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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) Y  

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) Y 

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.) 
2.4-2.5 Mount the SALVI device onto the SEM stage, 3.2 Liquid sample loading, 4.5, 4.10, 4.11 
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.) 2.4, 4.4
E.  Location: Will the filming need to take place in multiple locations? (Y/N) Y 

If yes, how far apart are the locations? 

The lab and the conference room will be in the same building.  We need to roll the camera equipment over to the conference room.  The interviews can be conducted and taped in a conference room.  This is how we did last time when doing the Jove filming.
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 in situ liquid scanning electron microscopy imaging procedure is to provide technical know-how for efficient imaging and analysis of particles in liquids in conventional high vacuum SEM using a vacuum compatible microfluidic module. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Xiao-Ying Yu: This method can help answer key questions in the microscopy and microanalysis field, such as how to characterize the evolving particle size and morphology corresponding to environmental changes [1-MED]. 
1.1.1. Xiao-Ying speaks toward camera, interview style.
1.2. Xiao-Ying Yu: The main advantage of this technique is that we can directly visualize polydisperse particles in liquid without drying or freezing the sample in high vacuum mode without resorting to Environmental SEM [1-MED]. 
1.2.1. Xiao-Ying speaks toward camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Bruce Arey: The implications of this technique extend toward efficient analysis of various liquid material and biological samples using SEM, because many of them only function or exist in liquid [1-MED].
1.3.1. Bruce speaks toward camera, interview style.
1.4. Juan Yao: Visual demonstration of this method is critical as the sample mounting and in situ imaging steps are difficult to learn, because they are different from regular solid samples [1-MED]. 
1.4.1. Juan speaks toward camera, interview style.

Protocol: (read by voice talent at JoVE)
Editors, throughout the procedure, please use a zoom bubble to highlight the action being performed in the SCREEN capture movies.

