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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
Step 2.2: Viewing the first 2 minutes of the polymer synthesis is important. There is a rapid color change during this time frame.  
Step 2.3.3: Viewing the differences in the polymers formed with different S ratios.
Step 3.5.2: Showing the effects of poly(S-divinylbenzene) with and without dimethylformamide for maleimide addition.
Step 4.1: The controls using elemental sulfur rather than prepolymer look very different than the samples that contain prepolymer. It would be helpful to show these samples after they have reacted. We can make them in advance so that the final products can be filmed.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? All steps can be completed with relative ease. No single step stands out among the others. 
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Courtney Jenkins: We have developed a method to initiate polymerization using dynamic sulfur bonds in poly(S-divinylbenzene) at 90 degrees Celsius without using solvents. This is substantially lower than traditional inverse vulcanization, which requires temperatures above 160 degrees Celsius [1]. 

1.1.1. INTERVIEW: Courtney Jenkins says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Courtney Jenkins: Lowering the polymerization temperature broadens the range of monomers that can be incorporated into polysulfides by inverse vulcanization, which expands the accessible material properties and possible applications [1]. 

1.2.1. INTERVIEW: Courtney Jenkins says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Clayton Westerman: Inverse vulcanization has produced polysulfides that have been used in lithium sulfide batteries, as infrared transparent lenses, as mercury and oil sorbents among other applications. This method would enable the development of new materials and likely additional applications [1].

1.3.1. INTERVIEW: Clayton Westerman says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Princess Walker: One of the key benefits of this method is the relative ease of the synthesis [1].

1.4.1. INTERVIEW: Princess Walker says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Princess Walker: This video provides the opportunity to demonstrate how the reaction progresses over time as well as showing how much the polymers can vary based on the S content and ratio of monomers present [1]. 

