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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 2.6, 3.3, 4.4, 4.5, 5.2
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 2.1, 2.2: It will take so long time for showing this whole step. These days, I am now using commercial c-TiO2 precursor solution, which is made by sharechem company in South Korea. There is no differences of between both, and I am sure that the commercialized one is more stable and efficient than that of making by ourself. If you are okay, I would like to use commercialized one but I will show how to make it following the steps shortly.
Authors: Yes, this is fine.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? We need to move to another floor in the same building. It will take just 1 or 2 minutes.

[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. Younghoon Kim: This method can help answer key questions about how to make solution-processed silver-bismuth-iodine ternary semiconductors for environmentally-friendly thin-film solar cells and other optoelectronic applications.
1.2. Younghoon Kim: The main advantage of this technique is the solution fabrication of silver-bismuth-iodine, which is then used as a lead-free photovoltaic absorber in thin-film solar cells with mesoscopic device architectures.
B.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Jae Taek Oh: This technique has potential applications in the production of environmentally-friendly thin-film solar cells because the silver-bismuth-iodine ternary semiconductors are lead-free, air-stable photovoltaic absorbers.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Preparation of Compact TiO2 (c-TiO2) Layers on Fluorine-Doped Tin Oxide (FTO) Substrates for Electron Blocking
2.1. [bookmark: _Hlk491257015]To begin preparing the precursor (pree-kur-sur /ˈpriː kɜːr sər/) solution for compact TiO2 (titanium dioxide) layers, place 8 mL of anhydrous (ann-high-druss /ænˈhaɪ drəs/) ethanol in a 20-mL glass vial and start stirring it vigorously. [1-MED-Over shoulder-TXT]
2.1.1. Talent adds 8 mL of anhydrous EtOH to the vial with a syringe, places a stir bar in the vial, puts the vial on a stir plate, and turns up the stir motor until the ethanol is stirring vigorously. (TEXT: c-TiO2 precursor solution may also be purchased from commercial sources.)
2.2. Add 0.74 mL of titanium isopropoxide (eye-so-pro-pok-side /ˌaɪ soʊ proʊˈpɒk saɪd/) to the stirring ethanol dropwise, [1-MED-Over shoulder] and then rapidly add 0.06 mL of concentrated hydrochloric acid. [2-MED] Stir the mixture for between 12 and 24 hours at room temperature to form the precursor solution. [3-CU]
2.2.1. Talent draws up the TTIP and begins slowly dropping it into the stirring ethanol from a 1-mL syringe.
2.2.2. Talent rapidly injects 0.06 mL of concentrated HCl into the stirring solution. (If there would be no change in the appearance of the solution after the TTIP has been added, then you do not need to add all the TTIP first if it would be more convenient not to.)
2.2.3. The mixture stirring on the stir plate.
2.3. Next, sonicate a bare 1″ × 1″ FTO (F-T-O) substrate (sub-straight /ˈsʌb streɪt/) for 15 minutes each in 2% aqueous (ey-kwee-us /ˈeɪ kwiː əs/) octoxynol-9 (ock-toh-zy-nol nine /ˌɒk təʊˈzaɪ nɒl/), acetone, and isopropyl (eye-so-pro-pl /ˌaɪ səʊˈproʊ pəl/) alcohol. [1-MED-TXT]
2.3.1. Talent places the substrate in a labeled container of 2% Triton, places the container in a sonicator, and starts sonication. (TEXT: 15 min each in 1) 2% octoxynol-9 in DIH2O, 2) acetone, 3) isopropyl alcohol)
2.4. Dry the clean substrate in an oven at 70 °C for 1 hour and let it cool to room temperature in air. [1-MED-Over shoulder] Then, fix the substrate on a spin-coater chuck. [2-MED]
2.4.1. Talent removes a clean substrate from a container of IPA and places the substrate in the 70 °C oven.
2.4.2. Talent places a clean, dry substrate on a spin-coater and turns on the vacuum pump.
2.5. Fill a 1-mL or 3-mL syringe with c-TiO2 (compact titanium dioxide layer) precursor solution and attach a 0.2-µm syringe filter. [1-MED] Filter the solution into a small vial. [2-CU]
2.5.1. Talent draws up (commercially-obtained) c-TiO2 precursor solution into a syringe and puts a syringe filter on the tip of the syringe.
