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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. Parts 2, 3, and 4 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. Parts 2 and 3 are the most difficult because they explain how the samples are prepared. Since the materials are air-sensitive, sample preparation must be performed inside of an Argon filled glovebox. The best way to ensure success is to keep all tools (tweezers, cutting board, punches, foil) clean. 
E.  Will the filming need to take place in multiple locations? (Y/N) Yes If yes, how far apart are the locations? The sample preparation lab is a 2 minute drive from the Advanced Light Source.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to visualize the interior of a model battery composed of two lithium metal electrodes separated by a polymer electrolyte membrane. (Intro)
This is accomplished by first solvent casting a polymer electrolyte film. (P1)
Editors, please use “electrolyte casting.ai here.”  Animate the pouring of the polymer solution in front of the black bar.  Then animate the black bar to move from the position shown in the left panel to the position shown in the right panel, dragging the polymer solution along with it.  
The second step is to assemble the samples by sandwiching a piece of the polymer electrolyte between two lithium metal electrodes and vacuum sealing in an air-tight pouch. (P2)
Editors, please use “sample assembly.ai here.”  Starting with the left panel, the five layers (tabs, lithium electrodes, polymer electrolyte) should come together and translate into the gray pouch material ending in the conformation shown in the center panel.  The top flap of the pouch material should then fold over on top of the assembled sample stack.  It should then be rotated to the orientation shown in the right panel and the dashed vacuum seal lines should appear.
Next, the samples are galvanostatically cycled until they fail by short-circuit, or as long as desired. (P3)
Editors, please use “galvanostatic cycling.ai here.”  Animate the electrons moving in the direction indicated by the arrows in the left panel.  Then pause and animate the electrons to move in the opposite direction as shown in the panel on the right.
The final step is to reduce the sample size, remove the nickel tabs, and then image by hard X-ray microtomography. (P4)
Editors, please use “imaging.ai here.”  Animate the sample stage to rotate around the vertical axis 180 degrees.   
Ultimately, X-ray microtomography imaging is used to show morphological changes, like dendrite growth, in the lithium metal electrodes and polymer electrolyte as a function of cycling. (P5)
Editors, please show “53021_Balsara_Figure2c.tif” as this point is narrated.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Katherine Harry: The main advantage of this technique over existing methods, like electron microscopy, is that the resulting images show the interior of the electrode and electrolyte layers, instead of just the surface, revealing structures that are hidden when using traditional imaging techniques [1.1.1 – MED].
1.1.1. Talent speaks toward camera, interview style.   

Protocol (read by voice talent at JoVE):

Note to videographer:  2.3-3.3 and 4.1 are performed in a glove box, which will limit the camera angles a little.  The authors said that the glove boxes are quite long, so you could stand beside the talent and film at an angle – I’ll refer to this as a MED shot here.  I think a MED-over the shoulder shot and CU shot is also feasible.  I did call for an ECU, although I am not sure if you can get this through the glass.
2. Electrolyte preparation
2.1. Before beginning this procedure, synthesize poly(styrene) - block - poly(ethylene oxide) (pronounced as “polly-stahy-reen block polly–eth-uh-leen awk-sahyd”) copolymer, or SEO, using anionic polymerization as referenced in the text protocol [2.1.1 – Title Card]. 
2.1.1. Title Card 
2.2. Perform all sample preparation in an Argon glove box where the water and oxygen levels are controlled and remain greater than 5 parts per million [2.2.1 – MED].
2.2.1. Talent places arms into the gloves of an Argon glove box.
2.3. Dissolve 0.3 grams of polymer in anhydrous N-methyl-2-pyrrolidone (pronounced as N-meth-uh l two pi-roh-li-dohn”), or NMP, with dry lithium bis(trifluoromethane)sulfonamide (pronounced as “biss trahy-flawr-oh-meth-eyn suhl-fon-uh-mahyd”), or LiTFSI (pronounce as letters), salt [2.3.1 – MED-over the shoulder].  
2.3.1. Working in glove box, talent begins to dissolve 0.3 grams of polymer in NMP, with dry LiTFSI salt.  Continue action in next shot.
2.4. Use an LiTFSI salt to SEO mass ratio of 0.275 and an NMP to SEO mass ratio of 13.13.  This quantity of polymer will yield a membrane large enough to make approximately 20 samples [2.4.1 – CU]. Heat the solution to 90 degrees Celsius on a hot plate and allow it to stir until the polymer dissolves.
