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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) ___N______ 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)__N______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________

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 build solid polymer lithium batteries (Intro). First use a free radical polymerization approach (P1: LAB MEDIA: Figure 3) to synthesize a graft polymer (P2: add LAB MEDIA: Figure 4). Then coat the cathode with lithium powders  (P3: From filming 3.4.4). Proceed to coat the solid polymer on both the cathode and lithium metal anode  (P4: LAB MEDIA: Figure 5). Now assemble the cathode and anode into a full cell (P5: LAB MEDIA: Figure 2).  Ultimately, the  cycling test is used to show that the cell is a functional battery. (P6: LAB MEDIA: Figure 7)
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. Qichao Hu: We first had the idea for this method, when we wanted to improve the wetting between the cathode particles and polymer electrolyte by using the polymer also as the cathode binder.

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.     

2. Graft Copolymer Synthesis 
2.1. To synthesize the graft copolymers by free radical polymerization, mix 26 mL of monomers, 12 mL of PDMS macromonomers and 12 mg of AIBN in 160 mL of anhydrous ethyl acetate.
2.1.1. LAB MEDIA: FIGURE 3 (POEM and POEA monomer structures)
2.1.2. MED/CU: Talent mixes 26 mL of monomers, 12 mL of PDMS macromonomers and 12 mg of AIBN in 160 mL of anhydrous ethyl acetate.
2.2. Seal the flask with a rubber septum, and purge with ultra high purity argon for 45 minutes. Then heat the solution to 72 °C in an oil bath under constant stirring for 24 hours.

2.2.1. ECU: Talent seals the flask with a rubber septum.

2.2.2. CU: Talent purges with ultra high purity argon.

2.2.3. MED/CU: Talent heats the solution to 72 °C in an oil bath under constant stirring.

2.3. Talent: The initially clear solution typically became visibly milky within 2 hours. 
2.3.1. Interview style- show clear solution in background.
2.4. Precipitate the final solution in an immiscible solvent, like petroleum ether. Then dry the polymer at 80 °C under less than 5 milliTorr vacuum for 5 days, to remove the residual moisture.

2.4.1. CU/ECU: Talent adds petroleum ether to precipitate the final solution (show reagent label).

2.4.2. CU/ECU: Talent places polymer to dry at 80 °C under less than 5 milliTorr vacuum 

2.5. Next, perform gel permeation chromatography with polystyrene calibration standards and determine the molecular weight of the final graft copolymer. [Text over video: ~500,000 g/mol]. 
2.5.1. WIDE/MED: Talent loads gel permeation chromatography 
2.5.2. CU/ECU: Talent determines the molecular weight of the final graft copolymer as ~500,000 g/mol. 
2.6. Now to form the electrolyte, complex the graft copolymer at a lithium to ethylene-oxide ratio of 1 to 20, in a common tetrahydrofuran solvent. 

2.6.1. CU/ECU: Talent complexes 1 g of POEM-g-PDMS (70:30) with 170 mg of LiTFS in a common THF solvent. 

3. Preparation of Composite Cathode
3.1. To synthesize the cathode, mix ball-milled lithium iron phosphate powders with carbon black and dissolve the mixture in the graft copolymer electrolyte solution at a weight ratio of 5:1:1.


3.2. MED/CU: Talent mixes ball-milled lithium iron phosphate powders with carbon black [Video Editor: This shot was labeled with 2-digits in the pre-shoot version, so presumably it was slated like this.]
3.3. ECU: Talent dissolves the mixture in the graft copolymer electrolyte solution at a weight ratio of 5:1:1. [Video Editor: This shot was labeled with 2-digits in the pre-shoot version, so presumably it was slated like this.]


3.4. Heat the slurry to 80 °C with open cap under continuous stirring. Then sonicate and magnetically stir the slurry to ensure proper mixing. Now doctor-blade the slurry at a loading factor of 10 mg/cm2 onto the aluminum foil.
3.4.1. MED: Talent places slurry on heat to 80 °C with open cap under continuous stirring. 
3.4.2. CU: Talent sonicates and the slurry 
3.4.3. ECU: Talent places slurry on magnetic stirrer.
3.4.4. MED/CU: Talent doctor-blades the slurry at a loading factor of 10 mg/cm2 onto the aluminum foil.
3.5. Dry the composite cathode in a vacuum oven at 80 °C for overnight to remove any residual tetrahydrofuran and moisture.
3.5.1. MED/CU: Talent places the composite cathode in a vacuum oven at 80 °C.
4. Coin Cell Preparation and Testing
4.1. Transport the composite cathode into an argon-filled glovebox to a high-precision electrode cutter. Punch 1.4 cm2 small discs. Then drop-cast pure GCE solution onto the electrode discs to form the electrolyte layer.

