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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21795348

3. Filming location: Will the filming need to take place in multiple locations?   Yes
200 meters away.

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.  NO

Current Protocol Length
Number of Steps:  39
Number of Shots:  66 (58+9SCs) 

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


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. Anupa A. Kumbhar: This research develops metal-free thiocarbohydrazone electrocatalysts for sustainable hydrogen evolution under neutral aqueous conditions.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research contexts or systems in which this protocol can be applied.
1.2. Anupa A. Kumbhar: This protocol pertains to hydrogen evolution, organic electrocatalysis, electrochemistry, catalyst development, and laboratory education for undergraduate, postgraduate, and doctoral students.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Anupa A. Kumbhar: This protocol enables the measurement of hydrogen evolution activity, electrochemical behavior, electron-transfer properties, and long-term stability of an immobilized organic catalyst.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the most important consideration or challenge when performing this protocol.
1.4. Anupa A. Kumbhar: The most important consideration while performing this protocol is meticulous electrode polishing, uniform catalyst loading, and maintaining an oxygen-free environment to ensure reproducible electrocatalytic performance.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Anupa A. Kumbhar: Future research can optimize catalyst structure, investigate structure–activity relationships, alternative electrode supports, and electrolyte effects to improve hydrogen evolution performance.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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

Protocol
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Synthesis of Thiocarbohydrazone Derivative P3
Demonstrator: Prasanna R. Said 

