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

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

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) N 

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.) 2.1, 2.4, 2.7, 2.9, 3.3, 4.2
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.) 
Step 2.4: The solution is highly viscous and when it is cooled, the quantitative sampling is difficult. So the solution should be taken from the vial while heating, and dropped onto a heated glass substrate.
Step 4.2: The membrane sample is vulnerable to dryness so the membrane surface should be kept wet while spraying the MnO2 catalysts.
E.  Will the filming need to take place in multiple locations? (Y/N) N 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. Akira Yamaguchi: This method can help answer key questions in the solar to chemical energy conversion field, such as artificial photosynthesis. 
1.2. Akira Yamaguchi: The main advantage of this technique is that we can fabricate flexible, durable, and redox tunable photo-functional materials.   

Protocol: (read by voice talent at JoVE) 
2. Preparation of POM/Polymer Composite Membrane
2.1. First, add 2 milliliters of polyvinyl alcohol solution and 2 milliliters of polyacrylamide solution to a 50 milliliter vial [1-MED-TXT]. Then, add a triangular-shaped stir bar and 1 gram of phosphotungstic acid to the vial [2-MED-over the shoulder-TXT].
2.1.1. Talent adds PVA and PAM solutions to vial. Show PVA and PAM container labels in frame if possible. TEXT: See text for PVA and PAM preps. 

2.1.2. Talent adds stir bar and acid to vial. Show phosphotungstic acid container label in frame if possible. TEXT: H3PW12O40 is acidic. Store in refrigerator.
2.2. Akira Yamaguchi: This cross-linking method was reported by another group, and we modified the polyoxometalate and its amount. Utilizing the method, we can fabricate a membrane with an acid-type polyoxometalate instead of a salt-type. This is the key species to construct a photo-responsive moiety.   
2.2.1. Talent speaks toward the camera, interview style.

2.3. Heat the vial to 70 degrees Celsius in a water bath under vigorous stirring and continue to stir for 6 hours after leaching at 70 degrees Celsius [1-MED].  
2.3.1. Talent places vial in water bath on hot plate and turns on heat and stirring. 
2.4. Place a glass substrate on a hot plate preheated to 100 degrees Celsius and drop 750 microliters of the solution onto the substrate [1-CU-TXT].  
2.4.1. Hot plate as talent places glass substrate on it and then adds solution onto substrate. TEXT: Keep solution hot to prevent polymers from congealing.

2.5. To dry the sample, store it in the dark overnight at room temperature [1-MED].  
2.5.1. Talent removes glass substrate from hot plate and places it in a drawer to dry.

(Author Comment: This shot was divided into two shots: 2.5.1.1 removing glass substrate from hot plate and 2.5.1.2 placing the glass in a drawer)
2.6. To prepare the cross-linking reagent, add 72 milliliters of distilled water, 24 milliliters of acetone, 2 milliliters of 25 percent glutaraldehyde solution, and 2 milliliters of hydrochloric acid to a 100 milliliter vial [1-MED-over the shoulder-TXT].
2.6.1. Talent adds reagents to vial. TEXT: 72 mL DH2O, 24 mL acetone, 2 mL 25% glutaraldehyde, 2 mL HCl. 
2.7. Place the glass substrate with the sample in a 9.5 centimeter Petri dish and add the cross-linking reagent until the membrane is completely immersed [1-MED].
2.7.1. Talent adds glass substrate and cross-linking reagent to Petri dish.
2.8. After 30 minutes, replace the cross-linking reagent with distilled water and wash once [1-MED-over the shoulder].  
2.8.1. Talent removes cross-linking reagent from Petri dish, adds distilled water, and gently shakes the Petri dish. If there is time, show removal of water after shaking.
2.9. If necessary, peel the membrane from the glass substrate using a spatula…[1-CU] and store it in distilled water in the dark [2-MED].  
2.9.1. Glass substrate as talent peels membrane from it. (Author Comment: Show only first few seconds of peeling process)
2.9.2. Talent places membrane in Petri dish with distilled water and places it in a drawer. 
3. Reaction of POM/Polymer Membrane with Donor Metals (Ce3+ and Co2+)
3.1. Add 2.08 grams of cerium nitrate hexahydrate and a stir bar to a 50 milliliter vial [1-MED-over the shoulder]. Then, add 30 milliliters of water to the vial and stir to dissolve the solid [2-MED].  
3.1.1. Talent adds reagent and stir bar to vial. Show cerium nitrate hexahydrate container label in frame if possible. 

