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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? 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.
Authors: Please create screen capture videos for shots labelled 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=21838658

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

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. Yes


Current Protocol Length
Number of Steps: 19
Number of Shots: 47 

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
Note: The statements have been edited slightly
INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Tomáš Hrbek: Our research focuses on developing operando XPS methodologies to track catalyst surface dynamics under active electrochemical conditions.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Tomáš Hrbek: Existing operando XPS approaches often require complex sample environments, while our protocol uses a modular, exchangeable electrochemical cell.
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. Tomáš Hrbek: This protocol allows researchers to correlate electrochemical performance, catalyst surface chemistry, and gas-product formation under operation.
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. Tomáš Hrbek: The key challenge is maintaining reliable electrical contact while keeping the membrane hydrated without flooding the catalyst surface.
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. Tomáš Hrbek: Future work can extend this platform to new electrocatalytic reactions and more complex catalyst materials.
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.



`Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

What problem in your field of research does your JoVE article address?
1.6. Tomáš Hrbek, Researcher, Department of Surface and Plasma Science, Faculty of Mathematics and Physics, Charles University: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What is the key takeaway you hope viewers remember after watching your video article?
1.7. Tomáš Hrbek, Researcher, Department of Surface and Plasma Science, Faculty of Mathematics and Physics, Charles University: (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

Video editor: Please add the title card before section 2

Title Card

Membrane and Catalyst Preparation:

· Cut the proton-exchange membrane (PEM) to 1.5 cm × 1.5 cm 
· Punch 4 holes of approximately 3 mm diameter at the membrane corners to accommodate polyether ether ketone (PEEK) screws (M3) for mechanical fixation and sealing of the titanium top plate to the cell body.
· Pre-treat the membrane by cleaning and protonation as per the supplier's instructions and store fully hydrated.
· Deposit a 20-100 nm thin-film anode directly onto the membrane via magnetron sputtering or drop casting.

2. Membrane Electrode and Operando XPS Cell Assembly for Anode Investigation
Demonstrator: Tomáš Hrbek 
2.1. To begin, use a commercial gas diffusion electrode or a catalyst-coated substrate to prepare the cathode side [1]. Next, use tweezers to place a gas diffusion layer on the cathode side for mechanical stability and electrical conductivity [2].
2.1.1. WIDE: Talent preparing the cathode side with a commercial gas diffusion electrode or catalyst-coated substrate. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent using tweezers to place a gas diffusion layer on the cathode side.
2.2. Prepare the cell housing and sealing components [1]. Clean all components with isopropanol or ethanol [2] and dry them thoroughly [3]. Inspect the sealing surfaces to avoid leaks [4].
2.2.1. Talent arranging the cell housing and sealing components on the bench.
2.2.2. Talent cleaning the components with isopropanol or ethanol.
2.2.3. Talent drying the cleaned components.
2.2.4. Talent inspecting the sealing surfaces.
2.3. Insert the catalyst-coated membrane, or CCM (C-C-M), into the cell [1]. Place the cathode side of the CCM facing the water inlet and the cell body [2]. Ensure proper alignment of the active area with the X-ray photoelectron spectroscopy, or XPS (X-P-S) probing region [3].
2.3.1. Talent inserting the catalyst-coated membrane into the cell.
2.3.2. Talent positioning the catalyst-coated membrane with the cathode side facing the water inlet and cell body.
2.3.3. Talent aligning the active area with the X-ray photoelectron spectroscopy probing region.
2.4. Wet a gold transmission electron microscopy grid current collector with water to improve adhesion to the titanium piece [1]. Position it on the hole of the titanium piece to ensure direct contact with the catalyst layer after assembly [2]. 
2.4.1. Talent wetting the gold mesh with water on the titanium piece.
2.4.2. Talent placing a gold TEM grid on the hole in the titanium piece.
2.5. Seal the cell by assembling the top part of the cell while ensuring vacuum compatibility [1]. Place the titanium part with the gold mesh on top of the CCM [2], ensuring proper alignment of the CCM with the gas diffusion electrode and gas diffusion layer underneath [3]. Tighten the M3 (M-three) polyether ether ketone, or PEEK (peak) screws in a cross-pattern for uniform compression and sealing [4]. 
2.5.1. Talent assembling the top part of the cell.
2.5.2. Talent placing the titanium part with the gold mesh on the catalyst-coated membrane.
2.5.3. Talent checking the alignment of the catalyst-coated membrane with the gas diffusion electrode and gas diffusion layer.
2.5.4. Talent tightening the M3 PEEK screws in a cross-pattern. 
2.6. Establish the electrical connections [1]. Connect the cathode as the counter electrode to the cell mains [2]. Connect the anode as the working electrode to the cell mains [3]. Ground the working electrode to minimize spectral shifts during XPS acquisition [4].
2.6.1. Talent preparing the electrical connections.
2.6.2. Talent connecting the cathode to the cell mains as the counter electrode.
2.6.3. Talent connecting the anode to the cell mains as the working electrode.
2.6.4. Talent grounding the working electrode connection.

