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1. Characterization Methods

Surface morphology of samples was investigated using scanning electron microscopy
(SEM). Specific surface area was determined via nitrogen adsorption-desorption data and
Brunauer - Emmett-Teller (BET) measurements. Absorption spectra of organic composite
membranes and light absorption properties of pollutants were measured using a Shimadzu
UV-3600 spectrophotometer. The separation efficiency of photogenerated carriers during
photocatalysis in the composite material was determined via photoluminescence (PL)
spectroscopy. The lifetime of excited electrons during photocatalysis in the composite
material was measured using time-resolved photoluminescence (TRPL) spectroscopy. The
photocurrent and electrochemical impedance of the material were recorded using an
electrochemical workstation. In photoelectrochemical experiments, Ag/AgCl served as the
reference electrode, a platinum electrode as the counter electrode, and Na,SOs as the
electrolyte. Intermediate products in the photocatalytic reaction system were identified using
liquid chromatography-mass spectrometry (LC-MS). The work of key active species during

photocatalytic reactions was conducted via electron spin resonance spectroscopy (ESR).

2. Adsorption properties of materials

Figure S5 illustrates the porous structure imaging of the catalyst observed under different
resolutions through SEM, demonstrating its porous structure. This structure proves its high
specific surface area and adsorption capacity, which contributes to its excellent physical

adsorption performance.
3. Density functional theory (DFT) calculations and Fukui index

Density functional theory (DFT) calculations can accurately characterize the electrostatic
potential distribution of PCP-Na and identify its reactive sites, providing theoretical basis for
elucidating the degradation path of PCP-Na. As shown in Figure S6, PCP-Na molecular

structure consists of benzene ring parent, hydroxyl substituent and five chlorine substituents.



Figure S8a shows the distribution characteristics of atomic-level electrostatic potential
(ESP) of PCP-Na: red area corresponds to electron-deficient sites with low electron cloud
density, blue area corresponds to electron-rich sites with high electron cloud density’~, among
which the five chlorine substituents in electron-rich area are the main attack targets of H'
and -OH. Frontier orbital analysis shows that in Figure S8b, HOMO orbital electron cloud is
mainly localized to the linking sites of benzene ring skeleton, hydroxyl functional group and
chlorine substituent, suggesting that this region is vulnerable to electrophiles such as -O»
and -‘OH. LUMO orbital electron cloud is concentrated in hydroxyl and benzene ring
structural units, indicating that such sites tend to undergo nucleophilic reactions (such as -OH
attack).

Since HOMO/LUMO analysis is difficult to quantify the activity difference of each
reaction site, this work further accurately locates the reaction active site of PCP-Na by Fukui
function calculation. Figure S8d-f shows the Fukui index diagram of each atom in PCP-Na
molecule: f° (free radical attack activity), f* (nucleophilic reaction activity) and f~
(electrophilic reaction activity). Fukui function analysis can directly reveal the interaction
mechanism between reactive species and PCP-Na, and realize the accurate location of ROS
attack sites. According to theoretical calculation results, atoms with higher /° values are easily
attacked by -OH atoms with higher f* values are easily targeted by ‘O, and atoms with
higher f~ values tend to react with H .The data in Figure 6 show that O12, Cl, Cls, Clo, Clio
and Cly; sites have high Fukui index* which confirms that hydroxyl functional groups and
chlorine substituents of benzene ring in PCP-Na molecule are the main action sites of ROS,
among which chlorine substituents can be attacked by ‘Oz, h and -OH at the same time. This

conclusion is in good agreement with the static potential distribution characteristics.



