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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 2.4, 2.5, 4.7, 4.9, 5.4, 5.8
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 4.7, 4.9: The drying of the catalyst on the glassy carbon tip to obtain a thin, homogeneous film requires some experience. The success is based on trying several times and is tested in 4.9. The key is that the liquid does not evaporate too fast as otherwise "coffee rings" are formed. Also the hydrophobicity/ hydrophilicity of the carbon electrode is important.    
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N, everything will be in one building
[bookmark: Introduction]

1. Introduction (Experimental Goal and Author Interviews)

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

The overall goal of this procedure is to prepare and test fuel cell catalysts with good reproducibility. Reproducible thin-film rotating-disk-electrode measurements of a standard catalyst can then serve as a benchmark for novel catalysts. (Intro)

[bookmark: _GoBack]Editor: The authors slightly changed their interview statements during the shoot.
B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Matthias Arenz: Testing fuel cell catalysts with the thin film RDE method requires experience. This tutorial can help you avoid typical experimental pitfalls of this method.
1.2. Masanori Inaba: The main advantage of this protocol is that it includes the preparation of a benchmark catalyst.
C.  Optional Interview Statements (Said by you on Editor: Some statemnt
camera. Don’t forget to smile!)
1.3. Jan Bucher: This protocol provides Pt/C catalyst activities based on platinum surface area and mass. Remember to always determine the actual platinum content of your catalyst before testing.
[bookmark: IntroStatements]
[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. 50 wt% Platinum on Carbon (Pt/C) Catalyst Synthesis
2.1. To begin the procedure, place in a microwave reaction vessel 4 mL of a 0.4 M solution of sodium hydroxide in ethylene glycol (eth-uh-leen gly-call /ˈɛθ ə li:n ˈglaɪ kɔl/) and 4 mL of a 40 mM solution of chloroplatinic acid (klor-oh-pla-tin-ik /ˌklɔr: oʊ pləˈtɪn ɪk/) in ethylene glycol. [1-MED]
2.1.1. Talent adds 4 mL 0.4 M NaOH and 4 mL chloroplatinic acid to the microwave reaction vessel.
2.2. Equip the vessel with a stir bar. [1-CU] Heat the mixture in a microwave reactor for 3 minutes at 160 °C while gently stirring. [2-MED-Over shoulder-TXT]
2.2.1. Talent places a small stir bar in the vessel, which now contains both reagents.
2.2.2. With the vessel now in the microwave reactor, talent starts the dynamic mode heating on the microwave reactor. (TEXT: Dynamic mode, 100 W)
2.3. Transfer 7.3 mL of the resulting colloidal (kuh-lloyd-ll /kəˈlɔɪd l/) platinum nanoparticle suspension to a centrifuge tube. [1-MED] Precipitate the 2-nm platinum nanoparticles with 30 mL of 1 M hydrochloric acid. [2-CU]
2.3.1. Talent transfers 7.3 mL of the suspension from the vessel to a centrifuge tube.
2.3.2. Talent adds 30 mL 1 M HCl to the suspension in the tube, precipitating the nanoparticles.
2.4. Centrifuge the mixture at 2,900 x g for 5 minutes, [1-MED-Over shoulder] and discard the supernatant (soo-per-nate-nt /ˌsu: pərˈneɪt nt/). Repeat the centrifugation (sen-triff-you-gey-shun /ˌsɛn trɪf jʊˈgeɪ ʃən/) in hydrochloric acid and removal of the supernatant twice more to finish washing the nanoparticles. [2-MED-TXT]
2.4.1. Talent starts the centrifuge at 2,900 x g.
2.4.2. Talent finishes removing the supernatant from above the pellet of Pt NPs, and then adds more HCl. (TEXT: Wash in 1 M HCl 3x)
2.5. Then, re-disperse the platinum nanoparticles in 7 mL of acetone by manually shaking the container. [1-MED] Disperse 27.5 mg of carbon-black in 1 mL of acetone by sonication. [2-MED-Over shoulder]
