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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 21
Number of Shots: 37

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.
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 2026, JoVE	Page 9 of 9


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2.  Bismuth Oxychloride Catalyst and Electrode Preparation
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, arrange all the required materials in the fume hood [1]. Prepare solution A by dissolving 4.85 grams of bismuth nitrate pentahydrate in 10 milliliters of deionized water [2]. Separately, prepare solution B by adding 0.745 grams of potassium chloride and 1.9 milliliters of concentrated hydrochloric acid to 10 milliliters of deionized water [3].	Comment by Vipasha Sharma: Will the whole step 1 be performed in the fume hood?
2.1.1. WIDE: Talent arranging the materials in the fume hood
2.1.2. Talent dissolving 4.85 g of bismuth nitrate pentahydrate in 10 mL of deionized water to prepare solution A
2.1.3. Talent adding 0.745 g of potassium chloride and 1.9 mL of concentrated hydrochloric acid to 10 mL of deionized water in a fume hood to prepare solution B
2.2. Combine solutions A and B, then stir at 25 degrees Celsius for 12 hours to produce a white precipitate [1]. Collect the precipitate and wash it repeatedly with 50 milliliters of ethanol followed by 50 milliliters of deionized water [2]. Vacuum-dry the washed precipitate at 60 degrees Celsius for 12 hours to obtain bismuth oxychloride precursor [3].
2.2.1. Talent combining solutions A and B and preparing the mixture for stirring at 25 degrees Celsius for 12 hours
2.2.2. Talent collecting the white precipitate and repeatedly washing it with 50 mL of ethanol and 50 mL of deionized water
2.2.3. Talent placing the washed precipitate for vacuum drying to obtain the bismuth oxychloride precursor

2.3. Prepare the bismuth oxychloride electrode slurry by adding 3 milligrams of bismuth oxychloride precursor and 30 microliters of Nafion D-520 dispersion to 1 milliliter of ethanol [1]. Then sonicate for 30 minutes to obtain a uniformly dispersed electrode slurry  [2]. 
2.3.1. Talent adding 3 milligrams of bismuth oxychloride precursor and 30 μL of Nafion D-520 dispersion to 1 mL of ethanol
2.3.2. Talent placing the electrode slurry in the sonication equipment

2.4. Evenly drop-cast the slurry onto a 1-by 3-centimeter carbon paper substrate as a gas diffusion electrode to achieve a catalyst loading of approximately 1 milligram per square centimeter [1]. Dry the catalyst-coated carbon paper under an infrared lamp in an air atmosphere to obtain the bismuth oxychloride electrode [2].
2.4.1. Talent evenly drop-casting the electrode slurry onto a 1-centimeter by 3-centimeter carbon paper substrate
2.4.2. Talent placing the catalyst-coated carbon paper under an infrared lamp for drying in an air atmosphere

2.5. Assemble the bismuth oxychloride electrode into the home-made flow cell with anode and cathode chambers measuring 0.5 centimeters wide by 2 centimeters long by 0.5 centimeters deep [1]. 
2.5.1. Talent assembling the bismuth oxychloride electrode into the home-made flow cell

2.6. Prepare 0.5 molar potassium sulfate acidic electrolyte at a pH of 2 by adding 8.71 grams of potassium sulfate and 27 microliters of 98% concentrated sulfuric acid to 50 milliliters of deionized water, adding the acid slowly to the water in a fume hood [1], and dilute to a final volume of 100 milliliters [2]. Use a platinum mesh as the anode [3].
2.6.1. Talent adding 8.71 g of potassium sulfate and 27 μL of 98% concentrated sulfuric acid to 50 mL of deionized water in a fume hood
2.6.2. Talent diluting the solution with deionized water to 100 milliliters 
2.6.3. CU: Talent positioning the platinum-mesh anode in the flow cell

2.7. Electroreduce the bismuth oxychloride electrode at a constant current density of minus 300 milliamperes per square centimeter for 5 minutes to produce the oxide-derived bismuth catalyst [1].
2.7.1. Talent initiating electroreduction of the bismuth oxychloride electrode at the specified constant current density

