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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 will viewers benefit most from having filmed? 2.4, 2.8, 2.10 (2.10.2 only), 2.13, 2.14, 3.3, 3.4
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.8
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.

REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Max Friedfeld: Indium phosphide quantum dots are an exciting material for emerging and future optoelectronic technologies. Both academic and industry research labs are in need of high-quality indium phosphide quantum dots. [1]
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Madison Monahan: The indium phosphide cluster prepared with this method is an atomically-precise and robust precursor for many nanomaterial applications, and it can be efficaciously synthesized on the gram scale. [1]
1.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)
Brandi Cossairt: Demonstrating the procedure will be Andrew Ritchhart and Nayon Park, two graduate students from my laboratory. [1][2]
1.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.1.4. MED: The named demonstrators look up from the bench and acknowledge the camera.

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


Section - Protocol
Videographer comment:  due to certain elements of the process requiring 'cooling time' etc., we did jump back and forth with filming, so be prepared for time needed to re-order clips.
2. Synthesis of In37P20(O2CR)51 Clusters (O2CR = O2C14H27)
To begin, place 2.65 grams of myristic (mih-rist-ik /mɪˈrɪst ɪk/) acid in a flame- or oven-dried 50-milliliter three-neck round-bottom flask equipped with a stir bar and connected to a Schlenk (shlenk /ʃlɛŋk/) line. Put the flask under vacuum and refill it with nitrogen gas three times. [1-TXT]
2.1.1. MED: Talent loads 2.65 g of myristic acid into the three-neck RBF, seals the flask, and opens the flask to vacuum. TEXT: Perform all reactions in air- and moisture-free conditions Videographer: Please get at least 16-17 seconds of footage for this shot.
Videographer comment: Shot 2.1.1 - the first take of this is talent weighing myristic acid. We shoot the "loading into RBF" immediately afterwards in another location in lab
Then, evacuate the flask and heat the myristic acid to 110 degrees Celsius while stirring at 200 rpm (R-P-M). [1] Continue stirring under vacuum for 2 hours to remove water. [2]
2.1.2. MED: Talent opens the flask to vacuum, turns on the stir motor, and starts heating the flask to 110 °C.
2.1.3. CU: A closer view of liquid myristic acid stirring in the flask under vacuum.
Next, place the flask under a positive flow of nitrogen gas, turn off the heat, and add 0.93 grams of indium(III) acetate (ind-ee-um three as-seh-tate /ˈɪnd iː əm/ /ˈæs əˌteɪt/). Evacuate the flask, turn the heat back on, and start stirring the mixture at 500 rpm. [1-TXT]
2.1.4. MED: Talent closes the vacuum, opens the flask to N2, adds 0.93 g In(OAc)3, re-seals the flask, evacuates it, and turns the heat back on. TEXT: See text for alternative preparation using InMe3 Videographer: Please get at least 14-15 seconds of footage for this shot.
Video Editor: Please wait to show the text overlay until the beginning of “and add 0.93 grams…” in the voice-over.
Once the mixture is completely liquid, continue stirring at 110 degrees Celsius under vacuum for 6 to 12 hours to obtain indium(III) myristate (ind-ee-um three mir-ih-state /ˈɪnd iː əm/ /ˈmɪr ɪ steɪt/). [1]
2.1.5. MED: Talent observes the flask (now with a completely liquid mixture) for 3-4 seconds, and then turns off the hood lights, lowers the sash partway, and moves away as though leaving the mixture overnight.
[bookmark: _Hlk491257015]Then, in a nitrogen-filled glovebox, fill a syringe with 20 milliliters of anhydrous (an-hy-druss /ænˈhaɪ drəs/) toluene (tall-yoo-een /ˈtɒl juːˌiːn/). [1] Refill the reaction flask with nitrogen gas and add the toluene from the prepared syringe. Confirm that the solution begins refluxing. [2]
2.1.6. MED: Talent draws 20 mL anhydrous toluene into a syringe in the glovebox (and stoppers the syringe needle, if necessary).
