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Experiment Section

Chemicals

Indium nitrate (In(NO3)3·4H2O, Shanghai Merrier Chemical Technology Co., Ltd.), thioacetamide (TAA, Tianjin Fuchen Chemical Reagent Factory), Crystalline tin tetrachloride (SnCl4·4H2O, Tianjin Fuchen Chemical Reagent Factory), silver nitrate (AgNO3, Tianjin Guangfu Fine Chemical Research Institute), Methyl orange (MO) and absolute ethanol as analytical grade was used without further purification. Double-distilled water was used in the experiments. MDS-8G microwave reactor (Shanghai Sineo Microwave Chemistry Technology Co. Ltd.), TU-1901 UV–visible double beam spectrophotometer (Beijing General Analytical Instrument).
Preparation 
Indium nitrate and crystalline tin tetrachloride were dissolved in 30 mL of secondary distilled water, stirred after ultrasonic for 10 min, and thioacetamide was added to the above solution under magnetic stirring and stirred for 20 min until a homogeneous solution was formed, finally, the precursor solution was transferred to a Teflon-lined autoclave, heated at 160 ℃ for 75 min by microwave-assisted hydrothermal method. After natural cooling to room temperature, the product was washed several times with secondary distilled water and absolute ethanol, and finally dried at 60 ℃ for 12 h. By changing the feeding ratio of each reagent (see Table S1), a series of binary catalysts with molar ratios of AgInS2 to SnIn4S8 of 1:0.1, 1:0.3, 1:0.5, 1:0.7, 1:0.9, AgIn5S8/AgInS2-SnIn4S8 composites and AgInS2, AgIn5S8 monomers were obtained.
Characterization

The XRD pattern was analyzed by a German Bruker-AXS (D8) X-ray diffractometer (Cu target, Kα line, tube voltage 40 kV, scanning range 10° to 80°). UV–visible diffuse reflectance spectroscopy (UV–vis/DRS) was recorded by a general TU-1901 spectrophotometer (wavelength 190–800 nm, absorbance range -4.0–4.0 Abs). The XPS spectra were measured using a VG-ADES 400 X-ray photoelectron spectrometer (AlK-ADES source, residual gas pressure less than 10-8 Pa). The morphology was measured by a scanning electron microscopy (SEM, HitachS-4300) and equipped with an energy dispersive X-ray spectrometer (EDS). The HR-TEM photographs were carried out by a Japanese electronic JEM-2100F high-resolution transmission electron microscope with an acceleration voltage of 200 kV. The specific surface area and pore diameter were determined by a 3H-2000PS2 specific surface and pore size analyzer from Beijing Beast Company (dual station, measuring temperature of 77 K). The photoluminescence spectra (PL) were recorded using an F-7000 fluorescence spectrophotometer (Hitachi, excitation wavelength and emission wavelength range of 200 to 950 nm). The EIS spectra were measured using a CS electrochemical workstation from Wuhan Scott.

Photocatalytic experiment

The photocatalytic experimental device consists of a built-in light source surrounded by a cylindrical quartz outer tube and a quartz sleeve. The visible light source is a 400 W Xe lamp (the main emission line is greater than 410 nm); The UV light source is a 125 W high pressure Hg lamp (the main emission line has a wavelength of about 313.2 nm). The concentration of reaction solution (such as MO) was 50 mg/L, the amount of photocatalyst was 0.3 g, and the volume of reaction solution was 220 mL under visible light irradiation. For UV photocatalytic degradation experiments, the amount of catalyst was 0.15 g and the volume of reaction liquid was 90 mL. 

Photocatalytic reaction process is described briefly below. The catalyst was dispersed in MO solution to form the suspension solution, and then performed ultrasonic reaction for ca. 10 min, followed by magnetically stirring for 30 min in the dark to ensure the adsorption–desorption equilibrium between MO and photocatalyst powders. The light source with stabilized light intensity was placed in the reaction solution, and the photocatalytic experiments were carried out in the photocatalytic reaction device. The catalysts were removed by centrifugation after the completion of the reaction. The concentration change of MO was determined by monitoring the optical intensity of absorption spectra at λmax (463 nm) of MO.

Formula part

Formula S1. The band gap of the sample was calculated by the following formula:

αhv=A(hv-Eg)n/2                              (1)

Among them, α represents the absorption coefficient, h represents the optical frequency, A represents the proportionality constant. Direct bandgap semiconductors represent n=1, and indirect bandgap semiconductors represent n=4. 

Formula S2. The corresponding reaction kinetics equations for visible light degradation of methyl orange with different catalysts:
-lnCt/C0=kt              (2)
Where, Ct is the concentration value of the dye at moment t (mg/L), C0 is the concentration value at the start of the dye (mg/L), and k is the rate constant (min-1).
Formula S3. The conduction band (CB) and valence band (VB) was calculated by the following formula:

ECB = χ – Ee – 0.5Eg                          (3)

EVB = ECB + Eg                              (4)

The conduction band edge potential (ECB) and valence band edge potential (EVB) were calculated by equations (3) and (4). Among them, ECB is the band gap edge of CB, χ is the geometric average of the electronegativity of each atom constituting the semiconductor system, and the Ee value is about 4.5 eV. 
Table S1 The synthetic method for different products.

	Synthesis products
	Molar ratio

	
	SnIn4S8
	AgNO3
	In(NO3)3
	CH4N2S

	AgInS2
	/
	1
	1
	2

	AgIn5S8
	/
	1
	5
	8

	AgInS2-SnIn4S8 (1:0.1)
	1
	0.1
	0.1
	0.2

	AgInS2-SnIn4S8 (1:0.3)
	1
	0.3
	0.3
	0.6

	AgInS2-SnIn4S8 (1:0.5)
	1
	0.5
	0.5
	1.0

	AgInS2-SnIn4S8 (1:0.7)
	1
	0.7
	0.7
	1.4

	AgInS2-SnIn4S8 (1:0.9)
	1
	0.9
	0.9
	1.8

	AgIn5S8/AgInS2-SnIn4S8 
	1
	0.5
	1.5
	1.54
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Figure S1 XRD patterns of AgInS2 and AgIn5S8.
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Figure S2 SEM image of SnIn4S8.

[image: image2]
Figure S3 Kubelka–Munk energy curve plotting diagram of SnIn4S8(a), AgInS2(b), AgIn5S8 (c), and AgIn5S8/AgInS2-SnIn4S8(d).
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Figure S4 N2 adsorption–desorption isotherms and BJH pore size distributions (illustration)
of AgInS2-SnIn4S8 of different proportion.
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Figure S5 SEM images of AgIn5S8-AgInS2/SnIn4S8 with different method. 
a. conventional hydrothermal method；b. microwave-assisted hydrothermal method.
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Figure S6 Photocatalytic degradation profiles of MO for AgIn5S8-AgInS2/SnIn4S8 with different morphologies under visible light.
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