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Abstract

In this paper, the efficiency of Fe(l11)-S(1V) system used for advanced oxidation processes (AOPS)
has been investigated using aniline as a pollutant model compound in water. The chemical kinetics,
influencing factors, and mechanism of aniline oxidation are examined with an emphasis on the
contribution of the different oxysulfur radicals (mainly SO, and SOs™). Our results show a
significant enhancement in the efficiency of aniline oxidation observed at pH 4.0 with 1.0 mM S(IV)
and 0.1 mM Fe(l1l) concentrations. Moreover, the degradation efficiency drastically decreases to 10%
in the absence of oxygen indicating the significant role of oxygen in this type of process. Through
competition Kinetic experiments and radical scavenger experiments, it is shown that SOs~ is
responsible for about 60% of the aniline oxidation in the Fe(l11)-S(IV) system under the typical
conditions investigated in this work. For the first time we have determined the second order rate
constant between SOs* and aniline (5.8 + 0.6 x 10° M*s™ (at pH 3.0) and SO," and aniline 7.7 +
0.5 x 10° M* s (at pH 3.0)). Sequential experiments with successive additions of sulfite

drastically improve the oxidation efficiency. These findings may provide a precise understanding of
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the overall mechanism and may have promising implications in developing a new cost-effective
technology for the treatment of organic compounds-containing water. Furthermore, the results of
this work help to understand the relevance and mechanism of organic contaminants oxidation by
SOs™~, which has not been given much attention in conventional SR-AOPs using

peroxymonosulfate.

Keywords: Aniline, oxidation, sulfite ions, oxysulfur radicals, AOPs.

1. Introduction

Sulfate radical (SR, SO,") based advanced oxidation processes (AOPs), namely SR-AOPs, have
currently drawn a lot of attention in the field of oxidative decontamination of polluted waters and
soils [1-5]. Persulfate (PS, S,05%") and peroxymonosulfate (PMS, HSOs ) have been used as SO,
precursors in previously reported investigations [6-14] using homogeneous or heterogeneous
catalysts containing transition metals such as Fe(Il) and Co(ll) [15, 16]. Recently, bisulfite (HSO3 )
has been used to replace PS or PMS in various new transition-metal-catalyzed SR-AOPs systems
used for oxidation of several contaminants, such as azo dyes [17-19], phenols, aromatic amines, and
arsenite [20-22]. The mechanism of radical chain reactions involving oxysulfur radicals (mainly
sulfite radicals (SOs;™), PMS radicals (SOs~ and SO,") during S(IV) autoxidation has been
investigated. Generally, SOs™ is formed from the reaction of SO;™ with molecular oxygen leading
to the formation SO, through further reaction with another SOs™~. However, the involvement of
SOs™ during the oxidation of contaminants has not been completely demonstrated. Neta and Huie
reported one-electron redox reactions between SOs™ and aromatic amines, hydroquinone and other
hydroxyphenols [23]. The authors suggested that SOs~ and not SOz is responsible for the
observed degradation of aniline in solution. On the basis of the oxidation potential, SOs™ can be

used to achieve the degradation of organic compounds. Moreover, SOs"~ can accelerate the



Fe(lI)/Fe(I1) cycle, even if the mechanisms remain unclear. In the absence of oxygen, nearly no
oxidation of organic contaminants is observed, which excludes the role played by SO3;™ [20, 21].
Evidence for the Fe(l11)/Fe(ll) cycle in the presence of a saturated oxygen solution was provided by
Brandt et al. [24]. The authors suggested that SOs™ could be the main oxidant during Fe(ll)
oxidation into Fe(lll). Since the formation of SOs™ is the main oxygen-consuming step during the
overall redox process in the Fe(lll)-S(IV) system, the role of oxygen during the regeneration of
Fe(lll) from Fe(ll) has still not been elucidated as well as the enhancement in contaminant
oxidation through the activation of iron by S(IV).

