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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  

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, 2.3, 2.4, 3.1, 3.6, 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.) 2.3, 2.4, 3.5
2.3 and 2.4 – measurements will be performed beforehand and only the beginning of the measurement as well as the results will be presented.
3.5 – a pre-prepared electrode will be ready to proceed with.
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to demonstrate a simple and straightforward preparation and electrochemical testing method for electrodes based on a conductive solid-state catalyst as an alternative to a conventional drop-coating preparation for the hydrogen evolution reaction. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Ulf-Peter Apfel: This method can help to answer key questions in the field of electrode materials preparation. 
1.2. Dr. Ulf-Peter Apfel: The main advantage of this technique is that it is an easy route to robust high performance electrodes without the need for any artificial nano-structuring. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Stefan Piontek: We first had the idea for this method, when we synthesized bulk pentlandite and had stability and reproducibility issues preparing electrodes using conventional drop coating methods. 
1.4. Kai junge Puring: Visual demonstration of this method is critical as the processing parameters can strongly influence the performance and stability of the catalyst and electrode. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Dr. Ulf-Peter Apfel: Demonstrating the procedure will be Mathias Smialkowski, a student from my laboratory. 

1.5.1. Interview style: Author saying the above. 

1.5.2. The named student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. High-temperature Synthesis of Fe4.5Ni4.5S8
2.1. To begin this procedure, mix iron, nickel and sulfur thoroughly with a mortar and pestle [1-MED-TXT]. Transfer the mixture to a 10 millimeter diameter silica ampule [2-MED-over the shoulder]. Then, evacuate the ampule overnight at 10 to the minus 2 millibar [3-MED].
2.1.1. *Film as written. TEXT: 1.66 g Fe, 1.75 g Ni, 1.70 g S) (Video Editor: overlay should appear at mention of “iron, nickel, and sulfur”).  
2.1.2. *Film as written. 

2.1.3. Talent attaches ampule to vacuum system and opens the vacuum valve.
2.2. After sealing the ampule, place it in a tubular furnace [1-MED-over the shoulder].
2.2.1. Talent places sealed tube in the tubular furnace.

2.3. Increase the temperature of the furnace from room temperature to 700 degrees Celsius at 5 degrees Celsius per minute followed by an isothermal step for 3 hours [1-MED-over the shoulder-TXT]. 
2.3.1. Talent inputs the temperature program in the furnace. TEXT: 700 °C, 5 °C/min.  
2.4. Next, increase the temperature of the furnace to 1100 degrees Celsius within 30 minutes followed by an isotherm step for 10 hours [1-CU].   Then, slowly cool the sample to room temperature by switching off the furnace [2-MED-over the shoulder]. 
2.4.1. Furnace as talent sets the temperature program.

2.4.2. *Film as written.
2.5. After removing the ampule from the furnace, crack it to collect the solid product [1-MED-TXT].

2.5.1. 
*Film as written. TEXT: Completely remove glass fragments.

3. Preparation of ‘Pellet’ Electrodes
3.1. Grind the pentlandite bulk material to obtain a fine powder [1-MED-over the shoulder]. Transfer approximately 50 milligrams of the powder into a 3 millimeter diameter compressing tool [2-MED-over the shoulder] and press the material with a maximum weight force [3-MED-TXT]. Then, remove the pellet from the mold using a distance holder [4-MED-over the shoulder].
3.1.1. *Film as written.

3.1.2. *Film as written

3.1.3. *Film as written. TEXT: 800 kg/cm2. (Video Editor: overlay should appear at mention of “a maximal weight force”).
3.1.4. *Film as written.
3.2. Following this, apply a two-component silver-epoxide glue on the brass rod in the cavity of a Teflon casing [1-MED-over the shoulder-TXT]. 
3.2.1. *Film as written. TEXT: Avoid contamination of Teflon casing tip.
3.3. Place the pellet in the Teflon casing so that the flat side of the pellet sticks outs approximately 1 millimeter. Remove any debris on the Teflon casing with a paper tissue [1-MED]. 
3.3.1. *Film as written.

3.4. Next, verify the contact between the brass wire and the pentlandite pellet with a voltmeter to assure proper conductivity [1-MED-over the shoulder]. 
3.4.1. Talent connects voltmeter electrodes to brass wire and pellet and checks the voltmeter reading, with voltmeter reading visible in frame if possible.
3.5. After 12 hours of curing the two-component glue at 60 degrees Celsius, cool the electrode to room temperature [1-MED]. 
3.5.1. Talent removes the electrode from the oven and places it on the lab bench for cooling.
3.6. Polish the cooled electrode with a series of fine grade sand paper to obtain a shiny flush flat surface within the Teflon casing [1-MED-over the shoulder]. Then, clean the surface with deionized water and allow it to dry under ambient conditions [2-MED].
3.6.1. *Film as written.

