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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? N  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? N

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations? No


Current Protocol Length

Number of Steps:  15
Number of Shots:  38

Introduction
1. Introductory Interview Statements

REQUIRED: 
1.1. Rahul Singh: This protocol is a noise-free, clean, and sustainable way of producing energy. It can easily solve the energy crisis problem by converting the water salinity gradient into electricity.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Seok Hoon Hong: The method provides a defectless, free-standing large area membrane with outstanding physicochemical properties for generating efficient power using RED.  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 

1.3. Seok Hoon Hong: The output performance of the RED device can be scaled up and the membrane can be utilized in other electrochemical devices like fuel cells and redox flow batteries.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.4. Rahul Singh: Homogenous solution preparation, filtration, drying, controlled thickness, wash, and membrane treatment regulate the reproducible membrane performance. The stack alignment and pressure-drop optimization are crucial for producing stable device performance.  

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. 

Protocol
2. Cation Exchange Membrane (CEM) Preparation 
2.1. To prepare a cation exchange membrane, add 5% sulfonated-Poly ether ether ketone fibers to a 250-milliliter round bottom flask [1] and dissolve the fibers in dimethylacetamide solvent [2]. Then, shake the flask for 10 minutes so that all of the ionomer polymers settle to the bottom of the flask [3]. 
2.1.1. WIDE: Talent adding of sulfonated-PEEK fibers in a flask. 
2.1.2. Talent adding DMAc solution in the flask. 
2.1.3. Slightly shake the flask.

2.2. Place the mixture into a silicon oil bath with a magnetic stir bar [1] and vigorously stir the solution at 500 revolutions per minute for 24 hours at 80 degrees Celsius to obtain a homogenous solution [2]. On the next day, filter 30 milliliters of the solution through a 0.45-micrometer PTFE (P-T-F-E) filter into a circular, 18-centimeter-diameter glass dish [3]. Videographer: This step is important!
2.2.1. Talent putting stir bar into the flask and placing the flask in silicon oil bath.
2.2.2. Solution being stirred on the magnetic stirrer. 
2.2.3. Talent passing the solution through the filter into dish. 

2.3. Use an air blower to remove any bubbles [1] before placing the dish in the oven for 24 hours at 90 degrees Celsius [2] to generate an approximately 50-micrometer thick free-standing membrane [3].
2.3.1. Bubbles being removed.
2.3.2. Talent placing dish into oven.
2.3.3. Shot of membrane.

2.4. To extract the free-standing membrane, fill the dish with warm distilled water [1]. After 10 minutes, the free-standing membrane will detach from the dish [2]. Videographer: This step is important!
2.4.1. Talent adding warm distilled water in petri-dish. 
2.4.2. The membrane coming out. 

2.5. [bookmark: _Hlk69482724]To activate the membrane, immerse the membrane in 1-molar sulfuric acid solution for 2 hours at 80 degrees Celsius [1] followed by at least three, 10-minute washes with 1 liter of distilled water at room temperature per wash [2].
2.5.1. Talent immersing the membrane in sulfuric acid solution.
2.5.2. Talent washing the membrane with distilled water.



3. Anion Exchange Membrane (AEM) Preparation 
3.1. Dissolve 10% by weight FAA-3 (F-A-A-3) ionomer solution in NMP (N-M-P) solvent for 2 hours at room temperature and 500 revolutions per minute [1]. At the end of the incubation, filter approximately 30 milliliters of solution through 100-micron pore strainer into an 18-centimeter glass Petri dish [2].
3.1.1. WIDE: Talent adding FAA-3 ionomer solution in NMP solvent in a vial.
3.1.2. Talent passing the solution through the filter into dish.

3.2. After removing any air bubbles, place the dish into a 100-degree Celsius oven for 24 hours [1]. Use hot distilled water to extract the dried membrane as demonstrated [2] and activate the membrane in 1 liter of sodium hydroxide 2 hours [3]. Then wash the activated membrane three times with 1 liter of distilled water per wash as demonstrated [4].
3.2.1. Talent placing the dish in the oven.	
3.2.2. Talent adding warm distilled water in petri-dish.
3.2.3. Talent placing the membrane in NaOH solution.
3.2.4. Talent washing the membrane with distilled water.

3.3. After activation, cut the cation- and anion-exchange membranes to 49 square centimeters [1]. 
3.3.1. Membrane being cut, with already cut membrane visible in frame.