2.5.1. Talent adds 7 mL acetone to the washed Pt NPs, closes the container, and shakes the container.
2.5.2. Talent places a container of carbon black and acetone in an ultrasonic bath and starts the sonication.
2.6. Combine the dispersions (dis-per-zhuns /dɪsˈpɛr ʒəns/ (zh like vision)) in a round-bottom flask. [1-CU] Use a rotary evaporator or Schlenk (shlengk /ʃlɛŋk/) line to completely remove the acetone. [2-MED] Dry the resulting Pt/C (platinum on carbon) catalyst powder at 120 °C overnight. [3-MED-Over shoulder]
2.6.1. With the carbon black dispersion already in the flask, talent adds the Pt NP dispersion to the flask.
2.6.2. The flask containing the combined dispersions rotating on a rotary evaporator.
2.6.3. Talent removes a flask or vial of dry Pt/C catalyst powder from an oven.
2.7. [bookmark: _Hlk490839222]Next, fill an ultrasonic bath with cold water. [1-MED-TXT] Add 20 mL of deionized water to the dry Pt/C catalyst powder. [2-CU] Sonicate (sahn-ih-kate /ˈsɒn ɪ keɪt/) the mixture in the cold ultrasonic bath for 3 minutes. [3-MED-Over shoulder]
2.7.1. Talent fills the ultrasonic bath with cold water. (TEXT: < 5 °C)
2.7.2. Talent adds DIH2O to a container of the dry catalyst powder.
2.7.3. Talent places the catalyst powder mixture in the ultrasonic bath and starts the sonication.
2.8. Collect the powder on filter paper with 4- to 7-µm pores. Wash the powder with 200 mL of deionized water. [1-MED] Then, dry the powder overnight in a vacuum oven at 100 to 120 °C and 10 kPa to obtain the 50 wt% (percent by weight) Pt/C catalyst powder. [2-MED]
2.8.1. Talent pours the mixture through a filter, and then washes the powder trapped on the filter with DIH2O.
2.8.2. Talent removes the dry catalyst powder from the vacuum oven.
3. Determination of Platinum Loading via UV-Vis Spectroscopy
3.1. Prior to the characterization, dry the Pt/C catalyst powder overnight in a vacuum oven at 80 °C and 10 kPa (kilopascals (pah-skalls /pɑˈskɑls/)). Weigh the dry catalyst powder in a ceramic crucible with a lid. [1-MED-Over shoulder]
3.1.1. With the ceramic crucible already tared on the balance, talent adds the dry catalyst powder to the crucible and waits for the balance reading to stabilize.
3.2. Place the covered crucible in a muffle furnace. [1-MED] Heat the powder at 900 °C for 30 minutes in air to burn off the carbon support. [2-MED-Over shoulder] Then, shut down the furnace and allow the powder to cool to room temperature in the furnace overnight. [3-WIDE]
3.2.1. Talent places the crucible in the furnace and closes the furnace.
3.2.2. Talent sets the furnace to heat to 900 °C for 30 minutes.
3.2.3. Talent shuts off the furnace and moves away to indicate leaving the powder in the furnace overnight.
3.3. Next, add 4 mL of aqua regia (ah-kwuh ree-jee-uh /ˈɑː kwə ˈriː ʤi ə/) to the powder. Heat the mixture on a hot plate at 80 °C for 2 hours to digest the platinum. [1-MED-TXT] Then, dilute the solution to 10 mL with deionized water. [2-MED]
3.3.1. Talent adds aqua regia to the catalyst powder and begins heating the mixture on a hot plate. (TEXT: Caution: Aqua regia is corrosive, a strong oxidizer, and hazardous to health.)
3.3.2. Talent carefully dilutes the digested platinum solution with DIH2O.
3.4. [bookmark: _Hlk501347043][bookmark: _Hlk501347087]Place 1 mL of the diluted platinum solution in a quartz cuvette (kyu-vet /kju:ˈvɛt/). Add to the cuvette 0.25 mL of a 1 M solution of tin(II) chloride (tin-two chloride) in 4 M hydrochloric acid and 0.75 mL of 2 M hydrochloric acid. [1-MED] Stir the mixture well with a small stir bar. [2-CU]
3.4.1. Talent adds the platinum solution, the SnCl2 solution, and the 2 M HCl to the cuvette.
3.4.2. The mixture stirring in the cuvette with a small stir bar.
3.5. Use a mixture of 0.25 mL of 1 M tin(II) chloride in 4 M hydrochloric acid and 1.75 mL of 2 M hydrochloric acid as the solvent background. [1-MED]
