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Figure S1. Effect of phosphate buffer on the degradation of phenol by PMS-I~ oxidation.
Conditions: [phenol] = 10 uM, [PMS] = 65 puM, [NaH2PO4] = 1 mM, [Na2SO4] = 10 mM, and [I7]
=50 uM.

Figure S2. Degradation of pollutants by PMS alone. Conditions: [PMS] = 65 uM, [phenol] = [2,4-
dichlorophenol] = [bisphenol A] = [chloramphenicol] = [atrazine] = [nitrobenzene] = [methylene
blue] = [hydroquinone] =10 uM, [Na2SO4] = 10 mM, and initial solution pH = 6.0.

Figure S3. Concentrations of phenol and atrazine versus reaction time in PMS-1~ oxidation.
Conditions: [PMS] = 65 uM, [I"] =50 uM, [phenol] = [atrazine] = 25 uM, [Na2SO4] = 10 mM,

and initial solution pH = 6.0.

Figure S4. Plot of -In(C/Co) versus reaction time (min) during phenol (a), bisphenol A (b), and
2,4-dichlorophenol (c) degradation in PMS-1~ oxidation. Conditions: [PMS] = 65 puM, [I"] =50 uM,
[phenol] = [bisphenol A] = [2,4-dichlorophenol] = 10 uM, [Na2S04] = 10 mM, and initial solution
pH = 6.0. Duplicate experiments were carried out and the slope represents the pseudo-first-order

constant.

Figure S5. Effect of methanol on the degradation of phenol by PMS-Co?* oxidation. Conditions:
[PMS] = 65 uM, [Co(NOs)2] = 65 uM, [phenol] = 25 uM, and initial solution pH = 6.0.

Figure S6. Effect of sodium azide on the degradation of phenol by PMS-1~ oxidation. Conditions:
[PMS] = 65 uM, [I"] = 50 uM, [phenol] = 10 uM, [sodium azide] = 10 uM, [Na2SO4] = 10 mM,
and initial solution pH = 6.0.
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Figure S7. Effect of NH4" on the degradation of phenol by PMS-1- oxidation. Conditions: [PMS]
=65 UM, [I"] =50 pM, [phenol] = 25 uM, [Na2SO4] = 10 mM, and initial solution pH 6.0.

Figure S8. Degradation of phenols by PMS-I~ oxidation when a significant excess of I~ was present.
Conditions: [PMS] = 65 pM, [I"] = 10 mM, [phenol] = [2,4-diclorophenol] = 10 pM, [Na2SO4] =
10 mM, and initial solution pH = 6.0.

Figure S9. (a) Effect of resorcinol on the color of PMS-1~ oxidation and (b) the reactors in (a) after
adding starch; the yellow color indicates the formation of I3 and the obvious color variation after
adding starch indicates the presence of I5. Conditions: [PMS] = 100 puM, [I"] = 500 puM, [starch]
=1g L™ reaction time = 10 min, [Na2S0O4] = 10 mM, and initial solution pH = 6.0.

Figure S10. Profile of major iodinated intermediates produced during phenol degradation by PMS-
I- oxidation and their percent yield. Conditions: [PMS] = 65 uM, [I"] = 50 uM, [phenol] = 10 puM,
[Na2SO4] = 10 mM, and initial solution pH = 6.0.

Figure S11. Phenol degradation in PMS solution in the presence of both Br~ and I". Conditions:
[PMS] =65 uM, [Br]=3.65 uM, [I7] = 0.5 uM, [phenol] = 25 uM, [Na2S04] = 10 mM, and initial
solution pH 6.0; the doses of Br~and I~ were based on their maximum weight ratios in the supplied
sodium chloride (0.001% I~ and 0.01% Br~) under the condition of 50 mM CI-.

Figure S12. Effect of HCO3 on atrazine degradation in PMS-1~ oxidation. Conditions: [PMS] =
65 UM, [I"] = 50 uM, [atrazine] = 10 uM, [Na2SO4] = 10 mM, and reaction time = 10 min. The

solution pH value was adjusted to 6.0 after adding HCO3 .

S3



Text S1. Effect of background ionic strength.

On the basis of the Debye—Huckel theory,* the interaction between mononegative PMS (HSO5Z)
and halide ions was expected to be influenced by ionic strength. In this study, a moderate
background ionic strength was used (10 mM Naz2SO4) throughout the degradation experiments.
This value was high enough to isolate the variation of ionic strength that probably occurred during
the solution pH adjustment. Usually NaClO4 was used to provide ionic strength. However, due to

the concern of KCIO4 (K™ from Oxone) precipitation, Na2SO4 was used instead.

