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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	Comment by Pradnya Kedari: Author: Please refer to the SC guideline, capture the SC footage and upload them on your project page as soon as possible.
Please update us once you upload the footage.
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://www.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.
Videographer: The author has not provided the SCREEN capture (SC) footage. Please capture all the SC shots using your camera as a backup. 
3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 20 minutes (Ideally, we will do the interviews at the office, then proceed to campus to use the microscope).  If necessary, we can do one location and the interviews can be done at the TEM.


Current Protocol Length

Number of Steps: 32
Number of Shots: 37 

Interviews 
1. Video 1: Author Interviews	Comment by Pradnya Kedari: Author: Please note that the statements are edited for length (30 words/ statement), for clarity and to avoid using personal pronouns as per the journal guidelines.
Please review and confirm all the sentences.

Please ensure to memorize the interview statements before the shoot.

Videographer: Obtain headshots for all authors. 

What is the scope of your research? What questions are you trying to answer? 
1.1. Madeline Dukes: This technology was developed to make high-performance TEM studies accessible to users of all skill levels. Furthermore, scientific advancements require the collaborative efforts of multiple investigators, so an efficient platform to share and analyze large, complex datasets is essential for successful research.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What are the most recent developments in your field of research?
1.2. Nynke Krans: Operando and in-situ studies transform the TEM into a real-time nano laboratory allowing researchers to explore the dynamic nanoscale processes that control a material’s bulk properties.  
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.1.1.
NOTE: Nynke Krans will provide the self-recorded interview statement.
What are the current experimental challenges?
1.3. Tim Eldred: One of the greatest challenges for in-situ TEM studies is isolating the beam irradiation effects from the intrinsic behavior of the sample. Accurate electron dose measurement and tracking is essential, but without dose management software, one can only measure electron dose rate rather than total or critical dose.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.3.1.
What research gap are you addressing with your protocol?
1.4. Katherine Marusak or Madeline Dukes: Complex TEM workflows generate large datasets which must be manually aligned and indexed to their respective images. In this time-consuming process, the key information, such as adjustments to imaging conditions or a sample's environment, may be lost, complicating analysis and reproducibility. 	Comment by Madeline Dukes: This statement was provided by Katherine Marusak

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.7.2.

What advantage does your protocol offer compared to other techniques?
1.5. John Damiano: We have developed a machine-vision workflow to collect and index the images and metadata produced during an experiment into a data-enriched, searchable timeline. Computational and image analysis algorithms can calculate variables between images, apply corrections, and identify hidden trends.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

What new scientific questions have your results paved the way for?
1.6. John Damiano David Nackashi: By calculating, synchronizing, and indexing new metadata into each image, multimodal analysis is suddenly a new possibility. For example, accurate accumulated dose and dose rate information in the zeolite images allows quantitative assessment of sample damage concerning accumulated dose across thousands of images.	Comment by Madeline Dukes: Due to scheduling problems, this statement was given by John Damiano
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

What research questions will your laboratory focus on in the future?
1.7. Tim Eldred Stamp Walden: We will continue to push the capabilities of in-situ EM by making results accessible and interpretable and improving experiment reproducibility. This software is a platform to develop workflow driven modules that targets specific, historically difficult applications to make in-situ TEM experiments easier and more information rich.	Comment by Madeline Dukes: Due to scheduling problems this statement was given by John Damiano	Comment by Pradnya Kedari: Author: Please review and confirm if this is correct.	Comment by Madeline Dukes: Yes - referring to interpreting the data
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Videographer: Obtain headshots for all authors.