3.5.1. Talent adds the SnCl2 solution and the 2 M HCl to another cuvette.
3.6. Acquire a UV-Vis (U-V viz /vɪz/) spectrum of the sample mixture from 700 to 350 nm and perform background subtraction. [1-MED-Over shoulder] Determine the platinum concentration in the sample by the standard addition method using a 1,000-ppm (P-P-M) platinum standard solution. [2-MED]
3.6.1. Talent starts acquiring a UV-Vis spectrum of the sample.
3.6.2. Talent adds a small amount of platinum standard to the cuvette and stirs it well.
4. Catalyst Ink Preparation and Catalyst Thin Film Fabrication on a Glassy Carbon Disk Electrode
4.1. To begin preparing the catalyst ink, mix 6.3 mg of 50 wt% Pt/C catalyst powder with 6 mL of deionized water. [1-MED] Combine this mixture with 2 mL of isopropyl (eye-so-pro-pl /ˌaɪ səʊˈproʊ pəl/) alcohol. [2-MED-TXT]
4.1.1. Talent adds 6 mL DIH2O to the catalyst powder and thoroughly mixes them.
4.1.2. Talent adds 2 mL IPA to the wet catalyst powder mixture. (TEXT: Caution: Do not add isopropyl alcohol to dry Pt/C catalyst powder, as it will cause a fire.)
4.2. Add about 10 µL of 1 M potassium hydroxide to adjust the ink pH to approximately 10. [1-MED] Sonicate the ink mixture in a cold ultrasonic bath for 15 minutes. Check the ink pH when finished. [2-MED-Over shoulder-TXT]
4.2.1. Talent adds KOH to the solution and mixes the solution.
4.2.2. Talent places the ink mixture in the ultrasonic bath and starts the 15-minute sonication. (TEXT: < 5 °C)
4.3. Dilute the catalyst ink 50-fold with a 1:3 by volume mixture of isopropyl alcohol and deionized water. [1-MED] Use acid or base as needed to adjust the pH back to 10. [2-MED-Over shoulder]
4.3.1. Talent adds the IPA:DIH2O solution to the ink and mixes the ink.
4.3.2. Talent places a pH probe into the diluted ink solution and waits for the reading to stabilize.
4.4. Measure the zeta (zey-tuh /ˈzeɪ tə/) potential of the catalyst ink sample using electrophoretic (eh-lek-tro-fuh-ret-ik /əˌlɛk troʊ fəˈrɛt ɪk/) light scattering. Measure the sizes of the aggregates (agg-reh-gits /ˈæg rə gɪts/) with dynamic light scattering. [1-MED-Over shoulder]
4.4.1. Talent measures the zeta potential of the 50X diluted sample using the ELS mode of the device.
4.5. Next, polish a 5-mm glassy carbon disk electrode to a mirror finish with 0.3-µm and 0.05-µm alumina (uh-loo-mihn-uh /əˈlu: mɪn ə/) pastes, in sequence. [1-MED] Clean the electrode by sonication in deionized water after each polishing step. Dry the clean, polished electrode with argon gas. [2-CU]
4.5.1. Talent manually polishes the electrode with alumina paste or monitors a polishing machine as it polishes the electrode.
4.5.2. Talent dries the last traces of water on the clean, polished electrode with a stream of Ar gas.
4.6. Then, run an argon gas line through a bubbler containing a 17:3 by volume mixture of isopropyl alcohol and deionized water. [1-MED]
4.6.1. Talent connects the labeled bubbler to the Ar gas line (or, if the bubbler is always connected, talent instead fills the bubbler with the solution).
4.7. Pipette 5 µL of the catalyst ink onto the polished electrode to achieve a platinum loading of 10 µgPt/cm2 (micrograms of platinum per square centimeter). [1-CU] Slowly dry the ink with a stream of argon gas humidified with the mixture of isopropyl alcohol and deionized water. [2-ECU]
4.7.1. Talent pipettes the catalyst ink onto the polished electrode surface.
4.7.2. The ink slowly drying under the stream of humidified Ar.
4.8. Masanori Inaba: Obtaining a homogeneous, thin catalyst film on the glassy carbon electrode is extremely important. We encourage everyone to spend some time trying different conditions and procedures to find out what works best for you. [1-MED]
4.8.1. Talent speaks towards the camera, interview style.