Text S2. Analysis of the selected pollutants.

Pollutants including bisphenol A, nitrobenzene, atrazine, chloramphenicol, phenol, hydroquinone,
and 2,4-dichlorophenol were analyzed with an UPLC-PDA system. A mixture containing ultrapure
water and Optima LC-MS grade methanol was used as the mobile phase. The ratio of methanol,
flow rate, retention time, and PDA detector wavelength for each compound were listed in Table
S4. The column temperature was set at 50 °C and an injection volume of 10 puL was used. To
determine the bisphenol A concentration in the presence of high levels of phenol (1 to 5 mM), a
low flow rate of 0.2 mL min~*was used to separate the two compounds. Other conditions were the
same as that used for the bisphenol A analysis without phenol. To eliminate any matrix effect
during the analysis, all calibration standard solutions were prepared in the presence of 10 mM

Naz2S0a.
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Text S3. Identification and quantification of degradation intermediates.

The identification of the degradation intermediates of phenol was realized by liquid-liquid
extraction followed by GC-MS analysis. In a typical procedure, the degradation was first quenched
by addition of excess sodium sulfite and the products were then separated by liquid-liquid
extraction using dichloromethane as an extraction agent (2 mL dichloromethane into 40 mL
reacting solutions). After agitation on a vortex mixer for 2 min, 1 pL of the resulting organic
solvent was used for GC-MS analysis. The GC-MS analysis was performed on an Agilent GC-MS
(6890-5973) system equipped with a DB-5ms column (0.25 mm x 30 m x 0.25 um) and an auto
sampler. The column temperature was initially held at 40 °C for 2 min, increased at 5 °C min~! to
150 °C and held for 1 min, and finally increased at 10 °C min™ to 260 °C and held for 2 min. The
injector was operated in a split mode at a split ratio of 5:1 and the injector temperature was set at
280 °C. The electron ionization was carried out at an electron energy of 70 eV. A mass range from
m/z 40 to 500 was recorded by operating the MS in the full-scan mode. The detector temperature
was kept at 280 °C. On the basis of the total ion chromatogram, only 2-iodophenol, 3-iodophenol,

and 2,4,6-triiodophenol were detected as the iodinated degradation intermediates of phenol.

To quantify the 2-iodophenol, 3-iodophenol, and 2,4,6-triiodophenol generated during the
degradation of phenol by PMS-I~ oxidation, the resulting organic extracts were monitored with
UPLC-MS/MS. First, analytical protocols of these compounds were established by operating the
MS/MS in multiple reaction monitoring (MRM) modes with electrospray ionization (ESI) as the
ion source in the negative ion mode. Details about the MS/MS conditions are listed in Table S5.
The quantification of these compounds was carried out by performing external calibration.

Standard iodophenol stock solutions were prepared by dissolving iodophenols into acetone
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(>99.5%, BDH Chemicals). To mitigate matrix effects, the standard iodophenol stock solutions
were diluted with dichloromethane. The detection limits were determined to be 0.045, 0.023, and
0.002 uM for 2-iodophenol, 3-iodophenol, and 2,4,6-triiodophenol, respectively. A mixture
containing 2 mM ammonium acetate in methanol solution (5%, v/v) and 2 mM ammonium acetate
in Optima LC-MS grade methanol at a volume ratio of 40:60 was used as the mobile phase and
the separation was carried out at a flow rate of 0.4 mL min and a column temperature of 50 °C.
Other chromatographic conditions were the same as that used for the analysis of phenols. Other
MS parameters included a source temperature of 120 °C, a desolvation temperature of 350 °C, a
desolvation gas flow of 600 L h™%, a cone gas flow of 50 L h™%, and capillary voltage of 0.50 kV.
Argon (99.999%) was used as the collision gas, and its pressure in the collision cell was kept at

3.0 x 1073 mbar; nitrogen (> 99.995%) was used as the cone and desolvation gas.

Text S4. Quantification of oxygen-containing radicals with the methanol probe method.

