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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 yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__no______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:_steps 2.6.4-2.6.6 (under assemble electrochemical devices) and steps 3.4.1, 3.4.2, 3.4.4 and 3.4.6. ( under in situ XRD experiments)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Cells may short if assembled improperly. Care should be taken that components are lined up properly and that the separator is slightly oversized._____________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to _______(insert goal here)___________________ . (Intro)

This is accomplished by first ________(insert 1st step)___________________________. (P1)
The second step is to _____(insert 2nd step)_____________________. (P2)
Next, the  _______(insert 3rd step)_______________________ . (P3)
The final step is _____(insert 4th step)_________________________. (P4)
Ultimately, _(insert method used to assay - e.g. immunofluorescence microscopy)_is used to show _( insert type of results e.g. changes in protein localization)________ _____. (P5)
Conceptual Narrative:
The overall goal of the following experiment is to study structural changes in electrodes undergoing cycling in batteries in real time. (Intro)
This is achieved by assembling test cells modified so that electrode processes can be studied in the beam line at a synchrotron radiation facility, as the devices undergo charge and discharge. (P1)
As a second step, data is collected on the test cells at the beam line as a function of time and working conditions (for example, different voltage limits during cycling for different cells). (P2)  

Next, the data is processed and analyzed in order to observe the structural changes that occur as a function of state-of-charge (P3)
Results are obtained that provide insight into the functioning of the electrodes, including phase changes and degradation processes based on  refinement of diffraction data and interpretation. (P4)
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).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Marca Doeff: The main advantage of this technique over existing methods, like conventional powder x-ray diffraction experiments done in the laboratory, is that the collection time is much faster and the signal strength is much higher, allowing rapid collection of data (in as little as 1 or 2 minutes). This allows us to obtain information while the device is actually undergoing charge or discharge.   

1.2. Author name Thomas Richardson: This method can help answer key questions in the battery field, such as performance lifetimes and safety.  

1.3. Author name Guoying Chen: Synchrotron x-ray diffraction techniques allow us to obtain information on structural changes, phase transitions, and formation of impurities, while the battery is operating. These may have far-reaching implications for performance.  

1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author name Apurva Mehta: Beamline scientists at the synchrotron facility collaborate with battery scientists on experimental design and setup, the collection of data, and its interpretation.
1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.7. Author name Mona Shirpour: Visual demonstration of this method is helpful as the details of cell assembly are critical to the success of the experiment. We want to ensure that the experiment is representative of larger scale batteries operating in the real world.   

1.8. **Author name Marca Doeff: Demonstrating the procedures will be Doctors Hugues Duncan, Tanghong Yi, and Feng Lin, postdoctoral associates at Lawrence Berkeley National Laboratory working in our laboratories. (Add additional mention of demonstrators as necessary).  

1.8.1. Interview style: Author saying the above 

1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
(Authors: As written, your protocol does not provide specifics for one experiment.  During the video we try to have the voiceover reflect what is being shown.  There are many points below where I ask for details of what will be shown.  Please have in mind the experiment that will be recorded as you make your corrections and comments.  

If you feel additional steps should be included, add them, highlight them, and make suggestions of visuals to accompany them.  You can also delete steps you feel are not important.)
2. Characterization of Materials using X-Ray Powder Diffraction
2.1. The first step is to characterize the material using x-ray powder diffraction.  Make a sample by grinding powder and sieving it to ensure uniform particle size distribution.  Next, remove the backplate from the sample holder of the x-ray diffractometer and place it against a glass slide.  Fill the cavity with the sample powder, then reattach the backplate.  

2.2. Flip the holder and remove the slide.  This ensures the powder is even with the surface of the holder and that the surface is flat.  Now, insert the sample holder into the diffractometer and properly align it.  When this is done, close the doors of the instrument.
2.3. Set the parameters for the experiment.  Here this is done in software.  First the voltage and current are increased to appropriate values. Then the slits and beam masks for the experiment are selected.  Finally, a program for scanning is chosen.

2.4. Start the program and enter a name for the datafile.  (Authors:  I am assuming the steps
 performed on the computer can be recorded via a screen capture.  Please let me know if this is not the case.  Also, is the program Data Collector specific to the instrument you are using?  For this step, is the user prompted for a file name after the program is run?  Is the badge swipe necessary to include?)  Once data collection is complete, analyze the pattern to identify the presence of impurities, and to determine if it matches that of reference materials or calculated patterns.  (Authors:  Again, can the images be recorded via screen capture?  Can you show or provide examples of images with and without impurities
?)  Once done, properly shut down the diffractometer and remove the sample.

3. Assessing Particle Morphologies using Electron Micrographs
3.1. Prepare the sample for the SEM by attaching carbon tape to an aluminum stub, then sprinkling powder onto the sticky side.   Perform a test for magnetism by holding a kitchen magnet over the sample.  (Authors:  Will the sample you work with on the shoot day be
 magnetic?)  Next, insert the sample into the SEM chamber via the airlock and start evacuation.

3.2. Once vacuum is established, turn on the accelerating voltage.  Work in low magnification mode and use the automatic contrast and brightness button to adjust contrast and brightness.  Find an area of interest by manually scanning in the x and y directions.

3.3. After finding an area, choose between the SEM or gentle beam modes, depending on the desired magnification.  (Authors:  What mode will be used on the shoot date
?)  Select the detector, and set the necessary working distance.  Once again, use the automatic contrast and brightness button to set the contrast and brightness.