4.9. Once the Pt/C catalyst film is dry, use a CCD (C-C-D) camera to verify that the film uniformly covers the glassy carbon electrode surface. [1-MED-Over shoulder]
4.9.1. Talent looks at a CCD camera image or footage of the glassy carbon electrode coated by the thin film.
5. Rotating Disk Electrode (RDE) Measurement of Pt/C Catalysis
5.1. To begin the electrochemical measurement setup, assemble a clean three-compartment glass or polytetrafluoroethylene (paul-ee-teh-truh-floo-roh-eth-ih-lean /ˌpɒl i:ˌtɛ trəˌflʊər oʊˈɛθ ɪˌli:n/) electrochemical cell. [1-MED] Connect a catalyst-coated glassy-carbon disk-electrode to an electrode rotator. [2-MED]
5.1.1. Talent places a three-compartment electrochemical cell and cap in the workspace.
5.1.2. Talent connects the electrode to the electrode rotator.
5.2. Fill the electrochemical cell with 0.1 M perchloric (per-klor-ik /pərˈkloʊr ɪk/) acid as the electrolyte. [1-MED] Place the catalyst-coated glassy carbon disk electrode in one compartment of the electrochemical cell as the working electrode. [2-CU]
5.2.1. Talent adds the perchloric acid to the electrochemical cell.
5.2.2. Talent places the disk electrode connected to the rotator in one compartment of the electrochemical cell.
5.3. [bookmark: _Hlk491166821]Place a platinum mesh and a trapped hydrogen or saturated calomel (kal-uh-mel /ˈkæl əˌmɛl/) electrode fitted with a Luggin (lou-gin /ˈluː gɪn/) capillary in the other two compartments as the counter and reference electrodes, respectively. [1-CU] Connect the electrodes to a potentiostat (puh-ten-she-oh-stat /pəˈtɛn ʃi oʊˌstæt/). [2-MED]
5.3.1. Talent places the other electrodes in the other two compartments.
5.3.2. Talent connects the electrodes to the potentiostat.
5.4. Measure the resistance in the electrolyte solution between the working electrode and the Luggin capillary. [1-MED-Over shoulder] Configure the potentiostat to compensate for this resistance by using the analog positive feedback scheme. [2-MED-TXT]
5.4.1. Talent measures the resistance between the working electrode and the capillary. The reading should be visible in shot, if possible.
5.4.2. Talent configures the potentiostat to use the analog positive feedback scheme. (TEXT: Effective solution resistance < 3 Ω)
5.5. After calibrating the reference electrode potential against reversible-hydrogen-electrode potential and cleaning the catalyst, acquire a cyclic voltammogram (vohl-tam-uh-gram /voʊlˈtæm ə græm/) in argon-saturated electrolyte. [1-MED-Over shoulder]
5.5.1. Talent starts acquiring the CV and monitors the software as the CV is recorded. (TEXT: All electrolyte purging performed at 0.3 L/min.)
5.6. Then, purge the electrolyte with oxygen gas for 10 minutes. [1-MED] Start rotating the glassy carbon electrode at 1,600 rpm (R-P-M). [2-MED-Over shoulder] Record a cyclic voltammogram with a potential sweep between 0.05 and 1.10 V vs. reversible hydrogen electrode (volts versus reversible-hydrogen-electrode) at 0.05 V/s. [3-MED-Over shoulder]
5.6.1. Talent opens the flow of O2 to the electrolyte.
5.6.2. Talent starts the electrode rotating at 1600 rpm.
5.6.3. Talent starts acquiring the CV in O2-saturated electrolyte.
5.7. Next, hold the working electrode at 0.05 V. [1-MED-Over shoulder] Purge the electrolyte with carbon monoxide gas for 5 minutes, followed by argon gas for 10 minutes. [2-MED] Then, sweep the potential from 0.05 V to 1.10 V at 0.05 V/s. [3-MED-Over shoulder]
5.7.1. Talent sets the working electrode to hold at 0.05 V.
5.7.2. Talent closes the flow of CO to the electrolyte and opens the flow of Ar to the electrolyte.
5.7.3. Talent starts the post-CO stripping potential sweep in the Ar-saturated electrolyte.
