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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:  17
Number of Shots:  54 

Introduction
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.


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. TEM Sample Preparation (On-Grid Method)
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, obtain the lithium coin cells after lithium deposition [1]. Use decrimping tools to open the lithium coin cells inside a glovebox [2]. Check for lithium metal deposits on the transmission electron microscopy or TEM (T-E-M) grids kept on the copper foil and remove the grids [3].

2.1.1. WIDE: Show the lab set up and then focus on the lithium coated coin cells. 
2.1.2. Talent using decrimping tools to open lithium coin cells inside a glovebox.
2.1.3. Talent removing TEM grids with visible lithium metal deposits from the copper foil.

2.2. Remove the separator to take out the TEM grids [1]. To rinse the grid, select the solvent appropriate to the electrolyte used [2]. Drop the appropriate solvent onto the TEM grids and wick around the edge with laboratory wipes multiple times to remove residual solvent [3]. Dip the grids into a small 1 milliliter centrifuge tube containing the appropriate solvent to remove any salt residues [4]. Place the grids in an argon-filled antechamber and dry them under vacuum for 5 to 15 minutes [5].

2.2.1. Talent removing the separator to access the TEM grids.
2.2.2. Shot of the selected solvent.  TXT: Carbonate: Dimethyl carbonate/Diethyl carbonate; Ether: Dimethoxymethane 
2.2.3. Talent applying solvent to the TEM grids and wicking the edge with laboratory wipes.
2.2.4. Talent dipping the TEM grids into a small centrifuge tube containing solvent.
2.2.5. Talent placing the TEM grids into an argon-filled antechamber for vacuum drying.

2.3. Place the dried grids in cryo-TEM grid boxes [1].  Close the grid boxes with pin-type lids [2]. Put the closed grid boxes into a press-to-close bag [3]. Remove the bag through the antechamber and immediately place it into a long-neck liquid nitrogen flask [4]. Cut the submerged bag in half to release the grid boxes into the liquid nitrogen [5].

2.3.1. Talent placing dried TEM grids into cryo-TEM grid boxes.
2.3.2. Talent closing the cryo-TEM grid boxes with pin-type lids.
2.3.3. Talent placing the closed grid boxes into a press-to-close bag.
2.3.4. Talent placing the press-to-close bag into a long-neck liquid nitrogen flask.
2.3.5. Talent cutting the submerged bag in half to release the grid boxes into the liquid nitrogen.

2.4. Use long tweezers to place the grid boxes into a 50-milliliter conical tube before cryogenic scanning TEM characterization [1].

2.4.1. Talent transferring grid boxes with long tweezers into a 50 mL conical tube.

3. TEM Sample Preparation (Cryo-FIB/SEM Method)

Demonstrator: Click here to enter name of demonstrator(s)

3.1. Obtain the lithium coin cells after lithium deposition [1]. Use decrimping tools to open the lithium coin cells inside a glovebox [2]. After removing the lithium-deposited copper foil from the coin cells, place it onto a focused ion beam and scanning electron microscopy or SEM (S-E-M) stub [3]. Put the stub into a press-to-close bag [4]. Remove the bag through the glovebox antechamber [5]. 
Authors: Please confirm if shot 3.1.1 is identical to 2.1.1.

3.1.1. Reuse 2.1.1
3.1.2. Talent using decrimping tools to open lithium coin cells inside a glovebox.
3.1.3. Talent placing the lithium-deposited copper foil onto a focused ion beam and SEM stub.
3.1.4. Talent placing the focused ion beam and SEM stub into a press-to-close bag.
3.1.5. Talent removing the bag through the glovebox antechamber.

3.2. Quench the argon-filled bag in liquid nitrogen [1]. Cut the bag in half to release the sample [2]. Carefully place the SEM stub in a 50-milliliter conical tube before the focused ion beam and SEM session [3]. 
Authors: After which step is the bag filled with argon?