2.1.7. MED: Talent closes the flask to vacuum, opens it to N2, and injects anhydrous toluene into the flask through the septum.
In the nitrogen-filled glovebox, combine 465 microliters of tris(trimethylsilyl)phosphine (triss try-meth-il-sy-lil-foss-feen /ˈtrɪs traɪˌmɛθ ɪ̈lˌsaɪ lɪ̈lˈfɒs fiːn/) with 10 milliliters of anhydrous toluene. Draw the solution into a syringe and block the end of the needle with a rubber stopper. [1]
2.1.8. MED: Talent adds 465 µL P(SiMe3)3 to 10 mL toluene, mixes them together by drawing the solution into the syringe and dispensing it 2x, and then draws the mixture into the syringe and inserts the needle into a rubber stopper.
Madison Monahan: Because tris(trimethylsilyl)phosphine is pyrophoric, the syringe is carefully stoppered prior to removal from the glovebox. Once ready to inject, it is swiftly un-stoppered and rapidly injected into the 110-degree solution. [1]
2.1.9. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Bring the syringe to the reaction flask and rapidly inject the tris(trimethylsilyl)phosphine solution into the stirring reaction mixture. Maintain reflux throughout the reaction. [1-TXT]
2.1.10. MED: Talent arrives at the hood with the P(SiMe3)3 syringe, removes the rubber stopper, injects the solution into the flask, and places the syringe in quenching material or a safe area in the hood. TEXT: Caution: P(SiMe3)3 is pyrophoric
A minute after starting the reaction, take a 50-microliter aliquot (al-ih-kwot /ˈæl ɪˌkwɒt/), dilute it with 3 milliliters of toluene, and perform UV-vis spectroscopy (U-V viz spek-trosk-uh-pee /ˌspɛkˈtrɒsk ə piː/). [1] Take a spectrum of a fresh aliquot every 5 to 10 minutes to monitor the reaction progress. [2-TXT]
2.1.11. MED: Talent withdraws a 50 µL aliquot of the reaction mixture and adds it to 3 mL toluene.
2.1.12. MED-Over shoulder: An over-shoulder view of the computer screen as talent looks at a representative UV-vis absorption spectrum of a sample from midway through the reaction. (It would be ideal if this shot could be filmed at the UV-vis instrument computer, but if that would be inconvenient, then any computer that can display a saved spectrum will work.) TEXT: InP cluster λmax = 386 nm
Once no further change is observed in the spectrum, remove the flask from heat to end the reaction. [1] Let the indium-phosphide-cluster (ind-ee-um foss-fide /ˈɪnd iː əm ˈfɒs faɪd/) solution cool to 50 degrees Celsius, and then remove the solvent (solve-ent /ˈsɒlv ənt/) under vacuum. [2]
2.1.13. MED: Talent lowers the heat source from under the flask to let the mixture cool.
2.1.14. MED: Talent checks the temperature via the thermowell, and then opens the flask to vacuum to start removing the solvent.
After that, seal the flask under a positive flow of nitrogen gas using a glass stopper, a T-adapter, and electrical tape, [1] and bring the sealed flask into the nitrogen-filled glovebox. [2]
2.1.15. MED: Talent seals a flask containing dry, crude InP clusters using the glass stopper, T-adapter, and electrical tape.
2.1.16. WIDE: Talent opens the already-N2-filled antechamber, puts the sealed flask in the antechamber, closes the antechamber, and evacuates it.
Resuspend (re-suspend) the clusters in about 1 milliliter of toluene [1] and centrifuge the mixture for 10 minutes to remove solid impurities. Decant (dee-cant /diːˈkænt/) the supernatant (soop-er-nate-ent /ˌsuːp ərˈneɪt ənt/) and discard the solids. [2-TXT]
2.1.17. MED: Talent adds 1 mL of toluene to the clusters in a centrifuge tube, closes the tube, and vortexes the mixture.