1.5.1. INTERVIEW: Princess Walker says the statement above in an interview-style shot, looking slightly off-camera.







Section - Protocol
2. Synthesis of Poly(S-divinylbenzene)
2.1. To prepare poly(S-divinylbenzene), combine elemental sulfur and divinylbenzene at the desired weight ratio in a 1-dram vial equipped with a magnetic stir bar [1].  
2.1.1. MED: Talent adds elemental sulfur and divinylbenzene to multiple vials containing magnetic stir bars. 
2.2. Place the vial in an oil bath at 185 degrees Celsius for 30 minutes [1-TXT]. 
2.2.1. CU: Close-up shot of the vial (previously placed in a vial holder in an oil bath) as it is heated and the contents stirred to show the color change. TEXT: All reactions on 1.00 g scale. 
2.3. After the reaction is complete, remove the vial from the oil bath and immediately quench by placing the vial in liquid nitrogen [1]. Then, break open the vial to remove the polymer…[2] and repeat this step for each polymer prepared [3]. 
2.3.1. MED: Talent removes the vial from the oil bath and places it in liquid nitrogen. 
2.3.2. MED: Talent breaks open the vial and removes the polymer. 
2.3.3. CU: Close-up shot as talent places the polymer next to other polymers previously prepared with different S ratios for comparison. 
3. Preparation of Terpolymers 
3.1. To synthesize terpolymers, first crush the poly(S- divinylbenzene) with a mortar and pestle for higher surface area interaction with the monomer 1,4-cyclohexanedimethanol divinyl ether, or CDE [1]. Then, combine the poly(S-divinylbenzene) and CDE at the desired weight ratio on a 600 milligram scale [2]. 
3.1.1. MED: Talent adds the poly(S-divinylbenzene) to a mortar and crushes the solid with a pestle. 
3.1.2. MED: Talent adds the poly(S-divinylbenzene) and CDE to 1-dram vials containing magnetic stir bars. 
3.2. Place the sample in an oil bath at 90 degrees Celsius for 24 hours [1-TXT]. Then, cool the sample to room temperature [2]. 
3.2.1. MED: Talent places the sample in a vial holder previously placed in an oil bath and turns on the stirring and heating. TEXT: Longer reaction times required for some monomers. 
3.2.2. MED: Talent removes the sample from the oil bath.
3.3. For reactions that do not result in complete monomer incorporation, dissolve the soluble polymer portions in dichloromethane and precipitate in cold methanol [1]. For samples with limited solubility, wash the solid polymer samples with cold methanol to remove any unreacted monomer [2]. 
3.3.1. MED: Talent adds dichloromethane to vial containing the polymer sample and then adds the polymer solution to cold methanol.
3.3.2. MED: Talent adds cold methanol to vial containing the solid polymer sample, shakes the vial and then removes the methanol.
3.4. To synthesize terpolymers using maleimide, combine sulfur and divinylbenzene at a 30 to 70 weight ratio on a 5 gram scale as previously described [1]. 
3.4.1. CU: Close-up shot of synthesized polymers produced at the two different scales (5 g scale in this step and 1 g scale in step 2.2).
3.5. Combine the prepolymer with maleimide at a 3 to 1 weight ratio in a 1-dram glass vial equipped with a magnetic stir bar [1-TXT]. Dissolve the mixture in 10 milligrams per microliter of dimethylformamide [2]. Then, place the vial in an oil bath at 100 degrees Celsius for 24 hours [3-TXT].  
3.5.1. MED: Talent adds the prepolymer and maleimide to a glass vial. TEXT: 200 mg scale.
3.5.2. CU: Close-up shot of vial containing prepolymer and maleimide as talent adds dimethylformamide to it. Show an adjacent vial with the prepolymer and maleimide (without dimethylformamide) for comparison.
3.5.3. MED: Talent places the vial in a vial holder previously placed in an oil bath and turns on the stirring and heating. TEXT: Caution: Reaction produces small amount of gas. 
3.6. Next, combine poly(S-divinylbenzene) and the desired monomer at a 1 to 1 weight ratio as described previously to prepare various terpolymers [1-TXT]. 
3.6.1. CU: Close-up shot of synthesized terpolymers to show differences when made with different monomers. TEXT: CDE, cyclohexyl vinyl ether, allyl ether, maleimide. Video Editor: Overlay should appear at mention of “to prepare various terpolymers”.
3.7. Remove a sample of the mixture at various time points during the reaction and dissolve the polymer in 600 microliters of deuterated chloroform for proton NMR analysis [1]. 
3.7.1. MED: Talent removes a sample and dissolves it in deuterated chloroform.
4. Control Polymerizations, Polymer Characterization and Solubility Studies
4.1. [bookmark: _GoBack]To confirm that sulfur from the polymer rather than elemental sulfur is required for polymerization, prepare samples of sulfur alone and with CDE, divinylbenzene, and allyl ether as previously described [1-TXT]. 
4.1.1. CU: Close-up shot of the final products. TEXT: Monitor reaction by TLC; Sulfur Rf = 0.7. 
4.2. Analyze the polymers by proton NMR in deuterated chloroform [1]. Integrate the resulting proton NMR spectra to determine the extent of the reaction [2]. 
4.2.1. MED: Talent places one of the samples in the NMR instrument.
4.2.2. MED: Talent at computer integrates one of the spectra shown on the screen. 
4.3. Due to the relatively low solubility and high polydispersity of most terpolymers, dissolve each polymer in dichloromethane at a high concentration of 75 milligrams per milliliter [1]. Then, remove particulates from the soluble portion using a 0.45 micron hydrophobic filter [2]. 
4.3.1. MED: Talent adds dichloromethane to each vial containing polymer.
4.3.2. MED: Talent passes one of the soluble portions through a hydrophobic filter.
4.4. Analyze the samples by gel permeation chromatography using dichloromethane as the eluent, two mesopore columns in sequence, and a refractive index detector for analysis [1]. Determine the number average and weight average molecular weights based on a calibration curve of polystyrene standards [2-TXT]. 
4.4.1. MED: Talent places the samples in the GPC instrument. 
4.4.2. MED: Talent at the computer determines the number average and weight average molecular weights based on the calibration curve in the software. TEXT: Use data to obtain polydispersity index.
4.5. To study thermal properties, fill aluminum pans with 30 to 50 milligrams of each polymer providing enough sample to adequately discern the glass transition temperature from the resulting thermograms [1]. Scan the samples and obtain the thermogram values from the second scan [2-TXT]. 
4.5.1. MED: Talent adds one of the polymers to the aluminum pans and places the pans in the DSC instrument.
4.5.2.  MED: Talent at computer mimics running a sample in the software. TEXT: -50-150 °C at 10 °C/min, cool to -50 °C at 20 °C/min, heat to 150 °C at 10 °C/min. 
4.6. For solubility studies, weigh approximately 150 milligrams of each polymer into a pre-weighed vial and dissolve in dichloromethane to reach a concentration of 75 milligrams per milliliter [1]. After 8 hours, remove the soluble portion and wash the insoluble portion with dichloromethane two times [2]. Dry the remaining insoluble sample in an oven for 10 minutes to remove the remaining solvent [3]. 
4.6.1. MED: Talent adds the polymer into a pre-weighed vial and then adds dichloromethane to the vial.
4.6.2. MED: Talent removes the soluble portion from the vial and then adds dichloromethane to the vial.
4.6.3. MED: Talent places the vial an oven.
4.7. After cooling the vial to room temperature, weigh it and calculate the percent solubility by determining the difference in starting and final weights [1]. 
4.7.1. MED: Talent weighs the vial and performs the calculation in a lab notebook.






































