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Perfluorooctane sulfonate (PFOS) had wide applications, such as in the electroplating
industry, but its use was restricted in 2009 by the Stockholm Convention, due to its
environmental persistence and potential hazards. As the most common PFOS alternative,
1H,1H,2H,2H-perfluorooctane sulfonic acid (6:2FTS) and its salts have been increasingly
used. However, little is known about its photochemical decomposition. This paper reports
the ferric ion-induced efficient decomposition and defluorination of 6:2FTS under 254 nm
ultraviolet (UV) irradiation; the underlying mechanisms were also investigated. In the
presence of 100 μmol/L ferric ion and at pH 3.0, the first-order decomposition rate constant
of 6:2FTS (10 mg/L) was 1.59/hr, which was 6 times higher than for direct UV photolysis.
The effects of the ferric ion concentration and the solution pH on the 6:2FTS
photodecomposition were investigated and the optimal reaction conditions were
determined. In addition to fluoride and sulfate ions, shorter-chain PFCAs (C2–C7) were
detected as major intermediates. The addition of hydrogen peroxide or oxalic acid
accelerated the decomposition of 6:2FTS under UV irradiation, but not its defluorination,
indicating that hydroxyl radicals can directly react with 6:2FTS but not with the
shorter-chain PFCAs. Accordingly, a mechanism for 6:2FTS photochemical decomposition
in the presence of ferric ion was proposed, which comprises two reaction pathways. First,
hydroxyl radicals can directly attack 6:2FTS, leading to C\C bond cleavage. Alternatively,
6:2FTS coordinates with ferric ion to form Fe(III)-6:2FTS complexes, which can undergo
ligand-to-metal charge transfer under UV irradiation, causing C\S bond cleavage.
© 2016 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
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Introduction

Perfluorinated compounds (PFCs) are a class of synthetic
chemicals with a suite of unique properties such as
amphiphobicity and high chemical, biological and thermal
stability. Because of these properties, PFCs are widely used in
commercial and industrial applications as lubricants, surface
protective agents and surfactants. (Giesy and Kannan, 2002;
ua.edu.cn (Pengyi Zhang)

o-Environmental Science
Paul et al., 2009; Lindstrom et al., 2011). Perfluorooctane
sulfonate (PFOS), one of the main PFCs, has been found to be
globally distributed (Rayne and Forest, 2009; Olsen et al., 2004;
Yamashita et al., 2005; Giesy and Kannan, 2001), persistent
and bioaccumulative (Kelly et al., 2009; Zhang et al., 2010).
Furthermore, its toxicity and likely carcinogenic effects on
human and wildlife have been reported (Thibodeaux et al.,
2003; Halldorsson et al., 2008). In May 2009, PFOS and its
.
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salts were added to Annex B of the Stockholm Convention,
calling for worldwide restrictions on their production and use.
Since then, alternatives to PFOS have attracted much atten-
tion, and themost common chemical used as an alternative is
1H,1H,2H,2H-perfluorooctane sulfonate (6:2FTS), which has,
in recent years, been increasingly used in electroplating and
the production of firefighting foams (Poulsen et al., 2011; Yang
et al., 2014).

Although it has lower bioaccumulation factors and
toxicity than PFOS, 6:2FTS can still pose potential environ-
mental risks. Thus, it is imperative to study the environ-
mental behaviors of 6:2FTS, such as its degradability, which
can reflect its pollution status in the environment and
potential for remediation. Wang et al. (2011) found that
6:2FTS is resistant to biodegradation and is relatively
persistent in the environment. On the other hand, Yang et
al. (2014) found that 6:2FTS can be effectively degraded by
advanced oxidation processes, producing shorter-chain
perfluorocarboxylic acids (PFCAs) as intermediates. Howev-
er, these reaction intermediates are difficult to further
decompose, with low defluorination rates, mainly because
hydroxyl radicals can hardly decompose PFCAs (Vecitis et al.,
2009).

