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Characterization

The structure of all the catalyst were analyzed by employing X-ray diffraction
(XRD) characterization through using Shimadzu/XD-3A instrument (Cu Ka
radiation). The datum was gathered at a 20 range of 10-80°. Transmission electron
microscopy (TEM) was characterized by a FEI TECNAI G20 system. scanning
electron microscope (SEM) was carried out via a HITACHI S-4800 equipment. ESR
was employed by a Jes FA 200 equipment. UV-vis diffuse reflectance spectra (DRS)
was measured by a Shimadzu/UV-3600. Photoluminescence (PL) analysis was
employed on a Hitachi/F-7000 system. X-ray photoelectron spectra (XPS) was then
employed by using a Thermo Scientific ESCALAB 250 equipment with Al-Ka
radiation. Temperature programmed desorption of NH; (NH;3-TPD) was carried out
by an AutoChemi 2920 equipment. Pyridine adsorbed IR spectroscopy (Py-IR) was

adopted on a Thermo Nicolet 380 instrument. Inductively coupled plasma (ICP) was
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employed by an Agilent ICPMS 7700 equipment. Electrochemical property of all the
samples was acquired in 0.5M H,SO, by using a typical three electrode setup on an
electrochemical station (Chenhua Instruments, CHI660D) with an Ag/AgCl reference
electrode, Pt foil as counter electrode and CdS composites as working electrode.
Density functional theory (DFT) calculation analysis

Fukui function based on the density functional theory (DFT) was used to
predict the regioselectivity of ROS (-O;") towards the TC molecules. All of the
calculations were performed using the Gaussian 16 (Revision C.01) software [!]. The
geometry optimization and single-point energy calculations were executed using the
B3LYP method with the 6-31G* basis set. Fukui function is an important concept in
the conceptual density functional theory (CDFT), and it has been widely used in
prediction of reactive sites of electrophilic, nucleophilic and general radical attacks [2].

Specifically, Fukui function is defined as:
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where p(r) is the electron density at a point r in space, N is the electron number in the
present system, and the constant term v in the partial derivative is the external
potential. In the condensed version of Fukui function, the atomic population number
is used to represent the electron density distribution around an atom. The condensed

Fukui function can be calculated as:

=g
Electrophilic attack: ATAIN-179N
(2)

g g
Nucleophilic attack: A TINTIN+

)



Radical  attack: fﬁ B (quil ) qN/i /2
4

Condensed dual descriptor: Afa=f4-Fa (5)
where g4 is the atom charge of atom A at the corresponding state.

Photocatalytic performance

In a typical experiment, 25 mg photocatalyst was dispersed in 100 mL of 10
mg/L TC-HCI aqueous solution. Before irradiation, the above suspension was stirred
in the dark for 60 min to reach the adsorption-desorption equilibrium. Then the
suspension was illuminated under visible light, sampled at regular intervals of 1 min
and centrifuged to remove the catalyst at 10000 rpm for 3 min. The concentration of
TC-HCI solution was detected by a high-performance liquid chromatograph (HPLC,
Waters €2695). The initial concentration (Cy) was considered to be the TC-HCI
concentration after adsorption-desorption equilibrium.

For the reusability tests, 25 mg of as prepared 5% Ce-CdS samples were
dispersed in 100 mL of 10 mg/L. TC-HCI aqueous solution. Before irradiation,
the above suspension was stirred in the dark for 60 min to reach the adsorption-
desorption equilibrium. Then the solution was illuminated under visible light,
sampled at regular intervals of 1 min. Recycle the catalysts after finished the
photocatalytic tests by centrifuging at 10000 rpm and dried in oven at 60 °C for
12h. Repeat the procedures to finish the reusability tests.

For the adsorption process, 25 mg of as prepared x% Ce-CdS samples were
dispersed in 100 mL of 10 mg/L. TC-HCI aqueous solution at dark condition for
60 min. Collect the TC-HCI solution at different times. Centrifuge the solution to
remove the catalyst at 10000 rpm for 3 min. The concentration of TC-HCI

solution was detected by a high-performance liquid chromatograph.



Photocatalytic performance of H, generation was carried out in a 100 mL quartz
reactor that suffused with 50 mL DI water. Then, 5 mg catalysts were added in water
together with 0.25 M sodium sulfide and 0.35 M sodium sulfite and kept stirring for
several minutes. Next, degas the circulation system in order to keep the system
vacuumed. After that, turn on the 300 W xenon lamp with a 420 nm cut-off filter as
the light source (CELHXF300, Beijing China Education Au-light Co., Ltd). At last,
the produced H, was analyzed by an online gas chromatogram (GC 7900) equipped

with a thermal conductivity detector.



