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Abstract In this study, Cu1.94S-SnS nano-heterostructures were synthesized using the methods of thermal injection-cation
exchange to enhance the activity of photocatalytic degradation of hazardous dyes. First, we stirred and mixed octadecene,
oleylamine and copper chloride under argon atmosphere and raised the temperature to 180 ‘C for 15 min. The precursor of
Cui.04S was cooled to 140 ‘C, and then tert-dodecanethiol (+-DDT) was added. This solution was rapidly raised to 180 ‘C for
30 min, and then cooled in ice water to obtain the product of Cui.94S. Similarly, tin chloride and oleylamine were mixed under
argon atmosphere and raised to 160 ‘C for 30 min, then cooled to 80, 120 and 160 ‘C, respectively. The Cui.o4S and
tri-n-octylphosphine suspensions were injected into the precursor solution to react for 30 min. The samples were character-
ized using various analytical techniques, including high-resolution transmission electron microscopy (HRTEM), high-angle
annular dark-field scanning transmission electron microscopy (HAADF-STEM) images, STEM energy-dispersive spectros-
copy (STEM-EDS), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS). At lower temperatures (80 and
120 C), sheet-like Cu1.94S-SnS single-particle nano-heterojunctions were obtained with size of about 57 nm. In contrast,
regular shaped heterojunctions could not be obtained at a high temperature (160 C). The Uv-visible near infrared spectro-
photometer (UV-Vis-NIR) absorption spectra revealed that the synthesized Cui.94S-SnS nano-heterostructures exhibited high-
er light absorption in the visible range. Photocatalytic degradation of methylene blue and tetracycline was used to evaluate the
photocatalytic performance of the products. The results showed that the heterostructure effectively improved the photocata-
Iytic activity of the parent material. Specifically, the photodegradation rate of methylene blue (MB) increased from 56%
(parent material Cui1.94S) to 98% (Cu1.94S-SnS nano-heterojunction), indicating a significant enhancement in photocatalytic
activity. And the photodegradation rate of tetracycline (TC) was also increased by about 5 times. Overall, the synthesized
Cu1.94S-SnS heterostructures possessed superior photocatalytic activity, which could be attributed to the effective charge sep-
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aration and improved light absorption properties. This study provided a new approach to the design and fabrication of effi-

cient photocatalytic materials for environmental remediation.
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Figure 1 X-ray diffraction patterns of Cu, 94S and nanoparticles of Sn?*
cation half-exchange at 80, 120 and 160 C
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Figure 2 TEM images of (al) Cu,;04S and products with semi-exchange at (b1) 80, (c1) 120, (d1) 160 ‘C; HRTEM images of (a2) Cu, ¢S and products
with semi-exchange at (b2) 80, (c2) 120, (d2) 160 ‘C; FFT mode of (a3) Cu;4S and products with semi-exchange at (b3) 80, (c3) 120, (d3) 160 ‘C and
grain size distribution of (a4) Cu; o4S and products with semi-exchange at (b4) 80, (c4) 120, (d4) 160 C
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Figure 3 (a) Crystal structure of hexagonal dense stacked Cu, o4S; (b) anion alignment for (080) crystal plane of Cu, 44S; (c) crystal structure of orthogo-
nal SnS and (d) anion alignment for (021) crystal plane of SnS
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Figure 4 HAADF-STEM images, STEM-EDS images and EDS of products by partial cation exchange at (a) 80, (b) 120 and (c) 160 C
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Figure 5 Diagram of Cu,94S-SnS formed by partial exchange of cations
at 80 and 120 C
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Figure 7 (a) UV-Vis-NIR absorption spectra and (b) TAUC of Cu, ¢S and products with semi-exchange at 80, 120, 160 C
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Figure 8 UV-Vis absorption spectra of aqueous solutions of different materials for the photocatalytic degradation of MB under irradiation with a xenon
lamp (simulated sunlight) at (25+1) “C. (a) 20 mg Cu; 04S-SnS catalyst and 2 mL of H,O, at 120 C; (b) 20 mg Cu, 44S catalyst and 2 mL of H,O,; (c) 2
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Table 1 Calculation of the CB and VB potentials of Cu, 94S and SnS

s X EJeV Ecp/eV EvpleV
Cui 948 5.01 2.52 —0.76 1.76
SnS 5.17 1.44 —0.05 1.39
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Cu, 94S-SnS catalyst under xenon lamp (simulated sunlight) radiation
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catalysts; (d) recycle of 120 ‘C Cu;04S-SnS catalyst for photocatalytic degradation of TC
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Table 2 Comparison of the photocatalytic efficiency of different materials for the degradation of MB

Mkt JGUE A5 IR 18] /min R % N

Cu, 04S-SnS 300 W )T (AM 1.5G) 60 98 07 TAE

Cu $#4% ZnO/SnS 150 W ik (AM 1.5G) 120 97.2 [46]

ZTPG 2 HME(60 W, 365 nm) 90 98.1 [42]

Cu,.S-DE &) 500 W i k] 40 99.1 [39]

Cu@CuS 300 W kT 200 90.6 71

Ui0-66/g-CsN, 350 W kT 240 100 [47]
o SNS min TG RAR, TE AR E I Sn-OLAm i IR,
2 CUqgsS Cuy.04S (0.30 mmol) M AR FE . 1-+)Udi(1 mL)F1=1E
-9 Cuy94S-SnS

-Z"1Q
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Figure 11  EIS spectra of Cuy 04S, Cuy04S-SnS and SnS catalysts
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