In this work, the mechanism of aniline (AN; used as model contaminant) oxidation was investigated
in the Fe(ll1)-S(IV) system with an emphasis on the dual role of oxygen. The changes in the
concentrations of Fe(lll) and sulfite and the initial pH value of the reaction solution were
investigated. The second-order rate constants between AN and SO,  /SOs™ were also measured and
the contribution made by SO, and SOs~ evaluated. On the basis of the above results and the
experiments performed in this work, the role of oxygen as the oxidant to degrade AN directly and
accelerating the cycle between Fe(ll1) and Fe(ll) were analyzed accurately. Furthermore, sequential
experiments were also conducted to degrade a high concentration of AN, which provides a facile
route for the decontamination of industrial water containing a high concentration of organic
compounds. The results of this work will help to understand the relevance and mechanism of
organic contaminants oxidation by SOs™, which has not been given much attention in conventional

SR-AOPs using PMS.

2. Materials and methods

2.1. Chemicals
Ferrous sulfate (FeSO,4-7H,0, analytical reagent grade), ferric sulfate (Fe,(SOg)s), AN,

benzotriazole (BTA), N,N-dimethylaniline (DMA), tert-butyl alcohol (TBA), ethanol (EtOH),
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isopropanol, diphenylamine (DPA), 1,10-phenantroline, NaOH, and H,SO,4 were purchased from
Sinopharm Chemical Reagent Co., Ltd. Sodium sulfite (Na,SO3) was purchased from Shanghai
Zhanyun Chemical Co., Ltd and its stock solution was prepared just prior to experiments. PMS
(2KHSOs. KHSO,4. K3SO4) and PS (K3S,0g) purchased from Sigma-Aldrich served as the
compounds providing the strong oxidant, PMS ion (HSOs ). Acetonitrile and methanol were HPLC
grade and purchased from Fisher Corporation. Na,CO3 and NaHCO3 were used to determine the
concentration of Na,SO3;. Ammonium acetate used to prepare the buffer solution for the Fe(ll)
titration was purchased from Sinopharm Chemical Reagent Co., Ltd. All chemicals were used
without any further purification. Ultrapure water with an 18.2 MQ cm resistivity used in this work

was obtained through a water purification system (Liyuan Electric Instrument Co., Beijing, China).

2.2. Experimental setup

Experiments were conducted in a 250 mL open cylindrical reactor held at a constant temperature of
25 °C using circulating thermostatically controlled water through the outer water-jacket of the
reaction vessel. Appropriate amounts of the compounds were mixed in the solution and the pH was
adjusted upon adding of concentrated NaOH or H,SO4 solution using a pHS-3C pH meter (Hinotek,
Ningbo, China). The solutions were continuously stirred with a polytetrafluoroethylene-coated
magnetic stirrer and each run was started upon the careful addition of the desired volume of the
Fe(lll) or Fe(ll) stock solution. Samples were withdrawn at fixed interval times and analyzed
immediately to determine the remaining concentration of AN, S(IV) and Fe(ll) in the solution to
avoid further reaction. If necessary, predetermined amounts of radical scavengers were added to the
solution before AN. In order to investigate the effect of oxygen on the AN degradation, N, (99.99%)
or pure O (99.99%) were bubbled for 30 min before and throughout the experiment at a constant
flow rate of 1 L min*. A dissolved oxygen meter (8403, AZ Instrument Co. Ltd.) was used to

determine the concentration of oxygen in the solution.
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2.3. Analytical methods

The disappearance of AN was monitored using high-performance liquid chromatography on a
Shimadzu LC-10A system (Kyoto, Japan) equipped with a UV-vis detector (SPD-10AV; Shimadzu)
set at 230 nm, a LC-10AT liquid pump, a SIL-10A auto-injector and a ODS-C18 column (25 cm x
4.6 mm, 5Sum; Shimadzu, Kyoto, Japan). The eluent was a mixture of acetonitrile/water (v/v, 55/45)
at a flow rate of 1.0 mL min™. The injection volume was 20 uL and the retention time for AN was
4.7 min under these experimental conditions. The concentration of Fe(ll) was determined using a
colorimetric complexant (1,10-phenanthroline) coupled with spectrophotometric detection at 510
nm using a Shimadzu spectrophotometer UV-1601 [25]. The sulfite concentration was determined
by ion chromatography (ICS-90, Dionex, China) using 1 mM NaHCO3; and 8 mM Na,CO; as the
eluent and dilute H,SO, as the regenerator. The sample loop size was 50 pL and the eluent flow rate

was 1.0 mL min™.

