Filming Highlight

1. Preparation of ZnCoS/ZnCdS photocatalyst

1.1 Synthesis of ZnCoS co-catalyst

1.1.1 Take a 100 mL beaker to contain 40 mL of ethylene glycol solution. Pour 0.22 g of Zn(CH3COO)2·2H2O, 0.5 g of Co(CH3COO)2·4H2O and 0.3 g of CH3CSNH2 into the solution.

1.1.2 Subject the resultant solution to an ultrasonic treatment for 0.5 h, followed by a stirring process for 4 h at ambient temperature (25 °C) to ensure complete dissolution of the metal precursors.

1.1.3 Transfer the mixed solution into a 100 mL synthetic polymer-lined stainless-steel autoclave and subsequently put it into an oven for heating at 180 °C for 12 h for the hydrothermal process.

1.1.4 Collect the dark gray precipitate by using the centrifugation technique (~8800 x g for 10 min at 20 °C) to wash the sample three times each with deionized water and ethanol.

1.1.5 Transfer the dark gray sample into an oven for the drying process at 60 °C overnight. The dark gray ZnCoS solid powder is finally obtained.

1.2 Synthesis of ZnCdS with twin crystal structure

1.2.1 Take a 100 mL beaker to contain 40 mL of deionized water. Pour 0.22 g of Zn(CH3COO)2·2H2O, 0.27 g of Cd(CH3COO)2·2H2O, 0.16 g of Na2S·xH2O and 0.15 g of CH3CSNH2 into the solution.

1.2.2 Subject the resultant solution to an ultrasonic treatment for 0.5 h, followed by a stirring process for 3 h at ambient temperature to ensure complete dissolution of the metal precursors.

1.2.3 Add the 0.2 M NaOH aqueous solution drop-wise into the solution to adjust the mixture to around pH 7.0.

1.2.4 Transfer the mixed solution into a 100 mL synthetic polymer-lined stainless-steel autoclave and subsequently put it into an oven for heating at 180 °C for 24 h for the hydrothermal process.

1.2.5 Collect the yellowish precipitate by using the centrifugation technique (~8800 x g for 10 min at 20 °C) to wash the sample three times each with deionized water and ethanol. 

1.2.6 Transfer the yellowish precipitate into an oven for drying at 60 °C overnight. The yellowish ZnCdS solid powder is finally obtained.

1.3 Synthesis of ZnCoS/ZnCdS photocatalyst

1.3.1 Dissolve 4 mg of ZnCoS and 0.196 g of ZnCdS into 40 mL of deionized water and subject the solution to an ultrasonication process lasting for 0.5 h, followed by a stirring process for 4 h at ambient temperature.

1.3.2 Collect the yellowish precipitate by using the centrifugation technique (~8800 x g for 10 min at 20 °C) to wash the sample three times each with deionized water and ethanol.

1.3.3 Transfer the yellowish precipitate into an oven for the drying process at 60 °C overnight. The yellowish ZnCoS/ZnCdS solid powder is finally obtained.


2. Photoredox dual reaction of benzyl alcohol oxidation and H2 production measurement

2.1. Photoredox dual reaction setup 

2.1.1 Add 20 mg of as-synthesized photocatalyst and 60 mL of benzyl alcohol aqueous solution (1.8 mL of benzyl alcohol) into a 100 mL beaker.

2.1.2 Subject the beaker to ultrasonication treatment for 0.5 h.

2.1.3 Transfer the solution and put a magnetic stirrer into a three-necked top-irradiation reactor cell. The solution is under a slow stirring process throughout the whole reaction process.

2.1.4 Connect a moisture trap at the downstream of the reactor cell. Then connect to the gas sampling loop inlet of the gas chromatography (GC). Connect the gas sampling loop outlet to the inlet of the reactor cell, thus forming a closed gas circulation system.

2.1.5 Purge 50 mL/min of N2 gas throughout the reactor for 0.5 h to entirely remove the air inside the reactor after the reactor is sealed with a glass window. The reaction is conducted in a closed gas circulation system.

2.1.6 Switch on a peristaltic pump and set the flow rate at 20 mL/min to circulate the N2 stream inside the closed gas circulation system. 

2.1.7 Switch on the Xenon lamp at 15 V and ensure the light penetrates through the glass window to reach the solution. The light intensity is about 84.6 mW/cm2, and the distance between the light source and the reactor glass window is around 15 cm.

2.2. Photoredox dual reaction product analysis by online gas chromatography (GC) and high-performance liquid chromatography (HPLC)

2.2.1 Employ a GC equipped with a combination of molecular sieve 5A and porous polymer adsorbent columns for gas products analysis during photoredox dual reaction.

2.2.2 Use a thermal conductivity detector (TCD) to quantify H2 concentration.

2.2.3 During photoredox dual reaction, maintain the flow rate at 20 mL min-1 to deliver gases into the GC.

2.2.4 Determine the H2 content from the TCD signal.

2.2.5 After the reaction is completed, use a 0.22 μm nylon syringe filter to filter 1 mL of suspension. Then, dilute the suspension with deionized water with a suspension: deionized water ratio of 1:9.

2.2.6 Employ an HPLC equipped with and a photodiode array detector and a high-performance Poroshell 120 EC-C18 column. A mobile phase of water/acetonitrile (60:40) and a detection wavelength of 254 nm are employed to determine the composition of the analyte.
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