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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below will viewers benefit most from having filmed? 2.2, 2.6, 2.7, 3.3
1. For step 2.2, you should ensure each increment of PbO is of finite amount because this step is an exothermic reaction. If you add too much PbO in one increment, it cannot be completely dissolved due to thermodynamic limit.
2. For step 2.6, you should ensure the polishing of electrodes removes all of the impurities on commercial electrode surfaces, while also increase the surface roughness of the electrode.
3. For step 2.7, make sure immersing carbon composite electrode completely in the HCl solution to remove any organic byproducts and impurities from manufacture processes, which may still remain on the surface after polishing.
4. In step 3.3, prior to conducting throwing index experiment, you should ensure that the horizontal balance of the solution level so as to control the reaction electrodes to be of the same area for all samples.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.2, 3.6
1. Step 2.2 might be one key to achieve better performance of SLFBs. When we dissolve PbO in the MSA solution to form MSA electrolyte, we will monitor pH values of the electrolyte solution to ensure completion of the reaction.
2. Step 3.6 can be difficult at times because the electrodeposit at the graphite electrode may not be strong enough. If the slicing of the sample is not performed with care, the electrodeposit may peel off from the electrodes.
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 
It is within 50 meters.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Hsun-Yi Chen: This method extends the cycle life of soluble lead flow batteries by employing sodium acetate as an electrolyte additive, which is an economical and effective approach. [1]

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

1.2. Hsun-Yi Chen: In addition, the beaker-cell design used in this method is convenient for studying the effects of the electrolyte additive on single-flow redox flow batteries. [1]

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


Introduction of Demonstrator: (Said by you on camera)

Original:
1.3. Hsun-Yi Chen: Demonstrating the procedure will be Yong-Hong Lai, Ho-Wei Chan, and Kai-Rui Pan, two grad students and an undergraduate student from my laboratory. [1][2]

1.3.1. INTERVIEW: Author says the statement above.

1.3.2. MED: The named demonstrators look up from a workbench or desk and acknowledge the camera.

Revised:
1.3 Hsun-Yi Chen: Demonstrating the procedure will be Yong-Hong Lai, Ho-Wei Chan, and Kai-Rui Pan, two grad students and an undergraduate student from my laboratory. [1][2]

1.3.1 INTERVIEW: Author says the statement above.

1.3.2 MED: The named demonstrators look up from a workbench or desk and acknowledge the camera.  Demonstrator: Yong-Hong-Lai