4. Reverse Electrodialysis (RED) Fabrication

4.1. To fabricate a RED stack, position a 3-centimeter-thick PMMA (P-M-M-A) plate with the electrode facing up [1] and place a rubber gasket and spacer onto the electrode [2]. Place the cation exchange membrane [3] and the anion exchange membrane on either side of the gasket [4]. Videographer: This step is important!
4.1.1. WIDE: Talent placing plate with electrode facing up
4.1.2. Talent placing gasket and spacer onto electrode
4.1.3. Talent placing CEM onto plate
4.1.4. Talent placing AEM onto plate

4.2. Place a silicon gasket and a spacer onto each membrane [1] and place a second PMMA plate onto the second layer of spacers and gaskets [2]. Then use a digital wrench drive with a 25 Newton-meter force to secure the setup with nuts, bolts, and washers [3]. Videographer: This step is important!
4.2.1. Talent placing gasket and spacer onto AEM and/or CEM
4.2.2. Talent placing second plate onto space and gasket arrangement.
4.2.3. Talent securing setup

4.3. When the stack has been assembled, place one titanium mesh electrode coated with a 1:1 mixture of iridium and ruthenium at the end each plate [1] and use crocodile clips to connect the electrodes to the source meter [2]. 
4.3.1. Talent mesh electrodes at ends of each PMMA plates.
4.3.2. Talent connecting electrodes with source meter.

5. RED Measurement
 
5.1. At least two hours before the analysis, add 5 liters of a 0.01-molar low sodium chloride solution [1-TXT] and 5 liters of 0.6-molar high sodium chloride solution to individual, large containers connected to a peristaltic pump [2-TXT] and stir the solutions continuously at room temperature [3]. Videographer: This step is important!
5.1.1. WIDE: Talent adding river water in container. TEXT: e.g., river water
5.1.2. Talent adding sea water in container. TEXT: e.g., sea water
5.1.3. Solutions being stirred. 

5.2. To perform the RED analysis, add 0.05-molar rinse solution to a third container [1-TXT] and use rubber tubes to connect all three containers through the peristaltic pump and pressure gauges to the RED assembly [2]. 
5.2.1. Talent adding rinse solution to container TEXT: e.g., [Fe (CN)6]-3/ [Fe (CN)6]-4
5.2.2. Talent connecting all three containers with RED stack.

5.3. Set the flow rate of the rinse solution to 50 milliliters per minute and the flow rate of the salt solutions to 100 milliliters per minute [1] and check the tubing to eliminate any crossflow or leakage [2]. Perform a pressure gauge reading to be sure that the reading is stable [3].
5.3.1. Talent setting flow rate(s).
5.3.2. Talent checking tubing.
5.3.3. Talent recording pressure gauge readings.

5.4. After the solutions have run through the stack at least for 5 minutes, use a source meter connected to both of the electrodes and to the RED stack to measure the reverse electrodialysis output performance by the galvanostat method [1-TXT]. Videographer: This step is important!
5.4.1. Talent measuring current and/or voltage. TEXT: Do not touch RED stack or tubes during measurement




Results
6. Results: RED Stack Power Density Measurement 
6.1. The reverse electrodialysis device acts as a potential candidate for fulfilling the universal demand for future energy crises [1]. 
6.1.1. LAB MEDIA: Figure 6

6.2. The difference in the salinity gradient of the salt concentration gives rise to the open-circuit voltage [1], which depends on the internal resistance of the reverse electrodialysis stack [2].
6.2.1. LAB MEDIA: Figure 6A
6.2.2. LAB MEDIA: Figure 6A Video editor: Please highlight data line

6.3. In this analysis, the maximum power density for the reverse electrodialysis stack was about 0.7 watt per square meter [2] and the calculated net power density was about 0.65 watt per square meter at a fixed flow rate [3].
6.3.1. LAB MEDIA: Figure 6B Video editor: Please highlight Pmax in the graph.
6.3.2. LAB MEDIA: Figure 6B Video editor: Please highlight Pnet in the graph.

6.4. As observed, the power density of the cell increased initially to the maximum current density value [1] before dropping in response to an increase in the internal resistance of the RED stack [2].
6.4.1. LAB MEDIA: Figure 6B Video editor: Please emphasize peak of both curves in red and/or black box.
6.4.2. LAB MEDIA: Figure 6B Video editor: Please emphasize both data lines after peak to end of graph





Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Seok Hoon Hong: It is important to regularly cross-check the tubing connection, solution crossflow, and leakage for producing efficient and stable cell performance. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.3.2 and 5.3.3

7.2. Rahul Singh: The preparation of a uniform large-area membrane would stabilize the cell performance without fouling the membrane and solution leakage. Furthermore, it works efficiently under stress conditions. 

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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