Iron is an earth-abundant transition element, and ferric
ions (Fe3+) can coordinate with a wide range of natural or
anthropogenic organic compounds. The environmental
photochemistry of these complexes is of crucial impor-
tance for pollution abatement because it may induce
photodecomposition of persistent pollutants due to
ligand-to-metal charge transfer (LMCT) (Ciesla et al.,
2004; Sima and Makanova, 1997; Wang et al., 2008). For
example, Hori et al. (2007) found that shorter-chain PFCAs
were effectively photolyzed in the presence of Fe3+. In this
study, we reported for the first time the Fe(III)-induced efficient
decomposition and defluorination of 6:2FTS under UV irradia-
tion, and investigated the mechanism for the photochemical
decomposition.
1. Materials and methods

1.1. Chemicals and reagents

1H,1H,2H,2H-perfluorooctane sulfonic acid (C6F13CH2CH2SO3H,
6:2FTS, 98%) was purchased from Matrix Scientific (Columbia,
SC, USA). Iron chloride hexahydrate (FeCl3·6H2O, >99%),
hydrogen peroxide (H2O2, 30%) and oxalic acid (H2C2O4,
Analytical grade) were obtained from Zhongguancun Chemical
Co. (Beijing, China). Perfluoroheptanoic acid (C6F13COOH,
PFHpA, 96%), perfluorohexanoic acid (C5F11COOH, PFHxA, 97%),
perfluoropentanoic acid (C4F9COOH, PFPeA, 97%), perfluoro-
butanoic acid (C3F7COOH, PFBA, 99%), perfluoropropionic acid
(C2F5COOH, PFPA, 97%) and trifluoroacetic acid (CF3COOH,
TFA, 99%) were purchased from Aldrich Chemical Co. (New
Jersey, USA). Oxygen (O2) gas (ultra-high purity, >99.999%)
for the reactions was supplied by Beijing Qianxi Jingcheng
Gas Company (Beijing, China). All aqueous solutions were
prepared with ultrapure water (18.2 MΩ) produced by a
Thermo Barnstead Nanopure Diamond water purification
system.
1.2. Procedures for photochemical experiment

The photochemical decomposition of 6:2FTS was investigated
by using a tubular glass reactor. A low-pressure mercury
lamp (23 W, Cnlight Co. Ltd., China) with maximum emission at
254 nm (hereafter referred to as UV) was placed in the center of
the reactor in a quartz envelope. The O2 gas was continuously
bubbled into the reactor through a porous glass plate at the
bottom, with a flow rate of 50 mL/min, and the reaction
temperature was kept at 25°Cwith a cooling water jacket around
the reactor.

In a typical experiment, 400 mL of 6:2FTS (10 mg/L,
23.4 μmol/L) aqueous solution was poured into the reactor,
with an initial Fe3+ concentration of 100 μmol/L and a pH
value of 3.0. After purging the solution with O2 for 30 min,
the UV lamp was turned on, and the reaction was started
(i.e. time = 0 hr) in O2 atmosphere. Aliquots of samples were
taken at regular time intervals, filtered through 0.22 μm
membranes, and stored at 4°C prior to analysis. Experiments
were also performed using the above method but with
varying initial Fe3+ concentrations (20–100 μmol/L) or at
different pH values (pH 2.5–3.6), to test the effects of Fe(III)
concentration and pH on the performance of 6:2FTS decompo-
sition. The pH of the solutions was adjusted using perchloric
acid (HClO4).

