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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Protocol Length
Number of Shots: 57


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Margaret F. Bennewitz: Compared to other synthesis methods, thermal decomposition generates uniform metal oxide nanoparticles with a tight control over particle size, shape, and chemical composition [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Margaret F. Bennewitz: This technique is an easy, one-pot synthesis that uses 3 reagents, metal precursor, organic solvent, and stabilizer. It can produce different types of nanoparticles, including manganese oxide and iron oxide [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera

1.3. Margaret F. Bennewitz: Demonstrating the procedure will be Celia Martinez de la Torre, a Graduate Research Assistant, from my laboratory [1].

1.3.1. INTERVIEW: Author saying the above
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera




Protocol
2. Equipment and Glassware Setup
2.1. Before beginning an experiment, place a 4-neck, 500-milliliter round bottom flask onto the heating mantle [1] and secure the middle neck with a metal claw clamp [2].
2.1.1. WIDE: Talent placing flask onto mantle
2.1.2. Talent securing neck with clamp
2.2. Add a magnetic stir bar to the round bottom flask [1] and place a glass funnel in the middle neck of the flask [2].
2.2.1. Talent adding stir bar to flask
2.2.2. Talent placing funnel into middle neck
2.3. Make sure the safety and input stopcocks are open [1].
2.3.1. Shot of open safety and input stopcocks Video Editor: please emphasize safety and input stopcocks when mentioned
2.4. Add 1.51 grams of manganese two acetylacetonate through the funnel into the round bottom flask [1] and add 20 milliliters of oleylamine and 40 milliliters of dibenzyl ether to the flask [2].
2.4.1. Talent adding Mn(II)ACAC to flask, with Mn(II)ACAC stock container visible in frame
2.4.2. Talent adding OA to flask, with OA and DE containers visible in frame
2.5. Attach a condenser to the left neck of the flask [1-TXT] and use a metal claw clamp to secure the condenser to the flask [2]. 
2.5.1. Talent attaching condenser TEXT: Remove funnel and clean with hexane
2.5.2. Condenser being secured
2.6. Add the glass elbow adapter to the top of the condenser [1] and attach the rotovap trap to the right neck of the round bottom flask [2].
2.6.1. Talent adding adapter to condenser 
2.6.2. Talent adding trap to right neck
2.7. Place the glass elbow adapter on top of the rotovap trap [1] and fold the rubber stopper on the middle neck of the round bottom flask so the sides cover the neck of the flask [2].
2.7.1. Talent adding adapter to rotovap trap 
2.7.2. Stopper being folded around middle neck
2.8. Use plastic conical joint clips to secure the glassware neck connections [1] and place the temperature probe into the smallest neck in the round bottom flask [2].
2.8.1. Neck connections being secured 
2.8.2. Talent placing probe into neck
2.9. Use a neck cap and an o-ring to tighten and secure the probe in the reaction mixture without touching the glass [1-TXT] and connect the temperature probe to the input of the temperature controller [2].
2.9.1. Talent securing probe Videographer: Important/difficult step TEXT: Seal connection with plastic paraffin film 
2.9.2. Talent connecting probe to input Videographer: Important step
2.10. Connect the heating mantle to the output of the temperature controller [1] and turn on the stir plate to begin vigorous stirring of the solution [2].
2.10.1. Talent connecting mantle to output
2.10.2. Shot of stir bar, then bar beginning to stir	Comment by Maggie: Just as a note – nothing will change in the voiceover; however, the description of the shot is not how we shot it. Because of the solution being dark, the stir bar could not be seen inside the solution. What Mike did was shoot the solution before starting the stirring and then showed the solution start swirling vigorously after the stir plate was turned on.  So you see the solution stirring, not the stir bar directly.
2.11. Open the air-free nitrogen tank to slowly begin flowing nitrogen into the system [1] and use the regulator to adjust the flow until a steady slow stream of bubbles forms in the middle mineral oil bubbler [2].
2.11.1. Talent opening tank Videographer: Important step
2.11.2. Flow being adjusted/stream of bubbles forming Videographer: Important/difficult step
2.12. Then turn on the cold water in the fume hood to the condenser [1] and close the sash [2]. The setup for nanoparticle synthesis is now complete [3].
2.12.1. Talent turning on water
2.12.2. Talent pushing down sash with reaction setup visible in frame
2.12.3. Added shot: wide view of the completed nanoparticle synthesis setup.	Comment by Maggie: Mike called the added shot “2.12.2A” not 2.12.3, but I could not add it this way to the script.