2. Mount the Device and Use SEM/Focused Ion Beam (FIB) to Make Apertures on the SALVI Silicon Nitride Membrane Using FIB
2.1. Begin this procedure with carbon coating of the System for Analysis at the Liquid Vacuum Interface, or SALVI (pronounced as “sal-vee”), device as described in the text protocol [1-MED-over the shoulder].
2.1.1. Talent removes the carbon coated SALVI device from the carbon coater using vinyl gloves.
2.2. Juan Yao: Mounting the microfluidic device in the SEM stage is quite critical for the success of in situ liquid SEM analysis.  Make sure the device is properly grounded and secured to minimize the charging effect before an experiment [1-MED].
2.2.1. Juan speaks toward camera, interview style.   
2.3. To mount the SALVI device onto the SEM (pronounced as letters “S-E-M”) stage, first open the SEM specimen chamber door carefully once venting has completed [1-CU-TXT].
2.3.1. SEM specimen door as talent carefully opens it.  TEXT Overlay: See text for venting protocol 
2.4. Select the SEM specimen holder [1-MED-over the shoulder].  Fix the holder onto the center of the stage using the appropriate bolt and hex wrench [2-CU].
2.4.1. Talent selects the SEM specimen holder.   
2.4.2. Holder as talent fixes it onto the center of the stage using bolt and hex wrench.
2.5. Place two strips of double-sided carbon tape on the specimen holder [1-MED-over the shoulder].  Then, stick the SALVI device onto the carbon tape placed on the holder with the silicon nitride membrane side facing up [2-CU-TXT]. 
2.5.1. Talent places two strips of double-sided carbon tape on the specimen holder.
2.5.2. SALVI device as talent sticks it onto the carbon tape places on the holder with the silicon nitride membrane side facing up.  TEXT Overlay: See text for sputter coating the SiN membrane  
2.6. Securely immobilize the SALVI onto the specimen holder using an additional two strips of single-sided copper tape to bind the SALVI PDMS block to the SEM specimen holder [1-MED-over the shoulder].  
2.6.1. Talent securely immobilizes the SALVI on the specimen holder using an additional two strips of single-sided copper tape to bind the SALVI PDMS block to the SEM specimen holder.
2.7. In addition, use the copper tapes to connect the silicon nitride frame and the metal specimen holder.  Make sure that the tape does not completely cover the silicon nitride membrane [1-CU].  To pump down the specimen chamber, close the specimen chamber door [2-MED].  
2.7.1. Copper tapes as talent uses them to connect the SiN frame and the metal specimen holder without covering the SiN membrane.
2.7.2. Talent closes the specimen door.
2.8. Select the “High Vacuum” mode on the SEM software GUI (pronounced as “goo-ee”) under the “Beam Control” page.  Click the “Pump” button on the “Beam Control” page to start vacuuming [1-SCREEN-TXT].  Apply pressure by hand to the chamber door until the desired vacuum is established [2-CU].
2.8.1. 56058_Yu_SCREEN_2.8.1 – Screen capture movie as talent selects the “High Vacuum” mode on the SEM software GUI under the “Beam Control” page.  Talent clicks the “Pump” button on the “Beam Control” page to start vacuuming.  TEXT Overlay: GUI = Graphic User Interface
2.8.2. Chamber door as talent applies pressure by hand until the desired vacuum is established.
2.9. Next, make apertures in the silicon nitride membrane using focused ion beam, or FIB, as described in the text protocol [1-WIDE or MED].
2.9.1. Talent works to make apertures using the FIB.
2.10. Following the procedure, turn off both the electron beam and ion beam to vent the chamber by clicking “Beam On” when the corresponding beam imaging area is activated.  Click “Vent” on the “Beam Control” page to vent the specimen chamber [1-SCREEN].
2.10.1. 56058_Yu_SCREEN_2.10.1 – Screen capture movie as talent clicks “Beam On” when the corresponding beam imaging area is activated.  Then talent clicks “Vent” on the “Beam Control” page to vent the specimen chamber.
3. Load SALVI with Liquid Samples 
3.1. Carefully open the SEM chamber door after it is fully vented, leaving the SALVI device as it is on the stage [1-MED-over the shoulder].
3.1.1. Talent opens the SEM chamber door, leaving the SALVI device on the stage. 
3.2. Draw 1 milliliter of deionized water into a sterile syringe and connect the syringe with the inlet of the microfluidic device using a polytetrafluoroethylene (pronounced as “pol-ee-te-truh-floo r-oh-eth-uh-leen”) tubing adaptor fitting [1-MED].  Slowly inject the liquid for 3 to 5 minutes [2-CU].
3.2.1. Talent draws 1 mL of water into a sterile syringe and connects the syringe with the inlet of the microfluidic device using a polytetrafluoroethylene tubing adaptor fitting.
3.2.2. Syringe as talent begins to slowly inject the liquid. 
3.3. Repeat this process three times using 1 milliliter of 10 micrograms per milliliter aluminium oxyhydroxide (pronounced as “ok-si-hahy-drok-sahyd”) to ensure the concentration of the sample is not diluted by the preloaded deionized water [1-MED-TXT].
3.3.1. Talent draws up AlOOH from a labeled container and injects it into the microfluidic device.  TEXT Overlay: See text for AlOOH solution preparation  
3.4. After the injection, remove the syringe [1-MED-over the shoulder].  Connect the inlet and outlet of SALVI using polyether-ether-ketone union [2-CU].  Dry any liquid outside the SALVI with lab wipes [3-MED].
     3.4.0. Added shot: Attach the polyether ether ketone fitting and union to the other end of the tubing. Editor: Not sure how this shot was slated and where to put it. The authors added it in front of 3.4.1.
3.4.1. Talent removes the syringe.
3.4.2. Inlet and outlet of SALVI as talent connects them using the polyether ether ketone union.
3.4.3. Talent dries any liquid outside the SALVI with lab wipes.  
3.5. If there are any bubbles within the tubing or microchannel, redo the sample injection until no bubbles are seen within the tubing [1-CU].
3.5.1. Tubing as talent inspects it to see if there are any bubbles present. 
4. Conduct Liquid SEM Imaging and Elemental Analysis
4.1. To take images using the ETD and secondary electron mode, first close the specimen chamber door [1-MED-over the shoulder-TXT].
4.1.1. Talent closes the specimen chamber door.  TEXT Overlay: ETD = Everhart Thornley Detector
4.2. After establishing the desired vacuum on the chamber door as before, activate the electron beam imaging area by clicking the “Pause” icon on the toolbar.  Turn on the electron beam by clicking the “Beam On” button on the “Beam Control” page.  Select the ETD and the secondary electron mode for imaging from the “Detectors” drop down menu [1-SCREEN].
4.2.1. 56058_Yu_SCREEN_4.2.1 – Screen capture movie as talent clicks the “Pause” icon on the toolbar.  Then talent turns on the electron beam by clicking the “Beam On” button on the “Beam Control” page.  Then talent selects the ETD detector and the secondary electron mode for imaging from the “Detectors” drop down menu.
4.3. Bruce Arey: Selecting optimal conditions is important to obtain high quality images.  In this work, we will show a set of conditions suitable for secondary electron imaging of light elements like aluminum.  When analyzing other elements, operation conditions should be modified [1-MED].
4.3.1. Bruce speaks toward the camera, interview style. 
4.4. Set the accelerating voltage to 8 kilo-electron-Volts and the beam current to approximately 0.47 nanoAmps from the corresponding list boxes displayed on the GUI toolbar at the electron beam imaging area.  Set the working distance as 7 millimeters by typing “7” into the text box of the coordinate “Z” on the “Navigation” page when the “Actual” distance is selected [1-SCREEN].
4.4.1. 56058_Yu_SCREEN_4.4.1 – Screen capture movie as talent sets the accelerating voltage to 8 kilo-electron-Volts and the beam current to approximately 0.47 nanoAmps from the corresponding list boxes displayed on the GUI toolbar at the electron beam imaging area.  Talent sets the working distance as 7 millimeters by typing the number “7” into the text box of the coordinate “Z” on the “Navigation” page when the “Actual” distance is selected.
4.5. Magnify the feature to 1,000 × and twist the “Contrast”, “Brightness”, “Coarse”, and “Fine” knobs on the Manual User Interface to optimize the image of the particle feature [1-MED-over the shoulder].
4.5.1. Talent magnifies the feature to 1,000 × and twist the “Contrast”, “Brightness”, “Coarse”, and “Fine” knobs on the Manual User Interface to optimize the image of the particle feature
4.6. Next, center the first hole in the live image of the electron beam imaging area by twisting the “X” and “Y” shift knobs on the GUI board.  Enlarge the images with particles to magnification 200,000× by twisting the “Magnification” knob on the GUI board.  Select the screen resolution to “1,024 by 884” from the list box on the toolbar [1-SCREEN].
4.6.1. 56058_Yu_SCREEN_4.6.1 – Screen capture movie as talent twists the “X” and “Y” shift knobs on the GUI board.  Then talent enlarges the images with particles to magnification 200,000× by twisting the “Magnification” knob on the GUI board.  Talent selects the screen resolution “1,024 × 884” from the list box on the toolbar. 
4.7. Then, set the scan rate as 30 microseconds from the list box on the toolbar.  Press the F4 key to take the snapshot of the current image shown in the electron beam imaging area [1-SCREEN].
4.7.1. 56058_Yu_SCREEN_4.7.1 – Screen capture movie as talent sets the scan rate as 30 microseconds from the list box on the toolbar.  Talent presses the F4 key to take the snapshot of the current image shown in the electron beam imaging area.
4.8. Press the Control and S keys to save the image as a tif file to the desired location with the defined filename including an incremental number.  Zoom out by twisting the “Magnification” knob to locate the next adjacent hole [1-SCREEN].
4.8.1. 56058_Yu_SCREEN_4.8.1 – Screen capture movie as talent presses the Control and S keys to save the image as a tif file to the desired location with the defined filename including an incremental number.  Talent zooms out by twisting the “Magnification” knob to locate the next adjacent hole.
4.9. Repeat these operations to image the aluminium oxyhydroxide particles in the rest of the holes [1-MED]. 
4.9.1. Talent repeats these operations to image the AlOOH particles in other holes
4.10. To conduct elemental analysis using energy dispersive x-ray spectroscopy, or EDX, insert the Energy Dispersive Spectroscopy detectors into the chamber [1-CU]. 
4.10.1. Chamber as talent inserts the detectors.
4.11. Select the ETD on the microscope control monitor.  Then, select the secondary electron mode for viewing the sample on the electron beam imaging area and set the parameters as before [1-MED-over the shoulder].
4.11.1. Talent selects the ETD detector on the microscope control monitor.  Then talent selects the secondary electron mode for viewing the sample on the electron beam imaging area
4.12. Enlarge the aluminium oxyhydroxide particles in each hole with a magnification of 200,000× by twisting the “Magnification” knob on the manual user interface board [1-CU].  Next, open the associated EDAX software [2-MED-over the shoulder].
4.12.1. MUI as talent enlarges the AlOOH particles in each hole with magnification 200,000× by twisting the “Magnification” knob on the MUI board.  
4.12.2. Talent opens the associated EDAX software.
4.13. Click “start recording new spectra” in the user interface to collect the EDX spectrum. Select “Peak ID” to choose the probable elements of the spectrum.  Then, type in the observed elements into the “Element” field.  Click “Add” to apply the element to the spectrum [1-SCREEN]. 
4.13.1. 56058_Yu_SCREEN_4.13.1 – Screen capture movie as talent clicks “start recording new spectra” in the user interface to collects the EDX spectrum. Then, talent selects “Peak ID” to choose the probable elements of the spectrum.  Then, talent types in the observed elements into the “Element” field.  Talent clicks “Add” to apply the element to the spectrum. 
4.14. Click on “File” and then click “Save As”.  Save the spectral data in csv format using the desired file name for plotting using a graphing software [1-SCREEN]. 
4.14.1. 56058_Yu_ SCREEN _4.14.1 – Screen capture movie as talent clicks on “File” and then click “Save As”.  Save the spectral data in.csv format using the desired file name.
4.15. After finishing the imaging and spectrum recording for each of the holes, turn off the electron beam by clicking the “Beam On” button on the “Beam Control” page when the electron beam imaging area is on.  Vent the SEM chamber by clicking “Vent” on the same page [1-SCREEN].  
4.15.1. 56058_Yu_SCREEN_4.15.1 – Screen capture movie as talent records for each of the holes, turns off the electron beam by clicking “Beam On” button on the “Beam Control” page when the electron beam imaging area is on.  Talent vents the SEM chamber by clicking “Vent” on the same page.
4.16. Carefully take the sample off the stage by removing all the tapes after the chamber door is open [1-CU].  Repeat the procedure to conduct the control experiments using deionized water and an empty microchannel [2-WIDE].  Finally, plot the EDX spectrum as described in the text protocol [3-MED-over the shoulder].
4.16.1. Talent carefully takes the sample off the stage by removing all the tapes after the chamber door is open.
4.16.2. Talent works to conduct the control experiments.
4.16.3. Talent works to plot the EDX spectrum.
5. Results: In Situ Imaging of Boehmite Particles in Liquid Using SEM
5.1. Using the SALVI microfluidic interface, the electron beam can directly bombard the small micrometer sized aperture with liquid underneath [1-LM].  