2.1.18. MED: Talent opens a centrifuge tube containing already-centrifuged InP clusters and transfers the supernatant to a new centrifuge tube. TEXT: 7197 × g, 10 min Video Editor: Please show the text overlay during “and centrifuge…solid impurities”.
Add 3 milliliters of acetonitrile (uh-seet-oh-ny-trile /əˌsiːt oʊˈnaɪ traɪl/) to the supernatant to precipitate (preh-sip-ih-tate /prəˈsɪp ɪˌteɪt/) the indium phosphide clusters [1] and centrifuge the mixture again under the same conditions. [2]
2.1.19. CU: Talent adds 3 mL of MeCN to the tube of suspended InP clusters to precipitate the clusters.
2.1.20. MED: Talent places the sealed centrifuge tube in the centrifuge, closes it, and starts the centrifuge.
Discard the supernatant and resuspend the pellet of indium phosphide clusters in about a milliliter of toluene. Repeat this process four times to finish washing the clusters. [1-TXT]
2.1.21. MED: Talent resuspends the clusters by vortexing, opens the tube, and adds more MeCN to precipitate the clusters. TEXT: Wash InP clusters 5x
Then, resuspend the clusters in about half a milliliter of toluene and purify them by size-exclusion chromatography (kro-muh-tog-gruh-fee /ˌkroʊ məˈtɒː grə fiː/). [1-TXT]
2.1.22. MED: Talent applies a solution of clusters in toluene to the top of a size-exclusion column. TEXT: See text for SEC details Videographer: The shots in steps 2.15 and 2.16 can be filmed at any time using pre-made samples.
Remove the solvent from the collected fraction under vacuum to obtain the clusters as a waxy solid. [1] Store the dry clusters under nitrogen for further use. [2]
2.1.23. CU: Talent disconnects a vial or flask of dry InP clusters (waxy solid) from the vacuum line and shows the waxy solid in the vial to the camera. (This can use pre-made InP clusters that have been connected to the vacuum line for the purpose of this shot.) Videographer: Please get at least 7-8 seconds of footage for this shot.
2.1.24. MED: Talent places a labeled vial of dry InP clusters on a shelf in the glovebox.
Videographer comment: Shot 2.16.2 - there's a second part that is a CU
3. Synthesis of InP Quantum Dots from In37P20(O2CR)51 by a Hot-Injection Method
To begin the quantum dot synthesis, set up a 100-milliliter three-neck round-bottom flask with a stir bar on a Schlenk line, and purge the flask atmosphere as previously described. [1-TXT]
3.1.1. WIDE: Starting with the glassware already assembled and connected to the Schlenk line, talent checks that the connections are tight, and then closes vacuum and opens the flask to N2. TEXT: See text for InP QD synthesis by heat-up method
[bookmark: _Hlk490839018]In a nitrogen-filled glovebox, draw 35 milliliters of 1-octadecene (one ock-tuh-des-een) into a syringe. [1] Inject this solvent into the flask and heat it to 300 degrees Celsius under nitrogen while stirring. [2]
3.1.2. MED: Talent draws a total of 35 mL of 1-octadecene into two 20 mL syringes.
3.1.3. MED: Talent injects 1-octadecene into the flask, turns on the stir motor, and turns up the heat to 300 °C.
Then, in the glovebox, dissolve 200 milligrams of indium phosphide clusters in 5 milliliters of anhydrous 1-octadecene. [1] Draw this solution into a syringe and inject it into the reaction flask. [2]
3.1.4. MED: Talent adds 5 mL 1-octadecene to 200 mg InP clusters and turns on the stir plate to start stirring them. (Please have the syringe that will be used to inject the InP solution visible in this shot, if possible.) Videographer: When filming section 3, please film this shot first.