2.1. To begin, dissolve about 100.00 milligrams of thiocarbohydrazide in 10 milliliters of distilled ethanol in a clean 50 milliliter beaker [1].
2.1.1. WIDE: Talent adding 10 milliliters of distilled ethanol to the beaker containing thiocarbohydrazide and mixing it. Videographer: Please obtain CU shot as well for this shot.
2.2. Next, take 100.90 milligrams of 2-pyridyl carboxaldehyde in a 100-milliliter round-bottom flask [1] and dissolve it completely in 5 milliliters of distilled ethanol [2].
2.2.1. Talent transferring the weighed 2-pyridyl carboxaldehyde into a 100 milliliter round-bottom flask.
2.2.2. Talent adding 5 milliliters of distilled ethanol to the round-bottom flask until the compound is completely dissolved.
2.3. Add 1 drop of concentrated hydrochloric acid to the ethanolic solution and stir the solution for 1 minute using a magnetic stir bar [1].
2.3.1. Talent adding 1 drop of concentrated hydrochloric acid to the ethanolic solution and stirring the solution with a magnetic stir bar.
2.4. Using a glass dropper, carefully add the previously prepared ethanolic solution of thiocarbohydrazide to the stirred solution [1]. Reflux the reaction mixture for 3 hours in an oil bath [2].
2.4.1. Talent adding the previously prepared thiocarbohydrazide solution to the reaction mixture using a glass dropper.
2.4.2. Talent placing the round-bottom flask into the oil bath for reflux.
2.5. After cooling the reaction mixture to room temperature, filter the pale-yellow solid through Grade 1 qualitative filter paper [1]. Wash the solid twice with 5 to 7 milliliters of distilled ethanol and once with diethyl ether [2]. Dry the recrystallized crude product under vacuum [3]. 
2.5.1. Talent filtering the pale-yellow solid through Grade 1 qualitative filter paper.
2.5.2. Talent washing the collected solid with distilled ethanol followed by diethyl ether.
2.5.3. Talent placing the recrystallized product under vacuum for drying.
2.6. Dissolve approximately 100.00 milligrams of recrystallized dry P1 in a clean 50-milliliter beaker, using 10 milliliters of distilled ethanol [1].
2.6.1. Talent adding 10 milliliters of distilled ethanol to 100.00 milligrams of recrystallized dry P1.
2.7. Place 62.50 milligrams of salicylaldehyde in a 100-milliliter round-bottom flask equipped with a stir bar [1] and dissolve it in 5 milliliters of distilled ethanol with continuous stirring on a magnetic stirrer [2].
2.7.1. Talent placing 62.50 milligrams of salicylaldehyde into a 100 milliliter round-bottom flask equipped with a stir bar.
2.7.2. Talent adding 5 milliliters of distilled ethanol and continuously stirring the solution on a magnetic stirrer.
2.8. Add 1 drop of concentrated hydrochloric acid to the solution in the round-bottom flask and stir the solution for 1 minute [2].
2.8.1. Talent adding 1 drop of concentrated hydrochloric acid to the solution in the round-bottom flask and stirring the solution.
2.9. Using a glass dropper, carefully add the P1 solution to the acidified salicylaldehyde solution in the round-bottom flask [1]. Reflux the reaction mixture for 3 hours [2].
2.9.1. Talent adding the solution of P1 to the acidified salicylaldehyde solution using a glass dropper.
2.9.2. Talent placing the round-bottom flask into the reflux setup.
2.10. Separate the lemon-yellow precipitate from the reaction mixture by filtration through Grade 1 qualitative filter paper [1]. Wash, recrystallize, and dry the precipitate as demonstrated earlier [2]. 
2.10.1. Talent filtering the reaction mixture through Grade 1 qualitative filter paper to collect the lemon-yellow precipitate.
2.10.2. Shot of the recrystallized and dried product.
2.11. Next, dissolve 100.00 milligrams of the recrystallized dry P2 in 50 milliliters of dry acetone [2]. Add 46.15 milligrams of potassium carbonate and stir the solution for 10 minutes at room temperature [2].
2.11.1. Talent dissolving the recrystallized dry P2 in 50 milliliters of dry acetone.
2.11.2. Talent adding 46.15 milligrams of potassium carbonate to the solution and stirring it.
2.12. Add 25.00 milligrams of sodium iodide to the stirring solution, followed by 72.15 milligrams of p-nitrobenzyl bromide [1].
2.12.1. Talent adding 25.00 milligrams of sodium iodide 72.15 milligrams of p-nitrobenzyl bromide to the stirring solution.
2.13. After refluxing and cooling the reaction mixture, filter it to remove the potassium carbonate precipitate [1]. Then, concentrate the collected filtrate under reduced pressure to obtain the crude P3 [2].
2.13.1. Talent filtering the reaction mixture to remove the potassium carbonate precipitate.
2.13.2. Talent placing the filtrate under reduced pressure to obtain the crude P3.
2.14. Purify the crude product by column chromatography using silica gel as the stationary phase and n-hexane and ethyl acetate as the mobile phase [1].
2.14.1. Talent collecting the fractions through the chromatography column.
2.15. After concentrating the eluted fractions, place a small drop from each test tube on a precoated silica gel plate, along with spots of P2 and p-nitrobenzyl bromide [1]. Using tweezers, place the TLC (T-L-C) plate in a TLC chamber with n-hexane and ethyl acetate. Cover it and let the solvent rise to three-quarters of the plate’s height [2]. After marking the solvent front with a pencil and drying the plate, visualize it under the ultraviolet visualization chamber [3].
2.15.1. Talent spotting samples from each test tube together with P2 and p-nitrobenzyl bromide onto a precoated silica gel plate using a capillary.
2.15.2. Talent placing the TLC plate into the TLC chamber using tweezers and covering it
2.15.3. Talent placing the plate into the ultraviolet visualization chamber.
2.16. Once all the fractions containing the product are combined, concentrate them under reduced pressure to obtain a pale yellow pure product [1]. 
2.16.1. Talent placing the combined fractions under vacuum to obtain the pale-yellow pure product.