5.1.1. 56058_Yu_Figure 1 – Authors, please provide a version of this figure without the “1a,” “1b,” and “1c” labels for the video.
5.2. Boehmite (pronounced “bey-mahyt”) particles in deionized water… [1-LM] were compared with the deionized water control… [2-LM] and empty channel control in their secondary electron images [3-LM].  
5.2.1. 56058_Yu_Figure 1 – Editors, please highlight the left-most image to emphasize it.
5.2.2. 56058_Yu_Figure 1 – Editors, please highlight the middle image to emphasize it.
5.2.3. 56058_Yu_Figure 1 – Editors, please highlight the right-most image to emphasize it.
5.3. This provides direct evidence of particle secondary electron imaging of boehmite particles in the liquid.  Visualization of the particle in deionized water within the 1 micrometer hole demonstrates the feasibility to observe particles in liquid, in situ [1-LM]
5.3.1. 56058_Yu_Figure 1 – Editors, please zoom into the left-most image.
5.4. In the boehmite sample, a strong aluminum peak is observed [1-LM].  In contrast, only a strong oxygen peak is observed in the deionized sample, indicating the observation of water [2-LM].   
5.4.1. 56058_Yu_Figure 2a – Editors, please highlight the peak labeled “Al.” 
5.4.2. 56058_Yu_Figure 2b – Editors, please highlight the peak labeled “O” 
5.5. In the empty channel, residual of the gallium focused ion beam is seen [1-LM].  The oxygen peak is quite small, because there is not any water inside [2-LM].
5.5.1. 56058_Yu_Figure 2c – Editors, please highlight the peak labeled “Ga” 
5.5.2. 56058_Yu_Figure 2c – Editors, please highlight the peak labeled “O” 
6. Conclusion (said by authors on camera)