3.1.5. MED: Talent injects the InP solution into the reaction flask.
Stir the mixture at 500 rpm under nitrogen gas for 15 to 20 minutes. [1] When the reaction is complete, remove the flask from heat and let the mixture cool to room temperature. [2] Remove the solvent by vacuum distillation (dist-ih-leish-un /ˌdɪst ɪˈleɪʃ ən/) at 160 degrees Celsius. [3]
3.1.6. CU: 7-8 seconds of footage of the reaction mixture stirring.
3.1.7. MED: Talent raises the flask from the heating mantle to let the mixture cool.
3.1.8. MED: Talent opens the flask to vacuum and sets the heat to 160 °C. (Vacuum distillation does not need to be completed if there are pre-made samples for step 3.5.) Videographer: It takes a while for the solution to cool, so 3.4.3 may need to be filmed out of order. If vacuum distillation will need to go to completion to generate a sample for 3.5.1 (please ask the authors on the day of filming), then it may be easier to film steps 3.3-3.4 early in the day so that filming can continue while vacuum distillation proceeds.
Then, in the glovebox, dissolve the crude indium phosphide quantum dots in less than 5 milliliters of anhydrous toluene, and transfer the solution to a 50-milliliter centrifuge tube. [1]
3.1.9. MED: Talent adds 5 mL anhydrous toluene to the InP QDs, mixes them together, and then transfers the solution to a centrifuge tube.
Add about 40 milliliters of anhydrous acetonitrile and centrifuge the mixture for 10 minutes. [1-TXT] Remove the supernatant and redissolve the precipitate in about 5 milliliters of anhydrous toluene. Perform this washing procedure twice more. [2]
3.1.10. MED: Talent adds 40 mL MeCN to the centrifuge tube, caps the tube, places it in the centrifuge, closes it, and starts it. TEXT: 7197 × g, 10 min Video Editor: Please wait to show the text overlay until the beginning of “and centrifuge…” in the voice-over.
3.1.11. MED: Talent removes the supernatant from a centrifuge tube, adds 5 mL toluene, and redissolves the solids. Videographer: Please get at least 9-10 seconds of footage for this shot.
Lastly, either dissolve the purified indium phosphide quantum dots in 10 milliliters of anhydrous toluene for short-term storage or leave them dry for long-term storage. [1]
3.1.12. MED: Talent redissolves purified InP QDs in toluene, transfers the solution to a vial, caps the vial, and labels it. Videographer: This shot can be filmed at any time, as it uses pre-prepared material.
[bookmark: _GoBack]Videographer comment: Shot 3.7.1 - can be found at end of Shot 3.6.2
Section – Results
4. Results: Characterization of In37P20(O2CR)51 Clusters and InP QDs
The indium-rich, non-stoichiometric (stoyk-ee-oh-met-trik /ˈstɔɪk iː oʊˌmɛ trɪk/) indium phosphide clusters [1] showed an asymmetric (ey-sih-met-trik /ˌeɪ sɪˈmɛ trɪk/) absorption (ab-zorp-shun /əbˈzɔːrp ʃən/) feature by UV-vis spectroscopy, with a peak maximum at 386 nanometers. [2]
4.1.1. LAB MEDIA: Figure 1A – Video Editor: Add the caption ‘In37P20(O2CR)51’. Please retain this caption throughout showing 1A. Also, for this voice-over segment, emphasize the ‘In37P20’ part of the caption.
4.1.2. LAB MEDIA: Figure 1A – Video Editor: Highlight the red peak that corresponds to about 400 on the x-axis.
[bookmark: _Hlk494890631]X-ray diffraction (dih-frak-shun /dɪˈfræk ʃən/) showed that the structure of the clusters corresponded with [1] neither zinc blende (zink blend /zɪŋk ˈblɛnd/) [2] nor wurtzite (werts-ite /ˈwɜːrts aɪt/) structures of bulk indium phosphide. [3]
4.1.3. LAB MEDIA: Figure 1B – Video Editor: Highlight the red curving line.
4.1.4. LAB MEDIA: Figure 1B – Video Editor: Highlight the black line and peaks under the red curving line. (The black trace is the XRD pattern for zinc blende bulk InP.)