Protocol Videos 

2. Video 2: Dose Calibration of the Transmission Electron Microscope for TEM and Scanning TEM (STEM) Imaging Modes Using Machine-Vision Approach
Demonstrator: Tim Eldred

Protocol
2.1. Begin the dose calibration by clicking the Connect icon in the MVS (M-V-S) software installed on TEM (T-E-M) [1-TXT]. Select the microscope and activate the connection between the TEM and the MVS software to visualize the images from the camera or detector in the image viewer [2].
2.1.1. WIDE: Talent clicking on the Connect icon on the SCREEN attached to TEM. TXT: MVS: Machine-vision synchronization 
2.1.2. SCREEN: To be provided by the authors: Microscope is selected, and the image from the camera /detector is seen on the screen.
Author: Please refer to the screen capture guideline to capture all the SCREEN shots. Upload all screen-captured video files and screenshot summary to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=19961078

Videographer: The author has not provided the SCREEN capture (SC) footage. Please capture all the SC shots using your camera as a backup. 

2.2. Navigate to the Dose tab followed by Dose Calibration. Select Dose Area Calibration process, follow the software prompts, and enter the requested user-configurable values. After completing Dose Area Calibration, select the Dose Current Calibration process and follow the software prompts [1].
2.2.1. SCREEN: To be provided by the authors: The microscope is connected and the Dose tab is selected	Comment by Madeline Dukes: This step was split into two
2.2.2. The Dose tab and then Dose Current Calibration is clicked.   the software prompts are followed, and the aperture and monochromator settings are entered
2.2.3. Dose Area Calibration process is selected, the software prompts are followed, and the aperture and monochromator settings are entered.

2.3. Once the calibration process for TEM mode is finished, calibrate the electron dose for STEM (Stem) mode by repeating the calibration process [1]. 	Comment by Pradnya Kedari: Author: Please review and confirm the pronunciation guide mentioned in the red italics.
If needed, edit the pronunciation guide using the track change option.
2.3.1. [bookmark: _Hlk134098044]SCREEN: To be provided by the authors: The electron dose for STEM mode is being calibrated. 
3. Video 3: Determination of Dose Threshold Using the Machine-Vision Synchronization (MVS) and Dose Software
Demonstrator: Tim Eldred Katherine Marusak

Protocol
3.1. Begin by opening the MVS software application on the TEM instrument and selecting Other [1].
3.1.1. WIDE: Talent opening the MVS software application on the TEM instrument and clicking on ‘Other’.

3.2. After connecting the microscope to the MVS software [1], navigate to the image metadata tab in the MVS software interface and select the Magnification, Max Dose, and Dose Rate to overlay on the image stream seen in the live display. Other metadata may be included if the user desires [2]. 
3.2.1. SCREEN: To be provided by the authors: Connect icon being clicked to connect the microscope.
3.2.2. SCREEN: To be provided by the authors: Metadata tab in the MVS software interface being clicked, and Magnification, Max Dose, and Dose Rate is selected.
3.3. Open the Dose tab and select Dose Management and Enable Dose Monitoring to activate automated electron dose tracking. Select Show Dose Layer to display the dose color overlay [1].
3.3.1. SCREEN: To be provided by the authors: In the Dose tab, Dose Management and Enable Dose Monitoring and Show Position Uncertainty areis selected for activating automated electron dose tracking. Then Show Dose Layer is selected.

3.4. Set the values for the high dose level and the high dose rate before pressing Save [1].
3.4.1. SCREEN: To be provided by the authors: High dose level and the high dose rate values (values of 60,000 e-/Å2 and 500 e-/Å2·s) being set and save being clicked.

3.5. Then, navigate to the Settings tab, select Dose, and set the Dose Navigation Map Opacity and Dose Image Overlay Opacity values [1].
3.5.1. SCREEN: To be provided by the authors: In the setting tab, Dose is selected, Dose Navigation Map Opacity and Dose Image Overlay Opacity values (values of 0.50 and 0.301) are set.	Comment by Madeline Dukes: Value changed from 0.3 to 0.1 for better visualization during filming

3.6. Activate drift correction in the Live Image Viewer window by clicking on Drift Correct [1]. 
3.6.1. SCREEN: To be provided by the authors: In the Live Image Viewer window, Drift Correct is clicked, and drift correction is activated.