6.1. Fei Zhang: Once mastered, this technique can be done in a couple of hours if it is performed properly.  Generally, individuals new to this method will struggle because it is difficult to directly visualize liquids in high vacuum SEM [1-MED].
6.1.1. Fei speaks toward the camera, interview style.
6.2. Jaehun Chun: After watching this video, you should have a good understanding of how to characterize particles in liquid using in situ liquid SEM with SALVI [1-MED].
6.2.1. Jaehun speaks toward the camera, interview style.
6.3. Bruce Arey: While attempting this procedure, it’s important to remember that the microreactor should be free of leaks before mounting to the SEM stage [1-MED].
6.3.1. Bruce speaks toward the camera, interview style.
6.4. Rachel Komorek: Following this procedure, other methods like ToF-SIMS or NMR can be performed in order to answer additional questions like molecular composition and fluidic field mapping [1-MED].
6.4.1. Rachel speaks toward the camera, interview style.
6.5. Xiao-Ying Yu: After its development, this technique paved the way for researchers in the field of material sciences, chemical engineering, and nuclear engineering to explore particle size and morphological changes in a caustic liquid environment [1-MED].
6.5.1. Xiao-Ying speaks toward the camera, interview style.
6.6. Juan Yao: Don't forget that when working with surface analysis using SEM, gloves and goggles should be worn while performing this procedure.[1-MED].   
6.6.1. Juan speaks toward the camera, interview style.
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.  

