[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 61955
Scriptwriter Name: Bridget Colvin 
Project Page Link: https://www.jove.com/account/file-uploader?src=18896323
  
Title: Nanoscale Characterization of Liquid-Solid Interfaces by Coupling Cryo-Focused Ion Beam Milling with Scanning Electron Microscopy and Spectroscopy

Authors and Affiliations: Taylor Moon1 and Lena F. Kourkoutis 1,2

1School of Applied and Engineering Physics, Cornell University
2Kavli Institute at Cornell for Nanoscale Science

☐   All author names are spelled correctly, and the affiliations are correct (city/state/country information not included in video title page).

Corresponding Author:
Taylor Moon		
tbm46@cornell.edu 		

Co-Authors:
lena.f.kourkoutis@cornell.edu  

Author Questionnaire 
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☐ 	Interview Statements are read by JoVE’s voiceover talent. 
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Number of Shots: 51


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help 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 30 or fewer words.[1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: What is the main advantage of this technique?

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 30 or fewer words.[1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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 30 or fewer words.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. 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 30 or fewer words.[1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

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 30 or fewer words.[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Why is visual demonstration of this method critical?

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 30 or fewer words.[1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Is each interview statement 30 words or fewer? ☐ Yes
Has any author been assigned more than two statements? ☐ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.[1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera




Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.
2. Scanning Electron Microscope (SEM) and Cryogenic Station Preparation 
2.1. Begin by installing a cryo-SEM (S-E-M) stage and an anti-contaminator [1].
2.1.1. WIDE: Talent installing stage and/or anti-contaminator

2.2. Evacuate the SEM chamber [1] and adjust the gas injection system (GIS) platinum source so that, when inserted, the source will sit approximately 5 millimeters away from the sample surface [2].	Comment by Bridget Colvin: Authors: Do you want our voiceover talent to say “G-eye-S” or “gas injection system” or other?

2.2.1. Talent evacuating chamber
2.2.2. Talent adjusting system

2.3. Set the GIS temperature to 28 degrees Celsius [1] and open the shutter to vent the system for 30 seconds to clear out any excess material [2].

2.3.1. Talent setting temperature
2.3.2. Talent opening shutter and/or venting system

2.4. Then allow the SEM chamber to evacuate for a minimum of 8 hours [1].

2.4.1. Talent setting chamber to evacuate or similar representative action

2.5. At the end of the evacuation period, set the microscope and prep stages to minus 175 degrees Celsius [1] and set the anti-contaminator to minus 192 degrees Celsius [2].

2.5.1. Talent setting microscope and/or prep stages to -175 °C 
2.5.2. Talent setting temperature to -192 °C

3. Sample Vitrification

3.1. To vitrify the sample, sequentially fill the main volume of the nitrogen dual pot slusher [1] and the surrounding volume with liquid nitrogen until the liquid nitrogen stops bubbling [2].

3.1.1. WIDE: Talent filling main volume
3.1.2. Talent filling surrounding volume

3.2. Seal the filled slusher with the lid [1] and initiate the slush pump [2]. 

3.2.1. Talent sealing slusher with lid
3.2.2. Talent starting pump/LNs being pumped

3.3. When the liquid nitrogen starts solidifying [1], begin venting the slush pot [2].

3.3.1. Shot of LN2 being pumped/solidifying
3.3.2. Talent venting slush pot

3.4. Once the pressure is high enough to allow the pot to be opened, quickly but gently place the sample in the nitrogen [1]. When the boiling has ceased around the sample, use a pre-cooled transfer rod to transfer the sample to the vacuum chamber of a pre-cooled SEM shuttle just before the nitrogen starts to freeze [2-TXT].

3.4.1. Talent quickly placing sample into LN2
3.4.2. Shot of bubbling ceasing around sample, then sample being placed into chamber TEXT: Cool any tools needed to secure or transfer sample in LN2 as demonstrated for sample

3.5. Quickly transfer the shuttle to the airlock of the prep chamber [1] and pump on the transfer system [2].

3.5.1. Talent placing shuttle into airlock
3.5.2. Talent pumping transfer system

3.6. If desired, sputter 5-10 nanometers of gold-palladium layer onto the sample surface to mitigate charging [1-TXT].

3.6.1. Talent initiating sputtering TEXT: e.g., 10 mA for 10 s 

3.7. Then transfer the sample shuttle as quickly and smoothly as possible onto the cooled microscope stage [1].

3.7.1. Talent placing shuttle onto stage

4. Sample Surface Imaging and Feature Location

4.1. For sample surface imaging, first image the sample at a 100x magnification [1].

4.1.1. WIDE: Talent imaging sample

4.2. Next, bring the sample to an approximately eucentric height [1] and acquire a second low magnification image [2].

4.2.1. Talent adjusting sample height
4.2.2. Talent imaging sample OR SCREEN: To be provided by Authors: Shot of 100-200x image

4.3. Select a sacrificial test region within the vitrified liquid and identify any potential issues that may be present due to beam damage or charging [1].