5.8. After the carbon monoxide stripping voltammogram has finished, wet a piece of laboratory tissue with deionized water. [1-MED] Press the glassy carbon electrode on the wet paper to transfer the catalyst film. Photograph the catalyst film after the transfer. [2-CU]
5.8.1. Talent applies DIH2O to a kimwipe or other tissue paper.
5.8.2. Talent presses the GC electrode on the wet paper and then gently lifts the electrode to transfer the film.
5.9. Masanori Inaba: Transferring the tested catalyst film onto wet paper is an easy way to see if the film stayed intact during the measurements. [1-MED]
5.9.1. Talent speaks towards the camera, interview style.
6. Results: Pt/C Catalyst Thin Film Characterization
6.1. Well-dispersed Pt/C catalyst powder was prepared using 2-nm platinum nanoparticles from a stable colloidal suspension. [1-LM] When less-stable suspensions were used, such as those with a lower sodium hydroxide concentration, significant platinum nanoparticle agglomeration (uh-glom-uh-rey-shun /əˌglɒm əˈreɪ ʃən/) occurred on the carbon support. [2-LM]
6.1.1. Figure 2a (57105_Arenz_Figure 2a.tif)
6.1.2. Figure 2b (57105_Arenz_Figure 2b.tif)
6.2. [bookmark: _Hlk485648004]Drying the Pt/C catalyst ink with a flow of humidified argon gas was essential to obtaining a homogeneous (hoe-moh-jee-nee-us /ˌhoʊ məˈʤi: ni: əs/) thin film on the electrode. [1-LM] The “coffee ring” effect was observed when the ink dried in ambient air, with the catalyst agglomerating (uh-glom-uh-rey-ting /əˈglɒm ə reɪ tɪŋ/) around the outside of the electrode. [2-LM] The thin film uniformity was further tuned by adjusting the humidification conditions. [3-LM]
6.2.1. Figures 4a and 4b (57105_Arenz_Figure 4a.tif and 57105_Arenz_Figure 4b.tif, arranged as in Figure_04.tif): Add the caption ‘Dried under a stream of Ar humidified with 17:3 (v/v) IPA/DIH2O’.
6.2.2. Figure 4 in full, retaining the caption from above (57105_Arenz_Figure 4a.tif, 57105_Arenz_Figure 4b.tif, 57105_Arenz_Figure 4c.tif, and 57105_Arenz_Figure 4d.tif, arranged as in Figure_04.tif): Retain the caption under 4a and 4b from 6.2.1 and add the caption ‘Dried in ambient air’ under 4c and 4d.
6.2.3. Figure 8 (57105_Arenz_Figure 8.tif)
6.3. A higher catalyst ink pH improved both the catalyst ink solution stability and the uniformity of the thin film. [1-LM] Cleaning the thin film catalyst by cycling the electrode potential in argon-saturated perchloric acid was important for obtaining well-defined peaks during the measurements. [2-LM]
6.3.1. Figure 10 (57105_Arenz_Figure 10.tif): Add the caption ‘Transferred to paper’ above Figure 10 and the caption ‘On GC electrode’ under Figure 10.
6.3.2. Figure 6a (57105_Arenz_Figure 6a.tif): During “for…measurements”, add arrows pointing to the sharper peaks in the red line (see Figure 6a arrow example.png).
6.4. The linear sweep voltammogram in oxygen-saturated perchloric acid was highly sensitive to the catalyst film quality. [1-LM] The LSV (L-S-V) of a homogeneous film showed an oxygen-diffusion limiting-current-density of about -6 mA/cm2 (milliamperes per square centimeter), with a sharp shoulder in the LSV curve. [2-LM] A non-homogeneous film showed a smaller current density and a broader shoulder. [3-LM]
6.4.1. Figure 6b (57105_Arenz_Figure 6b.tif)
6.4.2. Figures 6b and 4a (57105_Arenz_Figure 6b.tif and 57105_Arenz_Figure 4a.tif): Add the caption ‘Homogeneous’ under Figure 4a. On “oxygen diffusion…”, place a horizontal line across the graph at -6 on the vertical axis. On “with a…”, add an arrow pointing to the lower crook in the red line (see Figure 6b example 1.png).
6.4.3. Figures 6b and 4c (57105_Arenz_Figure 6b.tif and 57105_Arenz_Figure 4c.tif): Add the caption ‘Non-homogeneous’ under Figure 4c. On “smaller…”, place a horizontal line across the graph about halfway between -6 and -5 on the vertical axis. On “and a…”, add an arrow pointing to the lower crook in the grey line (see Figure 6b example 2.png).