The quantification of both -OH and SO; was conducted with the methanol probe method.? Under
the attack of these radicals, methanol was oxidized to formaldehyde, which was analyzed using a
LC-PDA system after derivatization with 2,4-dinitrophenylhydrazine (DNPH) to form hydrazine
(DNPH-HCHO). In a typical procedure, 40 mL of 1 M methanol solution at pH 6.0 was transferred
to a 50-mL polypropylene centrifuge tube at room temperature (23 + 2 °C). Specified amounts of
PMS and KI stock solutions were then added to the tube to initiate the oxidation. After reaction
for 10 min, 0.5 mL of the solution was withdrawn and mixed with 200 pL DNPH (6 mM in
acetonitrile) in 5 mL phosphate buffer (5 mM). After reaction for 30 min, 1 mL of the solution was
used for formaldehyde analysis. The LC-PDA parameters are as follows: A mobile phase

containing Optima LC-MS grade methanol and water at a volume ratio of 60:40, a flow rate of 0.4

S6



mL min~t, and a PDA detector wavelength at 355 nm. The retention time for DNPH and DNPH-

HCHO were 0.91 and 2.15 min, respectively.

Table S1 Halide ions in various water sources

Water matrices

(]

(UM)

[CI]

[mM]

[Br]

[mM]

surface water
groundwater
reverse 0smosis
concentrate
landfill leachate
seawater

oil and gas wastewater

(0.004 to 1.67) *3

(1.2t09.6) &7

391

1761
(0.41t00.5) 27

(140 to 280)

(0.09t0 0.14) *
(0.28100.42) ®

39.0%

36.4 12
545 13

(169 to 338) °

((0.17 10 2.5) x 10 %) 5
0.069 °

0.02%

(8.9 x 10°%) %2
0.81°

(0.39t012.5) ©°

2 total iodine concentration.
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Table S2 Physicochemical properties of the selected pollutants

Compounds Formula pKa Molar mass Structure
(g mol ™)
bisphenol A C15H1602 9.73 16 228.3 HOOH
phenol CeHsO 9.9% 94.1 ©/0H
hydroquinone CsHeO 9.8518 110.1 /©/OH
HO
2,4- CsH4CI0 7.8% 163.0 /@iOH
dichlorophenol ol ol
9
nitrobenzene CsHsNO; 1124419 123.1 -O/N+\©
)C\I
atrazine CsH14CINs 1.7% 215.7 NN
/\N)l\N/)\NJ\
H H
(0]
o oM Nt
chloramphenicol ~ C11H12CI,N,0s 552 323.1 Cl%”ﬁ/@
Cl H OH
X
- _
methylene blue C16H1sCIN3S ~ 319.9 N s N
resorcinol CsHsO 9.36 % 110.1
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Table S3 Rate constants of sulfite oxidation by oxidative species

Reactions

Second-order constants

(s

S0%™ + Cl; - products
SO%~ + Br; - products
SO%~ + CO3 — products
SO%~ + - OH - products
S0%~ + S0; - products
S03™ + SO:" - products

(33x10) 2

(6.9 x 10"t0 2.6 x 10°%) #

(3.3 x 107) %

((5.510 9.5) x 10%) %
(7.0x10%t0 1.1 x 10%) ®

(1.3 x 107) %

Table S4 UPLC-PDA conditions for pollutant analysis

Compounds Methanol/ Wavelength  Detection limit ~ Calibration ~ Retention time
water (V/v) (nm) (M) range (M) (min)
bisphenol A 60/40 226 0.28 2-30 0.67
nitrobenzene 60/40 264 0.32 1-12 0.68
atrazine 60/40 222 0.18 1-12 0.86
chloramphenicol 40/60 277 0.19 1-12 0.86
phenol 20/80 271 0.72 2-30 1.39
2,4-dichlorophenol 60/40 307 0.56 2-15 0.48
hydroquinone 5/95 291 0.36 1-12 0.57
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Table S5 UPLC-MS/MS conditions for iodophenols

Parent ion Transition Retention Collision  Formula Structure
(m/z) monitored time (min)  energy (eV)
(m/z)
OH
2-iiodophenol 219 219>127  0.79 20 ICsHOH (I
|
) HO |
3-iodophenol 219 219>127 0.8 20 ICeH«OH C(
2,4,6- L o
) A1 471>127 239 35 15CeHoOH /(\j
trilodophenol | |
1.0
—l— 0 mM phosphate buffer
—@— 1 mM phosphate buffer
0.8
OO
g 0.6
©
S 0.4 4
<
o
0.2 1
004 ——p—n
0 2 4 6 8 10

Reaction time (min)
Figure S1. Effect of phosphate buffer on the degradation of phenol by PMS-I- oxidation.