4.3.1. SCREEN: To be provided by Authors: Region being selected and issue(s) being identified 

4.4. Search the sample for the regions of interest [1]. When a region has been identified, tilt the sample so that the surface is normal to the direction of the platinum GIS needle [2] and insert the GIS needle [3].

4.4.1. SCREEN: To be provided by Authors: Sample being searched
4.4.2. Sample being tilted
4.4.3. Needle being inserted

4.5. Warm the surface to 28 degrees Celsius [1] and open the valve for approximately 2.5 minutes [2-TXT] before retracting the source [3].

4.5.1. Talent setting warming temperature
4.5.2. Talent opening valve TEXT: Adjust deposition time as necessary to ensure even 1-2 micrometer thick layer
4.5.3. Talent retracting source 

4.6. Tilt the sample shuttle toward the focused ion beam source [1] and expose the organometallic platinum to a 30-kilovolt ion beam at 2.8 nanoamps and an 800x magnification for 30 seconds [2].

4.6.1. Talent tilting sample toward source
4.6.2. Talent exposing sample to ion beam

4.7. Then image the sample surface with the electron beam to verify that the surface is smooth and lacks any signs of charging [1].

4.7.1. SCREEN: To be provided by Authors: Surface being imaged OR Talent acquire image 

5. Cross-Section Preparation

5.1. To prepare a cross-section, first use the ion beam at 30 kilovolts and a lower bulk milling current of approximately 2.8 nanoamps to acquire a snapshot of the sample surface [1].

5.1.1. WIDE: Talent acquiring image

5.2. Identify the feature of interest and measure out the rough placement of the cross-section [1].

5.2.1.  SCREEN: To be provided by Authors: Shot of features of interest and rough placement being measured 

5.3. To create a side window for the x-rays, draw a Regular Cross Section rotated 90 degrees relative to where the trench will be and place the side window with one edge roughly flush with the desired final cross-section [1]. 

5.3.1. SCREEN: To be provided by Authors: Side window being created, then side window being placed 

5.4. Re-size the rotated pattern to maximize the number of x-rays to exit the cross-section surface [1-TXT].

5.4.1. SCREEN: To be provided by Authors: Pattern being re-sized TEXT: e.g., 10 micrometer square

5.5. Use a high current to create a Regular Cross Section just large enough to reveal the feature of interest and use the ion beam at 30 kilovolts and the current of interest to acquire snapshot of the sample surface. Identify the feature of interest and finalize the placement of the trench. The trench should extend past either side of the feature of interest by a few microns [1-TXT].

5.5.1. SCREEN: To be provided by Authors: Cross section being created, feature being identified, placement being finalized Video Editor: please emphasize trench when mentioned TEXT: e.g., 25 micrometers x 20 micrometers

5.6. Confirm that there is 1 micrometer of material between the edge of the trench and the desired final cross-section and use the milling application to set the z-depth to 1 micrometer, regularly pausing the milling process to image the cross section with the electron beam as necessary [1].

5.6.1. SCREEN: To be provided by Authors: Material being confirmed, depth being set, milling being started, milling being paused to image cross section

5.7. When the trench is much deeper than the feature of interest, note the amount of time needed to create the rough trench to guide the depth [1-TXT].

5.7.1. SCREEN: To be provided by Authors: Shot of trench much deeper than feature of interest Video Editor: please emphasize time needed to create rough trench TEXT: e.g., 10-20 micrometer deep trench

5.8. To create a final clean cross-section, lower the ion beam current to approximately 0.92 nanoamps and image the sample surface [1].

5.8.1. SCREEN: To be provided by Authors: Current being lowered, then surface being imaged

5.9. After verifying the location of the feature of interest, use the focused ion beam software to draw a Cleaning Cross Section and overlap the cleaning window with the pre-made trench by at least 1 micrometer to help mitigate the redeposition [1]. 

5.9.1. SCREEN: To be provided by Authors: Feature of interest location being verified, cross section being drawn, and cleaning window being overlapped

5.10. Then use the time needed to create the trench to set the z-depth value [1].

5.10.1. SCREEN: To be provided by Authors: z-depth value being set 

6. Energy Dispersive X-Ray (EDX) Mapping 	Comment by Bridget Colvin: Authors: Do you want our voiceover talent to say “energy dispersive x-ray” or “E-D-X” or other?

6.1. For EDX mapping, select the appropriate beam conditions for the sample [1-TXT] and orient the sample to maximize the x-ray counts [2].