3.6.2. *Film as written.
4. Electrochemical Testing of Electrodes
4.1. Connect all three electrodes with the wires of a potentiostat [1-CU]. 
4.1.1. Electrodes as talent connects them to the potentiostat.

4.2. Next, add 25 milliliters of electrolyte to the electrochemical cell…[1-MED-over the shoulder] and adjust the electrodes to ensure that they are fully immersed in the solution [2-CU-TXT]. Then, purge the solution with argon for 30 min [3-CU]. After purging, switch on the potentiostat and the magnetic stirring [4-MED].
4.2.1. *Film as written. TEXT: 0.5 M H2SO4. (Video Editor: overlay should appear at mention of “electrolyte”).
4.2.2. *Film as written.  
4.2.3. *Film as written. 

4.2.4. Talent turns on potentiostat and magnetic stirring and then sits in front of computer.
4.3. Perform a cyclic voltammetry experiment by first setting the potential range from 0.2 to minus 0.2 volts, the scan rate to 100 millivolts per second, and the number of cycles to 20 [1-SCREEN]. 
4.3.1. SCREEN: *To be submitted by Author, 56087_Apfel_SCREEN_4.3.1. Talent selects the “cyclic voltammetry” experiment in the software and then sets the parameters to the appropriate values.
4.4. Next, start the cycling process, waiting until the last cycle is finished [1-MED-over the shoulder]. If the last 3 to 4 obtained cycles coincide, the electrochemical electrode cleaning is completed [2-LM]. In case of divergence, add more cycles until stable curves are obtained [3-LM].  
4.4.1. Talent at computer starts the cycling process in the software.

4.4.2. *To be submitted by Author.

4.4.3. *To be submitted by Author.
4.5. Before starting the linear sweep voltammetry experiment, determine the internal resistance compensation value for the electrochemical setup [1-SCREEN].  
4.5.1. SCREEN: *To be submitted by Author, 56087_Apfel_SCREEN_4.5.1. Talent opens “Gamry Framework 6.23” software and then selects “Experiment”, “A Utilities”, and “Get Ru”. After the “Ru Estimation” window opens, talent inputs 0 for “DC voltage (V)” and 20 for “Estimated Z (ohms)”.
4.6. Following this, select the program for linear sweep voltammetry experiments and set the potential range from 0.2 to minus 0.6 volts and the scan rate to 5 millivolts per second, including the internal resistance drop into the experiment. Then, start the experiment [1-SCREEN].  
4.6.1. SCREEN: *To be submitted by Author, 56087_Apfel_SCREEN_4.6.1. Talent selects the “linear sweep voltammetry” experiment in the software, sets the parameters to the appropriate values, and starts the experiment.
4.7. Repeat the linear sweep experiments to ensure reproducibility [1-MED-over the shoulder].  
4.7.1. Talent at computer repeats the linear sweep experiments in the software.
4.8. Now, perform a controlled potential coulometry experiment by first setting the potential to minus 0.6 volts with an experiment time of at least 20 hours [1-SCREEN].  
4.8.1. SCREEN: *To be submitted by Author, 56087_Apfel_SCREEN_4.8.1. Talent selects the “controlled potential coulometry” experiment in the software and then sets the parameters to the appropriate values.
4.9. Simultaneously collect gas samples with a gas tight syringe from the headspace of the sealed cell through a septum for every hour for at least 4 hours of the experiment [1-MED]. Inject the samples into a GC instrument for quantification…[2-MED-over the shoulder] and determine the amount of hydrogen produced using a calibration curve recorded on the instrument [3-LM].  
4.9.1. Talent collects one of the gas samples. If possible, show collection of more than one sample.

4.9.2. *Film as written.

4.9.3. *To be submitted by Author.
4.10. Select a potential range between 0.1 and 0 volts in the cyclic voltammetry experiment and set the scan rate to 10 millivolts per second. Use the internal resistance drop correction as demonstrated and set the number of cycles for the experiment to 5 [1-SCREEN]. 
4.10.1. SCREEN: *To be submitted by Author, 56087_Apfel_SCREEN_4.10.1. Talent selects the “cyclic voltammetry” experiment in the software and then sets parameters to the appropriate values.
4.11. Repeat the previous steps for scan rates of 20, 30, 40, 50 and 60 millivolts per second [1-MED-over the shoulder]. From the obtained cyclic voltammetry curves pick the fifth cycle for further interpretation [2-SCREEN].  
4.11.1. Talent at computer selects the experiment and inputs one of the scan rates in the software.