3. Cobalt Oxide Catalyst and Electrode Preparation
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. To prepare solution A, dissolve 291 milligrams of cobalt nitrate hexahydrate in 50 milliliters of deionized water [1]. Separately, prepare solution B by dissolving 134 milligrams of sodium oxalate in 50 milliliters of deionized water [2].
3.1.1. Talent dissolving 291.0 mg of cobalt nitrate hexahydrate in 50 mL of deionized water to prepare solution A
3.1.2. Talent dissolving 134.0 mg of sodium oxalate in 50 mL of deionized water to prepare solution B

3.2. Add solution A dropwise to solution B and stir at 25 degrees Celsius for 2 hours [1]. Collect the product by centrifugation at 12,840 g for approximately 15 minutes [2], wash it 3 times with 50 milliliters of deionized water [3], and dry at 60 degrees Celsius for 12 hours [4].
3.2.1. Talent adding solution A dropwise to solution B and preparing the mixture for stirring at 25 °C
3.2.2. Talent placing the mixture in the centrifuge and closing the lid
3.2.3. Talent washing the collected product with deionized water
3.2.4. Talent placing the mixture at 60°C for drying
Author: Are the washes done by the centrifugation in the shot 3.2.3?
3.3. Calcine the dried powder at 350 degrees Celsius for 4 hours under an air atmosphere at a heating rate of 5 degrees Celsius per minute to prepare the cobalt oxide catalyst [1].
3.3.1. Talent placing the obtained powder in the calcination equipment

3.4. Add 3 milligrams of cobalt oxide and 30 microliters of Nafion D-520 dispersion to 1 milliliter of ethanol to prepare cobalt oxide electrode slurry [1]. Sonicate for 30 minutes to obtain a uniformly dispersed electrode slurry [2].
3.4.1. Talent adding 3 milligrams of cobalt oxide and 30 μL of Nafion D-520 dispersion to 1 milliliter of ethanol
3.4.2. Talent placing the electrode slurry in the sonication equipment

3.5. Evenly drop-cast the slurry onto a 1-by 3-centimeter carbon paper substrate as a gas diffusion electrode to achieve a catalyst loading of approximately 1 milligram per square centimeter [1]. Dry the catalyst-coated carbon paper under an infrared lamp in an air atmosphere to obtain the cobalt oxide electrode [2].
3.5.1. Talent evenly drop-casting the electrode slurry onto a 1-centimeter by 3-centimeter carbon paper substrate
3.5.2. Talent placing the catalyst-coated carbon paper under an infrared lamp for drying in an air atmosphere

4. Carbon Dioxide–Glycerol Paired Electrolysis	Comment by Vipasha Sharma: Please check the title.
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Assemble the paired flow cell with the oxide-derived bismuth electrode as the cathode and the cobalt oxide electrode as the anode, separated by the Nafion 117 membrane without a reference electrode [1]. Use 0.5 molar potassium sulfate adjusted to a pH of 2 with sulfuric acid as the catholyte [2] and 1 molar potassium hydroxide containing 0.1 molar glycerol and 1 millimolar copper sulfate as the anolyte [3].
4.1.1. Talent positioning the oxide-derived bismuth cathode and cobalt oxide anode with Nafion 117 between them
4.1.2. Talent preparing the 0.5 M potassium sulfate catholyte adjusted to a pH of 2 with sulfuric acid
4.1.3. Talent preparing the 1 M potassium hydroxide anolyte containing 0.1 M glycerol and 1 mM copper sulfate

4.2. Sequentially increase the applied cell voltage from 1.6 to 2.6 volts, holding each voltage for 15 minutes while recording the corresponding chronoamperometric response [1]. At the end of each hold step, collect the liquid product for analysis [2].
4.2.1. Talent sequentially applying cell voltages from 1.6 to 2.6 volts for 15 minutes at each voltage and recording the chronoamperometric response
4.2.2. Talent collecting the liquid product at the end of a voltage hold period
4.3. Quantify hydrogen and carbon monoxide concentrations in the effluent using a thermal conductivity detector and a flame ionization detector with a methanizer, respectively [1].
4.3.1. SCREEN: Gas-chromatography output showing the hydrogen and carbon-monoxide measurements from thermal conductivity and flame ionization detectors
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=22515758  

4.4. Determine the formic acid concentration in the catholyte and anolyte after the reaction by proton nuclear magnetic resonance using the internal-standard method [1]. Prepare the standard solution by adding 0.7 microliters of dimethyl sulfoxide to 10 milliliters of deuterium oxide [2].
4.4.1. Talent preparing the catholyte and anolyte for formic acid quantification by proton nuclear magnetic resonance.
4.4.2. Talent adding 0.7 μL of dimethyl sulfoxide to 10 milliliters of deuterium oxide to prepare the standard solution.

