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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (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) Y 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 4.1-4.5
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.) Step 4.1. — setting up the reactor properly is critical to success!
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 2 buildings apart (< 1 block)

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 procedure is to set up a high-throughput polymerization and asses the ability of a catalyst to undergo chain transfer through detailed characterization and kinetic analysis of the resultant polymer. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ian Tonks: This method helps answer key questions in the field of polymerization catalysis, leading to newly designed catalysts which can exploit chain transfer to produce efficient routes to a variety of polymers. 
1.2. Ian Tonks: The main advantage of this technique is that high-throughput polymerizations allow for efficient catalyst screening and direct catalyst comparisons over a range of reaction conditions. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Ian Tonks: Demonstrating the procedure will be Dr. Ryan Hue, a post doc from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. 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):

2. Preparation of [bis(2,6-dimethylphenyl)-2,3-butanediimine]NiBr2 
2.1. First, dissolve 1 milliliter of 2,3-butanedione and 2.8 milliliters of 2,6-dimethylaniline in 20 milliliters of methanol in a 100 milliliter round bottom flask [2.1.1-MED].  
2.1.1.  Show talent adding two reagents to flask containing methanol
2.2. After adding 0.4 milliliters of formic acid, stir the reaction at room temperature until the diimine precipitates, which is typically 1 to 2 hours [2.2.1-CU]. 
2.2.1. Show close up of flask as reaction mixture is stirring and precipitate is forming Note: the reaction precipitates at the 2:48 mark of take 3.
2.3. Following this, filter the reaction mixture with a glass frit and filter flask and wash the yellow solid with 20 milliliters of cold methanol [2.3.1-MED]. Then, dry the solid in vacuo [2.3.2-CU].  
2.3.1. *Film as written
2.3.2. Show close up of solid in flask as it is drying on the glass frit
2.4. In a glovebox, combine 1 gram of dimethoxyethane nickel bromine and 1.1 grams of bis(2,6-dimethylphenyl)-2,3-butanediimine in a 50 milliliter round bottom flask [2.4.1-MED-over the shoulder]. Add 20 milliliters of dichloromethane and stir overnight at room temperature [2.4.2-MED].  
2.4.1. *Film as written 
2.4.2. [combined with 2.4.1] *Film as written
2.5. On the next day, filter the reaction mixture with a glass frit and filter flask [2.5.1-MED-over the shoulder]. Wash the brown solid with 75 milliliters of dichloromethane and dry in vacuo [2.5.2-CU].
2.5.1. *Film as written
2.5.2. *Show close up of solid in frit as it is washed and dried, TEXT: Catalyst can be stored indefinitely in inert atmosphere glovebox at RT  
3. Preparation of Catalytic Stock Solutions
3.1. Prepare a 0.001 molar catalyst stock solution by adding 0.0041 grams of the previously prepared nickel bromide catalyst into a vial with 7.5 milliliters of toluene [3.1.1-MED].  
3.1.1. *Film as written
3.2. To the stirred nickel suspension, add 0.5 milliliters of 30% methylaluminoxane in toluene [3.2.1-MED-over the shoulder CU]. Stir for 1 minute, changing the reaction mixture from a brown suspension to a blue-green solution [3.2.2-CU]. 
3.2.1. *Film as written
3.2.2. [combined with 3.2.1] Show close-up of flask to show reaction mixture color change, TEXT: Methylaluminoxane is pyrophoric and should only be used in inert atmosphere glove box 
3.3. Next, prepare a 1.2 molar diethylzinc solution by dissolving 0.25 milliliters of diethylzinc in 1.75 milliliters of toluene [3.3.1-MED].
3.3.1. *Film as written, TEXT: Diethylzinc is pyrophoric and should only be used in inert atmosphere glovebox
4. Catalytic Polymerizations Using a Parallel Pressure Reactor
4.1. Set up all polymerization reactions in a parallel pressure reactor with overhead stirring housed in a nitrogen atmosphere glovebox [4.1.1-MED]. Program the polymerization in the software, indicating the total reaction volume as 3 milliliters, the purge gas as nitrogen, the reaction gas as ethylene, the pressure as 15 to 200 psi, and the reaction time as 1 hour [4.1.2-SCREEN].
4.1.1. Show talent setting up reactor computer program.
4.1.2. *To be submitted by Author, TEXT: See text protocol for additional details
Move 4.2 after 4.3 and 4.4
4.2. Ryan Hue: The setup of the reactor, including adding the reagents and solvents, programming the software and securing the overhead stirring assembly, is the most critical step [4.2.1-MED].
4.2.1. Talent speaks toward camera, interview style
4.3. Following this, insert glass liner reaction vials into the eight wells [4.3.1-MED]. Add the reagents according to Table 1 [4.3.2-MED]. Use the depth tool to ensure the glass liners are at the appropriate height [4.3.3-CU]. Then, insert the blade impellers into the overhead assembly [4.3.4-MED-over the shoulder].  
4.3.1. *Film as written
4.3.2. *Film as written
4.3.3. *Film as written
4.4. After filling the reaction vials and ensuring the O-rings are properly seated in the metal grooves, carefully place the overhead stirring assembly on the base and screw down in an alternating fashion [4.4.1-MED].  
4.4.1. *Film as written
4.5. Once all screws are sufficiently tightened, press start in the software [4.5.1-MED-over the shoulder]. Monitor the reaction via gas uptake measurements [4.5.2-SCREEN].  
4.5.1. Show talent at computer clicking the start button in the software
4.5.2. *To be submitted by Author
4.6. After 1 hour of polymerization, remove the reaction vials from the glovebox [4.6.1-MED]. Precipitate polyethylene with the addition of 5% hydrochloric acid in methanol [4.6.2-CU]. Then, remove the solvent [4.6.3-MED-over the shoulder] and dry the polymer under vacuum [4.6.4-CU].
4.6.1. *Film as written
4.6.2. Show close up of one of the reaction vials as talent adds hydrochloric acid solution to it
4.6.3. Show talent removing solvent from one of the reaction vials containing the precipitate
4.6.4. Show close up of vacuum dried polymer ready for analysis
4.7. After determining the polymer yield, dissolve 0.002 grams of the polymer in 2 milliliters of 1,2,4-trichlorobenzene at 135 degrees Celsius [4.7.1-MED]. Use Gel Permeation Chromatography, or GPC, to analyze the molecular weight and dispersity index of the dried polyethylene [4.7.2-MED-over the shoulder]. This sample is now ready to be placed on a high temperature GPC for analysis.
4.7.1. Show talent preparing solution on hot plate
4.7.2. Show talent placing sample vial into GPC instrument, TEXT: See text protocol for additional details. 
4.8. Next, dissolve 0.05 to 0.08 grams of the polymer in 0.5 milliliters of deuterated tetrachloroethane at 130 degrees Celsius for high-temperature carbon NMR spectroscopy analysis [4.8.1-MED]. 
4.8.1. Show talent adding solvent to NMR tube containing polymer and placing tube in an oil bath on a hot plate, TEXT: 600 MHz NMR at 130 °C for at least 2000 scans 
4.9. [bookmark: _GoBack]For chain transfer polymerization, fill the reactor and program the software following the previously described procedures and analysis [4.9.1-SCREEN].
4.9.1. *To be submitted by Author, TEXT: See Table 2 for parameters 

