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Table S1. Primary parameters of the synthetic RO concentrate.

Units Synthetic RO concentrate
pH 7.8
Conductivity uS cm™! 3275
UV3750m absorption cm’! 0.82
DOC mg L! 15
CI- mM 28.6
NH,* mM 1.6

SO mM 15.3




Table S2. Rate constants used in this work.

k‘OH k0° - ka kCl'z' K chtorine kg kyva75am
(L mg™!
M'sT) MsT) MTsTh) o MTsT N (s (s
.
3.0 x 10° 6.9 x 10° 1.5 % 2.5 % 4.9 x
ATZ - -
1 2 1076 1073 103
3.9 x 10° 3.5 x 2.4 x 4.7 x
NB - - -
3 1077 106 1076
9.7x10% 7.5x108
MeOH - - - - -
3 3
6.0 x 103 3.0 x 108
t-BuOH - 700 2 - - -
4 4
7.0 x 10° 2.8 X <5x10°6
IBP - - - -
5 10105 5
8.8 x 10° 3.3 x 0.4 x 103
CBZ - - - -
5 10105 5
9.0 x 10° 3.8 % 1.2 x10°
DCF - - - -
6 10105 5

EC: direct electro-oxidation; ATZ: atrazine; NB: nitrobenzene; MeOH: methanol; t-BuOH:

tert-butanol; IBP: ibuprofen; CBZ: carbamazepine; DCF: diclofenac.



Table S3. Detected transformation products of atrazine in UV-EC/CI, and EC/CL.

Reaction conditions: [atrazine], = 20 uM, [CI7]p = 20 mM, 10 mM phosphate buffer (pH

=7.0), anodic potential = 1.5 V vs. Ag/AgCl, average UV,75,, fluence rate = 0.25 mW cm™2.

[M-H] Chemical Proposed b d
—_H1- etecte
RT Formula Structure
(min) Theoretical Observed EC/ UV350m-
m/; m/z Cl, EC/ClL
N)\N
ATZ 56 216101 216101  CgHuCINs L A L =~ v
TPus o0  146.023 146.024  C3H4CIN; ﬁ)\ v v
P
N/\N
)\)‘\/ of
TPi70a 1.7 y T YT x v
170.104 170.104 CeH;NsO on
N,
TPy 23 P v
N)\N
TPy, oo 172,038 172.038  CsH4CIN; PPN v v
P17 P
3.0 174.054 174.056 CsHgCIN; i \ \
(DIA) K/K/\
TPigs; 2.0 188.033 188.033  CsHeNsOCI NA\N \ \




TP188-2

43 188.070  188.070  CeH,oCINs ]
DEA) LA
N)\N
TPigs 2.9  198.135 198.136  CgHisNsO LI L
N/\N o
TPZ]Za 1.7 /LN)‘\N/ j‘uk
212.114 212.115  CgH;5N50, -
PY
TP212b 2.3 /LJ\\J\/\/
AN,
TPr4e 4.1 )\)‘\)\/\
214.085 214.086  CgH,CIN;s
N
TPy 5.4 /KNJ\N/ PN
TPys 3.5 216.065 216.066  C,H;oNsOCl A
AL
A, .
TPy 4.2 230.080 230.080  CgH;,CINsO * PO Iy
FZ
N)\N
TP232a 3.7 ”°\/LN)‘\ A NN
232.096 232.097  CgH,4CINsO
TPy 4.2 Ao
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Fig. S1. Photo-electrochemical reactor.

CT water: constant-temperature water; Cathode: a stainless-steel cloth; Anode: RuO,/IrO,-
Ti plate; Reference: a Ag/AgCl reference electrode (in saturated KCI, 0.199 V vs. standard H,
electrode); UV: LED-UV,75nm.
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Fig. S2. Degradation of 1uM nitrobenzene (NB) (a) and 20 uM NB (b) by UV-EC/Cl,, UV3751m,

10 mg L! free chlorine oxidation, and direct electro-oxidation (EC) with 0.2 M MeOH, for

determining the steady-state concentration of *OH.