3.1.2. Talent adds water to vial, places vial on stir plate, and turns on stirring.
3.2. Next, place the membrane in a 9.5 centimeter Petri dish and add the cerium nitrate solution until the membrane is completely immersed [1-MED-over the shoulder].
3.2.1. Talent adds membrane and cerium nitrate solution to Petri dish.
3.3. Place the Petri dish into a pre-heated oven at 80 degrees Celsius for 5 hours [1-MED]. After cooling to room temperature, replace the cerium nitrate solution with distilled water and wash once [2-MED-over the shoulder].  
3.3.1. Talent places Petri dish in oven.

3.3.2. Talent removes cerium nitrate solution from Petri dish, adds distilled water, and gently shakes the Petri dish. If there is time, show removal of water after shaking.
3.4. Store the membrane in distilled water in the dark [1-MED].
3.4.1. Talent places Petri dish containing membrane and distilled water in a drawer. 
3.5. To prepare a membrane with cobalt as the donor metal, use the same preparation and reaction procedures as previously described, except using 1.14 grams of cobalt chloride hexahydrate [1-MED-over the shoulder].  
3.5.1. Talent adds membrane and cobalt chloride solution to Petri dish and then places Petri dish in oven. (Author Comment: This shot was divided into two shots: 3.5.1.1 adding membrane and cobalt chloride solution to Petri dish and 3.5.1.2 placing it in oven.)
4. Deposition of MnOx Water Oxidation Catalysts
4.1. Place the membranes onto a hot plate at 60 degrees Celsius with masks made of silicone rubber to determine the area to be used for deposition [1-MED-over the shoulder-TXT].  
4.1.1. Talent places membranes and masks on hot plate. TEXT: Keep membrane wet during deposition. 
4.2. Add 300 milliliters of a previously prepared colloidal manganese oxide solution to a 500 milliliter bottle connected to an automated spray gun above the hot plate and spray the solution onto the membranes [1-MED-TXT].
4.2.1. Talent adds manganese oxide solution to bottle and starts spraying process. TEXT: See text for MnOx solution prep. (Author Comment: This shot contains several shots; e.g., whole image of spraying process and magnified image of the spraying.)
4.3. After manganese oxide deposition, store the samples in distilled water in the dark [1-MED]. 
4.3.1. Talent places samples in distilled water and stores them in the dark. (Author Comment: This shot was divided into two shots: 4.3.1.1 placing samples in distilled water and 4.3.1.2 storing them in the drawer.)
5. Results: Characterization of Polyoxometalate-based Photo-responsive Membranes
5.1. Retention of the POM structure in the polymer matrix was confirmed by micro-Raman and FT-IR spectroscopy [1-LM]. Vibration peaks corresponding to the Keggin structure of POM were observed, and peaks of the polymers were found to be shifted due to hydrogen bonding with POM [2-LM]. 
5.1.1. 58072fig1.jpg: Video Editor: Highlight figure a at mention of “micro-Raman” and figure b at mention of “FT-IR”.
5.1.2. 58072fig1.jpg: Video Editor: Highlight peaks around 1005 cm-1 in figure a and v(CHO) peaks around 2870 cm-1 in figure b.
5.2. Spectroscopic analysis was very useful for determining successful construction of the charge transfer unit, and this was also confirmed by the apparent color change of the samples [1-LM]. In addition, it was confirmed by UV-Vis spectroscopy and photo-electrochemical measurements, because charge transfer is achieved when all components are adequately aligned [2-LM]. In particular, the spectroscopic and photoelectrochemical results confirmed one directional charge transfer under light irradiation, which thus supports the validity of our synthetic method [3-LM].  
5.2.1. 58072fig2.jpg

5.2.2. 58072fig3.jpg: Video Editor: Zoom into or emphasize figure a.
5.2.3. 58072fig3.jpg: Video Editor: Zoom into or emphasize figure b.
5.3. The production of oxygen on manganese oxide was monitored using an indirect electrochemical method employing a rotating disk-ring electrode system, where the reduction current corresponding to oxygen reduction could be observed under light irradiation [1-LM].  
5.3.1. 58072fig4.jpg: Video Editor: Highlight parts of curve that show reduction of current (after “on” arrows) at mention of “where the reduction current corresponding to oxygen reduction could be observed under light irradiation”.
6. Conclusion (said by authors on camera)

6.1. Akira Yamaguchi: After its development, this technique paved the way for researchers in the field of photochemistry to fabricate a redox-tunable and stable photo-system to trigger multiple photochemical reactions.
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.  

Insert your media filenames here.

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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