1.3. Analyses

The concentrations of 6:2FTS and its intermediates were
quantified by an ultra performance liquid chromatography–
tandem mass spectrometry system (UPLC-MS/MS, Quattro
Premier XE, Waters Corp., USA) equipped with an Acquity
UPLC BEH C18 column (2.1 mm i.d. × 50 mm, 1.7 μm particles).
The column temperature was set at 50°C. Gradient elution (flow
rate: 0.3 mL/min) was used, with a mobile phase of eluent A
(2 mmol/L ammonium acetate in 100% methanol) and B
(2 mmol/L ammonium acetate in 100% water). Ionization of
the analyte was achieved by electrospray in the negative-ion
mode, and quantification was performed using multiple
reaction monitoring. Aqueous standard solutions were pre-
pared to construct external calibration curves for 6:2FTS in the
range of 20–800 μg/L and the shorter-chain PFCAs in the range
of 1–200 μg/L. The detection limits were below 1 μg/L.

The concentrations of fluoride (F−) and sulfate (SO4
2−) ions

were measured with an ion chromatograph (Dionex ICS-2000,
USA) consisting of a degasser, an autosampler (250 μL injection
volume), a guard column (IonPac AG11-HC, 4 × 50 mm), a
separation column (IonPac AS11-HC, 4 × 250 mm), a column
heater (30°C), and a conductivity detector with a suppressor.
Themobile phasewas an aqueous solution of KOH (30 mmol/L),
and the flow rate was 1.0 mL/min.

The electron spin resonance (ESR) spectra of the reaction
solutionsweremeasured at 77 K on an ESR spectrometer (A300,
Bruker, Germany) equipped with a coaxial quartz Dewar under
UV irradiation of a mercury lamp (500 W). Aliquots of the
sample solutions were introduced into quartz tubes, frozen in
liquid nitrogen (77 K), and subjected to measurement. Spec-
trometer parameterswere as follows: center field 2500 G, sweep
width 3000 G, microwave frequency 9.445 GHz, power 10 mW,
and modulation frequency 100 kHz.



Fig. 1 – UV decomposition of 6:2FTS (C0 = 10 mg/L) in the
absence or presence of 100 μmol/L Fe3+, and the formation of
F− and SO4

2− ions during the UV + Fe3+ treatment.

Fig. 3 – Effects of Fe3+ concentration on the (a) decomposition
and (b) defluorination of 6:2FTS. Solution pH = 3.0.
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2. Results and discussion

2.1. Photochemical decomposition of 6:2FTS by UV in the
presence of Fe(III)

The photochemical decomposition of 6:2FTS by UV irradiation
was greatly enhanced by the presence of ferric ions. As shown
in Fig. 1, approximately 55% of the 6:2FTS was decomposed
after 3 hr under irradiation of 254 nm UV light. After
100 μmol/L ferric ions were added into the reaction solution
at pH 3.0, the decomposition of 6:2FTS was greatly accelerat-
ed, with over 95% of the 6:2FTS decomposed after 2 hr. The
decomposition of 6:2FTS under UV irradiation followed
first-order kinetics (Fig. 2), with rate constants (k) of 0.27 and
1.59 hr-1 and corresponding half-lives of 156 and 26 min,
respectively, in the absence and presence of 100 μmol/L Fe3+.

Moreover, in the presence of Fe3+, increasing concentra-
tions of F− and SO4

2− ions were detected by ion chromatogra-
phy, as 6:2FTS decomposition proceeded (Fig. 1). After 3 hr
of reaction, the F− concentration increased to 2.80 mg/L,
corresponding to a defluorination ratio of 48.4%, while the
SO4

2− concentration increased to 2.18 mg/L, suggesting 97%
sulfur transformation. The above results demonstrate that UV
irradiation in the presence of Fe3+ is an effective method for
decomposing 6:2FTS.
Fig. 2 – First-order kinetics of 6:2FTS decomposition under
UV irradiation in the absence or presence of 100 μmol/L Fe3+.
2.2. Effects of Fe3+ concentration and pH

