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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.5, 2.6, 2.8, 2.9, 2.10 
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 2.8, 2.10
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this experiment is to synthesize high-molecular-weight poly(α-hydroxy (paul-ee al-fuh high-drock-see /ˌpɒl i:ˌæl fəˌhaɪˈdrɒk si:/) acids) with side-chain functional groups in a controlled manner. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Rong Tong: This method can help answer key questions in the polyester synthesis field about controlled synthesis of polyesters from O-carboxyanhydrides.
1.2. Rong Tong: The main advantage of this technique is that the polymerization is highly efficient and does not affect the stereochemistry of the monomer.
D. Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
1.3. Rong Tong: Demonstrating the procedure will be Quanyou Feng, a postdoc from my laboratory.
1.3.1. Rong Tong speaks towards the camera, interview style
1.3.2. [bookmark: OLE_LINK1]Quanyou Feng looks up from glove box and acknowledges the camera.

Authors: Some statements have been moved to the conclusion to accommodate limits on the number of statements given by each author in the introduction.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Photoredox Ring-Opening Polymerization of Phenyl O-Carboxyanhydride (L-1)
2.1. To begin the procedure, prepare solutions of (bpy)Ni(COD) (bip-ee (/ˈbɪ pi:/) nickel cod), Zn(HMDS)2 (zinc biss (/bɪs/) H-M-D-S), benzyl (ben-zil /ˈbɛn zɪl/) alcohol, and the iridium (eer-id-ee-um /ɪrˈɪd i: əm/) catalyst in anhydrous (ann-high-druss /ænˈhaɪ drəs/) THF. Store the solutions at -35 °C. [1-MED-Over shoulder-TXT]
2.1.1. Talent places a labeled vial of Ir-1 in a freezer, which already contains labeled vials of (bpy)Ni(COD), Zn(HMDS)2, and benzyl alcohol. (TEXT: See text for preparation of catalyst solutions.)
2.2. Then, place 72.2 mg of recrystallized L-1 (L-one) in a 7-mL scintillation vial. [1-MED-TXT] Dissolve the L-1 in 722 µL of anhydrous THF. [2-CU]
2.2.1. Talent measuring L-1 into a scintillation vial in the glovebox. (TEXT: Perform procedure in a glovebox with a cold well.)
2.2.2. Talent adds the anhydrous THF to the vial.
2.3. Transfer 200 µL of the L-1 solution to another 7-mL scintillation vial with a stir bar. [1-MED-Over shoulder] Add 100 µL of anhydrous THF to this vial and cap the vial. [2-MED]
2.3.1. Talent draws up 200 µL of the L-1 solution and dispenses it into another scintillation vial that already contains a stir bar.
2.3.2. Talent dispenses 100 µL of anhydrous THF into the vial and caps the vial.
2.4. Place the dilute L-1 solution in the cold well, along with a thermometer. [1-MED] Turn off the glovebox light before proceeding. [2-MED-Over shoulder]
2.4.1. Talent places the capped vial in a holder in the cold well, with a thermometer already in the holder.
2.4.2. Talent turns off the glovebox light.
2.5. Add about 500 mL of ethanol to the dewar (dyou-er /ˈdju: ər/) for the cold well. [1-MED] Then, add liquid nitrogen to the dewar. [2-MED]
2.5.1. Outside the glovebox, talent pours the ethanol into a dewar for the cold well.
2.5.2. Talent pours liquid nitrogen into the dewar.
2.6. Place the dewar on a stir plate and jack and raise the dewar to cool the well. [1-MED] Wait for the cold well to reach -50 °C. [2-CU]
2.6.1. With the dewar already placed on a stir plate and lab jack, talent raises the lab jack to bring the dewar up to the cold well.