Conditions: [phenol] = 10 uM, [PMS] = 65 uM, [NaH2PO4] = 1 mM, [Na2SO04] = 10 mM, and [I7]
=50 uM.
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Figure S2. Degradation of pollutants by PMS alone. Conditions: [PMS] = 65 uM, [phenol] = [2,4-
dichlorophenol] = [bisphenol A] = [chloramphenicol] = [atrazine] = [nitrobenzene] = [methylene

blue] = [hydroquinone] =10 pM, [Na2SO4] = 10 mM, and initial solution pH = 6.0.

—&— phenol
—@— atrazine

Pollutant (C/C )

0.2 -

0.0

0 ' 2 ' 4 6 ' 8 ' 10

Reaction time (min)
Figure S3. Concentrations of phenol and atrazine versus reaction time in PMS-I~ oxidation.
Conditions: [PMS] = 65 uM, [I"] =50 uM, [phenol] = [atrazine] = 25 uM, [Na2SO4] = 10 mM,
and initial solution pH = 6.0.
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Figure S4. Plot of -In(C/Co) versus reaction time (min) during phenol (a), bisphenol A (b), and 2,4-
dichlorophenol (c) degradation in PMS-I- oxidation. Conditions: [PMS] = 65 uM, [I"] = 50 pM,
[phenol] = [bisphenol A] = [2,4-dichlorophenol] = 10 uM, [Na2S04] = 10 mM, and initial solution

pH = 6.0. Duplicate experiments were carried out and the slope represents the pseudo-first-order

constant.

Phenol (C/C))

Figure S5. Effect of methanol on the degradation of phenol by PMS-Co?" oxidation. Conditions:

Reaction time (min)

1.0 *—o ——o
0.8 —=— 0 M methanol
©7 —e— 2.5 M methanol

0.6 1

0.4 1

0.2 1
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Reaction time (min)
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[PMS] = 65 pM, [Co(NOs)2] = 65 uM, [phenol] = 25 uM, and initial solution pH = 6.0.
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Figure S6. Effect of sodium azide on the degradation of phenol by PMS-1~ oxidation. Conditions:

[PMS] = 65 pM, [I"] = 50 uM, [phenol] = 10 uM, [sodium azide] = 10 uM, [Na2SO4] = 10 mM,
and initial solution pH = 6.0.

10 —8— 0 mM NH;
—8— 1 mM NH;
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Figure S7. Effect of NH4" on the degradation of phenol by PMS-I~ oxidation. Conditions: [PMS]

=65 uM, [I"] = 50 uM, [phenol] = 25 uM, and [Na2SO4] = 10 mM. The solution pH value was
adjusted to 6.0 after adding (NH4)2SOa.
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Figure S8. Degradation of phenols by PMS-I~ oxidation when a significant excess of I~ was present.
Conditions: [PMS] = 65 pM, [I"] = 10 mM, [phenol] = [2,4-diclorophenol] = 10 uM, [Na2SO04] =
10 mM, and initial solution pH = 6.0.

N

Without resorcinol With 50 uM resarcinol Without resorcinol With 50 uM res&cinol
1

Figure S9. (a) Effect of resorcinol on the color of PMS-I~ oxidation and (b) the reactors in (a) after
adding starch; the yellow color indicates the formation of I3 and the obvious color variation after
adding starch indicates the presence of I5. Conditions: [PMS] = 100 uM, [I"] = 500 uM, [starch]
=1g L reaction time = 10 min, [Na2S04] = 10 mM, and initial solution pH = 6.0.
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Figure S10. Profile of major iodinated intermediates produced during phenol degradation by PMS-
I~ oxidation and their percent yield. Conditions: [PMS] = 65 pM, [I"] = 50 uM, [phenol] = 10 uM,
[Na2SO4] = 10 mM, and initial solution pH = 6.0.
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Figure S11. Phenol degradation in PMS solution in the presence of both Br~ and I". Conditions:
[PMS] =65 uM, [Br]=3.65 uM, [I"] = 0.5 uM, [phenol] = 25 uM, [Na2S04] = 10 mM, and initial
solution pH 6.0; the doses of Br~and I~ were based on their maximum weight ratios in the supplied
sodium chloride (0.001% I~ and 0.01% Br~) under the condition of 50 mM CI-.
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Figure S12. Effect of HCO3 on atrazine degradation in PMS-1- oxidation. Conditions: [PMS] = 65
UM, [I] = 50 uM, [atrazine] = 10 uM, [Na2SO4] = 10 mM, and reaction time = 10 min. The
solution pH value was adjusted to 6.0 after adding HCO3 .
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