Table S1.Langmuir kinetic model for pure CSC and three photocatalytic systems

Catalyst type Kinetic equation InQ. R?
CSC Q:=24.99617*(1 - exp(-0.09221*t)) 3.3282 0.99965
PM6:IEICO-4F Q:=26.51258*(1 - exp(-0.04787*t)) 3.29722 0.99896
PM6:Y6 Q:=28.46115%(1 - exp(-0.03003*t)) 3.66731 0.99737
PM6:IEICO-4F:Y6 Q¢ =32.02262*(1 - exp(-0.02548*t)) 3.47948 0.99416

Table S2.Quasi-second-order kinetic curve parameters for pure CSC and three photocatalytic

systems
Catalyst type Kinetic equation 1/Q. R?
CSC t/Q=0.03378t+0.16315 0.03378 0.9974
PM6:IEICO-4F t/Q=0.0297t+0.55432 0.0297 0.98627
PM6:Y6 t/Q=0.02226t+0.97056 0.02226 0.98708
PM6:Y6:1EICO-4F t/Q=0.02062t+0.98308 0.02062 0.93445

Table S3.Comparative Degradation Performance of PCP-Na on Different Photocatalysts™’

Types of PCP-Na Catalyst . . Remove
. . Time of reaction
photocatalysts concentration concentration rate
Light for 15 min
Bi304Br 40mg/L 1g/L and Dark for 60 92%
min
Light for 120 min
Graphene/TiO2 50mg/L 0.2g/L and Dark for 30 97%
min
Light for 60 min
BWO-0.12 30mg/L 0.5g/L and Dark for 60 90%
min
Light for 240 min
OVs-b 10mg/L 1g/L and Dark for 60 80%
min
Light for 140 min
TiOo/Sep 10mg/L lg/L and Dark for 60 90%

min
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Figure S1. (a) ESP diagram of PCP-Na, (b) HOMO distribution on PCP-Na, (c) LUMO
distribution on PCP-Na, (d) f° of PCP-Na (e) f* of PCP-Na, (f) f of PCP-Na
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Figure S$2. Cyclic voltammetry (CV) curves of (a) Y6, (b) IEICO-4F, (c) PMO6.
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Figure 3. Mott-Schottky characterization of (a) Y6, (b) IEICO-4F, (c) PM6.
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Figure S$4.Photocatalytic degradation curves of PCP-Na over composites with different

donor—acceptor ratios.
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Figure S5. (a) Langmuir kinetic model for pure CSC with PM6: Y6: IEICO-4F, (b) Langmuir kinetic

model for pure CSC with PM6: IEICO-4F, (c¢) Langmuir kinetic model for pure CSC with PM6: Y6
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Figure S6. (a) BET adsorption-desorption isotherm curve for pure CSC, (b) BET

adsorption-desorption isotherm curve for PM6: Y6: IEICO-4F
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Figure S7. Standard Calibration Curve of PCP-Na Solution Absorbance vs. Concentration
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Figure 8$8.Photocatalytic degradation profiles of different organic pollutants over the

PM6:Y6:IEICO-4F composite under visible light irradiation.
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Figure S§9. Degradation performance of PCP-Na using PM6: Y6: IEICO-4F at different pH

values
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Figure S10.EPR spectra of -OH




Figure S11. Scanning electron microscope structural images of PM6:Y6:IEICO-4F at different

magnifications: (a) 1 um, (b) 2 um, (c) 5 um, (d) 10 um

20250925_WLFSN_10min #1198 RT: 6.73 AV: 1 NL: 1.27E9
T: FTMS - ¢ ESI Full ms [100.0000-550.0000]