3.7. Next, navigate to the Data View tab, and plot the metadata values Defocus and Focus Quotient on the Y axis [1]. 
3.7.1. SCREEN: To be provided by the authors: In the Data View tab, the metadata values Defocus and Focus Quotient are plotted on the Y axis.

3.8. [bookmark: _Ref124163587]Activate Focus Assist, and then select Calibrate Focus to run the automated focus assist calibration. Once the Calibrate Focus routine is complete, close the Data View tab [1].
3.8.1. SCREEN: To be provided by the authors: Focus Assist is activated; Calibrate Focus is selected. After Calibrate Focus routine, the Data View tab is closed.

3.9. In the MVS software, open the Image Analysis tab and activate the Live FFT and Quadrants 1 & 2 options [1]. 
3.9.1. SCREEN: To be provided by the authors: Image Analysis tab is opened, and Live FFT and Quadrants 1 & 2 options are activated.
3.10. Using the microscope’s software controls, adjust the beam conditions so that the electron flux is approximately 600 500 Armstrong Angstrom (Ang – strom) square per second, move to a new region in the sample, and center the sample ROI (R-O-I) in the live view of the MVS (M-V-S) software [1]. 
3.10.1. SCREEN: To be provided by the authors: The beam conditions are adjusted under the microscope’s software controls. In the new region in the sample is seen with ROI in live view.

3.11. MOVE THIS TO 4.5.1 Note the dose conditions in the software using the Tag function. Highlight the Tag icon and enter the desired text to denote a specific series of images within the timeline. Images will be tagged with this text until the Tag icon is deselected [1].	Comment by Madeline Dukes: Omitted this step during live imaging,  
3.11.1. SCREEN: To be provided by the authors: The dose conditions are noted using Tag function. The tag icon is highlighted, and the desired text is entered to denote a specific series. The tagged image is seen.

3.12. Maintain a constant dose rate while continuously imaging the same ROI until the spots peaks corresponding to the atomic structure in the FFT plot have disappeared [1]. 
3.12.1. SCREEN: To be provided by the authors: Constant dose rate followed by imaging the same ROI is seen. The spots peak corresponding to the atomic structure in the FFT plot is disappeared.

3.13. Reduce the magnification, open the Dose Management tab, and activate Show Dose Layer to overlay a color-coded dose map [1]. 	Comment by Madeline Dukes: This is the same step as shown in 4.1
3.13.1. SCREEN: To be provided by the authors: Magnification is reduced, Dose Management tab is opened, and Show Dose Layer is activated. 
Representative Results
This is the wrong representative results.  Replace with Figure 3.  Figure 4 below should be moved to the Video 5 section.
3.14. [bookmark: _Hlk134730052][bookmark: _Hlk134075616]The temperature-induced mobility made keeping the ROI centered within the field of view challenging. The Drift Correct and Focus Assist features enabled the sample imaging over approximately 30 seconds at 800 degrees Celsius. [1].
3.14.1. LAB MEDIA: Figure 4.

4. Video 4: Metadata and Trend Analysis and Data Export Using the Analysis Software
Demonstrator: Tim Eldred Katherine Marusak

Protocol
4.1. Launch the offline analysis software to view the fully synchronized datasets [1] and open the experiment session file by selecting it from the library [2]. 
4.1.1. WIDE: Talent opening offline analysis software. Fully synchronized datasets are seen on the screen.
4.1.2. SCREEN: To be provided by the authors: The experiment session file is opened from the library.

4.2. Display the drift-corrected images by activating the DC (D-C) tab below the Image View Port before selecting the desired data overlays by checking their respective Overlay Data boxes in the Image Metadata tab. Other metadata may be plotted as the user desires [1].
4.2.1. SCREEN: To be provided by the authors: The DC tab below the Image View Port is activated. The desired data overlays are selected by checking their respective Overlay Data boxes in the Image Metadata tab. (Microscope, Date/Time, Dose Rate, Max Dose, and Magnification are selected here).