3. Investigating Solution-State Electrochemical Behavior of P3 in Dry DMSO Solvent
3.1. Prepare the electrochemical setup with the required electrodes, electrochemical cell, nitrogen purging system, and potentiostat with connecting wires [1].
3.1.1. Talent at the working bench with the prepared electrochemical setup. 
3.2. Take 3.87 grams of tetrabutylammonium hexafluorophosphate or TBAPF6 (T-B-A-P-F-Six) in a clean 100-milliliter volumetric flask with a stopper [1].
3.2.1. Talent transferring the tetrabutylammonium hexafluorophosphate to a clean 100 milliliter volumetric flask with a stopper.
3.3. Carefully add approximately 50 milliliters of dry DMSO to the volumetric flask and mix well until all the TBAPF6 particles dissolve [1]. Bring the volume to the mark to obtain a 0.1 Molar solution, label the flask as 0.1 Molar TBAPF6 in dry DMSO, and set it aside [2].
3.3.1. Talent adding approximately 50 milliliters of dry dimethyl sulfoxide to the volumetric flask and mixing the contents.
3.3.2. Talent adding dry dimethyl sulfoxide to the calibration mark of the volumetric flask, labelling it and keeping it aside
3.4. Transfer 4.34 milligrams of P3 to a clean 10-milliliter volumetric flask with a stopper [1].
3.4.1. Talent transferring P3 to a clean 10 milliliter volumetric flask with a stopper.
3.5. Add the 0.1 molar TBAPF6 solution in dry DMSO to the volumetric flask and make the volume up to the mark to obtain a 1 millimolar, or 0.001 molar, solution of P3 [2].
3.5.1. Talent adding the 0.1 molar TBAPF6 solution in dry DMSO to the volumetric flask and filling it upto the calibration mark.
3.6. Weigh 1.74 grams of dipotassium hydrogen phosphate in a clean 50 milliliter beaker [1]. Add 10 milliliters of deionized water or 18.2-megohm-centimeter water, and label the beaker as solution A [2].
3.6.1. Talent weighing 1.74 grams of dipotassium hydrogen phosphate in a clean 50 milliliter beaker.
3.6.2. Talent adding 10 milliliters of deionized water or 18.2 megaohm-centimeter water to the beaker and labelling the beaker.
3.7. Next, add 10 milliliters of deionized water to 1.36 grams of potassium dihydrogen phosphate in another clean 50-milliliter beaker and label the beaker as solution B [1].
3.7.1. Talent adding 10 milliliters of deionized water to the beaker containing potassium dihydrogen phosphate and labeling the beaker as solution B.
3.8. Using a 10-milliliter serological pipette, transfer 8 milliliters of solution A and 2 milliliters of solution B into a clean 100-milliliter volumetric flask and make up the volume using deionized water [1].
3.8.1. Talent transferring 8 milliliters of solution A into a clean 100 milliliter volumetric flask using a 10 milliliter serological pipette. Authors: Please keep solution B and water in frame
3.9. Use a pH meter to measure the solution's pH, then add 0.1 molar hydrochloric acid or sodium hydroxide to adjust it to 7.4 [1]. 
3.9.1. Talent adjusting the pH using 0.1 molar hydrochloric acid or 0.1 molar sodium hydroxide solution.
3.10. Next, switch on the potentiostat and allow the instrument to stabilize for 10 minutes [2]. Then, open the cyclic voltammetry program. Set the potential limits from positive 1.0 volts to negative 1.5 volts, the start and end potentials to 0 volts, the scan rate to 50 millivolts per second, and the number of cycles to 4 [2]
3.10.1. Talent switching on the potentiostat.
3.10.2. SCREEN: Cyclic voltammetry program being opened. Potential limits being set from positive 1.0 volts to negative 1.5 volts. Start and end potentials being set to 0 volts. Scan rate being set to 50 millivolts per second. Number of cycles being set to 4.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21795348

3.11. Then, arrange the electrochemical assembly as presented [1].
3.11.1. LAB MEDIA: Figure 4
3.12. Add 10 milliliters of the 0.1 molar TBAPF6 solution in dry DMSO to an electrochemical cell [1], then purge the solution with nitrogen for 15 minutes [2]. Record the voltammogram of the electrolyte blank over the potential range from positive 1.0 volts to negative 1.5 volts at a scan rate of 50 millivolts per second [3]. Clean the electrochemical cell and dry it after use [4].
3.12.1. Talent adding 10 milliliters of the electrolyte solution to the electrochemical cell.
3.12.2. Talent placing the nitrogen line into the electrochemical cell for purging.
3.12.3. SCREEN: Voltammogram of the electrolyte blank being recorded.
3.12.4. Talent cleaning and drying the electrochemical cell.
3.13. Next, add 10 milliliters of the 1 millimolar P3 solution to the cleaned, dry electrochemical cell [1]. After purging the solution, record the voltammogram using the same parameters as prepared earlier [3].
3.13.1. Talent adding 10 milliliters of the 1 millimolar P3 solution to the cleaned electrochemical cell.
3.13.2. SCREEN: Voltammogram of the P3 solution being recorded using the previously defined parameters.
3.14. Record the voltammogram of P3 separately at scan rates of 20, 80, 100, 150, 200, 250, and 300 millivolts per second [1].
3.14.1. SCREEN: Scan rate being changed sequentially to 20, 80, 100, 150, 200, 250, and 300 millivolts per second. Voltammograms being recorded for each scan rate.