Insert your media filenames here.
LAB MEDIA (LM): 
56058_Yu_Figure 1 – Authors, please provide a version of this figure without the “1a,” “1b,” and “1c” labels for the video.
56058_Yu_Figure 2a  
56058_Yu_Figure 2b  

56058_Yu_Figure 2c
SCREEN Capture Movies:
56058_Yu_SCREEN_2.8.1 – Screen capture movie as talent selects the “High Vacuum” mode on the SEM software GUI under the “Beam Control” page.  Talent clicks the “Pump” button on the “Beam Control” page to start vacuuming.   
56058_Yu_SCREEN_2.10.1 – Screen capture movie as talent clicks “Beam On” when the corresponding beam imaging area is activated.  Then talent clicks “Vent” on the “Beam Control” page to vent the specimen chamber.
56058_Yu_SCREEN_4.2.1 – Screen capture movie as talent clicks the “Pause” icon on the toolbar.  Then talent turns on the electron beam by clicking the “Beam On” button on the “Beam Control” page.  Then talent selects the ETD detector and the secondary electron mode for imaging from the “Detectors” drop down menu.
56058_Yu_SCREEN_4.4.1 – Screen capture movie as talent sets the accelerating voltage to 8 kilo-electron-Volts and the beam current to approximately 0.47 nanoAmps from the corresponding list boxes displayed on the GUI toolbar at the electron beam imaging area.  Talent sets the working distance as 7 millimeters by typing the number “7” into the text box of the coordinate “Z” on the “Navigation” page when the “Actual” distance is selected.
56058_Yu_SCREEN_4.6.1 – Screen capture movie as talent twists the “X” and “Y” shift knobs on the GUI board.  Then talent enlarges the images with particles to magnification 200,000× by twisting the “Magnification” knob on the GUI board.  Talent selects the screen resolution “1,024 × 884” from the list box on the toolbar. 
56058_Yu_SCREEN_4.7.1 – Screen capture movie as talent sets the scan rate as 30 microseconds from the list box on the toolbar.  Talent presses the F4 key to take the snapshot of the current image shown in the electron beam imaging area.
56058_Yu_SCREEN_4.8.1 – Screen capture movie as talent presses the Control and S keys to save the image as a tif file to the desired location with the defined filename including an incremental number.  Talent zooms out by twisting the “Magnification” knob to locate the next adjacent hole.
56058_Yu_SCREEN_4.13.1 – Screen capture movie as talent clicks “start recording new spectra” in the user interface to collects the EDX spectrum. Then, talent selects “Peak ID” to choose the probable elements of the spectrum.  Then, talent types in the observed elements into the “Element” field.  Talent clicks “Add” to apply the element to the spectrum. 
56058_Yu_SCREEN_4.14.1 – Screen capture movie as talent clicks on “File” and then click “Save As”.  Save the spectral data in.csv format using the desired file name.
56058_Yu_SCREEN_4.15.1 – Screen capture movie as talent records for each of the holes, turns off the electron beam by clicking “Beam On” button on the “Beam Control” page when the electron beam imaging area is on.  Talent vents the SEM chamber by clicking “Vent” on the same page.
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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