4.3. Check the Timeline box for Max Dose and Dose Rate to add a graphical plot of these values to the timeline. Highlight or scroll through these graphical plots to update the image displayed in the viewport. Access various tools through the Notes, Image Analysis, Toolbox, and Data View tabs [1]. 
4.3.1. SCREEN: To be provided by the authors: Timeline box is clicked for Max Dose and Dose Rate. The displayed image is being updated. Data is scrolled through.  Notes, Image Analysis, Toolbox, and Data View tabs being pointed or being accessed.

4.4. Access the FFT (F-F-T) for each image through the Image Analysis tab and click on  to plot Live FFT to update it while scrolling through images [1]. 
4.4.1. SCREEN: To be provided by the authors: In the Image Analysis tab, Live FFT is clicked to update the FFT while scrolling through images Rotate the FFT quadrant guide to highight specific FFT spots in the plot..

4.5. Use the fading of the FFT peaks to determine the time point at which the zeolite nanoparticle structure loses crystallinity. Record the max dose value recorded with that image using the tag feature [1].
4.5.1. SCREEN: To be provided by the authors: Scroll through the image series toTh identify thee point at which the zeolite structure loses crystallinity asis determined using fading of the FFT peaks.
4.5.2. Please move 3.11.1 HERE: The region of the timeline corresponding to the image series in which the FFT spots disappear is tagged.

4.6. To easily filter large datasets into smaller, sharable ones without losing their associated metadata, open the filter panel and adjust the sliders to select only data equal to or above approximately 500 Armstrong Angstrom (ang-strom)square per second dose rate. Save the new collection using the name Dose Threshold Study [1]. 
4.6.1. SCREEN: To be provided by the authors: Filter option being opened followed by adjustment of the sliders to select a dose rate equal to or above ~500 e- /Å2·s.
4.6.2.  The new collection is saved as Dose Threshold Study 500 Dose Rate and Above.

4.7. Export the image series as a movie file using the same Publish option [1]. Select the images by highlighting them in the timeline, using the filter options, or exporting the full database file by selecting the desired movie format, frame rate, and file location [2]. 
4.7.1. Please move 4.7.1 after 4.7.2 SCREEN: To be provided by the authors: The image series and metadata CSV file is exported using the Publish option. 
4.7.2. Please Move 4.7.2 before 4.7.1 SCREEN: To be provided by the authors: The images are selected by highlighting them in the timeline.	Comment by Pradnya Kedari: Author: The shot and the voice-over (VO) are edited as per your suggestion.

4.8. Export the metadata separately from the acquired images as a CSV (C-S-V) file by selecting the Metadata (CSV) option [1]. 
4.8.1. Please combine with 4.7.1 SCREEN: To be provided by the authors: Metadate is exported as a CSV file by selecting the Metadata (CSV) option.
Representative Results
4.9. The zeolite nanoparticle ZSM-5 (Z-S-M-Five) imaged to determine the threshold dose showed that the dose rate read by the MVS software under high dose rate conditions was 519 Electrons per square angstrom per second [1]. Nanoparticles in the field of view were imaged continuously until the FFT peaks disappeared, indicating crystalline structure degradation [2]. 
4.9.1. LAB MEDIA: Figure 3A to C.
4.9.2. LAB MEDIA: Figure 3.

4.10. The FFT (F-F-T) peaks [1] began to disappear after 42 seconds of continuous imaging [2]. The FFT peaks had completely disappeared at 1 minute and 20 seconds and a cumulative dose of 60,000 Angstrom (ang-strom) Armstrong square per second [3].
4.10.1. LAB MEDIA: Figure 3.
4.10.2. LAB MEDIA: Figure 3B.
4.10.3. LAB MEDIA: Figure 3C.