7. Conclusion (Said by you on camera. Don’t forget to smile!)
7.1. Matthias Arenz: Once mastered, the synthesis, characterization, and electrochemical thin film RDE testing of a standard carbon-supported platinum fuel cell catalyst can be done in two days if it is performed properly.
7.2. Matthias Arenz: Don’t forget that working with concentrated acids and carbon monoxide can be extremely hazardous. Always wear a lab coat, goggles, and gloves. Gas sensors for carbon monoxide and hydrogen must always be active in your laboratory while performing this procedure.
7.3. Jan Bucher: While attempting this procedure, remember that cleanliness is crucial to obtaining reliable results in electrochemical measurements. We recommend preparing the catalyst and performing the electrochemical testing in two separate laboratories.
7.4. Jan Bucher: In addition to this procedure, catalyst characterization methods like degradation tests, small-angle X-ray scattering, or in situ X-ray absorption spectroscopy can be performed to answer additional questions about the functionality of your catalyst.
7.5. Masanori Inaba: After its development, the thin film RDE technique paved the way for researchers in the field of electrocatalysis to develop improved electrocatalysts for sustained energy conversion.
7.6. [bookmark: _Hlk479076977]Masanori Inaba: After watching this video, you should have a good understanding of how to make a good benchmark catalyst, how to test fuel cell catalysts with the thin film RDE method, and which pitfalls to avoid.

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

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

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17417073

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.

· 6.1.1.-57105_Arenz Figure 2a.tif
· 6.1.2.-57105_Arenz Figure 2b.tif
· 6.2.1.-57105_Arenz Figure 4a.tif
· 6.2.1.-57105_Arenz Figure 4b.tif
· 6.2.2.-57105_Arenz Figure 4c.tif
· 6.2.2.-57105_Arenz Figure 4d.tif
· 6.2.3.-57105_Arenz Figure 8.tif
· 6.3.1.-57105_Arenz Figure 10.tif
· 6.3.2.-57105_Arenz Figure 6a.tif
· 6.4.1.-57105_Arenz Figure 6b.tif


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.
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