3.4. Focus the image with the z control.  Align the beam and correct astigmatism and focus using the x and y controls.  Take the desired pictures and save them. When finished, shut down the SEM and remove the sample via the airlock.
4. Fabrication of Electrodes and Assembly of a Coin Cell
4.1. Fabrication begins with creating a solution of 5-6 weight percent of polyvinylidene fluoride (TEXT: polyvinylidene fluoride – PVDF) in N-methylpyrolidinone (TEXT:  N-methylpyrolidinone – NMP).  Next, mill together active material and conductive additive (Authors:  What materials will be used on shoot date?  Do you want to show the milling?  Or do you simply want to show the final product
?)  Add the NMP solution to the dry powder and mix in proportion dictated by the active material. (TEXT: See manuscript for details) (Authors:  In step 2.5.3 you have referred to 2.3.1 and 2.3.2.  These should be 2.5.1 and 2.5.2
)
4.2. Use a doctor blade to cast electrode slurry onto the current collector.  The collector material is determined by the battery type.  (TEXT: See manuscript step 2.5.4 for details)  Allow the electrodes to air-dry.

4.3. After a period of air-drying (Authors: How long
?), dry the electrodes further using a heat source (Authors: What will be shown in the video?  When does the drying step end
?)  At this point, cut or punch them to the size needed and weigh them.

4.4. Transfer the electrodes to an inert atmosphere glovebox.  Perform an additional drying step using a vacuum heated antechamber attached to the glovebox to remove all residual moisture.

4.5. To assemble a coin cell, in addition to the electrodes, place material for a microporous separator, electrolytic solution, foil and a coin cell in the glovebox. (Authors:  What components will be needed?  Li or Na foil?  I assume a coin cell will be assembled in the video
?)  Cut the foil and the microporous separator to the desired size.  

4.6. Now, layer the components in the cell.  Put the electrode in first....followed by the separator....the electrolytic solution....and then the foil.  (Authors:  Will spacers and washers be needed
?)
4.7. Seal the cell using a coin cell press.  For an in situ x-ray diffraction experiment, attach tabs to either side of the cell and seal the device in a polyester pouch.  (Authors:  I have not included manuscript steps 2.7.4—2.7.6 because it was mentioned you would focus on in situ experiments.  Please let me know if that is not the case
.)
5. Performance of Experiment at the Synchrotron Facility 
5.1. For this part of the experiment, secure beam time at a synchrotron facility and safely transport the sample to the location.   Begin by calibrating the beam to find the right beam conditions.  (Authors:  What image do you envision here
?)  Then, measure a reference pattern of lanthanum hexaboride.

5.2. Continue with the in situ x-ray diffraction experiment by inserting the pouch containing the cell into aluminum pressure plates.  Ensure that the holes are properly aligned to allow the x-ray beam to transmit.  Next, find the optimum beam and exposure time.  (Authors:  What images do you want to use here?  How clearly can the pressure plates and environment of the cell pouch be seen with a video camera?  How are the optimum parameters identified?  Will the recorded experiment be rocked or stationary?)
5.3. Before the electrochemistry is started, take an initial pattern.  Once this is done, attach leads from the potentiostat to the device and start the electrochemistry experiment.  Collect data and monitor the experiment.
6. Results: In situ X-ray Diffraction Data on a  Li/Lix[Ni0.45Mn0.45Co0.05Al0.05]O2 cell
6.1. This in situ x-ray diffraction data was obtained from a cell (Authors:  How should the narrator refer to the cell used to collect this data
?) which underwent charge, shown in black, and discharge, shown in green, after calibration and conversion of the ring pattern to line scans.  The peaks marked in blue are due to the aluminum current collector; those in blue are due to the polymer pouch and separator in the beam path.  The lithium in the cell is essentially transparent to x-rays.  Indexed reflections attributable to the active material of the cell are marked.  Because the unit cell parameters changed as a function of lithium content, some peaks due to this phase overlapped with those of the aluminum current collector in some patterns. (Figure 3)  (Authors:  What distinguishes the different scans?  A time interval
?)
INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Author name Tanghong Yi or Thomas Conry: Once mastered, an in situ experiment can be done at the beamline in 10-20 hours.

7.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.

7.3. Author name Hugues Duncan: Following this procedure, other methods like x-ray absorption spectroscopy (XAS) can be performed in order to answer additional questions like how the local structure of the material and redox states of the transition metals change as a function of state-of-charge.
7.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

7.5. Author name Feng Lin: After watching this video, you should have a good understanding of how to assemble a coin cell suitable for study in a synchrotron beam line and acquire x-ray diffraction patterns while the cell is undergoing charge and discharge. 
7.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   
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, 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.

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.
�Yes, we should be able to do a screen capture. Data Collector is specific to the instrument. The file name is inputted at the time the experiment is set up rather than after the program is run.  We do not need to show the badge swipe.





�Yes, we can do a screen capture and we can show images with and without impurities.


�No, we will not use a magnetic sample.


�We will use SEM mode.


�Perhaps we can show someone taking the milled product out of the mill, rather than the milling itself.


�Sorry for the typos.


�Generally overnight.


�We can show the as-cast electrode (wet) and then the dried one.


�We will use Li foil and a coin cell will be assembled in the video


�Yes, we should include the spacers and washers.


�That is fine.  We will do the in situ experiment.


�We may need a screen capture.


�This cell contained a lithium anode and a metal oxide cathode, belonging to a family of electrode materials known as NMCs (for nickel, manganese, cobalt).


�The scans are collected as a function of time/state-of-charge under constant current conditions.
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