2.5.2. Talent filters the solution through the syringe filter into a vial. The zoom level should be wide enough to show the syringe and the vial.
2.6. Apply 200 µL of the filtered precursor solution to the substrate to fully cover it. [1-CU] Spin-coat the substrate at 3,000 rpm (R-P-M) for 30 seconds. [2-MED-Over shoulder]
2.6.1. Talent drops the filtered precursor solution onto the substrate until it is fully covered with precursor solution.
2.6.2. Talent starts the spin-coater and monitors it as the spin-coater starts.
2.7. Anneal (uh-neel /əˈniːl/) the film in an oven at 500 °C for 1 hour. [1-MED-Over-shoulder] Then, turn off the heat and let the substrate cool in air to room temperature, [2-WIDE] which usually takes about 6 hours. [3-MED]
2.7.1. Talent opens the oven, places the coated substrate in the oven, and closes the oven (And then started heating to 500 °C).
2.7.2. Talent turns off the oven heat and then moves away from the oven as though leaving it to cool.
2.7.3. Talent opens the oven and removes a cooled, already-annealed substrate.
2.8. Next, immerse the coated substrate in an aqueous 0.12 M solution of titanium tetrachloride (teh-truh-klor-eyed /ˌtɛ trəˈklɔːr aɪd/). [1-CU] Soak the substrate in a 70 °C oven for 30 minutes. [2-MED-Over shoulder] Thoroughly rinse the substrate in deionized water afterwards to remove residual titanium tetrachloride. [3-MED]
2.8.1. Talent immerses a coated substrate in a labeled container of the TiCl4 solution using PTFE forceps. The zoom level should be wide enough to show the entire container of TiCl4, and the label on the container should be facing the camera, if possible.
2.8.2. Talent opens the 70 °C oven, places the container holding the solution and the substrate in the oven, and closes the oven.
2.8.3. Talent removes the substrate from the TiCl4 solution using PTFE forceps and rinses it with DIH2O.
2.9. Anneal the film at 500 °C for 1 hour, [1-MED-Over shoulder] and then allow it to cool to room temperature in air. [2-MED] Once cool, store the c-TiO2-coated (compact-titanium-dioxide-coated) substrate under N2 (nitrogen) gas for later use. [3-MED-Over shoulder]
2.9.1. Talent opens theoven, places the substrate in the oven, and closes the oven (And then started heating to 500 °C).
2.9.2. A) Talent turns off the oven heat and then moves away from the oven as though leaving it to cool. B) Talent opens the oven and removes a cooled, already-annealed substrate. (This can be a pre-made c-TiO2-coated substrate that was placed in the oven just before filming this shot.)
2.9.3. In the glovebox, talent brings in a pre-made, already-cooled c-TiO2-coated substrate from the glovebox antechamber (which has already been properly purged).
3. Preparation of Mesoporous TiO2 (m-TiO2) Layers for Improved Electron Extraction
3.1. To begin preparing the precursor solution for a mesoporous (mes-oh-pour-us /mɛs oʊˈpɔːr əs/) TiO2 nanoparticle layer, in a 5-mL glass vial, combine 0.5 g of 50-nm TiO2 nanoparticle paste [1-MED-Over shoulder] with 1.75 g of isopropyl alcohol and 0.5 g of terpineol (ter-pih-nee-all /ˌtərˈpɪ niːˌɔːl/). [2-MED]
3.1.1. Talent uses a spatula to measure 0.5 g of 50-nm TiO2 nanoparticle paste into a 5-mL glass vial.
3.1.2. Talent adds pre-measured isopropyl alcohol and terpineol to the 5-mL vial with the nanoparticle paste.
3.2. Add a stir bar to the vial and stir until the paste has completely dissolved. [1-CU] This usually takes about an hour. [2-CU]
3.2.1. 5-6 seconds of footage of the mixture stirring with just-added paste.