4. Preparation of P3 Modified Glassy Carbon Electrode

4.1. Take 1.00 milligram of P3 in a glass vial, add 500 microliters of DMSO and acetonitrile [1], and gently heat the vial to obtain a clear solution [2].
4.1.1. Talent adding 500 microliters of a 1:1 volume-to-volume mixture of dimethyl sulfoxide and acetonitrile to the vial.
4.1.2. Talent gently heating the vial until a clear solution is obtained.
4.2. To polish the 3 millimeter glassy carbon electrode, place 2 drops of alumina paste on a polishing pad [1] and trace a figure-of-eight motion for 1 minute while firmly holding the electrode [2]. Clean the alumina paste off the electrode, rinse it thoroughly with distilled water, followed by drying with a clean, lint-free tissue [3].
4.2.1. Talent plaing 2 drops of alumina paste on a polishing pad.
4.2.2. Talent tracing a figure-of-eight motion on the polishing pad with the electrode.
4.2.3. Talent wiping away the alumina paste, rinsing the electrode with distilled water.
4.3. Carefully place 3 microliters of the P3 solution onto the 3 millimeter area of the glassy carbon electrode [1], dry it with a hot-air gun, and repeat this procedure once again [2]. 
4.3.1. Talent dispensing 3 microliters of the P3 solution onto the 3 millimeter area of the glassy carbon electrode.
4.3.2. Talent drying the coated electrode with a hot-air gun.
4.4. Next, add 4 microliters of the P3 solution onto the electrode [1] and dry it with a hot-air gun [2]. Apply 4 microliters of the 1 percent perfluorosulfonic acid ionomer solution to the electrode and allow it to dry at room temperature [3].
4.4.1. Talent applying the final 4 microliter layer of the P3 solution onto the electrode.
4.4.2. Talent drying the final P3 coating with a hot-air gun.
4.4.3. Talent applies 4 microliters of the 1 percent perfluorosulfonic acid ionomer binder solution onto the electrode and leaves it aside on the bench.

5. Electrochemical Hydrogen Evolution Studies using Linear Sweep Voltammetry

5.1. Open the linear sweep voltammetry program. Set the start potential to 0 volts, the end potential to negative 1.5 volts, and the scan rate to 100 millivolts per second [2].
5.1.1. SCREEN: Linear sweep voltammetry program being opened. Start potential being set to 0 volts. End potential being set to negative 1.5 volts. Scan rate being set to 100 millivolts per second.
5.2. Fill the electrolytic cell with 10 milliliters of the 0.1 molar phosphate buffer at pH 7.4 [1] and connect all 3 electrodes to the potentiostat using crocodile clips [2].
5.2.1. Talent filling the electrolytic cell with 10 milliliters of the phosphate buffer.
5.2.2. Talent connecting all 3 electrodes to the potentiostat using crocodile clips
AND
TEXT ON A PLAIN BACKGROUND
Working electrode: P3-GCE
Counter electrode: Platinum
Reference electrode: Ag/AgCl 
Video editor: Please use split screen to show both these shots
5.3. After connecting the electrodes, purge the electrolytic cell with nitrogen for 15 minutes [1]. Seal the electrolytic cell using polytetrafluoroethylene tape [2] and record a linear sweep voltammogram [3].
5.3.1. Talent placing the nitrogen line into the electrolytic cell for purging.
5.3.2. Talent sealing the electrolytic cell with polytetrafluoroethylene tape.
5.3.3. SCREEN: Linear sweep voltammogram being recorded.

