ± 0.02 0.05 ± 0.01

313 4 φ0 = 0.09 ± 0.010a ∼0.2c 0.05 ± 0.006 0.05 ± 0.007
0.082e

9 φ0 = 0.06 ± 0.007a 0.01 ± 0.002 0.01 ± 0.002

350 9 0.065d – – –

365 4 φ0 = 0.06 ± 0.005a ∼0.08c 0.02 ± 0.002 0.03 ± 0.002
0.034e

9 φ0 = 0.04 ± 0.003a 0.01 ± 0.001 0.01 ± 0.001

405 4 ∼0.01c –
0.018e

9 – –

a Extrapolated to the time of switching the light off.
b Measured 100 min upon switching the light off.
c Value for 2 × 10−3 M solution (estimated from Fig. 2 in Ref. [30]).
d Value for 0.3–4 × 10−2 M solution from Ref. [35].
e Value for <10−6 M solution from Ref. [11].

∼270 and 410 nm), which is relatively invariable within mil-
liseconds (cf. Fig. 1a) and decays in minutes. The absorption
can be assigned to the metal-to-metal charge transfer transition,
resembling to some extent the [EDTAFe(�-O)FeEDTA]4− spec-
trum [18,19,34].

In the presence of molecular oxygen, the post-irradiation
behaviour is radically different from that observed in the O2
absence. This is illustrated in Fig. 4, where the absorption
changes recorded within 20 ms upon laser pulse excitation of
Fe(III)–EDTA in oxygenated solutions are compared with those
observed for deoxygenated solutions at pH 4 (a) and 9 (b). In the
presence of O2, from the shortest observation time an increase
in absorption is recorded which is independent of pH and is
complete upon ∼20 ms (kobs = 1.4 × 102 s−1).

The increase in absorption near 250 nm (shown in Fig. 4)
could suggest fast regeneration of the initial Fe(III)EDTA com-
plex [42–48]. Time resolved spectra of the oxidation product

obtained in flash photolysis (Fig. 5) are, however, different from
the initial spectrum: instead of maximum at 258 nm, the spec-
tra are characterized by a discrete absorption band at ∼300 nm
and an increase in absorption at λ > 270 nm. Spectrum of the
oxidation product generated in continuous photolysis was iso-
lated from the photolyte spectra on two ways: by subtraction
of the photolyte spectra recorded under exactly the same condi-
tions except presence of oxygen (Aox − Adeox, Fig. 6a), and by
resolving the photolyte spectra to their components by means of
the factor analysis [39] (Fig. 6b).

The results showed that in the presence of O2 the
same product is generated by flash and continuous photol-
ysis, irrespective of pH and substrate concentration, which
is characterised by an intense absorption with maximum
about 280–300 nm and λ > 250 nm. The oxidation product
was assigned to the [FeIIIED3A] complex, which produc-
tion in aerated Fe(III)–EDTA systems was documented earlier

F ve 2)
a

ig. 4. Kinetic traces at 250 nm in deoxygenated (curve 1) and oxygenated (cur
t pH 9 (b), recorded upon excitation by a 266-nm laser pulse.
5 × 10−5 M solutions of [FeEDTA(H2O)]− at pH 4 (a) and [FeEDTA(OH)]2−
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Fig. 5. Time resolved spectra (Aτ − Ai, i = 1 ms, τ = 3, 6, 9, 12, 16, 32, 96 ms) recorded in oxygenated 5 × 10−5 M solutions of [FeEDTA(H2O)]− at pH 4 (a) and
[FeEDTA(OH)]2− at pH 9 (b) upon excitation by a 266-nm laser pulse.

[7,9,12,30,37]. Its immediate formation can follow either a
stepwise or concerted two-electron oxidation of the dangling
CH2COO• radical moiety and the Fe(II) centre in the dimer inter-
mediate. The results of this paper support the second possibility.

[(H2O)(EDTA•+)FeII(�-OHx)FeIIIEDTA]
x−4

O2−→[FeIIIED3A] + [FeIIIEDTA]
− + CO2 + HCHO + H2O

(9)

The [FeIIIED3A] product is thermally stable, resistant to
oxygenation but undergoes photodecomposition, leading upon
prolonged irradiation to EDTA depletion and the aqua/hydroxo
Fe(III) complex formation. Thus, the secondary thermal pro-
cesses following the photoreduction regenerate fast the Fe(III)

species, making the process of the EDTA degradation the pho-
tocatalytic one.

Quantum yields of the Fe(III) photoreduction (Table 1)
depends on the irradiation wavelength: the yield is the higher the
more energetic radiation within 254–365 nm, which is consistent
with the tendency reported by previous authors [11,30,35]. The
final product nature is insensitive to the irradiation wavelength,
as the same final spectra are obtained upon the Fe(III)–EDTA
exposure to 266 nm laser pulse or to continuous 254, 313,
365 nm irradiation or polychromatic simulated solar radiation
(λirr > 290 nm).