3. Results and discussion

3.1. AN degradation in Fe(111)/S(IV) system

The AN concentration was monitored in the presence of 0.1 mM of Fe(lll) and 1 mM of S(1V)

(corresponding to the various ionic forms) at pH 4.0. No significant degradation was determined

when Fe(111) and S(IV) were present separately in the solution, while in the presence of both species,

AN undergoes significant degradation, revealing its validity in AN degradation. In the first 30 min,

about 65% of AN was degraded and a slow degradation rate can be observed up to 80 min (Figure
1). The initial pseudo-first order degradation rate can be estimated to be 1.32 +0.08 x 10" min™.

3.1.1 Effect of pH

Modifying the pH from 3 to 7 strongly affects the removal of AN using 0.1 mM of Fe(lll) and 1

mM of S(IV), as shown in Figure 2. At pH 7.0, the AN removal was < 10% after 80 min, while
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decreasing the pH the degradation efficiency increased, reaching 70% when the initial pH of the
solution was 4.0. This effect can be attributed to the stability of the Fe(ll1)-S(IVV) complex as
previously reported in different studies [14, 26]. Although it is rather difficult to summarize the
overall influence of pH on the Fe(lll)-S(IV) induced oxidation (a change in pH can affect the
standard reduction potential of the oxidants, the speciation of S(IV) (pKa H,SO3/HSO3; = 1.8) and
stability of Fe(lll)), it is interesting to note that at pH 4.0 only HSO3 was present in the solution.
Under these conditions the formation of a larger amount of the FeSOs" complex is expected and is
certainly the main raison for the observed higher reactivity. This important result is in agreement
with the previously reported studies on cobalt reactivity [27].
3.1.2 The effects of Fe(111)/S(IV) dosage

In order to investigate the effect of the iron and sulfite concentration on the degradation
process, the sulfite concentration was varied from 0.6 mM to 1.2 mM using a 0.1 mM of Fe(l1l) in
solution at pH 4.0. Upon increasing the S(IV) concentration from 1 to 1.2 mM, the AN degradation
was strongly inhibited with the initial pseudo-first order degradation rate decreased to 8.16 + 0.4 x
10 min™ and the degradation observed after 80 min was ~42%. Increasing the S(IV) concentration
inhibits the oxidation of AN through the scavenging reaction between S(IV) and the generated
radicals, SO, or SOs". Moreover, upon decreasing the S(IV) concentration to 0.6 mM, no
significant change in the disappearance of AN was observed at the end of reaction at 80 mins, while
a slight increase in the initial reaction rate was observed (Figure 3A). This might due to a co-effect
of sulfite dosage and pH change during catalyzing reaction. As discussed in previous work, higher
dosage of sulfite lead to a higher generation of H+, while as discussed above, pH lower than 4
would lead to a decrease in AN degradation rate. Nevertheless, low sulfite dosage could not ensure
the following reaction (no continuous decrease in AN concentration showed after 5 mins’ reaction).
Therefore, 1.0 mM of sulfite was used in the following experiments.

A similar trend was observed keeping the S(IV) concentration constant at 1 mM and varying



the Fe(l11) concentration from 0.05 to 0.2 mM (Figure 3B). Increasing the Fe(lll) concentration may
enhance the generation of SO;™~ via intermolecular electron transfer, however, at a high
concentration of Fe(l1l) the formation of colloidal Fe(OH); particles, which are responsible for the
inhibition of AN degradation, may occur even at pH 4 [21]. Considering these factors, we deemed
0.1/1.0 (mM/mM) as the optimum Fe(I11)/S(IVV) molar ratio in this system.