6. Stability and Durability Test of P3-GCE using Chronoamperometry

6.1. Open the chronoamperometry program. Set the applied potential to negative 1.22 volts and the time to 2 hours [1].
6.1.1. SCREEN: Chronoamperometry program being opened. Applied potential being set to negative 1.22 volts versus the silver/silver chloride electrode. Measurement time being set to 2 hours.
6.2. Use the same electrochemical setup prepared for the linear sweep voltammetry measurements [1]. Click Start Measurement and allow the measurement to stop automatically after 2 hours [2].
6.2.1. Talent arranging the same electrochemical setup used for the linear sweep voltammetry measurements.
6.2.2. SCREEN: Start Measurement button being clicked. Chronoamperometry measurement running.








Results
7. Results 

7.1. The voltammogram of the electrolyte blank solution alone did not show any redox peaks [1], whereas P3 showed a redox couple with an anodic peak at negative 1.13 volts [2] and the corresponding cathodic peak at negative 1.23 volts [3]. An additional anodic peak appeared at 0.80 volts [4].
7.1.1. LAB MEDIA: Figure 5A. Video editor: Highlight the black line labeled "Blank".
7.1.2. LAB MEDIA: Figure 5A. Video editor: Highlight the blue peak labeled "A".
7.1.3. LAB MEDIA: Figure 5A. Video editor: Highlight the blue peak labeled "A′".
7.1.4. LAB MEDIA: Figure 5A. Video editor: Highlight the blue peak labeled "B".
7.2. The peak current for the Nitrogen dioxide redox couple [1] and the oxidation peak varied linearly with the square root of the scan rate, indicating diffusion-controlled processes [2].
7.2.1. LAB MEDIA: Figure 5C. 
7.2.2. LAB MEDIA: Figure 5D.
7.3. A pH-independent oxidation process was observed at nearly constant potential [1], whereas the reduction process showed a clear pH dependence [2].
7.3.1. LAB MEDIA: Figure 6. Video editor: Highlight the upper red data points .
7.3.2. LAB MEDIA: Figure 6. Video editor: Highlight the lower green data points
7.4. P3-coated glassy carbon electrode showed a prominent cathodic current characteristic of hydrogen evolution [1]. The onset potential was negative 0.370 volts versus the reversible hydrogen electrode [2], and the Tafel slope was negative 370 millivolts per decade [3]. The band gap was 2.24 electronvolts [4].
7.4.1. LAB MEDIA: Figure 7A. 
7.4.2. LAB MEDIA: Figure 7A. Video editor: Highlight the blue curve at the arrow labelled "Onset potential".
7.4.3. LAB MEDIA: Figure 7B. 
7.4.4. LAB MEDIA: Figure 7C. 
7.5. The double-layer capacitance was 14.59 microfarads in phosphate buffer [1] and 5.73 microfarads in potassium nitrate [2].
7.5.1. LAB MEDIA: Figure 7E. Video editor: Highlight the fitted line and the text "Cdl = 14.59 μF".
7.5.2. LAB MEDIA: Figure 8E. Video editor: Highlight the fitted line and the text "Cdl = 5.73 μF".
7.6. The Nyquist plot yielded a solution resistance of 113 ohms and a charge-transfer resistance of 2492 ohms [1].
7.6.1. LAB MEDIA: Figure 7F. 
7.7. In potassium nitrate, a P3-coated glassy carbon electrode produced a higher cathodic current for hydrogen evolution [1]. The onset potential was negative 0.329 volts versus the reversible hydrogen electrode [2], and the Tafel slope was negative 348 millivolts per decade [3].
7.7.1. LAB MEDIA: Figure 8A. 
7.7.2. LAB MEDIA: Figure 8A. Video editor: Highlight the blue curve at the arrow labelled "Onset potential".
7.7.3. LAB MEDIA: Figure 8B. 
7.8. A stable current response was observed during 2 hours of chronoamperometry in phosphate buffer [1]. In potassium nitrate, the cathodic current increased up to 45 minutes and then decreased [2]. Stable current responses were also observed during repeated on-off catalytic cycles [3].
7.8.1. LAB MEDIA: Figure 9A. 
7.8.2. LAB MEDIA: Figure 9B. 
7.8.3. LAB MEDIA: Figure 9C. 
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