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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No_____  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____ No ____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __Steps 2.8, 2.10, 3.3 and 3.4_ .
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __Steps 3.3 and 3.4 are most difficult, the distance between the catalyst and the Fresnel lens is within the focal length of the Fresnel lens, and the reactor is sealed without leaking to ensure the success of the experiment..__
E.  Will the filming need to take place in multiple locations? (Y/N) ___ No ____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zekai Zhang: This method can help answer key questions in the artificial synthesis field, such as carbon dioxide photoreduction to methane [1-MED].
1.1.1. Zekai speaks towards the camera, interview style. 
1.2. Zekai Zhang: Concentrating technology can not only increase light intensity, but also reduce catalyst amount as well as the reactor volume, while increasing the catalyst surface temperature, thereby increasing the photocatalytic reaction rate [1-MED]. 
1.2.1. Zekai speaks towards the camera, interview style.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. XiaoXiang Fang: Though this method can provide insight into photocatalytic reduction of carbon dioxide, it can also be applied to other systems, such as concentrating solar power and wastewater treatment [1-MED].
1.3.1. XiaoXiang speaks towards the camera, interview style.   
Authors, XiaoXiang will in introduced with on-screen text while speaking.
Protocol: (read by voice talent at JoVE)
2. Catalyst Preparation
2.1. To prepare the titanium dioxide by anodization, dissolve 0.3 grams of ammonium fluoride and 2 milliliters of water into 100 milliliters of glycol in a 200-milliliter beaker with a stirrer to form the electrolyte [1-MED-over the shoulder].  
2.1.1. Talent dissolves ammonium fluoride and water in glycol in a 200-mL beaker with a stirrer.  Use labeled containers.
2.2. Place the beaker with the electrolyte into a 45 degree Celsius water bath [1-MED].  Trim the titanium foil with scissors to 25 by 25 millimeters [2-CU].  Then, polish the titanium foil surface with a 7,000-mesh sandpaper to remove the surface impurities [3-MED-over the shoulder].
2.2.1. Talent places the beaker with the electrolyte into the water bath.
2.2.2. Titanium foil as talent trims it with scissors to be 25 x 25.
2.2.3. Talent polishes the titanium foil surface with a 7,000-mesh sandpaper to remove the surface impurities.
2.3. Submerge the titanium foil in a volumetric flask containing 15 milliliters of ethanol and then a flask with 15 milliliters of acetone [1-CU].  Now, treat the foil for 15 minutes with an ultrasonic cleaner [2-MED-over the shoulder]. 
2.3.1. Talent submerges the foil into a flask of ethanol and then transfers it to a flask of acetone.
2.3.2. Talent places the foil into the ultrasonic cleaner.
2.4. Take out the titanium foil, rinse it 3 to 5 times with deionized water, and place it in a volumetric flask containing 20 milliliters of ethanol [1-CU].
2.4.1. Foil as talent rinses it and places it into a volumetric flask with 20 mL of ethanol. 
2.5. Prepare the polishing solution in a 100-milliliter beaker as described in the text protocol [1-MED].
2.5.1. Talent works to prepare the polishing solution.
2.6. Now, remove the titanium foil from the ethanol flask, rinse it 3 times with deionized water, and put it into the polishing solution for 2 to 3 minutes [1-MED-over the shoulder].  Remove the titanium foil and wash it with deionized water an additional three times [2-CU].
2.6.1. Talent finishes up rinsing the foil and then places it into the polishing solution.
2.6.2. Titanium foil as talent removes it and washes it with deionized water.
2.7. Use an anode alligator clip to hold the pretreated titanium foil, and a cathode clip to hold a platinum foil [1-MED-over the shoulder-TXT].  
2.7.1. Talent uses an anode alligator clip to hold the pretreated titanium foil and a cathode clip to hold a platinum foil.  TEXT overlay: Pt foil = 25 x 25 mm
2.8. Place the two foils face to face in the electrolyte at a distance of 2 centimeters from each other [1-CU].  Turn on the direct-current stabilized current power source, tune the voltage to 50 Volts, and electrolyze for 30 minutes [2-MED-over the shoulder].
2.8.1. Two foils as talent places them face to face in the electrolyte at a distance of 2 centimeters from each other.
2.8.2. Talent turns on the direct-current stabilized current power source and tunes the voltage to 50 Volts.
2.9. After the anodization has finished, turn off the power and take out the titanium dioxide foil [1-CU].
2.9.1. Apparatus as talent turns off the power and removes the titanium dioxide foil.
2.10. Submerge the titanium foil in a volumetric flask containing 15 milliliters of ethanol, and then transfer it to a flask with 15 milliliters of acetone [1-MED-over the shoulder].  Treat the titanium foil for 15 minutes with an ultrasonic cleaner [2-CU].
2.10.1. Talent submerges the titanium foil into a volumetric flask with ethanol and then transfers it to a flask with acetone.
2.10.2. Titanium foil as talent treats it in an ultrasonic cleaner.  
2.11. Following treatment, rinse the titanium foil 3 to 5 times with deionized water, and place it in a 50-milliliter crucible [1-MED-over the shoulder].  Put the crucible in an oven at 60 degrees Celsius for 12 hours to let the foil dry [2-MED].
2.11.1. Talent finishes up rinsing the titanium foil with water and places it into a 50 mL crucible.
2.11.2. Talent places the crucible into the oven.
2.12. Once dry, calcine the titanium dioxide foil in a muffle furnace under 400 degrees Celsius for 2 hours with a heating rate of 2 degrees Celsius per minute [1-MED-over the shoulder].
2.12.1. Talent places the foil into the muffle furnace at 400 degrees Celsius. 
3. Catalytic Tests and Product Analysis
3.1. To perform catalytic tests under concentrating light, clean the stainless cylinder-shaped reactor with deionized water [1-MED-TXT].  Then dry it in an oven at 60 degrees Celsius for 10 minutes, to ensure no interference from other carbon sources [2-MED-over the shoulder].
3.1.1. Talent cleans the stainless cylinder-shaped reactor with deionized water.  TEXT Overlay: See text for modifications with pretreatment 
3.1.2. Talent places the reactor into the oven.
3.2. After drying in the oven, add 2 milliliters of water, a stirrer, and a catalyst holder to the reactor [1-CU].  Place a quartz glass, with pores, on the bottom of the holder, and place the titanium dioxide catalyst on the center of the quartz glass [2-ECU].
3.2.1. Reactor as talent adds 2 mL of water, a stirrer and a catalyst holder to the reactor.
3.2.2. Inside reactor as talent places the quartz glass, with pores, on the bottom of the holder and the titanium dioxide catalyst on the center of the quartz glass. 
3.3. Now, put a thermocouple through an opening in the reactor wall and onto the catalyst surface [1-CU].  Add a Fresnel lens on the top of the holder and seal the reactor with a quartz glass window [2-MED-over the shoulder].
3.3.1. Thermocouple as talent places it through the opening in the reactor wall and onto the catalyst surface.
3.3.2. Talent adds a Fresnel lens on the top of the holder and seal the reactor with a quartz glass window.
3.4. Place the reactor on the electromagnetic apparatus and check the air tightness with nitrogen [1-MED].  Feed the carbon dioxide into the reactor through a mass flow controller and flush the reactor at least 3 times to change the gas in the reactor to carbon dioxide [2-MED-over the shoulder].
3.4.1. Talent places the reactor on the electromagnetic apparatus and checks the air tightness with nitrogen.
3.4.2. Talent feeds the carbon dioxide into the reactor through a mass flow controller and flushes the reactor with carbon dioxide.
3.5. Place the Xenon lamp 2 centimeters directly above the reactor [1-CU].  Power on the Xenon lamp and adjust its current to 15 Amps [2-MED-over the shoulder].  Then, turn on the magnetic stirrer switch to start the reaction [3-CU].
3.5.1. Xenon lamp as talent places it 2 centimeters above the reactor.
3.5.2. Talent turns the Xenon lamp power on and adjusts its current to 15 Amps.
3.5.3. Reactor as talent turns on the magnetic stirrer switch and starts the reaction.
3.6. Record the temperature change on the catalyst surface and in the gas [1-MED-over the shoulder].
3.6.1. Talent records the temperature change on the catalyst surface and in the gas.
3.7. Analyze the product every 1 hour using a gas chromatography, which is equipped with a flame-ionized detector and a capillary column for separation of hydrocarbons with one to six carbons [1-WIDE].
3.7.1. Talent works at the gas chromatography machine to analyze the product.
3.8. Calculate the number of products by the external standard line method.  Before quantifying the product, build a standard curve of methane [1-MED-over the shoulder].
3.8.1. Talent works with a standard methane curve to calculate the number of products.
4. Results: Changes in Catalyst and Product Yield Rate
Note to Authors: I will further annotate the results for the video editors once I see the figures.  We can alter this section as needed once the new figures are complete.