3.2.1. Talent quenching the argon-filled bag in liquid nitrogen.
3.2.2. Talent cutting the bag in half to release the sample.
3.2.3. Talent placing the SEM stub into a 50 mL conical tube.

3.3. Move the cold samples through a vacuum transfer system to the cryogenic focused ion beam and SEM stage [1]. Use a lidded cryogenic focused ion beam and SEM shuttle to minimize ice deposition [2].

3.3.1. Talent transferring the cold samples through a vacuum transfer system.
3.3.2. Talent loading the samples in a lidded cryogenic focused ion beam and SEM shuttle.

4. Characterization of Battery Interphases/Interfaces Through Cryo-SEND

Demonstrator: Click here to enter name of demonstrator(s)

4.1. Remove the cryogenic box containing the previously prepared cryo‑scanning TEM samples [1]. Transfer it into liquid nitrogen in a nitrogen flask, following standard experimental procedures [2]. 

4.1.1. Shot of talent removing the cryogenic box containing the previously prepared samples.
4.1.2. Talent pouring the cryogenic box content into the nitrogen flask.

4.2. After ensuring that the cryogenic TEM working station is filled with liquid nitrogen, immerse the grid box [1]. Open the pin-type lid and take out a TEM grid [2]. Gently place it into the tip of the cryogenic TEM holder [3-TXT]. Close the shutter [4] and immediately insert the holder into a TEM goniometer following the manufacturer’s instructions [5]. 
Authors: For the step ‘ Ensure that the O-rings of TEM holders are not frozen during holder preparation in the working station. Warm up the O-ring while the holder is pumped for 10 min in the goniometer,’ please clarify whether this needs to be demonstrated. If yes, please indicate the shot number after which this has to be inserted.

4.2.1. Talent placing the grid box into liquid nitrogen in the cryogenic TEM working station.
4.2.2. Talent opening the pin-type lid and taking out a TEM grid.  
4.2.3. Talent loading the TEM grid into the tip of the cryogenic TEM holder. TXT: Holder temperature: 160 °C
4.2.4. Talent closing the shutter on the cryogenic TEM holder.
4.2.5. Talent inserting the holder into the transmission electron microscope goniometer.

4.3. Locate the sample at low magnification [1]. Select a region of interest such as a solid electrolyte interphase or SEI (S-E-I) layer [2]. Draw a region of interest and collect the nanobeam diffraction [3]. Adjust the pixel time and step size to limit the total accumulated dose [4]. 

4.3.1. Talent locating the sample at low magnification on the transmission electron microscope.
4.3.2. SCREEN: Show selection of a region of interest containing the SEI layer.
4.3.3. SCREEN: Show the region of interest being drawn and nanobeam diffraction being collected.
4.3.4. SCREEN: Show adjustment of the pixel time and step size in the transmission electron microscope software.

4.4. To ensure a successful point, check whether the lamella is sufficiently thin and all components are distinctly visible [1]. Check if lithium appears very dark in dark-field scanning TEM mode while the SEI shows the brightest contrast [2]. Verify that the SEI surrounds the lithium metal plating and is sandwiched by vitrified electrolyte and lithium metal [3]. Confirm that the vitrified electrolyte is continuous and free of substantial pores [4]. 

4.4.1. SCOPE: Show a sufficiently thin lamella with clearly distinguishable components.
4.4.2. SCOPE: Show lithium appearing very dark and the solid electrolyte interphase appearing brightest in dark-field scanning TEM mode.
4.4.3. SCOPE: Show the SEI surrounding lithium metal plating and lying between vitrified electrolyte and lithium metal.
4.4.4. SCOPE: Show continuous vitrified electrolyte without substantial pores.


4.5. Adjust the center beam position without parking the beam on the region of interest [1]. Use a vacuum area to align the transmitted beam at the center [2]. Remove the high-angle annular dark-field detector to acquire diffraction patterns at high angles [3].

4.5.1. SCREEN: Show adjustment of the center beam position away from the region of interest.
4.5.2. SCREEN: Show the transmitted beam being aligned in a vacuum area. 
4.5.3. Talent removing the high-angle annular dark-field detector.