4.11.2. SCREEN: *To be submitted by Author, 56087_Apfel_SCREEN_4.11.2. Talent opens the cyclic voltammetry experiment file in software, goes to the symbol “Show Curve Selector”, selects every 5 representative cycles in the sidebar, and then clicks on “Copy to clipboard” to extract the data. 
4.12. Determine the charging current density differences and plot these values as a function of the scan rate [1-LM-TXT]. 
4.12.1. *To be submitted by Author. TEXT: Linear slope = 2x Cdl; Cdl proportional to ECSA.
5. Results: Preparation and Characterization of Rock and Pellet Electrodes Using Pentlandite
5.1. The synthesis of pentlandite possessing a pentlandite structure was confirmed by powder XRD [1-LM]. Mono-sulfide solid solution impurities have been observed with faster heating [2-LM]. With a slower heating rate of 5 degrees Celsius per minute, these impurities can be reduced or eliminated [3-LM]. 
5.1.1. Figure1_XRD-Mossbauer-DSC.eps: Show figure a.

5.1.2. Figure1_XRD-Mossbauer-DSC.eps: Show figure a and highlight the red curve.

5.1.3. Figure1_XRD-Mossbauer-DSC.eps: Show figure a and highlight the black curve.
5.2. Mössbauer spectroscopy also confirmed the pentlandite structure and revealed two iron sites [1-LM]. DSC revealed two phase transitions, confirming the absence of undesirable phases [2-LM]. 
5.2.1. Figure1_XRD-Mossbauer-DSC.eps: Show figure b and highlight or insert arrows pointing to the red and orange curves at mention of “two iron sites”.

5.2.2. Figure1_XRD-Mossbauer-DSC.eps: Show figure c and insert arrows pointing to the two peaks at mention of “two phase transitions”.
5.3. SEM images of pentlandite polished rock and pellet electrodes are depicted here [1-LM]. From EDX analysis, the ratio between iron, nickel and sulfur is consistent with the observation of a pure pentlandite phase in the XRD [2-LM]. 
5.3.1. Figure2_SEM-EDX1.eps: Show figure a.

5.3.2. Figure2_SEM-EDX1.eps: Show figure c.
5.4. The linear sweep voltammagrams of both electrodes are shown here [1-LM]. An exfoliated drop coated electrode did not show improved electrocatalytic performance [2-LM]. The amount of hydrogen produced depending on the time of electrolysis using a rock electrode is comparable to a pellet electrode [3-LM]. 
5.4.1. Figure3_EChem2.eps: Show figure c.
5.4.2. Figure3_EChem2.eps: Show figure c and highlight the blue curve.

5.4.3. Figure3_EChem2.eps: Show figure d and highlight or zoom into the inset. 
5.5. Charging current density as a function of scan rate shows marginal differences in the electrochemical surface area and number of active sites, which confirms that the electrodes have similar performance [1-LM]. 
5.5.1. Figure3_EChem2.eps: show figure e.

5.6. A Nyquist plot of a rock electrode reveals a low charge-transfer resistance, which is consistent with the material’s high intrinsic conductivity [1-LM]. Pellet electrodes exhibit similar behavior [2-LM].  
5.6.1. Figure3_EChem2.eps: show figure f.

5.6.2. Figure3_EChem2.eps: show figure f.
6. Conclusion (said by authors on camera)
6.1. Dr. Ulf-Peter Apfel: Once mastered, this technique can be performed for multiple materials within a short time if it is performed properly.

6.2. Dr. Ulf-Peter Apfel: While attempting this procedure, it’s important to remember that the material of interest needs to be conductive.
6.3. Dr. Ulf-Peter Apfel: This procedure provides a standard protocol that enables you to evaluate electrocatalytic materials and properly compare your results. 

6.4. Dr. Ulf-Peter Apfel: After watching this video, you should have a good understanding of how to prepare stable electrodes from bulk catalysts without the use of binders and how to test them properly with respect to their electrocatalytic performance.
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.  

4.4 – Electrochemical-Conditioning.eps – The first and last three cycles of the electrochemical conditioning.
4.9 – GC-Calibration-Curve – Calibration curve for Hydrogen Detection using GC. 

4.13 – ECSA.eps – Cyclovoltammogramms for the determination of ECSA. 
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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