3.2.2. 3-4 seconds of footage of a mixture with already-dissolved TiO2 nanoparticle paste stirring, with the new vial placed exactly where the previous vial was.
3.3. Next, fix a c-TiO2-coated (compact-titanium-dioxide-coated) FTO substrate on a spin-coater [1-MED] and apply 200 µL of the nanoparticle solution to the substrate surface. [2-CU] Spin-coat the substrate at 5,000 rpm for 30 seconds. [3-MED-Over shoulder]
3.3.1. Talent places the substrate on the spin-coater.
3.3.2. Talent uses a micropipette to apply 200 µL of the nanoparticle solution to the substrate.
3.3.3. Talent starts the spin-coater and monitors it as spin-coating starts. (minimum ~5 s of footage to match the VO)
3.4. Anneal the coated substrate in an oven at 500 °C for 1 hour and allow it to cool to room temperature. [1-MED] Then, soak the substrate in an aqueous 0.12 M solution of titanium tetrachloride at 70 °C for 30 minutes. [2-MED-Over shoulder]
3.4.1. A) Talent turns off the oven heat and then moves away from the oven as though leaving it to cool. B) Talent opens the oven and removes a cooled, already-annealed substrate.
3.4.2. Talent opens the 70 °C oven, places a container holding the aqueous 0.12 M TiCl4 and the substrate in the oven, and closes the oven.
3.5. Thoroughly rinse the substrate with deionized water, anneal it at 500 °C for 1 hour, [1-WIDE] and let it cool to room temperature in air. Store the substrate coated with c- and m-TiO2 (compact and mesoporous titanium dioxide) layers under N2 gas for later use. [2-WIDE]
3.5.1. A) Talent rinses the substrate with DIH2O, B) and then brings it to the oven (And then started heating to 500 °C).
3.5.2. A) Talent picks up an already-cooled substrate and then moves away from the oven, B) and brings it to the glovebox antechamber area.
4. Fabrication of AgBi2I7 Thin Films (1:2 AgI:BiI3)
4.1. To begin preparing thin films of the silver iodobismuthate AgBi2I7 (silver dibismuth heptaiodide*), in a N2-filled glovebox at low humidity, combine 0.3 g of BiI3, 0.06 g of AgI (silver iodide), and 3 mL of n-butylamine. [1-MED-Over shoulder-TXT]
4.1.1. Talent adds 3 mL of n-butylamine to a 5-mL glass vial that already holds 0.3 g of BiI3 and 0.06 g of AgI and caps the vial. (TEXT: See text for precursor ratios for other thin film compositions.)
*For VA:
Iodobismuthate: eye-oh-doh-biz-muh-thate /aɪˌoʊ doʊˈbɪz məˌθeɪt/
AgBi2I7: silver dibismuth heptaiodide: dye-biz-muth hep-tuh-eye-oh-dyed /ˌdaɪˈbɪz məθ ˌhɛp təˈaɪ əˌdaɪd/
BiI3: bismuth(III) iodide: biz-muth three eye-oh-dyed /ˈbɪz məθ/ /ˈaɪ əˌdaɪd/
n-butylamine: N-byoo-tl-uh-meen /ˈbjuː təl əˌmiːn/
4.2. Vigorously vortex the mixture until the solids have mostly dissolved, [1-MED] and then syringe-filter the precursor solution through a 0.2-µm polytetrafluoroethylene (paul-ee-teh-truh-floor-oh-eth-ih-lean /ˌpɒl iːˌtɛ trəˌflʊər oʊˈɛθ ɪˌliːn/) filter. [1-MED]
4.2.1. Talent vortexes the mixture vigorously until the solids have mostly dissolved.
4.2.2. Talent attaches a 0.2-µm PTFE syringe filter to the tip of a 3-mL syringe containing the precursor solution, filters it into a vial, and holds up the vial to show the solution.