Adding a whole view of the synthesis setup will help viewers to recreate the organization of the glassware and tubing described in the text. This is very important.
3. Nanoparticle Synthesis
3.1. For nanoparticle synthesis, turn on the temperature controller to start the reaction [1-TXT] and monitor the changes that occur in the temperature throughout the experiment [2].
3.1.1. WIDE: Talent turning on controller TEXT: See text for temperature controller programming details
3.1.2. Talent checking temperature 
3.2. At 280 degrees Celsius, turn off the nitrogen tank and close the right stopcock [1].
3.2.1. Talent turning off nitrogen and/or closing stopcock
3.3. The temperature will be held at 280 degrees Celsius for 30 minutes. During this time, the reaction color will change to a green tone, indicating manganese oxide formation [1-TXT].
3.3.1. Shot of solution turning to green color Videographer: Important step TEXT: Confirm temperature controller indicates heating stopped	Comment by Maggie: Since the changing of color from brown to green happens over time, Mike shot the solution for approximately 20 minutes. You may choose to do a sped up version of the footage to show the color change rapidly.
4. Nanoparticle Collection
4.1. When the reaction has cooled to room temperature, turn off the temperature controller, stir plate, and water [1] and decant the manganese oxide nanoparticle solution into a clean 500-milliliter beaker [2].
4.1.1. WIDE: Talent turning off controller and/or plate and/or water
4.1.2. Talent pouring solution into beaker
4.2. Add two times the volume of 200 proof ethanol to the beaker [1] and split the nanoparticle mixture equally between four centrifuge tubes [2-TXT].
4.2.1. Talent adding ethanol to beaker, with ethanol container visible in frame
4.2.2. Tube(s) being filled with at least one filled tube visible in frame TEXT: Tubes should be ¾ full
4.3. After capping, sediment the nanoparticles by centrifugation [1-TXT] and discard the brown, clear supernatant [2-TXT].
4.3.1. Talent placing tube(s) into centrifuge Videographer/Video Editor: Shot will be used again TEXT: 10 min, 17,400 x g, 10 °C
4.3.2. Shot of supernatant, then supernatant being discarded Videographer: Important shot TEXT: Supernatant should not be cloudy
4.4. Add 5 milliliters of hexane to each tube [1] and resuspend the nanoparticles by vortexing [2-TXT].
4.4.1. Talent adding hexane to the tube, with hexane container visible in frame Videographer/Video Editor: Shot will be used again
4.4.2. Talent vortexing tube Videographer/Video Editor: Shot will be used again TEXT: Optional: Resuspend by bath sonication 
4.5. Add any extra nanoparticle solution and 200-proof ethanol to the tubes until each is 3/4 full [1] and centrifuge the nanoparticles again [2].
4.5.1. Talent adding extra nanoparticle solution and ethanol to tube, with ethanol container visible in frame	Comment by Maggie: Both of these actions were shot, but the extra nanoparticle solution and ethanol were added separately to the tubes.
4.5.2. Use 4.3.1. Talent placing tube(s) into centrifuge
4.6. Resuspend each tube of nanoparticles in 5 milliliters of hexane with vortexing [1] and pool the four tubes of solution into two tubes [2].
4.6.1. Use 4.4.1. Hexane being added to tube
4.6.2. Talent adding solution to tube, with 2 empty tubes and other filled tube visible in frame	Comment by Maggie: This action was still shot, but the shot description is not the most accurate. Four tubes have to be combined into two tubes. What we are showing is one tube being combined into another one. Because there were four tubes in total, we shot this action twice. The voiceover text above is correct.
4.7. Bring the volume in each tube up to ¾ full with 200-proof ethanol [1] and centrifuge the nanoparticles again [2].
4.7.1. Talent adding ethanol to tube, with ethanol container visible in frame 
4.7.2. Talent placing tubes into centrifuge
4.8. Discard the nearly colorless and clear supernatant [1] and resuspend the nanoparticles in 5 milliliters of hexane with vortexing [2]. 
4.8.1. Shot of supernatant, then supernatant being discarded Videographer: Important shot
4.8.2. Use 4.4.2. Tube being vortexed
4.9. Pool the entire volume of both tubes into a 20-milliliter glass scintillation vial [1] and evaporate the hexane in a fume hood overnight [2].
4.9.1. Talent adding solutions to vial
4.9.2. Talent placing vial into fume hood Talent turns off the light in the fume hood and closes the sash.	Comment by Maggie: As we shot this, we realized the scintillation vial was already in the fume hood when the solutions were poured. So, to make up another shot in its place for 4.9.2., we had Celia turn off the lights in the fume hood and close the sash. The voiceover will not change.
4.10. The next morning, place the vial at 100 degrees Celsius for 24 hours to dry out the nanoparticles [1] before using a spatula to break up the powder [2-TXT]. 
4.10.1. