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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 4.3, 4.4, 5.3, 5.5, 5.8, 5.9, 5.10 (Note: The footage from section 4 is being provided by the authors.)
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 4.1, 4.2 To ensure success of the protocol, acetonitrile has to be anhydrous in order to get a clear and transparent solution. (Note: The footage from section 4 is being provided by the authors.)
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N*
* The JoVE shoot will take place in only one location. Some interview statements and steps will be filmed by the authors at other locations (Mulhouse: interviews with Thi Kim Hoang Trinh and Abraham Chemtob, protocol steps 4.1-4.7; Bordeaux: interviews with Loïc Pichavant and protocol steps 5.1-5.13). 


[bookmark: Introduction][bookmark: _Hlk513362273]1. Introduction (Opening Author Interviews)
[bookmark: IntroStatements]A.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)
1.1. Julien Pinaud: N-Heterocyclic carbenes, or NHCs, are key compounds that can be used as ligands, organocatalysts, or reactants. However, they are very moisture-sensitive, which requires them to be manipulated in a glovebox.
1.2. Julien Pinaud: This procedure provides straightforward access to photolatent NHCs in the form of photoactive imidazolium salts. When irradiated, the salts release bare NHCs, allowing NHCs to be generated on demand using photochemistry.
B.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
Note to videographer: 1.3 and 1.4 will be provided by the authors and therefore will not need to be filmed during the shoot on October 2.

1.3. Thi Kim Hoang Trinh: Once NHCs have been photogenerated, the next step is to determine the quantity released. For this purpose, we present an original protocol based on a spectrophotometric titration using phenol red as titrant.
1.4. Loïc Pichavant: We demonstrate the potential of photolatent NHCs by employing them in photoinduced ring-opening metathesis polymerization of norbornene in miniemulsion, where they interact with a non-photoactive Ru precatalyst to form the active catalyst in situ.
Authors (All): Please note that two statements in the conclusion (section 7 following the results) are currently assigned to authors at Mulhouse, but these interview statements were not among the steps marked as already having been filmed at Mulhouse. If any statements are reassigned to authors at Montpellier or Bordeaux, please be sure to change the names of the authors giving the statements in the script accordingly.
[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Synthesis of 1,3-Dimesitylimidazolium Tetraphenylborate (IMesH+BPh4−)
2.1. To begin, place 1 g of 1,3-dimesitylimidazolium (one three dye-mes-ih-til-ih-mih-duh-zoh-lee-um /daɪˌmɛs ɪ tɪl ɪˌmɪ dəˈzoʊ liː əm/) chloride in a 100-mL round bottom flask equipped with a stir bar. [1-MED-Over shoulder] Add 30 mL of absolute ethanol and stir until the solid has completely dissolved. [2-MED]
2.1.1. Talent pours pre-measured IMesH+Cl- from a weighing boat into the RBF, which already contains a stir bar and is clamped over a stir plate.
2.1.2. Talent pours 30 mL of EtOH into the RBF and turns up the stir motor until the mixture is stirring well.
2.2. Place 1.35 g of sodium tetraphenylborate (teh-truh-fen-ul-bore-ate /ˌtɛ trəˌfɛn əlˈbɔːr eɪt/) in another 50-mL round bottom flask equipped with a stir bar and dissolve it in 30 mL of absolute ethanol. [1-MED] Then, add the tetraphenylborate solution to the stirring imidazolium (ih-mih-duh-zoh-lee-um /ɪˌmɪ dəˈzoʊ liː əm/) solution dropwise. [2-MED-Over shoulder]
2.2.1. Talent secures another 50-mL RBF (containing the stir bar and the NaBPh4) over a stir plate, pours pre-measured EtOH into the flask, and starts stirring the mixture.
2.2.2. [bookmark: _Hlk525722373]Talent draws up the NaBPh4 solution into a Pasteur pipette and begins adding it to the imidazolium solution dropwise.
2.3. Once addition is complete, continue stirring the reaction mixture for 10 minutes at room temperature [1-MED] to obtain 1,3-dimesitylimidazolium tetraphenylborate as a white precipitate (preh-sip-ih-tit /prəˈsɪp ɪ tɪt/). [2-CU] Then, remove the stir bar and rinse it with absolute ethanol. [3-MED]
2.3.1. Talent puts aside the now-empty vial of NaBPh4 solution and sets a 10-minute timer.
2.3.2. A close-up view of the mixture (already having stirred for 10 minutes) stirring to show the white precipitate.
2.3.3. Talent removes the stir bar using a magnetic wand (or another tool) and rinses the stir bar with EtOH.
2.4. Collect the white product on a glass frit by vacuum filtration (fil-tray-shun /fɪlˈtreɪ ʃən/) and rinse the flask with ethanol. [1-MED-Over shoulder-TXT] Wash the product with 30 mL of ethanol, [2-MED] followed by 30 mL of ultrapure water. [3-MED]
2.4.1. Talent pours the mixture into the fritted funnel of a vacuum filtration setup, rinses the RBF with EtOH, and pours the rinse into the fritted funnel. (TEXT: All vacuum filtration performed with a glass frit (20-40 µm).)
2.4.2. Talent pours EtOH over the solid on the frit.
2.4.3. Talent pours deionized water over the solid on the frit.
2.5. Transfer the product to a vial and dry it at 60 °C for 15 hours [1-MED-Over shoulder] before characterizing it with 1H and 13C NMR (proton and carbon N-M-R) in deuterated (dew-tuh-rey-ted /ˈdjuː təˌreɪ təd/) dimethyl sulfoxide (dye-meth-ll sul-fox-eyed /daɪˈmɛθ əl  sʌlˈfɒk saɪd/). [2-MED]
2.5.1. Talent places a vial containing the washed solid in an oven and closes the oven.
2.5.2. Talent transfers a small amount of IMesH+BPh4- solution (it doesn’t have to be in deuterated solvent) to an NMR tube and caps the tube.
3. Photogeneration of 1,3-Dimesitylimidazol-2-ylidene (IMes) and Formation of the 1,3-Dimesitylimidazolium-2-dithiocarboxylate Adduct (IMes-CS2)
3.1. [bookmark: _Hlk491257015]To begin, combine 39 mg of 1,3-dimesitylimidazolium tetraphenylborate and 7.8 mg of ITX (I-T-X) with 0.5 mL of anhydrous (ann-high-druss /ænˈhaɪ drəs/) deuterated tetrahydrofuran (teh-truh-high-druh-fyooer-ann /ˌtɛ trəˌhaɪ drəˈfjʊər æn/) [1-MED-TXT] and transfer it to a standard NMR tube. [2-CU]
3.1.1. Talent adds 0.5 mL of THF to a small test tube containing IMesH+BPh4- and ITX, caps the tube, and mixes the reagents together. (The THF used in this shot doesn’t need to be deuterated for the purposes of the demonstration. If you use regular THF, please put it in a vial labeled as d8-THF.) (TEXT: ITX: 2-Isopropylthioxanthone)
3.1.2. Talent dispenses the solution into an NMR tube.
3.2. Then, place the capped NMR tube in a photochemical reactor equipped with a circular array of tubes that will emit monochromatic (mon-uh-kro-mat-ik /ˌmɒ nə kroʊˈmæ tɪk/) radiation at 365 nm. [1-MED] Irradiate the mixture for 10 minutes to generate IMes (eye-mez /ˈaɪ mɛz/). [2-MED-Over shoulder-TXT]
3.2.1. Talent opens the photochemical reactor, places the NMR tube in the reactor, and closes the reactor. (If possible, the shot should show the interior of the photochemical reactor.)
3.2.2. Talent turns on the photochemical reactor and starts a timer. (TEXT: Caution: Wear UV-blocking safety glasses while working with UV light sources.)
3.3. Next, add 0.02 mL of carbon disulfide (dye-sul-fide /daɪˈsʌl faɪd/) to the mixture in the NMR tube and allow the mixture to react for 12 hours [1-MED-TXT] to obtain the IMes-CS2 (eye-mez carbon disulfide) adduct (ad-duct /ˈæ dʌkt/) as a red precipitate. [2-ECU]
3.3.1. Talent draws up 0.02 mL of CS2 and adds it to the NMR tube. (TEXT: Caution: CS2 is highly toxic. Handle with care in a fume hood.)
3.3.2. A close-up view of the reaction mixture in an identical NMR tube that has already reacted with CS2 for 12 hours, with the red precipitate visible.
3.4. Collect the adduct by vacuum filtration and rinse the NMR tube with non-deuterated THF (T-H-F). [1-MED-Over shoulder] Transfer the adduct to a small vial and let it dry in air at room temperature for 12 hours. [2-MED]
3.4.1. Talent pours the reaction mixture into a vacuum filtration setup and rinses the NMR tube with THF.
3.4.2. Talent transfers the adduct from the fritted funnel to a small vial and sets the vial in a safe place in the fume hood to dry.
3.5. Lastly, characterize the IMes-CS2 adduct by 1H and 13C (proton and carbon) NMR in 0.5 mL of d6-DMSO (D-six D-M-S-O). [1-MED]
3.5.1. Talent adds DMSO (it doesn’t need to be deuterated) to a NMR tube containing dry IMes-CS2, caps the tube, and shakes it to mix the adduct and DMSO together.
4. Spectrophotometric Titration of Photogenerated IMes
The footage for this section will be provided by authors (Mulhouse).
4.1. No more than one day before the measurement, prepare at least 10 mL of a 0.2 mM solution of phenol (fee-nawl /ˈfiː nɔːl/) red in anhydrous acetonitrile (uh-see-toh-nigh-trile /əˌsiː toʊˈnaɪ traɪl/). [1-MED-Over shoulder]
4.1.1. Talent adds anhydrous acetonitrile to a vial round-bottom flask on a stir plate that contains phenol red, adds a stir bar, and starts stirring the mixture.
Authors (Mulhouse): If at all possible, please film the brief shot described above. This will help keep the pacing of the video consistent and will ensure that the use of anhydrous acetonitrile for the phenol red solution is specifically mentioned in the video. (The use of anhydrous acetonitrile was specified to be critical to the success of the experiment.)
4.2. To begin the measurement procedure, [1-MED-TXT] dissolve 1.85 mg of 1,3-dimesitylimidazolium tetraphenylborate and 0.25 mg of ITX [2-MED] in 10 mL of anhydrous acetonitrile. [3-CU]
4.2.1. Talent shows a dry acetonitrile flask and a premeasured vial containing 1,3-dimesitylimidazolium and ITX. (TEXT: Acquire background and solvent blank spectra as usual.)
4.2.2. Talent adds 10 mL of dry acetonitrile to a 20-mL vial on a stir plate holding pre-measured IMesH+BPh4- and ITX.
4.2.3. Talent shows that a homogeneous solution is formed.
Authors (Mulhouse): You do not need to add text overlays to the footage; this will be done during video editing.
4.3. Place 2 mL of this solution in a spectroscopic (spek-truh-skah-pik /ˌspɛk trəˈskɒ pɪk/) cuvette (kyu-vet /kjuːˈvɛt/) and cap it with a rubber septum (sep-tum /ˈsɛp təm/). [1-CU] Place the cuvette in the instrument. [2-MED]
4.3.1. Talent transfers 2 mL of the solution to a cuvette Talent caps the cuvette with a rubber septum. (Editor: The authors edits suggest that 4.3.1 and 4.3.2 might be combined, but I’m not certain)
4.3.2. Talent places the cuvette in the photolysis set-up.
4.4. Then, purge the imidazolium solution and the phenol red solution with N2 (nitrogen) gas for 2 minutes. [1-MED-Over shoulder] After that, irradiate the reaction mixture [2-MED] with a 365-nm, 65-W LED light for 2 minutes. [3-MED]
4.4.1. Talent opens the N2 flow and inserts the N2 line and a vent into the cuvette
4.4.2. Talent places the cuvette in line with the LED light, turns on the LED light, and starts a timer.
4.4.3. Talent stops the timer and irradiation after 2 min irradiation, removes the cuvette for the cell holder and shows the cuvette to the camera.
4.5. Then, introduce 0.1 mL of the phenol red solution [1-MED] into the cuvette containing the irradiated reaction mixture [2-CU] and record a UV-vis (U-V viz /vɪz/) spectrum of the mixture. [3-MED-Over shoulder].
4.5.1. Talent draws up 0.1 mL of phenol red with a syringe and adds it to the cuvette through the septum.
4.5.2. Talents shows close-up of the cuvette.
4.5.3. Talent starts data collection in the spectrophotometer instrument software.
4.6. Repeat this process until 1.5 mL of the phenol red solution have been added to the cuvette. [1-MED-Over shoulder] Plot the absorbance (ab-zor-bence /æbˈzɔːr bəns/) at 580 nm as a function of titrant (tie-trunt /ˈtaɪ trənt/) volume to determine the titration (tie-tray-shun /ˌtaɪˈtreɪ ʃən/) endpoint. [2-MED-Over shoulder]
(Editor: The authors have proposed two large changes to the VO listed below. I have not added these changes at this moment because they’re more explanation-oriented instead of instructing the viewer on to perform the protocol)
4.6.1. Talent shows a series of spectra after sequential additions of PR solution (0.1 mL).
(Author Comment: To JOVE: we propose this narration “An acid/base reaction takes place between Phenol red loses two protons to form a bivalent anion with a maximum absorption at 580 nm. Before the equivalence point, the addition of phenol red causes an intensification of this band, After, the pink color disappears and the solution becomes yellow marking the onset of another acid/base reaction.”)
4.6.2. Talent selects a series of absorbance intensities vs. titrant volume and plots it in spreadsheet software.
(Author Comment: To JOVE: we propose this narration “Plotting the maximum absorbance at 580 nm as a function of the titrant volume gives two intersecting straight lines, indicative of the titration end-point.”)
4.7. Evaluate two more 2-mL portions of the starting imidazolium-ITX solution in clean cuvettes in the same way using other irradiation times. [1-MED-Over shoulder] Calculate the NHC yields and plot the yield as a function of irradiation time. [2-MED-Over shoulder-TXT]
(Editor: The authors have proposed two large changes to the VO listed below. I have not added these changes at this moment because they’re more explanation-oriented instead of instructing the viewer on to perform the protocol)
4.7.1. Talent shows the same plot for different irradiation times.
(Author Comment: To JOVE: we propose this narration “From the equivalence volume, a concentration of photogenerated NHC can be determined”.)
4.7.2. Talent shows plot the yield of NHC as a function of irradiation time. (TEXT: See text for equations.)
(Author Comment: To JOVE: we propose this narration “The same experiment can be repeated for different irradiation times in a similar way. This enables to plot the yield of NHC as a function of irradiation time.”)
5. Photoinduced Ring-Opening Metathesis Polymerization (PhotoROMP) of Norbornene (NB) in Miniemulsion
The footage for this section will be provided by authors (Bordeaux).
5.1. To begin preparing the miniemulsion (min-ee-ih-mull-zhun /ˌmɪn iː ɪˈmʌl ʃən/ (zh like vision)), dissolve 15 g of hecta(oxyethylene) stearyl ether (heck-tuh-ock-see-eth-ih-leen steer-il ee-thur /ˌhɛk təˌɒk siːˈɛθ ɪ liːn ˈstɪər ɪl ˈiː θər/) in 150 mL of ultrapure water. [1-MED] Transfer this solution to an annular (ann-yuh-ler /ˈæn jə lər/) LED photoreactor (photoreactor), add a stir bar, and seal it with a rubber septum. [2-CU]
5.1.1. Talent adds 150 mL of MilliQ water to 15.0 g of polyoxyethylene (100) stearyl ether and mixes them.
5.1.2. Talent transfers the aqueous solution to the photoreactor and closes the photoreactor with a rubber septum. The zoom level should be wide enough to show the entire photoreactor.
5.2. [bookmark: _Hlk490839186]Insert a sonication (sahn-ih-kay-shun /ˌsɒn ɪˈkeɪ ʃən/) probe with an airtight seal into the photoreactor [1-MED-Over shoulder] and sparge (sparj /spɑːrʤ/) the solution with N2 gas for 1 hour. [2-MED]
5.2.1. Talent inserts the sonication probe into the photoreactor and makes sure that the seal between the probe and the photoreactor is airtight.
5.2.2. Talent inserts the needle of the N2 line through the septum and pushes the needle down until the end is submerged in the solution.
5.3. During that time, combine in a 50-mL round bottom vacuum flask 4.94 g of norbornene (nor-bor-neen /ˈnɔːr bɔːr niːn/), 2.85 mL of hexadecane (heck-suh-deck-ane /ˌhɛk səˈdɛkˌeɪn/), [1-MED] and 6 mL of 1,2-dichloroethane (one two dye-klor-oh-eth-ain /daɪˌklɔːr oʊˈɛθ eɪn/). Seal the flask with a high-vacuum stopper. [2-CU]
5.3.1. Starting with pre-measured NB in a weighing boat on a balance in the glovebox, talent adds the NB to the flask and then measures out 2.85 mL of hexadecane.
5.3.2. Talent adds 6 mL of dichloroethane to the flask (which now contains both NB and hexadecane) and closes the flask with a rotaflo stopper.
5.4. Degas (dee-gas) the mixture with three freeze-pump-thaw cycles, with 30 seconds of vacuum per cycle. [1-MED-Over shoulder] Place 6 mL of dichloroethane in another 50-mL round bottom flask sealed with a high-vacuum stopper [2-MED] and degas it in the same way. [3-WIDE]
5.4.1. With the flask already in a dewar of LN2 (flask contents already frozen) and connected to a vacuum line, talent adjusts the rotaflo stopper to open the flask to vacuum.
5.4.2. Talent adds 6 mL of dichloroethane to another 50-mL flask and closes it with a rotaflo stopper.
5.4.3. With the solvent in the flask already frozen and under dynamic vacuum, talent closes the flask to leave a static vacuum in the flask and then lowers the dewar of LN2 from the flask to let the solvent thaw.
5.5. In the glovebox, add to the degassed (dee-gassed) dichloroethane 162 mg of 1,3-dimesitylimidazolium tetraphenylborate, 33 mg of ITX, and 30 mg of the ruthenium (roo-thee-nee-um /ruːˈθiː niː əm/) precatalyst (pre-catalyst). [1-MED-Over shoulder-TXT] Then, combine the norbornene and precatalyst solutions under N2. [2-MED] [5.5.3]
5.5.1. Talent measures out 30 mg of the [(cymene)RuCl2]2 and adds it to a flask containing the degassed dichloroethane, IMesH+BPh4-, and ITX. adds 6 mL of dichloroethane with 162 mg of 1,3-dimesitylimidazolium tetraphenylborate and 33 mg of ITX in a flask containing 30 mg of [(cymene)RuCl2]2 to dissolve it (TEXT: [(η6-cymene)RuCl2]2)
5.5.2. Talent draws up one of the solutions into a syringe and adds it to the closed round bottom flask containing the other solution. (Editor: I’m not sure where the authors want this shot shown)
5.5.3. [Added Shot]: Outside the glovebox, under nitrogen flux, talent mixes the two organic solutions.
Authors (Bordeaux): You do not need to add text overlays to the footage; this will be done during video editing.
5.6. [bookmark: _Hlk491257074]Introduce 15 mL of the combined monomer (mon-uh-mer /ˈmɒn ə mər/) and precatalyst solution into the aqueous (ey-kwee-us /ˈeɪ kwiː əs/) emulsifier (ih-mull-sih-figh-er /ɪˈmʌl sɪˌfaɪ ər/) solution in the photoreactor while stirring at about 500 rpm (R-P-M). [1-MED] Continue stirring the mixture for 1 hour to form a rough macroemulsion (mack-ro-ih-mull-zhun /ˌmæk roʊ ɪˈmʌl ʃən/). [2-ECU]
5.6.1. Talent inserts the needle of a syringe containing 15 mL of the organic solution through the septum of the photoreactor and dispenses the organic solution into the photoreactor.
5.6.2. 5-6 seconds of footage of a rough macroemulsion stirring in the photoreactor.
5.7. [bookmark: _Hlk490839222]Then, place the photoreactor in an ice bath. Sonicate (sahn-ih-kate /ˈsɒn ɪ keɪt/) the mixture for 10 minutes in 5-second pulses [1-MED-Over shoulder] to form the miniemulsion. [2-ECU]
5.7.1. Talent settles the photoreactor in an ice bath and starts the probe sonicator. (TEXT: 50% power, 5 s on, 5 s off, 10 min total)
5.7.2. A close-up view of the miniemulsion in the photoreactor.
5.8. Next, replace the sonication probe with an LED lamp equipped with a water-cooling system and protected by a cladding tube under a nitrogen flux. [1-MED]
5.8.1. Talent removes the sonication probe and installs the LED lamp.
5.9. Place the sealed photoreactor in the photocabinet to shield the user from UV radiation [1-MED-Over shoulder] and start the water-cooling system. [1-MED-Over shoulder] [5.9.2]
5.9.1. Talent moves the sealed photoreactor containing the microemulsion to the photocabinet and starts the water-cooling system.
5.9.2. [Added Shot]: Talent starts the water-cooling system.
5.10. Irradiate the monomer miniemulsion at 365 nm for 100 minutes to obtain the polymer latex. [1-MED-Over shoulder] During the irradiation, periodically turn off the LED lamp [2-MED] and take a 4-mL aliquot (al-ih-kwaht /ˈæl ɪˌkwɒt/) of the miniemulsion to monitor the reaction progress. [3-MED]
5.10.1. Talent turns on the LED lamp and starts a 100-minute timer.
5.10.2. Talent pauses the timer and turns off the LED lamp.
5.10.3. Talent uses a syringe to take a 4-mL aliquot from the photoreactor through the septum and dispenses the aliquot into a vial.
5.11. To check the particle size, in a glass cuvette, dilute 20 µL of the aliquot with 5 mL of ultrapure water and perform dynamic light scattering. [1-MED]
5.11.1. Talent draws up 20 µL of the aliquot, adds it to a glass cuvette containing 5 mL of water, and caps the cuvette.
5.12. To evaluate the norbornene conversion perform gas chromatography (crow-muh-tog-ruh-fee /ˌkroʊ məˈtɒg rə fiː/) using hexadecane as an internal standard. [1-MED]
5.12.1. Talent transfers the microemulsion-THF mixture to a GC vial, caps the vial, and places the GC vial in the GC instrument Talent injects 10 µL of microemulsion in the GC instrument.
5.13. Precipitate the remainder of the aliquot with 20 mL of acetone. Collect the polymer by vacuum filtration, dry it under vacuum, [1-MED] and determine the molecular weight using size-exclusion chromatography. [2-MED-Over shoulder]
5.13.1. Talent combines the rest of the aliquot with 20 mL of acetone and mixes it with a vortex to precipitate the polymer.
5.13.2. Talent loads a sample of the polymer in THF onto the SEC.
6. Results: Characterization of N-Heterocyclic Carbene (NHC) Products
6.1. The photolatent (pho-toh-lay-tent /ˈfoʊ toʊ leɪ tənt/) NHC (N-H-C) 1,3-dimesitylimidazolium tetraphenylborate was obtained [1-LM] in high yield from anion (ann-eye-un /ˈæn aɪ ən/) metathesis (meh-ta-thuh-sis /məˈtæ θə sɪs/ (short a like cat)). Both 1H (proton) [2-LM] and 13C (carbon) NMR showed excellent product purity. [3-LM]
6.1.1. Figure 1a (58539_Pinaud_Figure1a.tif): Video editor: During “1,3-dimesitylimidazolium tetraphenylborate”, emphasize the chemical diagram, which is the compound being described. (The spectrum is the 1H NMR of the compound being described.)
6.1.2. Figure 1a (58539_Pinaud_Figure1a.tif): Video editor: Add the caption ‘98% yield’.
6.1.3. Figure 1b (58539_Pinaud_Figure1b.tif): Video editor: Please retain the caption ‘98% yield’ while showing 1b. (The spectrum is the 13C NMR of the same compound.)
6.2. UV irradiation of a mixture of the imidazolium tetraphenylborate [1-LM] and ITX resulted in [2-LM] deprotonation (dee-pro-tuh-ney-shun /diːˌproʊ təˈneɪ ʃən/) of the carbon between the nitrogen atoms [3-LM] to form IMes in about 50% yield. [4-LM] The IMes formation was confirmed by generation of [5-LM] an IMes-CS2 adduct from the as-irradiated mixture. [6-LM]
6.2.1. Figure 2a (58539_Pinaud_Figure2a.tif): Video editor: During “the imidazolium tetraphenylborate”, emphasize the diagrams marked with teal and green letters (left and center diagrams, which are the same as the chemical diagrams from Figure 1).
6.2.2. Figure 2a (58539_Pinaud_Figure2a.tif): Video editor: During “ITX”, emphasize the rightmost chemical diagram marked with purple letters (ITX).
6.2.3. Figure 2b and the IMesH+ chemical diagram (58539_Pinaud_Figure2b.png and 58539_Pinaud_Chemical diagram IMesH.tif): Video editor: Label the H in the IMesH+ diagram as ‘a’ and emphasize the inset box in 2b showing the broad hump marked as ‘a’ and its ‘source’ box at the lower left of the image, which shows that the ‘a’ peak is much smaller here than it was in 2a.
6.2.4. Figure 2b and the IMes chemical diagram (58539_Pinaud_Figure2b.png and 58539_Pinaud_Chemical diagram IMes.tif): Video editor: Replace the IMesH+ chemical diagram with the IMes chemical diagram.
6.2.5. Figure 2c (58539_Pinaud_Figure2c.tif)
6.2.6. Figure 2c and the IMes-CS2 chemical diagram (58539_Pinaud_Figure2c.tif and 58539_Pinaud_Chemical diagram IMesCS2.tif): Video editor: Show the added IMes-CS2 diagram in a zoom bubble extending from the IMes-CS2 diagram already in Figure 2c.
6.3. [bookmark: _Hlk521579627]Photobleaching (photobleaching) experiments showed photobleaching of ITX [1-LM] only in the presence of tetraphenylborate. [2-LM] No photobleaching was observed in a mixture of ITX and the imidazolium chloride salt, [3-LM] indicating that ITX does not directly abstract (ab-strakt /əbˈstrækt/) a hydrogen from imidazolium. [4-LM]
6.3.1. Figure 3 (Figure 3.tif): Video editor: Emphasize the light and dark green lines in the graph and the light and dark green lines and accompanying text in the legend. (The downward curves in the line show photobleaching.)
6.3.2. Figure 3 (Figure 3.tif): Video editor: Emphasize only the ‘BPh4-’ text in the bottom two entries in the legend.
6.3.3. Figure 3 (Figure 3.tif): Video editor: Emphasize the orange line in the graph and the orange line and accompanying text in the legend.
6.3.4. Figure 3 (Figure 3.tif): Video editor: On “ITX does not…”, emphasize only ‘ITX’ and ‘H+’ in the ‘ITX-IMesH+ Cl-’ text in the legend.
6.4. These results suggested that the IMes photogeneration (photogeneration) mechanism involved electron transfer from tetraphenylborate to excited ITX. [1-LM]
6.4.1. Figure 4 (Figure 4.tif): Video editor: On “electron transfer…”, emphasize the top half of the schematic (all diagrams above and below the vertical arrows).
6.5. This was consistent with spectrophotometric (spec-truh-fo-tuh-meh-trik /ˌspɛk trə foʊ təˈmə trɪk/) titration data, [1-LM] which showed a progressive release of IMes during irradiation. [2-LM] The maximum yield was achieved at 5 minutes of irradiation. [3-LM]
6.5.1. Figure 5a (58539_Pinaud_Figure5a.tif): Video editor: Add the caption ‘2 min irradiation, phenol red as titrant’.
6.5.2. Figure 5b (58539_Pinaud_Figure5b.tif): Video editor: Emphasize the inset graph, which shows the yield increasing over time.
6.5.3. Figure 5b (58539_Pinaud_Figure5b.tif): Video editor: Emphasize the line of yellow-green dots in the main graph, the ‘5 min’ text in the main graph, and the data point at about x = 5 in the inset graph (second-to-right point in the dark green line).
6.6. PhotoROMP (photo-romp) of norbornene using a ruthenium precatalyst was successfully performed [1-LM] in both solution and miniemulsion. [2-LM] 70 to 80% conversion of norbornene was achieved after 100 minutes of irradiation in miniemulsion. [3-LM]
6.6.1. Figure 6a (58539_Pinaud_Figure6a.jpg): Video editor: Add the caption ‘Before reaction’.
6.6.2. Figure 6b (58539_Pinaud_Figure6b.jpg): Video editor: Add the caption ‘After reaction’.
6.6.3. Figure 7 (Figure7.tif): Video editor: Highlight the horizontal slice of the graph between ‘70’ and ‘80’ on the y-axis.
6.7. The poly(norbornene) (poly-norbornene) particles were only slightly larger than [1-LM] the original norbornene miniemulsion droplets, [2-LM] and they were almost perfectly spherical when viewed by transmission electron microscopy (my-cross-kuh-pee /maɪˈkrɒs kə piː/). [3-LM]
6.7.1. Figure 8a (58539_Pinaud_Figure8a.png): Video editor: Emphasize the red line, which shows the DLS results for the final product.
6.7.2. Figure 8a (58539_Pinaud_Figure8a.png): Video editor: Emphasize the blue line, which shows the DLS results for the reaction mixture pre-irradiation.
6.7.3. Figure 8b (58539_Pinaud_Figure8b.tif): Add an arrow pointing to one of the black circles, which are the poly(norbornene) particles.
7. Conclusion (Said by you on camera. Don’t forget to smile!)
7.1. [bookmark: Conclusion][bookmark: _Hlk513366547][bookmark: _GoBack]Julien Pinaud: Before using photolatent NHCs in a reaction, it is important to determine the relationship between the quantity of NHCs released by UV irradiation and the irradiation conditions.
7.2. Abraham Chemtob Thi Kim Hoang Trinh: The protocol for determining the yield of photogenerated NHCs is based on a simple spectrophotometric titration, which is unusual as it takes place in non-aqueous conditions.
7.3. Thi Kim Hoang Trinh: Capitalizing on the Brönsted basicity of NHCs, their concentration can be evaluated in the as-irradiated medium by acid/base titration using phenol red as a titrant.
7.4. Julien Pinaud: We believe that this procedure for generating NHCs on demand will be of great use for chemists who want to generate NHCs at a specific moment during a reaction.
[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:

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

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, first, move the graph to its own sheet and click the tab to view the graph. Use ‘Save As’ to save this sheet as a standard .pdf.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17854443

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)

[bookmark: GeneralPrep]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. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please 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.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay between sample preparation and the experiment itself, you may need to film the experiment before filming sample preparation. Please clearly mark shots or steps that you wish to film out of order in the script.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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