Figure S1 NH;-TPD results of 1% Ce-CdS and 10% Ce-CdS.

Figure S2 (a-b) Py-IR results of 1% Ce-CdS and 10% Ce-CdS.

Figure S3 Low and high magnification of SEM images of CdS (a-b) and 5% Ce-CdS
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Figure S1 NH;-TPD results of 1% Ce-CdS and 10% Ce-CdS.
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Figure S2 (a-b) Py-IR results of 1% Ce-CdS and 10% Ce-CdS.



Figure S3 Low and high magnification of SEM images of CdS (a-b) and 5% Ce-CdS samples (c-
d).
SEM images of CdS and 5% Ce-CdS photocataltysts with low and high

magnification are shown in Fig. S3. Clearly, 5% Ce-CdS keep similar shape with CdS,

testifing the addition of Ce has no effect on the morophology of CdS.
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Figure S4 Recycling photocatalytic degradation of TC-HCI over
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Fig. S5 XPS results of 5% Ce-CdS photocatalysts after 3 runs, high-resolution signals of S 2p (a);

Cd 3d (b) and Ce 3d (c)

Ce**/Ce* results before and after 3 cycles based on XPS characterizations
was calculated to be 0.28 and 0.35, respectively. In our work, polarization effect
of Ce ions with water molecules makes the hydrogen ions formed and thus
become Bronsted acid sites®l. It is proved that Bronsted acid sites favor the
adsorption of organic molecules. Part of Ce*" will be converted to Ce3* during
the photocatalytic process. Thereafter, the catalysts will be deactivated (Fig. S4)
and less pollutants could be adsorbed on the catalyst, leading to a reduced

photocatalytic performance.



1.0

0.8+

c/C,

049 Cr

So,*

0.24{-@— CO*

—&— HCO;
0.0 =@~ None

o 1 2 3 4 5
Time / min

Figure S6 The effects of anions (5§ mM) on TC-HCI photodegradation.

Considering the complexity of water environment, photocatalytic degradation
efficiency will be changed in practice. Different anions (Cl-, SO4>, HCO; and COs%)
were added into the solution that contained catalysts and pollutants to evaluate the
photodegradation efficiency of TC-HCI. In Fig. S6, CI- had nearly no effect on the
degradation efficiency while SO4*> could partially affect the performance. For HCO5-
and CO;%, photocatalytic activity will be suppressed significantly. The existence of
Coulombic repulsion between TC-HCI molecules, photocatalysts, HCO3™ and CO;*" is

mainly responsible for the reduced photocatalytic performancel*l.
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Figure S7 The effects of humic acids on TC-HCI photodegradation.

Humic acid is a kind of significant constituent in water environment, which
could hinder degradation performance (Fig. S7)Bl. Explicitly, photocatalytic activity
for TC-HCI degradation shows gradual restriction with the increasing concentration of
humic acid. The addition of humic acid will consume reactive oxygen species.

Moreover, humic acid may shield the absorption of visible light[®l,
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Figure S8 The effects of pollutants concentration on TC-HCI photodegradation.
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Figure S10 Mott-schottky characterization of CdS and x% Ce-CdS samples.
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Table S1 Comparison of photodegradation of TC over CdS-based catalysts.

Photocatalysts Concen(t;:tlino)n of TC Light source De%:;a;l zgﬁn(;of)TC Irrad(i::ltii(; time Ref.
CdS-ZIF-8-C 30 Visible 100 60 7
CF/C;N4/CdS 20 Visible 81 60 8
CdS/NiCo0,04 25 Visible ~80 90 9
BOI-CBBMO 20 Visible 87 60 10
GO/PAA-CdS 30 Visible 86 240 11

BiVO,-CdS 20 Visible 82.1 25 12
CdS/HAP 50 Visible 90.2 30 13
CdS@CeO, 50 Visible 91.5 60 14
CdS-TiO, 50 Visible 87.06 480 15
Ce-CdS 10- Visible 95.9 5 This work




Table S2 HPLC-MS data for the intermediate products during TC-HCI degradation.

Compounds m/z Molecular formula Possible structure Retention Time/min
P1 445 CxH»,08N, 2.18
P2 431 C21Hp308N, 0.12
P3 388 CyoHO9N 2.66
P4 343 C19H 9Og 2.25
CH;
P5 271 CisH; 05 0" 0.54
OH O OH
P6 232 C1,HgOs Q\Thé 0.71
P7 123 CeH30; %‘, 2.87
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