4.1. Shown here is a device for concentrating photocatalytic reduction of CO2 [1-LM].

4.1.1. Fig.1 –The device for concentrating photocatalytic reduction of CO2
4.2. XRD and SEM characterization of the catalyst showed that the prepared catalyst was a typical TiO2 nanotube. [1-LM].

4.2.1. Fig.2 –Characterization of TiO2 sample catalyst (a) XRD; (b) SEM
4.3. Shown here is the catalyst under natural light [1-LM]. Under concentrating light, the catalyst shows some shining [2-LM].

4.3.1. Fig.3 – Catalyst under nature light (Not very shining)
4.3.2. Fig.4 – Catalyst under concentrating light (some shining)
4.4. Here, the x-ray diffraction pattern is shown after concentrating light irradiation to reveal crystal structure changes. The crystallinity is clearly improved after reaction under concentrating light [1-LM].

4.4.1. Fig.5 – XRD pattern after concentrating light irradiation (crystal structure changes)
4.5. Methane yield is measured under natural and under concentrating light. The reaction rates of methane on different catalysts were significantly improved under the concentrating conditions. Pretreatment of the catalyst with suitable gas would further increase the methane production rate [1-LM].

4.5.1. Fig.6 – CH4 yield under nature and concentrating light (The later will be bigger than the former)
5. Conclusion (said by authors on camera)

5.1. XiaoXiang Fang: Following this procedure, other methods like concentrated photocatalysis under real sunlight can be performed in order to answer additional questions like photocatalytic splitting of water, and degradation of volatile organic compounds under real sunlight [1-MED].
5.1.1. XiaoXiang speaks towards the camera, interview style.   
5.2. Zhihong Gao: After its development, this technique paved the way for researchers in the photocatalytic field to explore how to improve carbon dioxide photoreduction behavior in a photochemical system [1-MED].
5.2.1. Zhihong speaks towards the camera, interview style.   
5.3. XiaoXiang Fang: Don't forget that working with concentrating light can be extremely hazardous and precautions such as goggles should always be taken while performing this procedure [1-MED].   
5.3.1. XiaoXiang speaks towards the camera, interview style.   
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Authors, please send me the following figures:
58661_Zhang_Fig1 – Catalyst under nature light (Not very shining)
58661_Zhang_Fig2 – Catalyst under concentrating light (some shining)
58661_Zhang_Fig3 – XRD pattern after concentrating light irradiation (crystal structure changes)
58661_Zhang_Fig4 – CH4 yield under nature and concentrating light (The later will be bigger than the former)
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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