General reaction conditions: [Cl7]y = 20 mM, 10 mM phosphate buffer (pH = 7.0), free
chlorine = 10 mg L™!, anodic potential = 1.5 V vs. Ag/AgCl, average UV,75,,, fluence rate = 0.25

mW cm™.
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Fig. S3. Reaction of atrazine with chlorine at dark condition (a) and the concentration of chlorine
(b). General reaction conditions: [atrazine]o = 1 uM, [chlorine]y = 10 mg L~!, 10 mM phosphate

buffer (pH = 7.0), average UV,75,, fluence rate = 0.25 mW cm ™2,

The degradation rate of atrazine can be calculated through eq. S1. Since the concentration

of chlorine had little change during the chlorination of atrazine, the eq. S1 could be simplified to

eq. S3. Thus, the Kehtorine, ATz was calculated through eq. S3 as 1.5 x 106 L mg ' s71.

d[ATZ] .
_ —dt = kchlorine, ATZ[chlorlne][ATZ] (eq. S])

d[ATZ] o
- = kchlorine,ATZ x 10 mgL x [ATZ] = kobs x [ATZ]

dt (eq. S2)

k kobs

chlorine,ATZ = N

10mgL "~ (eq. S3)
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Fig. S5. Element distribution on the surface of RuO,-IrO,-T1 anode: (a) Ti, (b) O, (c) Ru, (d) Ir,

(e) EDS area total spectrum.
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Fig. S6. XRD spectrum of RuO,-IrO,-Ti anode.

(Ti,Ru,Ir)O; means TiO, based solid solution with contents of RuO, and IrO,. (Ir, Ti,

Ru)O, means IrO, based solid solution with contents of TiO, and RuO,.’
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Fig. S7. Liner sweep voltammograms at the RuO,/IrO,-Ti electrode with 20 mM Cl1~ and C1O4~

electrolyte (insert was the current change in the potential range of 1.0 to 1.4 V vs Ag/AgCl).
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Spectrum from ATLJ-POS-180.wiff (samp... +TOF MS*2 (50 - 1250) from 2.151 min
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Spectrum from ATLJ-POS-180.wif...S5"2 (50 - 1250) from 2.256 min
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Spectrum from ATLJ-POS-180.wiff (...F MS"2 (50 - 1250) from 3.497 min
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Spectrum from ATLJ-POS-180.wiff (...F MS"2 (50 - 1250) from 4.157 min
Precursor: 232.1 Da, CE: 40.0
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Fig. S8. MS/MS spectra of atrazine TP during UV-EC/Clyprocess. General reaction conditions:

[atrazine]p = 20 uM, [Cl7]p = 20 mM, 10 mM phosphate buffer (pH = 7.0), anodic potential = 1.5

V vs. Ag/AgCl, average UV,75,, fluence rate = 0.25 mW cm™2.



(@) 35104 | v ECICI, TP 4
o— UV-EC/CI, v
®
2x104
o
< o—©
4
10 o
v
Q)
0 190
0 30 60 90 120 150 180
Time (min)
() 3x104 {1 —v— EC/CI, TP, v
@ UV-EC/CI,
o}
2x10% A
@© v ©
g o
104 - e
Y
O
0 4190
0 30 60 90 120 150 180
Time (min)
(e) 6x104 1w ECICI, TP 5.4
5x104 4 @ UV-EC/CI,
| v
4x10% - ®
o |
@ 3x10% - v
< J ® O
2x10% A
: (@)
104 - §
] ©
0 19O

0 30 60 90 120 150 180
Time (min)

(b)3x10

2x104

Area

104

TP

EC/CI,-3.7min
UV-EC/CI,-3.7min
EC/Cl,-4.2min
UV-EC/CI,-4.2min

o—=%

04 04

232 a&b @ ©
Y

° 8 v —0 g o =9

(6

Y

0 30 60 90 120 150 180

(d) 8x10¢

6x104

4x10%

Area

2x104

(f) 8x10*

6x104

4x104

Area

2x10*

Time (min)
v— ECI/CI, TP,,,(DIA)
@— UV-EC/CI,
o
Y
o’ o ¥

©
%
0 30 60 90 120 150 180
Time (min)
v— ECICI, TP, g0
@— UV-EC/CI,
V% s v
© )
o
o o

V)

0 30 60 90 120 150 180
Time (min)




2x10% A
(g)3X1 04 1 —v EC/Cl2 TP215 (h) 2% EC/C|2 Tsto
©— UV-EC/CI, | —@— UV-EC/CI,
2x105 ~ . v v
2x104 - 1 Q@
v '\ \V4 o—0
8 o 8 105 A
< @ e < y—e ©
104 A ® °
o 5x104 | 7
0 19
: : : : : : : O —
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time (min) Time (min)

Fig. S9. Comparison of the TPs evolution vs time during the atrazine degradation by UV-EC/CI,
and EC/CI,, measured by QTOF-LC/MS. General reaction conditions: [atrazine]y =20 uM, [CI7],
=20 mM, 10 mM phosphate buffer (pH = 7.0), anodic potential = 1.5 V vs. Ag/AgCl, average

UVy750m fluence rate = 0.25 mW cm 2.
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Fig. S10. Proposed mechanisms of the N-centered C-centered radicals.
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