2.6.2. The thermometer in the cold well reading -50 °C.
2.7. Then, obtain a pair of safety goggles that block blue light and place them within easy reach. [1-MED] Open the vial of chilled L-1 solution. [2-MED]
2.7.1. Talent places the blue light-blocking safety goggles within close reach of the glovebox.
2.7.2. Talent opens the cooled L-1 solution vial.
2.8. Remove the catalyst solutions from the freezer. Over the course of 30 seconds, add to the vial 16.4 µL of (bpy)Ni(COD), 24.4 µL of Zn(HMDS)2, 22.5 µL of benzyl alcohol, and 24.2 µL of the iridium catalyst solution. Cap the vial when finished. [1-MED-Over shoulder-TXT]
2.8.1. Talent quickly adds to the vial, in sequence, the (bpy)Ni(COD), the Zn(HMDS)2, the benzyl alcohol, and the Ir-1. (TEXT: [L-1]/[(bpy)Ni(COD)]/[Zn(HMDS)2]/[BnOH]/[Ir-1] = 500/1/1/1/0.1)
2.9. Put on the blue-light-blocking safety goggles. [1-MED] Then, turn on a 34-W blue LED light and a small cooling fan. Direct the light towards the vial. [2-MED-Over shoulder]
2.9.1. Talent puts on the blue light-blocking safety goggles.
2.9.2. Talent turns on the light and the fan and points the light towards the vial.
2.10. Start the stir motor. [1-MED] Cover the light, cooling fan, and cold well with aluminum foil. [2-MED-Over shoulder] Monitor the reaction temperature and add liquid nitrogen every 15 to 20 minutes to keep the reaction at about -15 °C. [3-CU-TXT]
2.10.1. Talent turns on the stir motor under the dewar outside the glovebox.
2.10.2. Talent covers the cold well with aluminum foil.
2.10.3. Talent peels back some of the aluminum foil to show that the cold well temperature on the thermometer is close to -15 °C. (TEXT: Perform the reaction at -15 ± 5 °C)
2.11. Quanyou Feng: The critical part of this protocol is to keep the reaction temperature around -15 °C. If the temperature is higher than -10 °C, liquid nitrogen should be added to the dewar. [1-MED]
2.11.1. Talent speaks towards the camera, interview style.
2.12. [bookmark: _Hlk485916197][bookmark: _Hlk490839239]Monitor the monomer (mon-uh-mer /ˈmɒn ə mər/) conversion with FTIR (F-T-I-R) spectroscopy (spek-tross-kuh-pee /ˌspɛkˈtrɒs kə pi:/). [1-MED-Over shoulder] Once the desired degree of polymerization (paul-lih-mer-ih-zey-shun /pɒˌlɪ mər ɪˈzeɪ ʃən/) has been achieved, dry and wash the polymer with 1 mL of diethyl (dye-eth-ll /daɪˈɛθ əl/) ether containing 1% acetic (uh-see-tik /əˈsi: tɪk/) acid and 1 mL of methanol. [2-CU]
2.12.1. Talent looking at an example FTIR spectrum of the product on the FTIR instrument computer.
2.12.2. Talent adds diethyl ether with acetic acid to a vial containing the polymer and swirls the vial.
3. Results: Characterization of Poly(phenyl O-carboxyanhydride) (poly(L-1))
3.1. The polymerization of phenyl O-carboxyanhydride (fen’ll oh car-bock-see-ann-high-dry’d /fɛn l oʊ kɑrˌbɒk si: ænˈhaɪ draɪd/) was monitored by FTIR. The peak at about 1805 cm-1 (eighteen-oh-five reciprocal centimeters) corresponded to the anhydride (ann-high-dry’d  /ænˈhaɪ draɪd/) bond stretch of L-1. [1-LM] As the reaction progressed, the developing peak at 1760 cm-1 (seventeen-sixty reciprocal centimeters) indicated the formation of the ester (ess-ter /ˈɛs tər/) bonds in the polymer. The polymerization was finished when the 1805 peak had completely disappeared. [2-LM]
3.1.1. Diagram of L-1 from the upper left of Figure 1 and Figure 2 (3.1 – 56654_Tong_Figure1.tiff and 3.1 – 56654_Tong_Figure2.tiff): Add the caption “L-1” under the left half of Figure 2 and the caption “Reaction mixture” under the right half of Figure 2. During “The peak at…of L-1”, highlight the ‘ν1800 = 1.172’ label and arrow in Figure 2, along with the highlighting shown in red in 311 highlight guide.png.