4.11. The FFT spots fully disappeared after 1 minute and 50 seconds of continuous imaging and a cumulative dose of 58,230 e-/Å2 [1].
4.11.1. LAB MEDIA: Figure 3D–F.
5. Video 5: In situ Heating Study of Gold on Iron Oxide Nanoparticles
Demonstrator: Madeline Dukes and Tim Eldred

Protocol
5.1. To begin, selecte the appropriate workflow option from the MVS software [1]. 
5.1.1. WIDE: Talent clicking the Fusion Workflow option from the MVS software.

5.2. Follow the workflow prompts to confirm the electrical connection between the holder and the heating E-chip by loading the calibration file and performing a device check [1]. 
5.2.1. SCREEN: To be provided by the authors: The calibration file is being loaded, and the device check is performed to confirm the electrical connection.

5.3. After connecting the microscope to the MVS software, center the sample ROI in the field of view [1]. 
5.3.1. SCREEN: To be provided by the authors: Connect icon is clicked, and the microscope is connected. The sample ROI is centered.

5.4. Open the Fusion AX (A-X) tab and set up and apply a temperature [1].	Comment by Madeline Dukes [2]: Already shown in 5.1.1 - close up not necessary	Comment by Pradnya Kedari: Author: Please check all the pronunciation guides mentioned in the red italics and confirm them.
5.4.1. SCREEN: To be provided by the authors: Fusion AX tab is opened, and temperature is being set up.

5.5. Click the Channel A Setup button to accessAccess the temperature control settings. Select the Temperature function and Manual control mode [1].
5.5.1. SCREEN: To be provided by the authors: the Channel A SetupExperiment button is clicked; Temperature function and Manual Control mode arise selected to access the temperature controls.

5.6. Then, click the Experiment button to access the experimental controls and set the Ramp Rate to 10 degrees Celsius per second and the Target to 600 degrees Celsius. Click on Apply to start the experiment [1]. 
5.6.1. SCREEN: To be provided by the authors: The experiment button is clicked, the experimental controls being accessed, and Ramp Rate is set to 10 °C/s and the Target to 600 200 °C. Apply is clicked.
5.6.2. After reaching 200 °C. The Target is adjusted to 600 °C using the same rampe rate. Apply is clicked.
5.6.3. 

5.7. After the set temperature of 600 degrees Celsius is reached, open the Fusion AX tab and select Experiment. Change the Ramp Rate to 2 degrees Celsius and the Target to 800 degrees Celsius. Click on Apply to start the experiment [1].
5.7.1. SCREEN: To be provided by the authors: Fusion AX tab is opened, and the Experiment tab is selected. The ramp Rate is changed to 2 °C and the Target to 800 °C. Appy is clicked.

5.8. Once done, open the analysis software to review the session. In the timeline, plot the temperature, template morphing factor, dose rate, and cumulative dose [1]. Export images and movies using the Publish option with or without the dose map overlays [2].
5.8.1. SCREEN: To be provided by the authors: The analysis software is opened. The temperature, template morphing factor, dose rate, and cumulative dose is plotted in the timeline.
5.8.2. SCREEN: To be provided by the authors: Images and movies being exported using Publish option.

Representative Results
5.9. The heating experiment performed using a representative nanocatalyst sample Au/FeOx (Gold on Iron Oxide) showed that at elevated temperatures, the gold nanoparticles within the Au/FeOx migrated along the surface of the iron oxide support and sintered to form larger particles [1].
5.9.1. LAB MEDIA: Figure 4.

5.10. An in-situ heating experiment recorded a series of TEM snapshots of a porous region within an Au/FeOx nanocatalyst at various time points [1]. The coordinated drift of the sample increased with the increased temperature, from a rate of 9 to 62 nanometers per minute, and began to decrease toward leveling off with the constant temperature [2].
5.10.1. LAB MEDIA: Figures 5A to F.
5.10.2. LAB MEDIA: Figure 5G.
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