1.3.3 Added shot: Ho-Wei Chan

1.3.4 Added shot: Kai-Rui Pan



Section - Protocol
2. Construction of a Soluble Lead Flow Battery (SLFB) with a Sodium Acetate Additive
2.1. To begin, in a fume hood, pour 274.6 grams of 70% methanesulfonic (meh-thain-sull-fon-ik /ˌmɛ θeɪn sʌlˈfɒn ɪk/) acid into a beaker and start stirring it with a stir bar. [1] Add 300 milliliters of deionized water and continue stirring for 1 to 2 minutes to thoroughly mix the solution. [2]
2.1.1. MED: Talent pours the MSA from a secondary container in which it was weighed into a large beaker that already contains a stir bar on a stir plate and turns on the stir motor.
2.1.2. MED: Talent pours 300 mL of DIH2O into the stirring MSA.
2.2. [bookmark: _Hlk479690597]Then, add 223.2 grams of 98% lead(II) oxide (led two ock-side (ock-side /ˈɒk saɪd/)) to the stirring solution in spatula-tip-sized increments. [1] Wait for each portion to dissolve completely before adding the next one. [2-TXT]
2.2.1. MED: Talent adds the first portion of PbO to the stirring solution.
2.2.2. CU: 6-7 seconds of footage of the solution stirring as the added portion of solid PbO dissolves. TEXT: PbO addition takes 1-1.5 h
2.3. Filter the resulting lead methanesulfonate (meh-thane-sull-fuh-nate /ˌmɛ θeɪnˈsʌl fə neɪt/) solution three times, [1] dilute it to 1 liter with deionized water, and stir it for 2 to 3 hours to obtain a 1-molar solution. [2]
2.3.1. MED: Talent pours a previously-prepared lead methanesulfonate solution into a filtration setup and starts the vacuum.
2.3.2. MED: Talent adds DIH2O to a volumetric flask containing 3x-filtered lead methanesulfonate solution to bring the total volume to 1 L and starts stirring the solution.
2.4. Next, combine in a beaker 20.595 grams of 70% MSA (M-S-A), 150 milliliters of 1-molar lead methanesulfonate, [1] and 1.23 grams of sodium acetate (as-ih-tate /ˈæs ɪˌteɪt/). [2]
2.4.1. MED: Talent adds 150 mL of the 1 M lead methanesulfonate solution to a beaker that already contains 20.595 g 70% MSA and a stir bar.
2.4.2. MED: Talent adds 1.23 g NaOAc to the beaker.
2.5. Dilute the mixture to 300 milliliters with deionized water and stir it for 1 to 2 minutes to make an electrolyte solution with sodium acetate as an additive. [1-TXT]
2.5.1. MED: Talent adds 300 mL DIH2O to the electrolyte beaker, sets the beaker on a stir plate, and turns up the stir motor. TEXT: Electrolyte: 0.5 M lead methanesulfonate, 0.5 M MSA, 50 mM NaOAc Video Editor: Please wait to show the text overlay until “and stir…”
2.6. Next, polish a bare graphite electrode with P100-grit (P-one-hundred grit) alumina (uh-loo-min-uh /əˈluː mɪn ə/) sandpaper [1] until no impurities are visible. [2] Rinse the polished electrode with deionized water. [3]
2.6.1. MED: 6-7 seconds of footage of talent polishing the carbon composite (graphite) electrode.
2.6.2. CU: Talent finishes polishing the carbon composite electrode and shows it to the camera so that it is apparent that no impurities are visible.
2.6.3. MED: Talent rinses the polished carbon and Ni electrodes with DIH2O.
2.7. Then, add 20.83 grams of 35% hydrochloric acid to 200 milliliters of deionized water and stir well to obtain a 1-molar solution of hydrochloric acid. [1] Soak the graphite electrode in this solution for at least 8 hours. [2]
2.7.1. MED: Talent slowly pours the HCl into a beaker containing 200 mL of DIH2O and then turns on the stir motor.
2.7.2. CU: Talent uses stainless steel tweezers to carefully place the polished carbon composite electrode in the beaker of HCl solution. (The beaker should now be labeled as 1 M HCl.)
2.8. Thoroughly rinse the graphite electrode with deionized water and dry it with a low-lint laboratory wipe. [1] Polish a nickel electrode with P100-grit alumina sandpaper, rinse it with deionized water, and dry it in the same way. [2]
2.8.1. MED: Talent finishes rinsing the carbon composite electrode and starts drying it with a Kimwipe (or another delicate task wiper).
2.8.2. MED: Talent finishes polishing the Ni electrode with sandpaper and starts rinsing it with DIH2O.
2.9. Then, wrap polytetrafluoroethylene (paul-ee-teh-truh-floor-oh-eth-ih-lean /ˌpɒl iːˌtɛ trəˌflʊər oʊˈɛθ ɪˌliːn/) tape around one side of each electrode, [1] leaving a portion exposed to be connected to the battery tester. [2]
2.9.1. MED: Talent wraps PTFE tape around the polished Ni electrode, with portions of the electrode left exposed at either end. The already-taped carbon composite electrode should also be visible in shot.
2.9.2. CU: Talent shows a PTFE-tape-wrapped electrode to the camera so the exposed ends are apparent.
2.10. Dissolve 3.03 grams of potassium nitrate (nigh-trait /ˈnaɪ treɪt/) in 300 milliliters of deionized water. [1] Immerse the exposed sides of both electrodes in this 0.1-molar potassium nitrate solution. [2] Also, place a reference silver/silver chloride (silver silver-chloride) electrode in the solution. [3]
2.10.1. MED: Talent adds 300 mL DIH2O to a beaker containing 3.03 g KNO3 and starts stirring the mixture.
2.10.2. MED: With the beaker now labeled as 0.1 M KNO3, talent immerses both polished, taped electrodes in the KNO3 solution.
2.10.3. CU: Talent immerses a Ag/AgCl reference electrode in the solution.
2.11. [bookmark: _Hlk491166821]Then, connect the electrodes to a potentiostat (puh-ten-she-oh-stat /pəˈtɛn ʃi oʊˌstæt/). [1] The graphite working electrode will be the positive electrode and the nickel counter electrode will be the negative electrode. [2]
2.11.1. MED: Talent connects the potentiostat/galvanostat to the three electrodes.
2.11.2. CU: A close-up view of the three electrodes once they have been connected to the potentiostat so that it is evident that the carbon composite electrode is connected as the positive electrode and the nickel electrode is connected as the negative electrode.
Note to editor: Because the photographer cannot record the voltage figures on the computer screen during setting, please add screen text with figures in step 2.12.