4.6. Optimize the camera resolution, data storage and transfer, and total acquisition time based on the experimental needs [1]. Perform software or hardware binning in the transmission electron microscope software [2].

4.6.1. SCREEN: Show optimization of camera resolution, data storage or transfer, and acquisition time settings.
4.6.2. SCREEN: Show data binning in the TEM software.

4.7. Set the acquisition parameters as presented to collect the data [1]. Once data is collected, use a shutter or blank the beam to avoid beam damage during repeated rastering over the region [2]. After the 4-dimensional scanning TEM acquisition, acquire a scanning TEM image to observe any noticeable change relative to the image before the measurement [3].

4.7.1. TEST ON A PLAIN BACKGROUND:
-     Probing-forming aperture: 10 µm
· Probe size: 7
· Camera length: 250 mm
· Pixel time: 13 ms
-     Step size: 4 nm
-     Camera resolution: 512 pixels
4.7.2. SCREEN: Show the beam being shuttered or blanked after data collection.
4.7.3. SCREEN: Show acquisition of a post-measurement scanning TEM image.

5. Correction and Analysis of 4-Dimensional Scanning TEM Data 

Demonstrator: Click here to enter name of demonstrator(s)

5.1. Using Py4DSTEM or PyXem in a Hyperspy-based python environment, correct the descan and objective stigmation [1]. Correct the center beam positions in each real space coordinate and the ellipticity in reciprocal space [2]. Authors: Please specify which software you will be demonstrating.

5.1.1. SCREEN: Show descan and objective stigmation correction in the software.
5.1.2. SCREEN: Show corrected center beam positions in real space and corrected ellipticity in reciprocal space.

5.2. Acquire diffraction patterns from regions of interest and transform the 2-dimensional data into 1-dimensional data [1]. After obtaining the diffraction intensity signal in scattering vector space, use background subtraction to enhance the signal [2]. Multiply the intensity by the scattering vector or by the scattering vector squared when required to increase the signal-to-noise ratio [3].

5.2.1. SCREEN: Show diffraction patterns being extracted from regions of interest and transformed from 2D data to 1D data.
5.2.2. SCREEN: Show diffraction intensity in scattering vector space and apply background subtraction.
5.2.3. SCREEN: Show intensity multiplied by the scattering vector or by the scattering vector squared.

5.3. Bin the real space data to enhance the diffraction signal [1]. Bin the detector pixels to reduce the data processing time according to the workstation computing capability [2].

5.3.1. SCREEN: Show real space data binning to enhance the diffraction signal.
5.3.2. SCREEN: Show detector pixel binning to reduce the data processing time.




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: 88
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. The solid - electrolyte interphases formed in both the electrolytes used [1] appeared amorphous under cryogenic scanning electron nanodiffraction at a controlled electron dose [2].

6.1.1. LAB MEDIA: Figure 3A. Video editor: Highlight the left panel.
6.1.2. LAB MEDIA: Figure 3A. Video editor: Highlight the right panel.

6.2. The solid-electrolyte interphase from the 1 molar lithium bis(fluorosulfonyl)imide in dimethoxyethane electrolyte did not show a detectable structural correlation [1], whereas the solid-electrolyte interphase from the high-concentration electrolyte exhibited short-range order [2].

6.2.1. LAB MEDIA: Figure 3B. Video editor: Highlight the blue curve. 
6.2.2. LAB MEDIA: Figure 3B. Video editor: Highlight the red curve.

6.3. The short-range order in the solid-electrolyte interphase from the high-concentration electrolyte showed maxima at approximately 0.3 inverse angstrom [1] and 0.65 inverse angstrom [2].

6.3.1. LAB MEDIA: Figure 3B. Video editor: Highlight the first raised feature on the red curve near 0.3 inverse angstrom
6.3.2. LAB MEDIA: Figure 3B. Video editor: Highlight the second (slightly) raised feature on the red curve near 0.65 inverse angstrom
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