4.1.5. LAB MEDIA: Figure 1B – Video Editor: Highlight the light grey line and peaks under the red curving line. (The grey trace is the pattern for wurtzite bulk InP.)
The clusters instead had a pseudo-C2v (sood-oh C-two-V /ˈsuːd oʊ/) structure resembling intersecting polytwistane (pall-ee-twist-ane /ˌpɒl iːˈtwɪst eɪn/) units. [1] The low symmetry was reflected in the number of distinct peaks observed in the solution-state phosphorus NMR (N-M-R) spectrum. [2]
4.1.6. LAB MEDIA: Figure 1D – Video Editor: Please show the smaller spectrum as a zoom bubble from the series of peaks in the larger spectrum running along the bottom of Figure 1.
4.1.7. LAB MEDIA: Figure 1D – Video Editor: Highlight the peaks in the zoomed-in spectrum.
The cluster core diameter was [1] between 1 and 2 nanometers, depending on the axis from which it was viewed. [2]
4.1.8. LAB MEDIA: Figure 1C – Video Editor: Add the caption ‘Isolated In37P20(O2CR)51 clusters’, and please retain this caption throughout showing 1C.
4.1.9. LAB MEDIA: Figure 1C – Video Editor: Add arrows pointing to a few of the slightly darker grey dots in the image.
[bookmark: _Hlk506038985][bookmark: _Hlk506038769][bookmark: _Hlk506038790]The indium phosphide quantum dots synthesized from these clusters showed [1] a lowest-energy excitonic (eks-sy-tawn-ik /ˌɛks aɪˈtɒn ɪk/) transition at 564 nanometers [2] and a photoluminescent (fote-oh-loom-ih-ness-ent /ˌfoʊt ɵ luːm əˈnɛs ənt/) emission peak at 598 nanometers. [3]
4.1.10. LAB MEDIA: Figure 2A – Video Editor: Add the caption ‘InP QDs prepared from In37P20(O2C14H27)51’. Please retain this caption throughout showing 2A.
4.1.11. LAB MEDIA: Figure 2A – Video Editor: Highlight the solid blue curving line (the left line), which shows the UV-vis trace.
4.1.12. LAB MEDIA: Figure 2A – Video Editor: Highlight the dashed blue curving line (the right line), which shows the PL trace.
The quantum dots were about 3 nanometers in diameter. [1] X-ray diffraction showed that zinc blende was a good match [2] for the quantum dot structure. [3]
4.1.13. LAB MEDIA: Figure 2C – Video Editor: Add the caption ‘InP QDs’ and add a few arrows pointing to darker grey circles in the image.
4.1.14. LAB MEDIA: Figure 2B – Video Editor: At the start of “zinc blende” in the voice-over, highlight the black line and peaks.
4.1.15. LAB MEDIA: Figure 2B – Video Editor: Highlight the blue curving line, which is the pattern for the InP QDs. 


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Max Friedfeld: The methods described here incorporate air- and water-free techniques that are transferrable to many inorganic chemistry syntheses, including the synthesis of quantum dots composed of other elements. [1]
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Andrew Ritchhart: The discovery of kinetically-persistent indium phosphide cluster intermediates has mechanistically differentiated indium phosphide clusters from more well-developed quantum dot materials like cadmium selenide and lead sulfide. [1]
5.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Madison Monahan: This method requires the proper use of anhydrous reagents and air- and water-free techniques to ensure good product quality and the safety of lab personnel. [1]
5.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Nayon Park: Tris(trimethylsilyl)phosphine is volatile and pyrophoric, so use caution when handling and disposing of it. Researchers should wear appropriate PPE and be trained to handle fires in case of an emergency. [1]
5.1.4. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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