3. Water Supply and Electrolyte Management

3.1. Use four M4 (M-four) PEEK screws to mount the assembled cell onto the sample holder, ensuring insulation between the cell cathode and the XPS apparatus [1].
3.1.1. Talent mounting the assembled cell onto the sample holder with four M4 polyether ether ketone screws.
3.2. Connect the cell's main electric cable to the potentiostat through the vacuum feedthrough [1]. Use quick-connect fittings to link the tubing between the deionized water reservoir, the peristaltic pump, and the cathode compartment of the assembled apparatus [2].
3.2.1. Talent connecting the cell's main electric cable to the potentiostat through the vacuum feedthrough.
3.2.2. Talent connecting tubing between the reservoir, pump, and cathode compartment. 
3.3. Start the peristaltic pump [1] to circulate water through the cathode side at a flow rate of 100 milliliters per minute to ensure initial hydration of the membrane [2].
3.3.1. Talent starting the peristaltic pump.
3.3.2. Shot of water circulating through the cathode side.
3.4. Verify the system integrity by checking for water leaks [1], electrochemical response [2], and absence of short circuit [3].
3.4.1. Talent inspecting the system for water leaks.
3.4.2. Talent monitoring the electrochemical response.
3.4.3. Talent confirming the absence of a short circuit.

4. Transferring into the NAP-XPS System and Operando Electrochemical Measurement
Authors: Please create screen capture videos for shots labelled 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=21838658
Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up  
4.1. Slowly pump the vacuum chamber through pressures of 50 millibar, 40 millibar, 30 millibar, 20 millibar, and 10 millibar to reach the target near ambient pressure, or NAP (N-A-P) range of 1 to 10 millibar, avoiding fast changes to prevent membrane drying or freezing [1]. Upon reaching the target pressure, reduce the liquid water pump flow to 15 to 30 milliliters per minute to prevent excessive flooding of the catalyst layer [2].
4.1.1. Talent placing the assembled cell in the vacuum chamber and initiating vacuum pumping.
4.1.2. Talent adjusting the pump flow after reaching the target pressure.
4.2. Align the X-ray beam with the exposed catalyst area through the open spaces of the gold mesh grid [1]. Set the final working pressure between 1 and 10 millibars to optimize the balance between maximum photoelectron signal intensity and water evaporation suppression [2]. Connect the potentiostat in a two-electrode configuration [3].
4.2.1. Talent aligning the X-ray beam with the exposed catalyst area.
4.2.2. Talent setting the final working pressure based on the X-ray signal. 
4.2.3. Talent connecting the potentiostat in the selected electrode configuration. 
4.3. Record the initial spectra including iridium 4f (four-F), gold 4f, carbon 1s (one-S), oxygen 1s, fluorine 1s, and valence band spectra at the open circuit voltage, or OCV (O-C-V) [1].	Comment by Tomáš Hrbek: It is the same case	Comment by Kathyayani  Sridharan: Authors: We have used this type of annotation for ease of understanding of voice-over narrator.
4.3.1. SCREEN: Initial spectra being acquired at the open circuit voltage.
4.4. Apply controlled potentials or currents [1]. Perform chronoamperometry using the selected electrochemical parameters, such as a ramp from 1 volt to 2 volts with increments of 0.2 volt [2].
4.4.1. SCREEN: Controlled electrochemical parameters being applied through the potentiostat software.
4.4.2. SCREEN: Chronoamperometry measurement being initiated. 
4.5. Record XPS spectra including iridium 4f, gold 4f, carbon 1s, oxygen 1s, fluorine 1s, and valence band spectra during operation [1].
4.5.1. SCREEN: X-ray photoelectron spectroscopy spectra being acquired during electrochemical operation.
4.6. Perform high-current electrolysis measurements by increasing the cell voltage to reach current densities in the hundreds of milliamperes per square centimeter [1].
4.6.1. SCREEN: Cell voltage being increased for high-current electrolysis measurements.
Authors: Please create screen capture videos for shots labelled 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=21838658

Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up

5. Shutdown Procedure
Authors: Please create screen capture videos for shots labelled 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=21838658
5.1. Return the system to the OCV [1]. Use the water pump to remove water from the water circuit and the cell by inserting the water circuit inlet into an empty vessel [2]. Allow the peristaltic pump to draw air and expel the remaining water from the system [3].
5.1.1. SCREEN: Open circuit voltage condition being restored.
5.1.2. Talent inserting the water circuit inlet into an empty vessel.
5.1.3. Talent operating the peristaltic pump to expel the remaining water.
5.2. Stop the water pump [1]. Vent the vacuum chamber to atmospheric pressure [2]. Remove the cell from the chamber by unscrewing the PEEK screws [3] and disconnecting the electrical and water-circuit quickdraws [4].
5.2.1. Talent stopping the water pump.
5.2.2. Talent venting the vacuum chamber.
5.2.3. Talent unscrewing the polyether ether ketone screws and removing the cell.
5.2.4. Talent disconnecting the electrical and water-circuit quickdraws.
5.3.  If water remains in the water circuit, flush it out with compressed air or nitrogen from a pressure cylinder [1]. Disassemble the cell [2] and inspect the components for degradation [3].
5.3.1. Talent flushing the remaining water from the water circuit.
5.3.2. Talent disassembling the cell.
5.3.3. Talent inspecting the components for signs of degradation.
[bookmark: _Hlk204179977][bookmark: _Hlk201650592]Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up
Authors: If possible, screen capture the shots labeled "SCREEN". If such screen captures are not applicable, please confirm after the shoot that the videographer captured them.

5.3.4. 

Results
6. Results 

6.1. Ir 4f (Iridium-four-eff) XPS spectra recorded during electrochemical operation revealed a clear evolution of the catalyst surface states [1]. In the initial OCV state, the iridium-based catalyst was dominated by metallic Ir0 (Iridium-zero) at 60.8 electron volts [2], with a minor contribution from oxidized IrIV (Iridium four) species in IrO2 (Iridium dioxide) at 61.8 electron volts [3].
6.1.1. LAB MEDIA: Figure 6.
6.1.2. LAB MEDIA: Figure 6. Video editor: Highlight the orange doublet peak at 60.8 electron volts labelled Ir0 in spectrum state panel 1.
6.1.3. LAB MEDIA: Figure 6. Video editor: Highlight the green peak at 61.8 electron volts labelled IrIV in spectrum state panel 1.
6.2. After a 30-minute hold at 1.7 volts, the IrIV contribution increased markedly [1], while new components appeared at 62 .5 electron volts assigned to IrIII (Iridium three) [2] and 63.2 electron volts assigned to IrVI (Iridium six) [3].
6.2.1. LAB MEDIA: Figure 6. Video editor: Highlight the height of green IrIV peak in spectrum state panel 2.
6.2.2. LAB MEDIA: Figure 6. Video editor: Highlight the red peak at 62.5 electron volts labelled IrIII in spectrum state panel 2.
6.2.3. LAB MEDIA: Figure 6. Video editor: Highlight the purple peak at 63.2 electron volts labelled IrVI in spectrum state panel 2.
6.3. Increasing the potential to 2.0 volts resulted in a substantial decrease of the Ir0 contribution [1] and the IrIV contribution [2], complete disappearance of the IrIII component [3], and dominance of the IrVI species [4].
6.3.1. LAB MEDIA: Figure 6. Video editor: Highlight the reduced orange Ir0 peak in spectrum state panel 3.
6.3.2. LAB MEDIA: Figure 6. Video editor: Highlight the reduced green IrIV peak in spectrum state panel 3.
6.3.3. LAB MEDIA: Figure 6. Video editor: Indicate the height of the red line corresponding to IrIII peak in spectrum state panel 3.
6.3.4. LAB MEDIA: Figure 6. Video editor: Highlight the height of the dominant purple color IrVI peak in spectrum state panel 3.
6.4. During the subsequent OCV period, the spectrum became dominated by the IrIV component attributed to stable IrO2 [1], while the intensity of the transient IrVI species strongly decreased [2].
6.4.1. LAB MEDIA: Figure 6. Video editor: Highlight the dominant green IrIV peak in spectrum state panel 4.
6.4.2. LAB MEDIA: Figure 6. Video editor: Highlight the reduced purple IrVI peak in spectrum state panel 4.
6.5. A subsequent 30-minute hold at 2.5 volts again led to dominance of the IrVI component [1], while the metallic Ir0 contribution became significantly more pronounced [2].
6.5.1. LAB MEDIA: Figure 6. Video editor: Highlight the dominant purple IrVI peak in spectrum state panel 5.
6.5.2. LAB MEDIA: Figure 6. Video editor: Highlight the orange metallic Ir0 peak in spectrum state panel 5.
6.6. Following a 90-minute hold at OCV, the system relaxed to a stabilized ex situ state characterized by a dominant IrIV contribution [1].
6.6.1. LAB MEDIA: Figure 6. Video editor: Highlight the green dominant IrIV peak in spectrum state panel 6.
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