2.12. Apply a potential of 1.8 volts versus silver/silver chloride to the positive electrode for 5 minutes. [1] Then, apply a potential of -1 volt versus silver/silver chloride to the positive electrode for 2 minutes to finish the pretreatment. [2]
2.12.1. MED-Over shoulder: An over-shoulder view of talent using the potentiostat software to apply 1.80 V vs. Ag/AgCl to the positive (working) electrode for a 5-minute duration.
2.12.2. MED-Over shoulder: An over-shoulder view of talent using the potentiostat software to apply -1.0 V vs. Ag/AgCl to the positive (working) electrode for a 2-minute duration.
2.13. Rinse and dry the electrodes afterwards. [1] Then, connect the pretreated electrodes to a custom electrode positioning board. [2]
2.13.1. MED: Talent rinses a pretreated electrode.
2.13.2. MED: Talent connects both pretreated electrodes to the fixed positions on the electrode positioning board.
2.14. Place the positioning board on a beaker equipped with a stir bar [1] and fill the beaker with electrolyte until the solution reaches the appropriate level. [2]
2.14.1. MED: Talent places the positioning board on a beaker that already contains a stir bar.
2.14.2. CU: Talent adds the electrolyte to the beaker until it reaches the appropriate solution level.
2.15. Place the beaker assembly on a stirring hotplate and connect a battery tester to the electrodes. [1] Cover the beaker cell with plastic wrap to prevent evaporation before performing the battery test. Stir the mixture at about 200 rpm during the test. [2]
2.15.1. MED: With the beaker assembly already on the stirring hotplate, talent connects the battery tester to the electrodes.
2.15.2. MED: Talent covers the beaker cell with plastic wrap, and then starts stirring the mixture at 200 rpm.
3. Throwing Index (TI) Measurement and Scanning Electron Microscopy (SEM) Sample Preparation
3.1. To start the throwing index measurement procedure, weigh two positive electrodes and record their masses. [1] Place a negative electrode in the center position of a Haring-Blum (hair-ing blum /ˈhɛr ɪŋ ˈblʌm/) cell apparatus. [2]
3.1.1. MED: Talent weighs a positive electrode on a balance and records the mass once the reading stabilizes.
3.1.2. CU: Talent puts a negative electrode in the center position of the Haring-Blum cell apparatus.
3.2. Place one positive electrode in the assembly near the negative electrode. Place the other positive electrode at a distance several times greater than the distance between the first positive electrode and the negative electrode. [1-TXT]
3.2.1. CU: Talent puts one of the positive electrodes in the near-anode position, and then puts the other positive electrode in the far-anode position. TEXT: See text for distance ratio diagram
3.3. Immerse the electrodes in the electrolyte of interest and connect them to a battery tester. [1] Start the test by charging the battery assembly with a constant current density of 20 milliamperes per square centimeter for 30 minutes. [2]
3.3.1. MED: With the electrodes already immersed in the electrolyte, talent connects the electrodes to a battery tester.
3.3.2. MED-Over shoulder: An over-shoulder view of talent using the battery cycling software to start a battery testing sequence that begins with a 30-minute galvanostatic charge at 20 mA cm-2.
3.4. After performing the desired charge/discharge (charge-discharge) cycles, rinse the positive electrodes with deionized water and allow them to dry in ambient air overnight. [1] Then, weigh the positive electrodes and calculate the amount of metal plated on each electrode. [2]
3.4.1. MED: Talent rinses two plated positive electrodes with DIH2O and then lays them out to dry.
3.4.2. MED: Talent places a dry, plated positive electrode on a tared analytical balance, waits for the reading to stabilize, and then records the reading.
3.5. Repeat this process at various linear distance ratios and generate a throwing index diagram. [1-TXT]
3.5.1. MED: With a negative electrode and a positive electrode already placed in the Haring-Blum cell apparatus, talent places the second positive electrode at a different distance ratio than was previously shown in the demonstration. TEXT: See text for equations
3.6. To prepare an electroplated graphite electrode for SEM (S-E-M), first, rinse it with deionized water and allow it to dry at room temperature. [1] Then, use a diamond saw to carefully slice the electrode into samples of the desired size. [2]
3.6.1. MED: Talent rinses an electroplated graphite electrode with DIH2O and then places it aside to dry.
3.6.2. CU: Talent uses a diamond saw to slice a sample from a clean, dry, plated graphite electrode.
3.7. Cold-mount an electrode sample, fix it in a polisher, and mechanically polish it with 14-, 8-, and 3-millimeter silicon carbide (car-bide /ˈkɑr baɪd/) sandpaper, in sequence. [1-TXT] Rinse the sample with deionized water and dry it with nitrogen gas after each polishing. [2]
3.7.1. MED: Talent fixes a cold-mounted sample in a mechanical polisher and starts mechanically polishing it with 14 mm SiC sandpaper. TEXT: Polish 6 h; DIH2O lubricant; 50 rpm
3.7.2. MED: Talent rinses a polished cold-mounted sample with deionized water.
3.8. Then, polish the sample with a 1-millimeter diamond suspension, followed by a slurry of 0.05-millimeter alumina in deionized water. [1]
3.8.1. MED: Talent starts mechanically polishing a cold-mounted sample with 0.05 mm Al2O3.
3.9. After that, deposit a layer of platinum on the polished sample and attach it to the sample platform with copper tape. Acquire SEM images of the electroplated material. [1]
3.9.1. [bookmark: _GoBack]MED: Talent uses copper tape to fix a platinum-coated sample to a sample stub, and then places the sample stub in the SEM sample chamber. {Comment: This shot was not filmed because this procedure in our school is conducted by technician in centralized equipment lab, and we don’t have the SEM available. }