3.2. Mechanisms study

Though the mechanisms of Fe(l11)/S(1V) on pollutants oxidation has been reported, its role on
aniline oxidation are still unclear, especially the contribution of the different oxysulfur radicals
(mainly SO, and SOs™) and the role of dissolved oxygen on Fe(l11)/S(IV) system. These unsolved
questions were hence investigated, by determining the reactivity constants between AN and

oxysulfur free radicals, and studying the effect of oxygen on each parameters.

3.2.1 Determination of the reactivity constants with SO,  and SO;~
Prior to the determination of the contribution of oxysulfur radicals by quenching experiments, the

second-order rate constants between AN and SO, (k ) or SOs™ (k _) were determined

AN,SO; AN,SOg
using chemical competition kinetic experiments with radical scavengers, as listed in Table 1. The
bimolecular reactivity constant with SO,~ was determined using a conventional Fe(l1)-PS system in
which SO, and OH’ were generated at an initial pH of 3. This pH was selected to avoid the natural
oxidation of Fe(Il) into Fe(ll) with dissolved oxygen. Isopropanol (2-PrOH) was used to scavenge
HO™ [39] while BTA was employed as a chemical competitor for the reaction with SO, (R1 and

R2).

AN +S0O;” — products, (R1)

AN,SO;”

BTA+ SO, — products, k =35x10°M s (R2)

BTA,SO;~
Considering the first-order decay of chemical species and applying the competition kinetic

method, the relationship between the decay of the two species is given by Eq. 1:



K so
|n{[AN]°]= - xln([BTA]Oj (Eq. 1)
[AN] ) Kyasor — \[BTAL

Where [AN]o and [BTA]o, and [AN]; and [BTA]; are initial concentrations and concentrations at

time t of AN and BTA, respectively. The slope of the linear fit of the experimental data of

In (M] VS In[mj gives the ratio of two second order rate constants ——>%_ _|n Figure
[BTA], [AN], BTA,SO;"

4 the linear fit gives a slope of 2.20 +0.13, which corresponds to k, .. =7.7 0.5 x 10° M's™,

For the determination of the second order rate constant between AN and SOs~ (k, .. ), DMA

AN,SOZ™
was selected to be the competition reagent for AN to react with SOs ™ in the Fe(l11)-S(IV) system.

EtOH, which has a negligible reactivity with SOs™~ (< 1 x 10° M™ s7') was used to selectively

scavenge any other radicals, such as HO and SO4™ (K_.,, .- = 1.9 x 10° M™* sand k__. . =

7.7 x 10" M s, A concentration of 0.5 M of EtOH was used in the solution during the

experiments. The same approach was adopted for sulfate radical used in this system and Kk, .
]

was found t0 5.8 +0.6 x 10 Mt s,

3.2.2 Roles of SO, and SO5™

Although the formation of SO, and SOs  in this system is demonstrated, their relative
contributions to the oxidation of AN are still needed to be investigated. Under the adopted
experimental conditions, hydroxyl radicals cannot be generated in the system in a sufficient
concentration for the oxidation of organic contaminants mainly due to the high concentration of
S(IV) and acidic environment [24, 28]. The fact that no significant inhibition of AN degradation

was observed using different TBA concentrations (Figure. S1) suggests that HO™ are not generated

in the reaction system. The initial degradation rate of AN (R,‘iN) was calculated under a specific

concentration of the scavenger, when the concentration of TBA was 100 times higher than that of
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AN, the corresponding contribution of HO™ was < 3% (Table 2), which validate this hypothesis.
Then, to dissociate the contribution of SO, and SOs ", the different scavengers were added into the
reaction system. Scavenging SO;~ by EtOH even at a very high concentration (0.5 M) can be

neglected due to the very high reactivity between SO3;~ and dissolved oxygen (kO sor = 1.5 x 10°

M™ s [29]). However, EtOH can be used to differentiate between SO, and SOs™ due to the large

difference (> 10*-fold) between the Kk and k values [34-36].