Opposite to the previous report [11], the results of this paper
demonstrate repeatable effect of the solution pH on the φ values,
which in all cases are lower at higher pH values. The behaviour
may has its origin in the back electron transfer within the dimer

F ted 1
( ; and
m d oxi
l ate (1
ig. 6. (a) The differential spectra (Aox − Adeox) of oxygenated and deoxygena
254 nm) under exactly the same conditions (tirr values are shown in the figure)
eans of factor analysis: spectra of the [FeEDTA(H2O)]− substrate (curve 1) an

ines 1′ and 2′, respectively); insert to (b) shows concentration profiles of substr
× 10−4 M solutions of [FeEDTA(H2O)]− at pH 4 upon continuous irradiation
(b) results of resolving of the photolyte spectra obtained in the O2 presence by
dation product (curve 2) compared with those measured experimentally (dotted
) and product (2) during continuous irradiation.
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Scheme 1. Mechanistic pathways of the secondary thermal reactions proceeding in deoxygenated (i) and oxygenated (ii) solutions of [FeEDTA(H2O)]− in a
consequence of the LMCT excitation. (Mechanism of the reactions in the case of the [Fe(OH)EDTA]2− complex is supposed to be analogous.)

intermediate leading initially to formation of the [EDTAFe(�-
O)FeEDTA]4− dimer (Eq. (10)), which stability is increased at
higher pH values.

[(H2O)(EDTA•+)FeII(�-O)FeIIIEDTA]4−

→ [EDTAFe(�-O)FeEDTA]4− (10)

Initial concentration of Fe(III)–EDTA should be of importance
to the relative rates of the secondary thermal processes (Eqs.
(6)–(10)), what seems to find some response in the literature
results cited in Table 1.

The most crucial effect on the quantum yields is exerted,
however, by molecular oxygen: in deoxygenated solutions the
highest φ values are those extrapolated to the time of switch-
ing the light off, whereas after time long enough to cease the
post-irradiation effect, the measured φ values drop to the values
4–5 times lower. Opposite, in the presence of molecular oxy-
gen quantum yields measured at t > 20 ms, are constant within
the measurement time and they are roughly similar to the φ∞
values. These results justify the previous erroneous conclusion
that oxygen has no real influence on the photoreduction process
[11]. Nevertheless, from the mechanistic point of view the role
of molecular oxygen is decisive both for the nature of the final
products and for the EDTA photodegradation efficiency.

4

F
s
t

from the same dimer intermediate, [(H2O)(EDTA•+)FeII(�-
OHx)FeIIIEDTA]x − 4, but differ the post-irradiation electron
transfer from the EDTA•3− moiety: (i) in deoxygenated media
the innersphere electron transfer to the Fe(III) centre yields
Fe(II) species and EDTA oxidation products (Eq. (8)), whereas
(ii) in aerated or oxygenated media the outersphere two-electron
transfer to O2 results in fast oxidation of the dangling CH2COO•
group to CO2 and HCHO, with the concerted regeneration of the
Fe(III) in form of [FeIIIED3A] and the parent complex (Eq. (9)).
The decay of the intermediate dimer in the intermolecular reac-
tion with molecular oxygen is about 5 orders of magnitude faster
than its intramolecular decomposition, what is consistent with
the radical character of the reaction (Eq. (9)).

Moreover, the pathways differ substantially in the mecha-
nism of the EDTA oxidation by Fe(III), which is stoichiometric
only under deoxygenated conditions and consistent with the pre-
vious results [30,35] yields Fe(II) and CO2, in the 2:1 ratio. In
aerated or oxygenated media, however, EDTA is oxidized by O2
in the photocatalytic process and its oxidation is accompanied
by simultaneous Fe(III) regeneration. The results of this paper
lead thus to conclusion that the EDTA oxidation in the presence
of molecular oxygen is much more efficient.

Although the φ values decrease with the decrease of the radi-
ation energy, they are high enough to enable the Fe(III)–EDTA
photoreduction by the sunlight. As a consequence, the EDTA
p
c
t
e
t
r

. Conclusions

The study of fast post-irradiation processes of the
e(III)–EDTA complexes in their excited LMCT states demon-
trates that there are two main reaction pathways leading
o EDTA oxidation (Scheme 1). The pathways originate
hotodegradation can be the visible-light-driven process pro-
eeding in the sunlit natural waters. Under aerated conditions,
he Fe(III) species undergo very fast regeneration (Eq. (9)), what
mphasizes the important role of the Fe(III)–EDTA system in
he photocatalytic degradation of EDTA proceeding in the envi-
onment.
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[20] J.M. López-Alcalá, M.C. Puerta-Vizcaı́no, F. González-Vı́lchez, Acta
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13] P. Cieśla, A. Karocki, Z. Stasicka, J. Photochem. Photobiol. A 162
(2004) 537–544.

14] J.L. Hoard, M. Lind, J.V. Silverton, J. Am. Chem. Soc. 83 (1961)
2770–2771.

15] J.L. Hoard, C.H.L. Kennart, G.S. Smith, Inorg. Chem. 2 (1963)
1316–1317.

16] M.D. Lind, M.J. Hamor, T.A. Hamor, J.L. Hoard, Inorg. Chem. 3 (1964)
34–43.

17] L.H. Hall, J.L. Lambert, J. Am. Chem. Soc. 90 (1968) 2036–2041.
18] M. Dellert-Ritter, R. van Eldik, J. Chem. Soc. Dalton Trans. (1992)

1037–1044.
19] A. Brausen, R. van Eldik, Inorg. Chem. 43 (2004) 5351–5359.
40] J.G. Calvert, J.M. Pitts Jr., Photochemistry, Wiley, New York, 1966, pp.
795–814.

41] H. Schugar, A.T. Hubbard, F.C. Anson, H.B. Gray, J. Am. Chem. Soc.
90 (1969) 71–77.
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