5. Results: High-throughput Analysis of Chain Transfer Polymerizations
5.1. The ethylene gas consumption versus time is presented here for the different ethylene pressures tested [5.1.1-LM]. 
5.1.1. Figure-1.tiff
5.2. The ethylene gas consumption versus time is shown here for the catalyst alone samples, which is used to calculate the rate of propagation [5.2.1-LM]. 
5.2.1. Figure-2.tiff: Show figure A.
5.3. GPC traces for chain transfer polymerizations with 0 to 1000 equivalents of diethylzinc are displayed here [5.3.1-LM]. The GPC is used to calculate the molecular weight and dispersity of the polymer samples [5.3.2-LM].  
5.3.1. Figure-2.tiff: Show figure B.
5.3.2. Table-3.xlsx
5.4. The carbon NMR spectra of the polyethylene samples of the full series and a zoomed in spectrum with the peaks labeled are shown here [5.4.1-LM]. The molecular weight data is used to calculate the number of chains initiated and the Mayo plot [5.4.2-LM]. The fit of the Mayo plot is used to calculate the ratio of the rate of chain transfer to the rate of propagation, which is used to calculate the rate of chain transfer [5.4.3-LM]. 
5.4.1. Figure-3.tiff: Zoom into figure A when “the full series” is mentioned and figure B when “a zoomed in spectrum with the peaks labeled” is mentioned.
5.4.2. Figure-4.tiff: Zoom into figure A when “the number of chains initiated” is mentioned and figure B when “the Mayo plot” is mentioned.
5.4.3. Figure-4.tiff: Show figure B.


6. Conclusion (said by authors on camera)
6.1. Ryan Hue: Once mastered, this polymerization can be done in 2 hours if it is performed properly.
6.2. Ryan Hue: While attempting this procedure, it’s important to accurately dispense the stock solutions into the reaction vials, ensure the reactor is properly configured and the overhead stirring assembly is properly secured in place.
6.3. Ryan Hue: After watching this video, you should have a good understanding of how to set up a high-throughput polymerization, characterize the resulting polymer and asses the ability of a catalyst to undergo chain transfer through kinetic analysis. 
6.4. Ryan Hue: Don't forget that diethylzinc and methylaluminoxane are pyrophoric and air-free techniques should always be used when 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, .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.


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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