EtOH,SO;~ EtOH,SO5™
In order to set the appropriate EtOH concentration to scavenge SO4~ only without interfering with
the SOs™ reactivity with AN, experiments using different concentrations of EtOH (in the range of 5
to 500 x 10%[AN]) were performed (Figure 5A). As expected, the AN degradation presents a slight
decrease upon increasing the EtOH concentration, due to the scavenging effect of EtOH on the
SOs™ reactivity at a high EtOH/AN ratio. In the absence and presence of the inhibitor (EtOH), we
can assume that the initial SO, radical yield is the same in both solutions and the standard

competition Kinetic equations (Eq. 2-3) can be used to estimate the inhibition efficiency (p) of

EtOH on AN oxidation. In these equations, k'EIOH:0 and k'EtOH represent the pseudo-first-order
rate constants of AN reacting with SO, in the absence and presence of various concentrations of

EtOH, respectively.

Kewon-o 1= kSOZ’,EtOH y [EtOH],

: (Eq.2)
kEtOH kso{ AN [AN ]O
which, after rearrangement gives:
il(IIEtOH — 1 (Eq. 3)
Keion-o  Ksor eon | [EtOH],
kso;’ ,AN [AN ]0

The inhibition efficiency of [EtOH] (p) on AN oxidation by SO, can be determined as:

(%) =1— =01 100 (Eq. 4)

EtOH =0



1

Ksop eion  [EtOH],
k [AN],

S0;, AN

p(%) =1~

(Eq. 5)

+1

K .
%100 witha= —2-F" =77x107/7.7 x 10° =0.01.

SO;”,AN

Equation 5 can be plotted as y=1- 1
ax+1

In Figure 5B, the inhibition efficiency is reported as a function of [EtOH]o/[AN], and the inhibition
efficiency can reach ~98%, which reasonably shows that the complete inhibition of SO, was
achieved. However, the model fit overestimates the inhibition efficiency. This effect was attributed
to the fact that the presence of SOs™~ was not considered in the equations.

DPA and EtOH were also used in order to discriminate between the contribution of SO, and SOs ™
to the degradation of AN in the Fe(l11)-S(1V) system. In the presence of 50 uM of DPA, which is
able to quantitatively trap both SO, and SOs™ [28], almost no degradation of AN was observed in
solution, as reported in Figure. 6, indicating that SO, and SOs~ are the most important reactive
species generated in the solution. Using 50 mM of EtOH, which is able to scavenge SO, and not
significantly SOs™, the AN degradation was inhibited by ~50%. The contribution of these two
radicals was then determined and, as shown in Table 2, the inhibition efficiency attributed to SO,

was only 35.9 +1.0% and it is possible to determine the contribution from SOs™ to the degradation

of AN was ~60%.

3.2.3 Effect of dissolved oxygen

To shed light onto the effect of oxygen on the oxidation of AN, different experiments were
performed at different oxygen concentrations in the solution upon continuous bubbling pure O, air
and N, throughout the whole experiment. As depicted in Figure S2, when the experiments were
conducted in the presence of air or pure O, ([O-] > 20 mg L™ in the solution) bubbling, a plateau

corresponding to 70% AN degradation was found after 20-30 min. However, the efficiency
10



decreases to 10% in the nitrogen purged solutions. This result implies that oxygen plays an
important role in the transformation of AN in the Fe(ll1)-S(IV) system. On the other hand, there
were no remarkable differences among the degradation effects between bubbling of pure O, or air
after 80 min of reaction, which illustrates that air purging supply enough dissolved oxygen during
the whole reaction.