2.4.1. Sample in the glove box as talent continues to dissolve 0.3 grams of polymer in NMP, with dry LiTFSI salt.
2.4.2. Heating (places sample on the heating plate).
2.5. Cast all of the polymer and salt mixture onto an approximately 15 by 15 centimeter square piece of nickel foil using a doctor blade [2.5.1 – CU].  Loosely cover the film with aluminum foil and allow it to dry on the casting plate at 60 degrees Celsius overnight [2.5.2 – MED-over the shoulder].
2.5.1. Sample in the glove box as talent casts all of the polymer and salt mixture onto an approximately 15 centimeter by 15 cm square piece of nickel foil using a doctor blade. [CU]
2.5.2. Talent places the sample into the antechamber to dry. Leaving film on casting plate and covering with aluminum foil to let dry overnight. [MED]
2.6. After drying, peel the film from the Nickel foil and allow it to dry further under vacuum at 90 degrees Celsius [2.6.1 – CU].  Wrap the resulting freestanding film in Nickel foil and store it inside an air-tight box in the glove box for later use [2.6.2 – MED].
2.6.1. Talent peels the film from the Nickel foil. [Faking it because actual peeling takes ~1 hour – CU]
2.6.2. Talent wraps the freestanding film in Nickel foil and places into an air-tight box. Start edit at folding the foil. Do not show the used film for continuity.
3. Lithium – lithium symmetric cell preparation & Symmetric cell cycling
3.1. Use a seven sixteenth inch diameter, round metal punch to cut out two lithium metal electrodes from a roll of 99.9 percent pure, battery-grade lithium metal foil [3.1.1 – MED-over the shoulder].  Then use a half inch diameter metal punch to cut out a piece of polymer electrolyte film [3.1.2 – CU].
3.1.1. Talent uses a seven sixteenth inch diameter, round metal punch to cut out two lithium metal electrodes from a roll of 99.9 percent pure, battery-grade lithium metal foil.
3.1.2. Polymer electrolyte film as talent uses a half inch diameter metal punch to cut out a piece.
3.2. Sandwich the polymer electrolyte film between the two lithium metal electrodes and press the nickel tabs onto the electrodes [3.2.1 – ECU].
3.2.1. Punch as talent sandwiches it between the two lithium metal electrodes and presses the nickel tabs onto the electrodes.
3.3. Vacuum seal the sample in an air-tight pouch made of polypropylene and nylon lined aluminum.  One of the lithium electrodes is easily swapped with a cathode if one wants to study a full battery [3.3.1 – MED-over the shoulder].
3.3.1. Talent vacuum seals the sample in an air-tight pouch made of polypropylene and nylon lined aluminum.  
3.4. To perform symmetric cell cycling, place the vacuum-sealed sample into an oven held at 90 degrees Celsius and cycle using electrochemical cycling equipment [3.4.1 – MED].
3.4.1. Talent places the vacuum-sealed sample into an oven with electrochemical cycling equipment.  
3.5. Heat the sample during cycling to achieve reasonable ionic conductivity through the electrolyte membrane.  For safety, ensure that the sample does not approach the lithium metal melting point of 180 degrees Celsius [3.5.1 – CU].
3.5.1. Display screen as talent sets the heat for the cycling program.
3.6. Pass a current density of 0.175 milliAmps per square centimeter through the sample for four hours and follow with a 45 minute rest.  Next, pass a current density of negative 0.175 milliAmps per square centimeter through the sample for four hours and follow with a 45 minute rest [3.6.1 – MED-over the shoulder].  Repeat this cycling routine as many times as desired [3.6.2 – MED]. 
3.6.1. Talent sets up the cycling program on screen. At the computer.
3.6.2. Talent continues to set up the cycling program. SCREEN CAPTURE. Results: LAB MEDIA – Figure 1 (I usually check the cycling performance after the sample has been cycling for several weeks)
3.7. Observe the voltage response for this current density passed through a 30 micron thick SEO electrolyte [3.7.1 – MED-over the shoulder].  Stop the cycling routine when the cell voltage response drops to 0.00 Volts, because the battery has failed by short-circuit indicating the growth of lithium dendrites [3.7.2 – CU].  