4.3. Then, syringe-filter the precursor solution through a 0.2-µm polytetrafluoroethylene (paul-ee-teh-truh-floor-oh-eth-ih-lean /ˌpɒl iːˌtɛ trəˌflʊər oʊˈɛθ ɪˌliːn/) filter. [1-MED]
4.3.1. Talent attaches a 0.2-µm PTFE syringe filter to the tip of a 3-mL syringe containing the precursor solution and filters it into a 5-mL vial.
4.4. Next, fix the desired substrate on a spin-coater and apply 200 µL of the filtered precursor solution. [1-MED-TXT] Spin-coat the substrate at 6,000 rpm for 30 seconds. [2-CU]
4.4.1. Talent draws up 200 µL of the filtered precursor and dispenses it onto the substrate. (TEXT: c-TiO2-m-TiO2-coated FTO or hydrophilic bare glass. See text for details.)
4.4.2. Talent starts the spin-coater program for 6,000 rpm for 30 seconds.
4.5. Place the substrate on a hotplate and heat it to 150 °C. [1-MED-Over shoulder] Anneal the film at that temperature for 30 minutes, [2-CU] and then quickly remove it from the hotplate to quench it. [3-MED]
4.5.1. In the glovebox (after purging is complete, if applicable), talent places the substrate (coated with yellowish-red film) on a hotplate and sets the hotplate to 150 °C.
4.5.2. The substrate on the hotplate once the hotplate is at 150 °C.
4.5.3. Talent uses tweezers to quickly remove a substrate coated with shiny brown-black film from the hotplate, and then places the substrate on a heat-tolerant surface to cool.
5. Fabrication of Solar Cell Devices Using AgBi2I7 Thin Films
5.1. In a N2-filled glovebox, combine 10 mg of P3HT (P-3-H-T) and 1 mL of chlorobenzene (klor-oh-ben-zeen /ˌklɔːr oʊˈbɛn ziːn/). [1-MED-TXT] Stir the mixture at 50 °C for 30 minutes to completely dissolve the P3HT, [2-CU] and then filter the mixture with a 0.2-µm PTFE (P-T-F-E) syringe filter. [3-MED]
5.1.1. Talent uses a 1-mL syringe to add the chlorobenzene to a vial containing 10 mg of P3HT and places a stir bar in the vial. (TEXT: P3HT: poly(3-hexylthiophene))
5.1.2. A view through the glovebox window of the mixture stirring on a hotplate set to 50 °C.
5.1.3. Talent attaches a syringe filter to a 1-mL syringe filled with the mixture and filters the mixture into a new vial.
5.2. Next, fix an FTO substrate coated with AgBi2I7 on c- and m-TiO2 (compact and mesoporous titanium dioxide layers) on a spin-coater. [1-MED] Apply 100 µL of the P3HT solution to the substrate and spin-coat the substrate at 4,000 rpm for 30 seconds. [2-MED-Over shoulder]
5.2.1. Talent places the AgBi2I7-m-TiO2-c-TiO2-coated FTO substrate on the spin-coater and starts the vacuum to fix it in place.
5.2.2. Talent applies the P3HT solution to the substrate and starts the spin-coater.
5.3. Anneal the P3HT film on a hotplate pre-heated to 130 °C for 10 minutes. [1-MED-Over shoulder] Let the substrate cool to room temperature in the glovebox. [2-MED]
5.3.1. Talent places the spin-coated substrate on the hotplate, which is already at 130 °C.
5.3.2. Talent removes the annealed substrate from the hotplate to cool.
5.4. Lastly, use a thermal evaporator to deposit 100 nm of gold at 0.5 Å/s (angstroms per second (ang-struhms /ˈæŋ strəms/)) on the substrate [1-MED-Over shoulder] to form the top gold contacts of the solar cell. [2-ECU]