Section – Results
5. Results: Polysulfide Initiated Polymerization and Characterization of Terpolymers
5.1. Poly(S-divinylbenzene) was synthesized using high temperatures to initiate sulfur ring cleavage forming radicals, which then initiate polymerization with divinylbenzene [1]. Dynamic sulfur bonds within poly(S-divinylbenzene) can be utilized to initiate polymerization with additional monomers at a much lower temperatures [2]. 
5.1.1. LAB MEDIA: Figure 1 – Video Editor: Highlight first two reactions in reaction scheme.
5.1.2. LAB MEDIA: Figure 1 – Video Editor: Highlight third reaction in reaction scheme and three blue compounds below reaction scheme at mention of “additional monomers”.
5.2. Monofunctional and difunctional vinyl and allyl monomers were evaluated and all were successfully polymerized, as confirmed by NMR [1]. The monomer content for all polymerizations were monitored over the course of 48 hours [2]. 
5.2.1. LAB MEDIA: Figure 2 – Video Editor: Highlight purple spectrum at mention of “as confirmed by NMR”.
5.2.2. LAB MEDIA: Figure 3
5.3. Control reactions were performed to determine the role of poly(S-divinylbenzene) versus sulfur in the polymerization [1]. The products were examined by proton NMR and TLC to examine changes to the polymer structure, monomer incorporation, and to determine if sulfur was fully incorporated [2]. 
5.3.1. LAB MEDIA: Figure 4
5.3.2. LAB MEDIA: Figure 4 – Video Editor: Highlight figures A and C.
5.4. Various polymerizations were conducted to examine the polymer structure of poly(S-divinylbenzene-CDE) [1]. Both increased sulfur content and the addition of CDE led to a decrease in the glass transition temperature [2]. After an initial decrease in the molecular weight, the addition of CDE led to an overall increase in chain length [3]. 
5.4.1. LAB MEDIA: Figure 5 – Video Editor: Highlight figure A.
5.4.2. LAB MEDIA: Figure 5 – Video Editor: Zoom into figure A and highlight Tg column and the decrease in temperature from 30:70 to 70:30 S:DVB ratio and from 1:0 to 1:100 poly(S-DVB):CDE ratio in each S:DVB ratio section.
5.4.3. LAB MEDIA: Figure 5 – Video Editor: Continue showing figure A and highlight Mw column and the initial decrease then increase in molecular weight from 1:0 to 1:00 poly(S-DVB):CDE ratio in each S:DVB section. 
5.5. Maximum solubility was achieved for poly(S-divinylbenzene) synthesized with 40 to 50 percent sulfur [1]. The addition of CDE led to decreased polymer solubility [2]. For high sulfur content poly(S-divinylbenzene), low solubility was observed, but incorporating CDE substantially improved the solubility [3]. 
5.5.1. LAB MEDIA: Figure 6 – Video Editor: Show figure B and highlight area of curve between 40 and 50 percent sulfur content.
5.5.2. LAB MEDIA: Figure 6 – Video Editor: Show figure D and highlight blue curve.
5.5.3. LAB MEDIA: Figure 6 – Video Editor: Continue showing figure D and highlight green and purple curves.


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Courtney Jenkins: Developing a solvent free polymerization that can occur at substantially lower temperatures than previously reported allows a broader range of monomers to be incorporated into polysulfides. This may open the door to use these polymers for new applications or enable materials to be better tailored for a desired function [1]. 

6.1.1. INTERVIEW: Courtney Jenkins says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Courtney Jenkins: A small amount of gas is produced during the synthesis of poly(S-divinylbenzene). Vials should not be filled more than half full to prevent a build-up of pressure. Samples should be vented prior to removing from the hood to ensure the gas is not inhaled [1]. 

6.2.1. INTERVIEW: Courtney Jenkins says the statement above in an interview-style shot, looking slightly off-camera.
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