Experiments were also conducted to investigate the consumption of S(IV); the generation of Fe(ll);
the oxygen concentration and pH variation during the whole reaction under oxic (pure O, and air
bubbling) or anoxic conditions (N, bubbling). Referring to the consumption of S(IV), the sulfite
ions are oxidized to S(VI) very quickly especially in an oxygen saturated solution (Figure 7A) due
to the formation of SO3™ (equilibria 1 and 2 in Table S1). Oxic conditions accelerated the formation
of FeSOs" by the cyclic of iron species [14, 30]. Figure 7B showed the formation of Fe(Il) during
the oxidation of AN. Obvious generation of Fe(ll) was observed in the absence of oxygen (rapidly
increase up to 36.6 uM after 5 min), while its generated amount was much less in the aerated and
O, saturated solutions, that only a slight formation of Fe(ll) was observed after the first 2 min
followed by its disappearance due to its fast oxidation into Fe(lll). Figure. 7C confirmed the oxygen
consumption during the reaction (decreased sharply in the first 10 min before reaching a stable
concentration of 8 mg L™ by re-oxygenation), which might due to the combined contribution of
Fe(ll) oxidation and SOs~ generation (Table S1). The pH change also showed differences at
different atmosphere conditions (Figure 7D). As have been discussed in previous work, H* is
mainly generated through the reaction of SO, and HSO3™ (reaction 9-10 in Table S1). In saturated
oxygen solutions, the larger decrease in pH indicated the acceleration of the oxysulfur radical cycle
and the subsequent enhancement in the Fe(ll1)-S(IV) cycle. Overall, offering excessive oxygen
favors of the cyclic of Fe(lll)/Fe(ll) and the generation of SOs™ by SO3;™ oxidation, which both
contributed to the AN degradation. In the meantime, higher generated amount of oxysulfur free

radicals also accelerate the acidification of solution during reaction.
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3.3. Investigation of the catalytic cycle

Sequential experiments were conducted with a fixed concentration of Fe(lll) (0.1 mmol.L™) and
multiple additions of SO5> at pH 4.0 in order to check the effect of SOs* on catalytic degradation of
a highly concentrated solution of AN. In this experiment, the concentration of AN was 100 uM and
1.0 mM S(1V) was added to the solution at the beginning and then 1.0 mM S(IV) was added to the
reaction mixture every 20 min, The results are displayed in Figure 8 and indicate that multiple
additions of sulfite can nearly completely degrade the AN after 140 min of reaction (> 90%
degradation efficiency). However, it is important to mention that the high concentration of S(1V) did
not improve the degradation of AN. In fact, when 7 mM S(IV) was added to the solution in one
portion, the reaction was strongly inhibited. An increase in the S(IVV) dosage was not always able to
enhance the oxidation of the organic contaminants. On the contrary, an excessively high S(IV)
concentration retards the subsequent reaction, as observed in Figure 3A and in the literature [17, 31].
This result is in agreement with the previously reported studies on high [M(n)]J/[S(IV)] and low
[S(IIM)]J/[O,] ratios (M(n): heavy-metal ion) [32, 33]. Otherwise, the system tends to be less
oxidative due to the competition between target pollutants and oxysulfur free radicals and the
anoxic conditions. As the source for generating oxysulfur radicals, an appropriate concentration of

S(IV) can increase the oxidation reaction.

4. Conclusions

This work shows that high efficiency in AN decontamination can be achieved in the Fe(ll1)-S(1V)
system under specific conditions. Consequently, oxysulfur radicals including SO, and SOs™ are
the dominant oxidants, which are mainly responsible for the degradation of AN. Furthermore, SOs™
also played a relatively important role in the oxidation of AN. Its contribution is considerable

(~60%) when compared to all the radical species involved in the oxidation process. In addition, the
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rate constants kuy so- and kay so- Were estimated to be 7.7 + 0.5 x 10° M™s™ and 5.8 + 0.6 x 10°

M™ s, respectively. The experiments conducted with different levels of oxygen in the solution
showed that dissolved oxygen plays a significant role in generating the radicals involved in the
oxidation process. This work, not only provides a feasible candidate for use in the efficient
oxidation of aromatic amines, but also highlights the novel concept that the role of SOs™ cannot be

neglected in future studies.
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Table 1. A summary of the second-order rate constants k of the reactions of the chemical scavengers

with the oxysulfur radicals.