5.4.1. Talent opens the thermal evaporator and removes a masked substrate on which gold has already been deposited.
5.4.2. A close-up view of the cell with the deposited gold contacts.
6. Results: Characterization of Solution-Processed Ag-Bi-I Ternary Thin Films
6.1. Silver-bismuth-iodine ternary (ter-nuh-ree /ˈtər nə riː/) thin films with [1-LM] 1:2 (one to two), [2-LM] 1:1 (one to one), [3-LM] and 2:1 (two to one) molar ratios of AgI (silver iodide) to BiI3 (bismuth-three iodide) were fabricated with this method. [4-LM]
6.1.1. Figure 1 (01234_Kim_Figure1.tif): Video editor: Add the caption ‘XRD, UV-Vis, and FTIR spectra use thin films fabricated on bare glass’ under the figure. (Please retain all captions while Figure 1 is shown – that is, once a caption is added, please keep showing it for as long as Figure 1 is on-screen.)
6.1.2. Figure 1 (01234_Kim_Figure1.tif): Video editor: Emphasize the blue ‘1’ line, which is the spectrum for the 1:2 film, and caption the line with ‘AgBi2I7 (1:2 AgI:BiI3)’.
6.1.3. Figure 1 (01234_Kim_Figure1.tif): Video editor: Emphasize the middle black ‘2’ line, which is the spectrum for the 1:1 film, and caption the line with ‘AgBiI4 (1:1 AgI:BiI3)’.
6.1.4. Figure 1 (01234_Kim_Figure1.tif): Video editor: During “2:1…BiI3”, emphasize the red ‘3’ line, which is the spectrum for the 2:1 film, and caption the line with ‘Ag2BiI5 (2:1 AgI:BiI3)’.
6.2. The 1:2 film showed a single peak at about 42°, indicating a cubic structure. [1-LM] Peak splitting was observed for the 1:1 and 2:1 films, indicating a hexagonal structure. [2-LM]
6.2.1. Figure 1 (01234_Kim_Figure1.tif): Video editor: Emphasize the blue ‘1’ line. On “single peak”, further emphasize the single peak in the area marked by the grey dashed lines, which is the characteristic peak being discussed.
6.2.2. Figure 1 (01234_Kim_Figure1.tif): Video editor: Emphasize the black ‘2’ and red ‘3’ lines, with further emphasis on the pairs of peaks in the area marked by the grey dashed lines. These are the characteristic peaks being discussed.
6.3. The 1:2 film absorbed longer wavelengths [1-LM] than the 2:1 film did. [2-LM] Further, the 1:2 film had a smooth surface with large grains, [3-LM] whereas particles of excess AgI were observed on the 2:1 film. [4-LM] The 1:2 film was thus chosen for further study. [5-LM]
6.3.1. Figure 2a (58286_Kim_Figure2a.pdf): Video editor: Emphasize the solid black line in the graph, which shows the absorbance of the AgBi2I7 (1:2) film, and emphasize the ‘AgBi2I7’ text in the legend to show that the 1:2 film is AgBi2I7.
6.3.2. Figure 2a (58286_Kim_Figure2a.pdf): Video editor: Emphasize the dotted black line in the graph, which shows the absorbance of the Ag2BiI5 film, and emphasize the ‘Ag2BiI5’ text in the legend to show that the 2:1 film is Ag2BiI5.
6.3.3. Figures 2b and 2c (58286_Kim_Figure2b.pdf and 58286_Kim_Figure2c.pdf): Video editor: Add the caption ‘AgBi2I7’ under 2b and the caption ‘Ag2BiI5’ under 2c. Emphasize 2b, which shows the AgBi2I7 surface.
6.3.4. Figures 2b and 2c (58286_Kim_Figure2b.pdf and 58286_Kim_Figure2c.pdf), with the captions from above: Video editor: Emphasize 2c and show one or two arrows pointing to the light patches of particles on the smooth grains in 2c, which are the excess AgI particles. (The lower right and top center have good examples of the pale patches.)
6.3.5. Figure 3a (58286_Kim_Figure3a.pdf): Video editor: Add the caption ‘AgBi2I7 (1:2 AgI:BiI3)’ to emphasize that the AgBi2I7 film was the one chosen for further work.