3.1.2. [bookmark: _GoBack]The top half of the left side of Figure 1 and Figure 2 (3.1 – 56654_Tong_Figure1.tiff and 3.1 – 56654_Tong_Figure2.tiff), with captions as above: During “the developing…in the polymer”, highlight the ‘ν1760 = 0.190’ label and arrow in Figure 2, along with the highlighting shown in red in 312 highlight guide_this one.png.
(Video editor: 311 highlight guide.png and 312 highlight guide_this one.png are provided by the scriptwriter as examples because the highlighting is a little difficult to describe. 312_highlight guide.png has an error in it and can be disregarded/deleted.)
3.2. Gel permeation chromatography (crow-mah-tog-ruh-fee /ˌkroʊ məˈtɒg rə fi:/) was used to determine the molecular weights and dispersity of a series of L-1 polymers with increasing monomer feed ratios. The number-average molecular weight increased linearly with initial monomer-catalyst ratios. The dispersity values were all below 1.1. [1-LM]
3.2.1. Figure 3 (3.2 – 56654_Tong_Figure3.tiff): During “The number average…monomer-catalyst ratios”, highlight the diagonal black dashed line and the black squares in the left graph. During “The dispersity…below 1.1”, highlight the blue dashed line and the blue triangles in the left graph.
3.3. [bookmark: _Hlk486417310]1H NMR (pro-tawn /ˈproʊ tɒn/ N-M-R) spectroscopy was used to evaluate the polymer stereochemistry (stereo-chemistry). A homodecoupling (homo-decoupling) study showed a single peak at the α-methine (al-fuh meth-yne /ˌæl fə ˈmɛθ aɪn/) region, indicating that the polymer was isotactic (eye-soh-tack-tik /ˌaɪ soʊˈtæk tɪk/) and therefore that no epimerization (eh-pim-er-uh-zey-shun /ɛˌpɪm ər əˈzeɪ ʃən/) had occurred. [1-LM]
3.3.1. Figure 4 (3.3 – 56654_Tong_Figure4.tiff): During “A homodecoupling…had occurred”, emphasize the lower half of the figure.
4. Conclusion (Said by you on camera. Don’t forget to smile!)
4.1. [bookmark: _Hlk479076977]Rong Tong: We first had the idea for this method when we first read about photoredox organic reactions using organometallic catalysts.
4.2. Rong Tong: Visual demonstration of this method is critical as photoredox polymerization at low temperatures is difficult to learn without it. Proper reaction setup and temperature control are both critical for controlled polymerization.
4.3. Rong Tong: Once mastered, this technique can be done in 4 to 6 hours if it is performed properly. Remember to wear safety goggles while attempting this procedure.
4.4. Rong Tong: Though this method can provide insight into polyester synthesis, it can also be applied to other polymerization reactions, such as the synthesis of polypeptides and polypeptoids.
4.5. Rong Tong: The implications of this technique extend toward production of functional biodegradable polyester materials, because there lacks an efficient protocol for polymerization of O-carboxyanhydrides, which are promising monomers for polyester synthesis.
4.6. Rong Tong: After watching this video, you should have a good understanding of how to perform photoredox ring-opening polymerization.
4.7. Rong Tong: Don't forget that working with liquid nitrogen can be extremely hazardous. PPE and cryogloves should always be used while performing this procedure.

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .pptx or .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17279518

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
 2016, Journal of Visualized Experiments