Reaction Rate constant, k (M™ s Reference
EtOH + SO,~ 7.7 x 10 [34, 35]
EtOH + SO5™ <2x10° [36]
EtOH + SOs™ <1x10° [36]
EtOH + HO' 1.9 x 10° [37]
Benzotriazole + SO, 3.5 x 10° [38]
(CeHs),NH + SO5™ <1.0 x 10’ (pH 3-7) [39]
(CeHs)2NH + SOs™ 5 x 10 (pH 3) [39]
CeHsNH, + SO5™ <1.0 x 10° (pH 13) [39]
~3 x 10° (pH 13) [39]
CeHsNH, + SO5™~
5.8 +0.6 x 10° this work
CeHsNH, + SO,™ 7.7 £0.5 x 10° this work
tert-Butyl alcohol + HO' 7.6 x 10° [17]
tert-Butyl alcohol + SO, 9.1 x 10° [17]
2-PrOH+ HO' 1.6 x 10° [39]
2-PrOH+ SO,~ 4.7 x 10° [39]
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Table 2. The initial degradation rate of AN (Rf\N) in the Fe(I11)-S(IV) system in the presence of

various radical scavengers.

Parameter No scavenger [TBA]o/[AN]o =100 [EtOH]/[AN]o= 5000 [DPA]W/[AN]o = 100

RZN (UM min™) 0.513 £ 0.015 0.500 *+ 0.025 0.316 + 0.005 0.008 * 0.004
Contribution of radicals (1-Rpp/R)x100=98.4 X0.8%

Contribution of HO® (1 =R7ga/R) x100=2.5 149 %

Contribution of SO, (1 -Rgon/R) x100-2.5% =359 £1.0%

Contribution of SOs 98.4% — 38.4% = 60.0%
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Figures Captions

Fig. 1: Degradation of AN (10 uM) in the presence of sulfites (1 mM) and Fe(l11) (0.1 mM) at pH =

4.0 in aerated solution.

Fig. 2: Degradation of AN (10 pM) using Fe(lll) (0.1 mM) and S(IV) (1 mM) at different pH

values in aerated solution.

Fig. 3: Degradation of AN (10 uM) using different Fe(l11)/S(IV) ratios at pH = 4.0 in aerated

solution; A) [Fe(Il)]o = 0.1 mM, B) [S(IV)]o = 1.0 mM.

Fig. 4: Linear fit of In([AN]O/[AN]t) vs In([BTA]O/[BTA]t) in the Fe(11)-S;0¢” system conducted in
the dark at pH 3.0. The dashed lines denote the 95% confidence of the linear fit. The initial
concentrations are: [AN]o = [BTA] = 10 uM, [Isopropanol] = 2.0 mM, [Fe(Il)]o = 0.5 mM and

[KzSzOg] =5.0 mM.

Fig. 5: (A) Degradation of AN with time using different [EtOH]o/[AN]o ratios. (B) Inhibition
efficiency (p) as a function of the [EtOH]o/[AN], ratio. Conditions: [AN]o = 10 uM, [Fe(Ill)]o = 0.1

mM, [S(IV)]o = 1.0 mM and pH =4.0.

Fig. 6. AN degradation in the Fe(I11)-S(IV) system in the absence (no scavengers) and presence of
different radical scavengers. Conditions: [AN]o = 10 uM, [Fe(Ill)]o= 0.1 mM, [S(IV)]o = 1.0 mM
and pH = 4.0.

Fig. 7: Variation in S(1V) (A), Fe(ll) (B), [O,] (C) and pH (D) during the oxidation of AN in the
Fe(l11)-S(IV) system. Conditions: [AN]o = 10 uM, [Fe(Ill)]o= 0.1 mM, [S(IV)]o = 1.0 mM and pH

=4.0.
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Fig. 8: Degradation of AN (100 uM) during in the Fe(I11)-S(IV) upon the sequential addition of
S(IV) every 20 min under oxygen and air bubbling at pH 4.0. Conditions: [Fe(lll)]Jo= 0.1 mM and

[S(IV)]o = 1.0 mM.
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Fig. 5
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