3.7.1. Talent checks the voltage response on screen.  TEXT Overlay:  compare to cycling data in the text protocol
3.7.2. Display as talent stops the cycling routine.
4. Synchrotron hard X-ray microtomography imaging
Editors, please use a zoom bubble to highlight the action being performed when necessary in the screen capture movies.
4.1. After the symmetric cell is cycled, bring it back into the glove box and remove it from its pouch [4.1.1 - MED].  Use a one eighth inch metal punch to cut out the center portion of the cell [4.1.2 - CU].  Vacuum seal the center portion of the cell in pouch material and remove it from the glove box for transport to the synchrotron facility [4.1.3 - MED-over the shoulder].
4.1.1. Talent places the sealed symmetric cell back into the glove box. *Note: 4.1.1 Take 2 was here.
4.1.2. Symmetric cell removed from its pouch as talent uses a one eighth inch metal punch to cut out the center portion of the cell.
4.1.3. Place 1/8” diameter sample on top of a piece of polystyrene.
4.1.4. Talent vacuum seals the center portion of the cell.
4.2. Once at the beamline, use polyimide tape to affix the sample to the sample stage [4.2.1 – CU].  [4.2.2 – MED].  Place the metal marker roughly in the center of the sample to mark the location around which the sample will rotate once aligned [4.2.3 – CU]. Mount the sample onto the rotating stage in the beamline hutch for imaging.
4.2.1. Sample as talent affixes the sample to the sample stage with polyimide tape. 

4.2.2. Talent begins positioning the small metal marker on top of the sample.  Continue action in next shot. Sample as talent places the metal marker roughly in the center of the sample to mark the location around which the sample will rotate once aligned.
4.2.3. Mount sample to rotating stage for imaging.
4.3. Use 20 kiloelectron Volt X-rays to image the sample with an exposure time optimized for the system [4.3.1 – MED].
4.3.1. Talent operates the facility computer.  
4.4. Optimize the exposure time by balancing the scan time and the number of counts per image.  Estimate the total scan time by multiplying the exposure time by the number of images collected.  Here, use an exposure time of 300 milliseconds, resulting in a scan time of 5 to 10 minutes [4.4.1 – SCREEN].  
4.4.1. *To be submitted by the Authors- 53021_Balsara_4.4.1_SCREEN:  Screen capture movie as talent optimizes the exposure time by balancing the scan time and the number of counts per image.  Then talent estimates the total scan time by multiplying the exposure time by the number of images collected.  
4.5. Measure the pixel size associated with the optical lenses at the beginning of every beamtime shift [4.5.1 – SCREEN].  
4.5.1. *To be submitted by the Authors- 53021_Balsara_4.5.1_SCREEN:  Screen capture movie as talent measures the pixel size associated with the optical lenses.
4.6. Position and align the sample on a rotation stage with respect to the detection system so that it remains in the detector’s field of view as it rotates through 180 degrees [4.6.1 – SCREEN]. 
4.6.1. *To be submitted by the Authors- 53021_Balsara_4.6.1_SCREEN:  Screen capture movie as talent positions and aligns the sample on a rotation stage with respect to the detection system so that it remains in the detector’s field of view as it rotates through 180 degrees.
4.7. Position the sample as close to the detector as possible while ensuring that the sample does not hit the detector at any rotation angle [4.7.1 – SCREEN]. 
4.7.1. *To be submitted by the Authors- 53021_Balsara_4.7.1_SCREEN:  Screen capture movie as talent positions the sample as close to the detector as is possible while ensuring that the sample does not hit the detector at any rotation angle.
4.8. Once aligned, perform a scan consisting of 1025 images collected over sample rotations between 0 and 180 degrees.  Collect “Bright field” images by moving the sample out of the field of view [4.8.1 – SCREEN].
4.8.1. *To be submitted by the Authors- 53021_Balsara_4.8.1_SCREEN:  Screen capture movie as talent performs a scan consisting of 1025 images collected over sample rotations between 0 and 180 degrees.  Talent collects “Bright field” images by moving the sample out of the field of view.
4.9. Additionally, collect “dark field” images by taking images while the beam is off.  Use these to normalize the sample images for inhomogeneous illumination, scintillator response, and CCD camera response [4.9.1 – SCREEN].