4.1.1. MED: Talent places the composite cathode into an argon-filled glovebox 

4.1.2. WIDE: Talent approaches a high-precision electrode cutter with the glovebox.

4.1.3. MED/CU: Talent punches 1.4 cm2 small discs. 

4.1.4. ECU: Talent drop-casts pure GCE solution onto the electrode discs.

4.2. Heat the final cathode-electrolyte discs on a hot plate inside the glovebox with a dew point of 80 °C to evaporate the THF.  

4.2.1. MED/CU: Talent heats the final cathode-electrolyte discs on a hot plate inside the glovebox with a dew point of 80 °C.  (if possible, show temperature)

4.3. Now with a manual closing tool, assemble the CR2032 coin cells along with equal-sized GCE-coated metallic lithium discs.

4.3.1. CU/ECU (frame for two-thirds of screen): Talent assembles a CR2032 coin cell

4.3.2. LAB MEDIA (Split screen with 4.3.1): Figure 5.

4.4. To compare the performance, assemble a second set of cells comprised of the same lithium iron phosphate powders and lithium metal anode but use a PVDF binder resin, a PVDF separator, and a liquid electrolyte of 1 M lithium hexafluorophosphate in an EC-to-DMC ratio of one.
4.4.1. MED/CU: Talent assembles a second set of cells (show labeled reagents in order to match voice-over: lithium iron phosphate powders and lithium metal anode, then show a PVDF binder resin, a PVDF separator, and a liquid electrolyte of 1 M lithium hexafluorophosphate).
4.5. Now perform the cycling tests at ambient temperature using a 32-channel Maccor 4000 battery tester.
4.5.1. MED/CU: Talent performs a cycling test at ambient temperature using a 32-channel Maccor 4000 battery tester.
5. Results: Solid-State GCE in Li Batteries
5.1.  Lithium-based batteries have higher energy densities than lead-acid, nickel-cadmium and nickel-metal-hydride batteries.

5.1.1. LAB MEDIA: Figure 1.

5.2. A full lithium-ion battery consists of a cathode, an anode, an electrolyte, and a separator. The electrolyte affects the overall power capability due to impedance both through the electrolyte itself and at the electrode-electrolyte interfaces.

5.2.1. LAB MEDIA: Figure 2.

5.3. In this example, the two monomers POEM and POEA were used to synthesize a graft copolymer with a final molecular weight of 500,000 g/mol.

5.3.1. LAB MEDIA: Figure 3 and 4. 

5.4. The coin cell was assembled as depicted in this schematic showing gray particles of lithium iron phosphate, black particles of carbon,  blue “spaghetti” GCE, and an anode of lithium metal.

5.4.1. LAB MEDIA: Figure 5.

5.5. Unlike in liquid, the transport of ions along polymer chains must overcome two activation barriers. The solvation of the ions by the coordinating EO units has Arrhenius dependence and the segmental motion of the polymer has Vogel-Tammann-Fulcher dependence. 

5.5.1. LAB MEDIA: Figure 6.

5.6. These data of cell cycling performance at room temperature show the charge and discharge profiles of cells with conventional liquid electrolyte at 15 mA/g, and graft copolymer electrolyte/binder at 10 mA/g.   
5.6.1. LAB MEDIA: Figure 7.
5.7. As expected, the discharge voltage profiles of the solid polymer cells are temperature dependent [Text over video:  low current of C/20 ].  
5.7.1. LAB MEDIA: Figure 8.
5.8. At different discharge currents, the discharge voltage profiles can be plotted as functions of specific capacity.  Note that at higher temperatures there is the better performance.
5.8.1. LAB MEDIA: Figure 9 (all three)
5.9. The energy densities at different power densities can be presented as a Ragone plots for polymer and liquid electrolyte batteries. Note, the solid polymer batteries operate safely at high temperatures.
5.9.1. LAB MEDIA: Figure 10.
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
6. 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.
6.1. Qichao Hu: Following this procedure, other methods like _calendaring and particle size analysis_ can be performed in order to answer additional questions like _the porosity of cathodes and the effect of particle size on battery rate-capability_.

Finally, we would love to involve you in a new promotional project. During the filming of your intro and conclusion sections, we would like to capture your thoughts and opinions about your personal JoVE experience. There's need for extra rehearsal time, or memorizing lines; we want your raw insights & observations. By doing this, it will allow us ensure our future clients with satisfaction & professional trust, not only from our JoVE employees, but now also from fellow established authors like yourself. Our videographer will plan to record the following questions once your interview segments are recorded:
What do you expect from a scientific journal?

In your own words, what makes JoVE's video format special?

Would you recommend JoVE to your colleagues?
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.
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