100 264 .84 o
90+
E cl cl
80
g™
£ . 26284 | 26683 ci cl
3 603
5 3
2 505 OH
"‘2’ 3 2.3.4.5 6-pentachlorophenol
% 407 Chemical Formula: C¢HCLsO
= 307 m/z: 265 84 (100.0%)
3 268.83
20 I
103 246.87
= 270.83
031895 13504 16084 i o 233.15 248 87 ‘J’_U 311.17 32280 368.98 385.73 420.80 431.67 451.77
LARSS RARA RAALS RACA) LARLS RERAN T TEOIIT T T T T {pA2R7 4003 FAALT PRARS RAERA BARAY FARSD) T T T |BARALAARRE RASRY RERRI RARA T
100 150 200 250 300 350 400 450
m/z
20250925_WLFSN_10min #1106 RT: 6.23 AV: 1 NL 4.47ET7,
T: FTMS - ¢ ES! Full ms [100.0000-550.0000] ! o cl
1231.88 232.67
: a & cl cl cl
:7
|
| cl cl cl cl &
oy
g.ﬁ OH e OH
! 2,3 4 6-tetrachlorophenol
! 2.3.5.6-tetrachlorophenol .2
éf‘ a | ot ‘CFH CLO Chemical Formula: C¢H,CL,0 2.34,5-tetrachlorophenol
! hemical Formula: Cg G; 4 miz: 231 88 (100.0%) Chemical Formula: CgH,CL,O
%Ib m/z: 231.88 (100.0%) m/z: 231 .88 (100.0%)
g
&
1 e
L 23493y | sezeesse oo 33,15 |
‘ 123277 232.97 233.05 | [ ;
T T T T T T T T T T T T T TIor T T TR T |] T I\ T T T T TTTTT T T
:_231.5 ! 232.0! 232.2 1232.4 :_232.6 ] 2 ;_232.5 ; 233.0 233.2 1233.4 !
Sear Bl B e e R
20250925_WLFSN_10min #1580 RT: 8.89 AV: 1 NL: 7.70E4|
T: FTMS - ¢ ESI Full ms [100.0000-550.0000] |
:'100'* :211.92 cl
004 cl cl ¢l
s L ____
80 211.91
b
‘g 704 cl OH
g al oH
B 607
£ OH ‘ L
P 2tiss ey S ST 41
& 1404 e.un?a ootmbs-CHCH0, Chemical Formula: CgH;Cl30,
=t 1 m/z 21192 (100.0%) . 5 2
el i m/z: 211.92 (100.0%)
' 304 = ' e
E 1211.95 1212.06|
20
b
107
0 —— P T T B = e e e e T g e T T T e e T
1211.70 12,1,1;,5, 1211.85 211.90 211.95 212.00 212.05 21210 21215




20250925_WLFSN_10min #34 RT: 0.19 AV: 1 NL: 4.79E4'
T: FTMS - ¢ ESI Full ms [100.0000-550.0000]

902 1117.93
o 1118.03
80~ i
HO
70
- ]
' 860
=
| 5 -
E sl Ho .
]2 3 4-dihydroxydihvdrofuran-2(3/)-one 118.02 |
| 8407 Chenncal Formula: CyjHgOy '
M= m/z: 118.03 (100.0%)
& 307
20+ %
1118.01
T T T T T asas aaas T T
1117.88 1117.90 1117.92 1117.94 -117 96 . _117.98 1118.00 1118.02 1118.04
77777777777777777777 7777'7@21 o - - o
20250925 WLFSN_10min #1593 RT: 8.91 AV: 1 NL 1.15E5)
T: FTMS - ¢ ESI Full ms [100.0000-550.0000] I
o 124785 | 1247.89 a OH
8
cl e cl cl
701
. .60
|81 cl OH cl cl
: s 50
E H il
| S Al 3.4.5 6-tetrachlorobenzene-1,2-diol 235 6-tetrachlorobenzene-1 4-dwol
2 Chemical Formula: C¢H,CLO, Chemcal Formula: CeHCLO, 1248.08 |
850 m/z: 247 88 (100.0%) miz: 247 88 (100.0%)
14
o 24787 | 2A190)
77— A £ I [
T fass) [ARARR ass) T T T T ARRAY ARass panag) T T T
{24780, 24785 24780 24800, 24805
20250925 WLFSN_10min #324 RT: 1.87 AV: 1 NL: 3. 17E4‘
T: FTMS - c ESI Full ms [100. 0000-550.0000]
1245.79 -245.89
70 * k
a o cl
60 1245.86 ' cl el cl cl
-~ 50]
8]
| g M
I 4 Cl cl Cl (=]
1Eao ]
19 e
:"q}'- b o o
EE ! 124575 | 2,3,5 6-tetrachlorocyclohexa-2,5-diene-1,4-dione 3 4.5 6-tetrachlorocyclohexa-3,5-diene-1,2-dione
® 4 o Chemical Formula: C5Cl,0; Chemical Formula: CsCl,0;
20 m/z: 245 86 (100.0%) m'z: 245.86 (100.0%)
10]
L A RS s AASs Rupnnans MAbl RN sans a5n ats |3asarass g | AAARRAAS L] ausa nans nans spanans [B523 s ROAS LARS AAM napsans RS AALl RAE4npunans Aaky
257 2458 2059 2460, a1 me2 2463, 2464 2465
imiz;|
20250925 WLFSN_10min #332 RT: 1.91 AV:1 NL: 422E4
T: FTMS - ¢ ESI Full ms [100.0000-550.0000]
18383 183,91 o
n [of .
J OH
4 1183.88
204 : oH
87 cl
(] @ |
Bi-A
1 | :
1215 183.93 | ‘ o
‘g ] [/ 184.06 | 2 3-dichloromaleic acid
1B Chemical Formula: C4H,CLO,
2 107_ m/z: 183.93 (100.0%)
5
[
o
LI e PR Sy R ey g e e e P Sy e ey P g B ) ey ey P e e PO g e g e R E e e e P s e e T T g s
1183.5 1183.6| 11837 11838 11839, 1184.0 1184.1 11842, 11843 | 11844 ' 184 5 11846