The effects of Fe3+ concentration ranging from 20 to
100 μmol/L on the decomposition and defluorination of
6:2FTS were investigated. As shown in Fig. 3, the decompo-
sition of 6:2FTS and the defluorination ratio increased with
increasing initial Fe3+ concentration. The decomposition
reaction still followed pseudo-first-order kinetics, and the
rate constants are summarized in Table 1. At an initial Fe3+

concentration of 20 μmol/L, the decomposition rate constant
k was 1.03 hr-1 with a defluorination ratio of 25.4% within the
reaction time of 3 hr; when the ferric ion concentration
increased to 50 and 100 μmol/L, the rate constant increased
to 1.15 and 1.59 hr-1, respectively. Correspondingly, the
defluorination ratiomeasured after 3 hr of reaction increased
to 44.5% and 48.5%.
Table 1 – First-order rate constants (k) of 6:2FTS
decomposition and defluorination ratios in the presence
of Fe3+ at different concentrations.

Fe3+ (μmol/L) k (hr−1) R2 ⁎ Defluorination ratio ⁎⁎ (%)

20 1.03 0.978 39.4
50 1.15 0.992 44.5
100 1.59 0.989 48.5

⁎ Pearson correlation coefficient of first-order kinetics fitting;
⁎⁎ Defluorination ratios measured after 3 hr of reaction.



Fig. 4 – Effects of pH on the (a) decomposition and (b)
defluorination of 6:2FTS, in the presence of 100 μmol/L Fe3+.

Fig. 6 – Time-dependent change of 6:2FTS decomposition
intermediate concentrations.
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The speciation of Fe(III) depends on the pH of the aqueous
solution, and different Fe(III)-complexes have different pho-
tochemical properties. As a result, pH can affect the coordi-
nation of Fe(III) with organic compounds. Thus, we examined
the effects of pH on the photochemical decomposition and
defluorination of 6:2FTS in the presence of 100 μmol/L Fe3+

(Fig. 4). A solution containing 10 mg/L 6:2FTS and 100 μmol/L
FeCl3 had a pH of 3.6, and HClO4 was used to adjust the pH to
3.0 and 2.5. When pH was decreased from 3.6 to 3.0, the
decomposition ratio increased from 84.3% to 96.2%, while the
defluorination ratio increased from 33.4% to 40.6%. However,
Fig. 5 – Total ion chromatogram (TIC) of 6:2FTS decomposition
intermediates, as measured by UPLC-MS/MS.
when the pH further decreased to 2.5, the decomposition ratio
and defluorination ratio did not further increase, but instead
slightly decreased. Therefore, pH 3.0 was more favorable for
enhancing 6:2FTS removal in our study.

2.3. Mechanism for 6:2FTS decomposition

2.3.1. Intermediates of 6:2FTS decomposition
The observed discrepancy between decomposition ratio and
defluorination ratio leads to the hypothesis that, in addition
to F− ion, some fluorine-containing intermediates were
formed during the photochemical decomposition of 6:2FTS.
Thus, the aqueous solution of 6:2FTS after 3 hr of photochem-
ical decomposition in the presence of ferric ion was analyzed
by UPLC-MS/MS. According to the total ion chromatogram
(TIC) (Fig. 5), six stable intermediates were detected, with m/z
of 363, 313, 263, 213, 163, and 113 respectively. These m/z
values as well as the corresponding retention times (RT)
were exactly consistent with those of standard solutions
of shorter-chain PFCAs (C7–C2): PFHpA (C6F13COOH), PFHxA
(C5F11COOH), PFPeA (C4F9COOH), PFBA (C3F7COOH), PFPrA
(C2F5COOH) and TFA (CF3COOH). As the photochemical
reaction proceeded, the concentrations of the shorter-chain
PFCAs changed over time (Fig. 6). Initially, concentrations of
PFHpA and PFHxA increased at higher rates, reached maxima
after 2 hr of reaction, and slightly decreased afterwards. The
concentrations of other shorter-chain PFCAs kept increasing
over the 3 hr reaction period, and their respective concentra-
tions were lower for PFCAs with shorter chains. The results
indicate that, in the presence of UV irradiation and Fe(III),
6:2FTS was first transformed into PFHpA, and subsequently
underwent further decomposition in a stepwisematter, losing
a CF2 unit in each step, until complete mineralization was
attained. It is noteworthy that the concentration of PFHpA
was typically lower than that of PFHxA, which is usually
assumed to be its parent. This means PFHxA should not only
come from the degradation of PFHpA but also be generated
directly from 6:2FTS.