4.9.1. *To be submitted by the Authors- 53021_Balsara_4.9.1_SCREEN:  Screen capture movie as talent performs a scan consisting of 1025 images collected over sample rotations between 0 and 180 degrees.  Collect “Bright field” images by moving the sample out of the field of view. 
5. Results: X-ray microtomography images showing microstructural changes in a model battery after galvanostatic cycling
5.1. Representative galvanostatic cycling results for a lithium metal, polymer electrolyte symmetric cell are shown here.  In order to apply an ionic current of 0.175 milliAmps per square centimeter, a voltage of about 0.07 is required [5.1.1 – LM].
5.1.1. 53021_Balsara_Figure1.tif
5.2. After cycling, the sample is imaged using hard X-ray microtomography. The schematic shown here illustrates how the sample is positioned with respect to the incident beam. Images are collected continuously as the sample is rotated 180 degrees [5.2.1 – LM].
5.2.1. 53021_Balsara_Figure2d.tif – Authors, please provide a separate version of this figure without the “d” label.
5.3. The radiograph image shown here is an example of one of the thousands of images taken of the sample as it was rotated. The brightness of the pixels in the radiograph is proportional to the amount of X-rays transmitted through that region of the sample [5.3.1 – LM].
5.3.1. 53021_Balsara_Figure2a.tif – Authors, please provide a separate version of this figure without the “a” label.
5.4. The image shown here is a cross-section slice through the reconstructed data set for the sample shown previously.  After reconstruction, fine features, like the lithium metal dendrite indicated on the left side of the image, are visible [5.4.1 – LM]. 
5.4.1. 53021_Balsara_Figure2b.tif – Authors, please provide a separate version of this figure without the “b” label.  Editors, please box out the “lithium dendrite” as the second sentence is narrated. Then transition to the next figure by zooming into this box.
5.5. A 3-D rendering of this lithium dendrite is made from the stack of reconstructed X-ray images.  The top and bottom electrodes are made transparent to allow one to see the morphology of the lithium dendrite, shown in orange, puncturing the polymer electrolyte, shown in light blue [5.5.1 – LM].
5.5.1. LAB MEDIA: 53021_Balsara_Figure2c.tif – Authors, please provide a separate version of this figure without the “c” label.  Transition here from the previous figure by fading into Figure 2c after zooming into the “lithium dendrite” box.
6. Conclusion (said by authors on camera)
6.1. Katherine Harry: After its development, this technique paved the way for researchers in the field of electrochemical engineering to explore the reason for failure in batteries [6.1.1 – MED].
6.1.1. Talent speaks toward 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.  

53021_Balsara_Figure1.tif

53021_Balsara_Figure2d.tif – Authors, please provide a separate version of this figure without the “d” label.
53021_Balsara_Figure2a.tif – Authors, please provide a separate version of this figure without the “a” label.
53021_Balsara_Figure2b.tif – Authors, please provide a separate version of this figure without the “b” label. 
53021_Balsara_Figure2c.tif – Authors, please provide a separate version of this figure without the “c” label.  
SCREEN Capture Movies:

53021_Balsara_4.4.1_SCREEN:  Screen capture movie as talent optimizes the exposure time by balancing the scan time and the number of counts per image.  Then talent estimates the total scan time by multiplying the exposure time by the number of images collected.  
53021_Balsara_4.5.1_SCREEN:  Screen capture movie as talent measures the pixel size associated with the optical lenses.
53021_Balsara_4.6.1_SCREEN:  Screen capture movie as talent positions and aligns the sample on a rotation stage with respect to the detection system so that it remains in the detector’s field of view as it rotates through 180 degrees.
53021_Balsara_4.7.1_SCREEN:  Screen capture movie as talent positions the sample as close to the detector as is possible while ensuring that the sample does not hit the detector at any rotation angle.
53021_Balsara_4.8.1_SCREEN:  Screen capture movie as talent performs a scan consisting of 1025 images collected over sample rotations between 0 and 180 degrees.  Collect “Bright field” images by moving the sample out of the field of view.
53021_Balsara_4.9.1_SCREEN:  Screen capture movie as talent performs a scan consisting of 1025 images collected over sample rotations between 0 and 180 degrees.  Collect “Bright field” images by moving the sample out of the field of view. 
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