20250925_WLFSN_10min #82 RT: 0.47 AV: 1 NL: 7.60E4

T: FTMS - ¢ ESI Full ms [100.0000-550.0000]

S 1165.94
B 1165.93 |
907 : 2
E HO
80
1707 o
8 4
::!_gﬁn-; HO
- 50;: 3 4-dihydroxydihydrofuran-2(3H)-one
Bt Chemical Formula: C,H0,
:%40{ m/z: 118.03 (100.0%)
@ 3
(& 305
20
10
7
"_u‘ T 1 1 II | i 1 1 II - | aj lI .{ LR i 1 T 1 | i T L} II | T T
1165.92 1165.93 1165.94 | 165.85 1165.96 |
‘miz
JIACHUN-P2 #3901 RT: 799 AV: 1 NL: 6.63E4
T: FTMS + p ESI Full ms [50.0000-750.0000]
{6 106.07
90|
803
. 70_2 HO\/\ /\/OH
§ i ©
60 i
E E 2,2"-oxybis(ethan-1-o0l)
< 50 Chemical Formula: C;H;qO5
@ =
£ w0 el m/z: 106.06 (100.0%)
T 7
= 309 106.05
207
109
u71||>\||\ LI L L T T T T T T 7T L L L LS L L N L AL L L B
105.5 105.6 106.7 105.8 105.9 106.0 106.1 106.2 106.3 106.4 106.5 106.6
m/z
JIACHUN-PZ #3919 RT: 8.02 AV: 1 NL: 1.51E5|
T: FTMS + p ESI Full ms [50.0000-750.0000] '
O
HO OH
1104.07
o]
e 3-hydroxy-2-oxopropanoic acid
R Chemical Formula: C3H,0,
m/z: 104.01 (100.0%)
[104.03
110345 103.97
e Aassnssay BAASs A s ||\ BAsssnasay [BAASS RARANRESAS LoLs LR naRAL) {Aanass
1103.2 1103.4 | 103.6 103.8 11040, 104.2 104.4 11046 104.8
miz
JIACHUN-P2 #3908 RT: 8.00 AV: 1 NL: 1.50E4
T: FTMS +p ESI d Full ms2 219.0987@hcd30.00 [50. 9“,90,2,‘!5,?@‘2“]
89.02 (o}
189.98
HO
OH
(o]
oxalic acid
Chemical Formula: C;H,0,
m/z: 90.00 (100.0%)
T T s o T T T Lhaiad hinaa T T preTTrTE T T
189.0 | 189.2! 89.4 89.6 1898 190.0 190.2 90.4 906! 90.8 | 191.0]



JIACHUN-P2#3931 RT: 8.05 AV: 1 NL: 1.17E5|
T: FTMS + p ESI Full ms [50.0000-750.0000]
T, 7504
| 75.10 76.04

o]

40
35 HO
OH

2-hydroxyacetic acid
Chemical Formula: C,H;05

76.08
m/z: 76.02 (100.0%) :

| Relative Abundance |
wm

74,98

Figure S12. Mass spectrometry of identified PCP-Na degradation intermediates
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Figure S13. Fukui index of PCP-Na
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