The mass balance of fluorine in the aqueous phase was
calculated, and the results are summarized in Table 2. The
total amount of F in the aqueous phase consists of three parts,
i.e. unreacted 6:2FTS, shorter-chain PFCAs and F−. Throughout



Table 2 –Mass balance of fluorine in aqueous phase
during 6:2FTS decomposition.

Reaction
time (hr)

F from different parts (%) Total F in the
aqueous phase

(%)Remaining
6:2FTS

PFCAs Fluoride
ion

0 100 0 0 100
1 29.2 44.2 22.7 96.1
2 4.5 52.2 40.6 97.3
3 0 52.5 48.4 100.9

PFCAs: perfluorocarboxylic acids.
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the reaction, the recovery of fluorine was 96.1%–100.9%,
indicating that the F content was balanced.

2.3.2. Role of hydroxyl radicals
In acidic solutions, FeOH2+ is the predominant hydrolysis
product of Fe(III), which can be photolyzed under UV
irradiation to form hydroxyl radicals (HOU). Thus, to investi-
gate the role that hydroxyl radicals may play in 6:2FTS
decomposition, we added hydrogen peroxide (10 mmol/L
H2O2) to a 6:2FTS solution in the absence of Fe(III), since
254-nm UV irradiation of H2O2 solution is known to generate
abundant hydroxyl radicals (Santos et al., 2009; Li et al., 2001;
Wu et al., 2007). As shown in Fig. 7a, the addition of H2O2

promoted the decomposition of 6:2FTS under UV irradiation,
with a first-order rate constant of 1.95 hr-1, suggesting that
hydroxyl radicals play an important role in 6:2FTS
Fig. 7 – Effects of hydrogen peroxide (H2O2) and oxalic acid
(H2C2O4) on the (a) decomposition and (b) defluorination of
6:2FTS.
decomposition. Due to its strong oxidizing power, hydroxyl
radical can abstract hydrogen atoms in 6:2FTS, resulting in
dehydrogenation and decomposition. However, the
defluorination ratio was only 23.8% after 3 hr of reaction (Fig.
7b), which was much lower than that in the UV/Fe(III) system
(i.e. 48.5%). These results indicate that hydroxyl radicals
induced dehydrogenation and C\C bond cleavage in 6:2FTS,
leading to the formation of shorter-chain PFCAs, but could not
further react with the shorter-chain PFCAs to achieve complete
defluorination. Therefore, hydroxyl radicals can reduce the
6:2FTS concentration but cannot completely decompose it.

On the other hand, oxalic acid can accelerate Fe(III)-induced
photochemical reactions (Zhou et al., 2004; Li et al., 2007; Dong
et al., 2007), because oxalate can chelate Fe3+ to form complexes
that are photoactive in the UV region and generate abundant
hydroxyl radicals under UV irradiation. As shown in Fig. 7a,
the addition of 200 μmol/L oxalic acid greatly improved the
decomposition rate of 6:2FTS, with a rate constant 1.87 times
that in the condition without oxalic acid (Table 3). However,
the defluorination ratio was not greatly increased (Fig. 7b),
confirming that hydroxyl radicals cannot completely decom-
pose the intermediates.