6.4. [bookmark: _Hlk494890631]X-ray diffraction (dih-frak-shun /dɪˈfræk ʃən/) indicated that an annealing (uh-neel-ing /əˈnil ɪŋ/) temperature of 150 °C was required for the 1:2 film [1-LM] to crystallize entirely in the cubic phase. [2-LM] The film was stable in air for at least 10 days. [3-LM]
6.4.1. Figure 4a (58286_Kim_Figure4a.pdf): Video editor: On “an annealing…”, emphasize the blue line, which shows the spectrum of a sample annealed at 150 °C.
6.4.2. Figure 4a (58286_Kim_Figure4a.pdf): Video editor: With the blue line still emphasized, also emphasize the asterisks over the peaks in all three lines, which mark the main peaks corresponding to a cubic structure.
6.4.3. Figure 3b (58286_Kim_Figure3b.pdf): Video editor: Emphasize the blue line, which shows that there was little to no change in the spectrum (compared to the black line) after 10 days.
6.5. FTIR (F-T I-R) spectroscopy (spek-tross-kuh-pee /ˌspɛkˈtrɒs kə piː/) suggested that residual n-butylamine remained weakly complexed to BiI3 and AgI at lower annealing temperatures, suppressing the formation of silver-bismuth-iodine building blocks. [1-LM]
6.5.1. Figure 4b (58286_Kim_Figure4b.pdf): Video editor: On “residual n-butylamine…”, emphasize the upside-down peaks on the green line in the dashed-line boxes, which are from N-H stretching, C-H stretching, and N-H bending consistent with the presence of n-butylamine. Also highlight the equivalent areas on the red lines, which show small bumps in those regions.
6.6. The grains became larger and more densely packed as the annealing temperature increased. [1-LM] Films annealed at 150 °C also had the most suitable absorption properties for use in solar cells. [2-LM]
6.6.1. Figure 4c (58286_Kim_Figure4c.pdf): Video editor: Emphasize each of the three images, one by one, from left to right to illustrate the change in grain size and packing density with the increase in temperature. (Individual images: 58286_Kim_Figure4c-left.pdf, 58286_Kim_Figure4c-middle.pdf, 58286_Kim_Figure4c-right.pdf)
6.6.2. Figure 5a (58286_Kim_Figure5a.pdf): Video editor: Emphasize the blue line, which is the absorption spectrum of the sample annealed at 150 °C.
6.7. Overall, the AgBi2I7 film annealed at 150 °C showed suitable energetic properties for solar cell use. [1-LM]
6.7.1. Figures 5b, 5c, and 5d (58286_Kim_Figure5b.pdf, 58286_Kim_Figure5c.pdf, 58286_Kim_Figure5d.pdf): Video editor: Emphasize 5d on “suitable energetic properties…”.
7. Conclusion (Said by you on camera. Don’t forget to smile!)
7.1. [bookmark: _Hlk513366547]Younghoon Kim: This technique paves the way for researchers of solution-processible thin-film solar cells to further develop methodologies for silver-bismuth-iodine ternary semiconductors in applications such as lead-free and air-stable thin-film solar cells.
7.2. Younghoon Kim: While attempting this procedure, remember to use a controlled humidity of around 20% for spin-coating the substrate with silver-bismuth-iodine precursor solution.
Video editor: The corresponding steps are 4.3 and 4.4 (shots 4.3.2, 4.4.1, and 4.4.2). The humidity in the glovebox is ≤ 20%.
7.3. Younghoon Kim: If you spin-coat the precursor solution at or above 30% humidity, you will see yellowish, hazy morphologies because of the highly-reactive and volatile butylamine solvent.
7.4. Younghoon Kim: If you cannot control the humidity in the spin-coater, you can spin-coat the precursor solution in a N2-filled glovebox. However, please keep in mind that you must thoroughly purge the glovebox after it is done.
[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, move the graph to its own sheet and save the sheet as a standard .pdf file.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17777278

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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