4.5. Using a 1-milliliter micropipette, transfer 0.7 milliliters of electrolyte and add 0.3 milliliters of the standard solution [1]. Analyze the prepared sample by proton nuclear magnetic resonance [2].

4.5.1. Talent using a 1-milliliter micropipette to transfer 0.7 milliliters of electrolyte and adding 0.3 milliliters of the standard solution.
4.5.2. SCREEN: Proton NMR spectrum being analyzed to determine the formic-acid concentration

4.6. Following completion of the electrolysis and product analyses, evaluate the prepared catalysts and the performance of the paired electrolysis system using the corresponding characterization and electrochemical data [1].
4.6.1. SCREEN: Catalyst characterization and paired-electrolysis performance data being reviewed
Author: Step 5.4 has been added to bridge the protocol with the Results section.


Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 162
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. X-ray diffraction analysis showed the characteristic crystalline peaks of the bismuth oxychloride precursor [1]. Following electroreduction, these peaks were replaced by metallic bismuth peaks, confirming its conversion to oxide-derived bismuth [2]. Transmission electron microscopy further showed that the nanosheet morphology was retained after electroreduction [3]. 
5.1.1. LAB MEDIA: Figure 1A. Video Editor: Please sequentially highlight the characteristic bismuth oxychloride diffraction peaks	Comment by Vipasha Sharma: Author: Please specify which peaks to highlight in this.
5.1.2. LAB MEDIA: Figure 1B. Video Editor: Please highlight the predominant peak labeled as 012 	Comment by Vipasha Sharma: Is this correct?
5.1.3. LAB MEDIA: Figure 1C. Video Editor: Please highlight the sheet-like structure 

5.2. Successful synthesis of the Co₃O₄ catalyst was confirmed by its characteristic X-ray diffraction pattern [1]. Scanning electron microscopy showed a uniform nanorod morphology [2], while energy-dispersive X-ray spectroscopy demonstrated a homogeneous distribution of cobalt [3] and oxygen throughout the catalyst [4]. 
5.2.1. LAB MEDIA: Figure 2A. Video Editor: Please sequentially highlight the peaks labeled as (111), (220), and (311)	Comment by Vipasha Sharma: Author: Is this correct?
5.2.2. LAB MEDIA: Figure 2C. Video Editor: Please highlight the rod-shaped structures 
5.2.3. LAB MEDIA: Figure 2D-E. Video Editor: Please highlight the red area labeled “Co” across the rod-shaped structure
5.2.4. LAB MEDIA: Figure 2D-E. Video Editor: Please highlight the blue area labeled “O” across the rod-shaped structure

5.3. In the paired electrolysis system, replacing the oxygen evolution reaction with the glycerol oxidation reaction reduced the onset voltage from 1.68 to 1.18 volts [1]. Across the tested cell voltages, high formate Faradaic efficiencies were maintained at both electrodes [2], while increasing the cell voltage increased the total formate production rate from 1.08 to 9.3 millimoles per hour per square centimeter [3]. The total energy consumption also increased as cell voltage increased [4]. 
5.3.1. LAB MEDIA: Figure 4A. Video Editor: Please first highlight the blue curve labeled as 1.68-volt, followed by the red curve labeled as 1.18-volt 
5.3.2. LAB MEDIA: Figure 4B. Video Editor: Please sequentially highlight the blue bars and red bars across the tested cell voltages
5.3.3. LAB MEDIA: Figure 4C. Video Editor: Please sequentially highlight the increasing red bars from 1.08 at 1.6 V to 9.3 at 2.6 V
5.3.4. LAB MEDIA: Figure 4D. Video Editor: Please sequentially highlight increasing red bars from 1.16 at 1.6 V to 1.94 at 2.6 V
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