2.3.3. UV–Vis spectroscopy analysis
Fig. 8 shows the ultraviolet-visible light (UV–Vis) spectra of
6:2FTS, FeCl3 and their mixture in aqueous solution. As can be
seen, 6:2FTS has weak absorption from the deep UV-region to
220 nm and no appreciable absorption from 220 to 600 nm. The
aqueous solution of FeCl3 (100 μmol/L) has very strong absorp-
tion from the deep UV region to 400 nm. The mixture of FeCl3
(100 μmol/L) and 6:2FTS (20 μmol/L) has a UV–Vis spectrum
similar to that of the FeCl3 solution, but the absorbance is
significantly weaker than the latter, suggesting interactions
between 6:2FTS and FeCl3 which decrease the UV absorbance.
Fe3+ tends to easily form complexes with organic acids, which
undergo LMCTunderUV irradiation to generate organic radicals
and Fe2+, resulting in the decomposition of organic compounds.
Specifically, Fe3+ can coordinate with the sulfonate group in
PFOS, leading to its decomposition (Jin et al., 2014). Herein, we
observed similar coordination between Fe3+ and the sulfonate
group of 6:2FTS.

2.3.4. ESR analysis
The ESR spectra of the aqueous solution of FeCl3 and the
reaction solution containing 6:2FTS and FeCl3 with or without
UV irradiation were measured at 77 K, and the results are
shown in Fig. 9. The ESR spectrum of the FeCl3 solution showed
Table 3 – First-order rate constants (k) of 6:2FTS
decomposition and defluorination ratios under different
conditions.

Reaction
condition

k (hr−1) R2 ⁎ Defluorination
ratio ⁎⁎ (%)

UV 0.30 0.986 17.8
UV/Fe3+ 1.59 0.989 48.5
UV/H2O2 1.95 0.999 23.8
UV/Fe3+/H2C2O4 2.97 0.998 49.3

⁎ Pearson correlation coefficient of first-order kinetics fitting;
⁎⁎ Defluorination ratios measured after 3 hr of reaction.



Fig. 8 – UV–Vis spectra of 6:2FTS, FeCl3 and their mixture in
aqueous solution.
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a resonance signal at g = 4.2, which can be ascribed to the
high-spin electronic state of Fe3+ (Szulbinski, 2000). The ESR
spectrum of the aqueous solution containing 6:2FTS and FeCl3
without UV irradiation was similar to that of FeCl3 solution,
indicating that the resonance signal of the Fe3+–aqua complex
was similar to that of the Fe3+–6:2FTS complex. However, under
UV irradiation, the ESR spectrum changed, with a new peak
appearing at g = 2.0. This observation suggests that a dramatic
change in the electronic state of the Fe3+ in 6:2FTS solution
occurred during UV irradiation. The resonance signal at g = 2.0
is ascribable to a low spin ferric complex (Szulbinski, 2000;
Vasyukov et al., 2000). These results mentioned above not only
show that Fe3+ ion can coordinate with 6:2FTS, but also suggest
that the Fe3+ can react with 6:2FTS under UV irradiation.

2.3.5. Photochemical decomposition mechanism
Based on the above results, a mechanism for the photodecom-
position of 6:2FTS in the presence of ferric ion is proposed,
Fig. 9 – Electron spin resonance (ESR) spectra of the aqueous
solution of FeCl3 and the reaction solution containing 6:2FTS
and FeCl3 with or without UV irradiation.
which comprises two reaction pathways (Scheme 1). First,
FeOH2+, the predominant Fe(III) species at acidic pH (2–4), can
generate hydroxyl radicals under UV irradiation (Eqs. (1) and (2))
(Park and Choi, 2003). Hydroxyl radicals first attack the α-C and
β-C (i.e. the CH2 parts) of 6:2FTS, leading to hydrogen abstraction
(Yang et al., 2014) and the formation of C6F13C2H3OHSO3

−. The
unstable C6F13C2H3OHSO3

− can be easily transformed into C6F13U
or C6F13COOH via C\C bond cleavage. The C6F13U radical reacts
with OHU to form C6F13OH, which is unstable in aqueous solu-
tion and transforms into C5F11COOH (Eqs. (3) and (4)) (Vecitis
et al., 2009). Meanwhile, C6F13U can react with O2 (Eqs. (5)–(7))
(Hori et al., 2005) to form C5F11U, following the removal of a
CF2 unit. This process (Eqs. (5)–(7)) is repeated until complete
defluorination and mineralization are attained.