6.1.1. WIDE: Talent setting conditions TEXT: See text for beam parameter setup details
6.1.2. SCREEN: To be provided by Authors: Sample being oriented OR Talent orienting sample

6.2. Insert the EDX detector [1] and set the appropriate process time [2].

6.2.1. Talent inserting detector
6.2.2. SCREEN: To be provided by Authors: Process time being set 

6.3. In the detector software, open the Microscope Setup and start the electron beam image. Click hit record to measure the count rate and the dead time. If the deadtime needs to be adjusted, change the EDX time constant [1].

6.3.1. SCREEN: To be provided by Authors: Microscope Setup being opened, then image being started and record being clicked/count rate and dead time being measured, deadtime being adjusted

6.4. Once the detector conditions have been established, collect the electron beam image and open Image Setup to select the bit depth and image resolution [1].

6.4.1. SCREEN: To be provided by Authors: Image being collected, Image Setup being opened, and bit depth and image resolution being selected

6.5. Select the X-ray Map resolution, Spectrum Range, Number of Channels, and Map Dwell Time. The energy range can be as low as the beam energy used [1]. 

6.5.1. SCREEN: To be provided by Authors: Parameters being selected

6.6. Then, in the EDX software, select the area to map over. When the map is complete, save the map as a data cube [1].

6.6.1. SCREEN: To be provided by Authors: Area being selected, map being made, map being saved 








Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.


Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 195. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.
7. [bookmark: _Hlk27388131]Results: Representative Nanoscale Liquid-Solid Interface Characterization

7.1. These images [1] of bare lithium foil milled at 25 [2] and minus 165 degrees Celsius [3] highlight how cooling to cryogenic temperatures can help preserve samples during focused ion beam milling [4].

7.1.1. LAB MEDIA: Figure 2
7.1.2. LAB MEDIA: Figure 2 Video Editor: please emphasize Figures 2A and 2B
7.1.3. LAB MEDIA: Figure 2 Video Editor: please emphasize Figures 2C and 2D

7.2. For EDX experiments [1], the focused ion beam milling geometry should be optimized [2] and the position of the EDX detector should be taken into account [3].

7.2.1. LAB MEDIA: Figure 3B
7.2.2. LAB MEDIA: Figure 3 Video Editor: please emphasize B rectangle and triangle schematic
7.2.3. LAB MEDIA: Figure 3 Video Editor: please emphasize EDX detector shape and blue lines

7.3. Here the difference between a well- [1] and a poorly prepared cryo-immobilized sample, both using the lithium metal battery as an example, can be observed [2].

7.3.1. LAB MEDIA: Figure 4 Video Editor: please emphasize Figure 4A
7.3.2. LAB MEDIA: Figure 4 Video Editor: please emphasize Figure 4B

7.4. Although both samples were nominally prepared according to the same procedure, a brief exposure to air most likely resulted in the surface reactions observed in the poor prepared sample [1].

7.4.1. LAB MEDIA: Figure 4 Video Editor: please emphasize bumps on Figure 4B image

7.5. Mapping a lithium deposit in 1,3-dioxolane-1,2-dimethoxyethane with non-optimal conditions [1] results in contrast variations, likely an indication of an initially well-preserved interface [2] that is lost due to radiation damage during mapping [3].

7.5.1. LAB MEDIA: Figures 5A and 5B
7.5.2. LAB MEDIA: Figures 5A and 5B Video Editor: please emphasize center of Figure 5A sample
7.5.3. LAB MEDIA: Figures 5A and 5B Video Editor: please emphasize center of Figure 5B sample

7.6. In contrast, this map of dead lithium embedded in vitrified electrolyte and the lithium substrate beneath [1] was performed at 2 kilovolts and 0.84 nanoamps, preserving the sample surface morphology [2]. Although some damage is still visible after mapping, the extent of the damage is substantially reduced [3].

7.6.1. LAB MEDIA: Figures 6A and 6B 
7.6.2. LAB MEDIA: Figures 6A and 6B Video Editor: please emphasize black sample in center of Figure 6A
7.6.3. LAB MEDIA: Figures 6A and 6B Video Editor: please emphasize black sample in center of Figure 6B

7.7. In this analysis, EDX mapping was used to locate iron oxide nanoparticles grown in a silica hydrogel [1]. Large field of view scans allowed the identification of regions of interest [2], while more localized scans [3] were used for site-specific milling [4].

7.7.1. LAB MEDIA: Figure 7
7.7.2. LAB MEDIA: Figure 7 Video Editor: please emphasize Figures 7A and 7D
7.7.3. LAB MEDIA: Figure 7 Video Editor: please emphasize Figures 7B and 7E
7.7.4. LAB MEDIA: Figure 7 Video Editor: please emphasize Figure 7C and 7F






Conclusion
8. Conclusion Interview Statements
Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver the statement. 

What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

Is each interview statement 30 words or fewer? ☐ Yes

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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