Section – Results
4. Results: The Effects of a Sodium Acetate Additive on SLFB Performance 
4.1. Adding sodium acetate to the SLFB (S-L-F-B) electrolyte [1] extended the charge/discharge cycling lifetime by about 50%. [2]
4.1.1. LAB MEDIA: Figure 3 – Video Editor: Add the caption ‘0.5 M lead methanesulfonate, 0.5 M MSA, 50 mM NaOAc’ under 3a and the caption ‘0.5 M lead methanesulfonate, 0.5 M MSA’ under 3b. Also, add the caption ‘40 min charge/discharge, 15 mA cm-2’ to Figure 3 overall. Please retain these captions throughout showing Figure 3 (4.1.1-4.1.2). See JoVE figure_001.pdf and JoVE figure_003.pdf for individual panels.
4.1.2. LAB MEDIA: Figure 3 – Video Editor: Highlight both graphs from x = 200 rightward to emphasize that the SLFB with the additive (3a) can undergo more charge/discharge cycles than the SLFB without the additive (3b).
4.2. Adding sodium acetate also improved the throwing characteristics at the positive electrodes, [1] as indicated by the shallower slope in a throwing index diagram. [2] Sodium acetate had no significant effect on the plating behavior at the negative electrode. [3]
4.2.1. LAB MEDIA: Figure 4A – Video Editor: Add the caption ‘PbO2 deposition on positive electrodes’. Please retain this caption throughout showing Figure 4a (4.2.1-4.2.2). Also, during this voiceover segment, emphasize the red line and dots, which show the data for the SLFB with added NaOAc. See JoVE figure_002.pdf for Figure 4A individually.
4.2.2. LAB MEDIA: Figure 4A – Video Editor: Highlight the space between the red and black diagonal lines. The shallower slope of the red line relative to the black line shows that the red-line data is closer to ideal behavior.
4.2.3. LAB MEDIA: Figure 4B – Video Editor: Add the caption ‘Pb deposition on negative electrode’. See JoVE figure_004.pdf for Figure 4B individually.
4.3. SEM images of positive electrodes electroplated with lead(IV) oxide (led four ock-side (ock-side /ˈɒk saɪd/)) in electrolyte with and without sodium acetate [1] showed that the additive corresponded to a smoother lead(IV) oxide surface with fewer defects. [2]
4.3.1. LAB MEDIA: Figure 5 – Video Editor: Add the caption ‘With additive’ under 5a and the caption ‘Without additive’ under 5b. Add the caption ‘50 cycles, 60 min charge/discharge, 15 mA cm-2’ to the figure overall. Please retain these captions throughout showing Figure 5 (4.3.1-4.3.2). See ‘buffer 20000 times.pdf’ and ‘none buffer 20000 times.tif’ for individual panels.
4.3.2. LAB MEDIA: Figure 5 – Video Editor: Highlight 5a to emphasize that the image showing the electrode plated in the presence of the additive has a smoother, less cracked surface than the electrode plated in the absence of the additive.

Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Hsun-Yi Chen: Impurities are detrimental to the performance of SLFBs. Make sure that PbO is completely dissolved in the MSA and filter out all residual solids before using the electrolyte. [1] (Step 2.2, 2.3)
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Hsun-Yi Chen: Once the plated electrode sample is harvested, other materials characterization techniques such as EBSD, nano-indentation, or X-ray diffraction can be performed to gain insight into the additive’s effect on electrodeposition. [1]
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Hsun-Yi Chen: Given how a sodium acetate additive can assist high-quality electrodeposition, our work opens an exciting avenue to the advancement of batteries involving redox reactions associated with electrodeposition during cyclization. [1]
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.4. Hsun-Yi Chen: Remember to prepare the electrolyte in a fume hood because the gas released during this procedure can be hazardous. [1]
5.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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