In the second pathway, Fe3+ directly coordinates with
6:2FTS, and the Fe3+–6:2FTS complex is excited by UV
irradiation and photolyzed to Fe2+ and 6:2FTS radical via
LMCT (Eqs. (8)–(9)). The extremely unstable 6:2FTS radical
easily transforms into C6F13CH2CH2U radical via C\S bond
cleavage (Eq. (10)), and further transforms into C6F13COOH
through reactions with OHU. The resulting shorter-chain PFCA,
C6F13COOH, can coordinate with Fe3+ and form C6F13U under
UV irradiation via decarboxylation (Eqs. (11)–(12)) (Wang et al.,
2008). The C6F13U radical repeats the reactions described in
Eqs. (3)–(7) to form C5F11COOH or C5F11U, which are eventually
mineralized.

Fe3þ þ OH− → FeOH2þ ð1Þ

FeOH2þ þ hv→ Fe2þ þ OHU ð2Þ

CF3ðCF2Þ4CF2OH→ CF3ðCF2Þ4COF þ HF ð3Þ

CF3ðCF2Þ4COF þ H2O→ CF3ðCF2Þ4COO− þ F− þ Hþ ð4Þ

CF3ðCF2Þ4CF2U þ O2 → CF3ðCF2Þ4CF2OOU ð5Þ
Scheme 1 – Proposed mechanism for the photochemical
decomposition of 6:2FTS in the presence of ferric ion.
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2CF3ðCF2Þ4CF2OOU→ 2CF3ðCF2Þ4CF2OU þ O2 ð6Þ

CF3ðCF2Þ4CF2OU→ CF3ðCF2Þ3CF2U þ COF2 ð7Þ

C6F13CH2CH2SO−
3 þ Fe3þ → ½C6F13CH2CH2SO−

3…Fe3þ� ð8Þ

½C6F13CH2CH2SO−
3…Fe3þ� þ hv→ C6F13CH2CH2SO3U þ Fe2þ

ð9Þ

C6F13CH2CH2SO3U→ C6F13CH2CH2U þ SO3 ð10Þ

C6F13COO− þ Fe3þ → ½C6F13COO−…Fe3þ� ð11Þ

½C6F13COO−…Fe3þ� þ hv→ Fe2þ þ C6F13U þ CO2 ð12Þ

3. Conclusions

6:2FTS, as an alternative to PFOS, can be effectively decomposed
under UV irradiation in the presence of ferric ion. The decompo-
sition follows first-order kinetics, with the rate constants of 1.59/hr
with 100 μmol/L ferric ion. The intermediates/products generated
from the degradation of 6:2FTS are mainly shorter-chain PFCAs
(n = 7 to 2), sulfate (SO4

2−) and fluoride (F−). High yields of SO4
2−

demonstrate nearly complete desulfonation. A mechanism for
6:2FTS photochemical decomposition in the presence of ferric ion
wasproposed,which comprises two reactionpathways. In the first
pathway, hydroxyl radicals attack the α-C and β-C of 6:2FTS,
leading to hydrogen abstraction and C\C bond cleavage. Alterna-
tively, the sulfonate group in 6:2FTS coordinates with ferric ion to
form a Fe3+–6:2FTS complex, which can undergo LMCT under
UV irradiation, causing C\S bond cleavage. The resultant
perfluoroalkyl radicals can react with O2 and hydroxyl radicals to
decompose and defluorinate stepwise, while the shorter-chain
PFCAs coordinate with ferric ion and are further decomposed
under UV irradiation until complete mineralization occurs. This
method works efficiently under mild conditions, which is prom-
ising for the treatment of discharged wastewater and the
remediation of contaminated environmental water containing
6:2FTS and its salts.
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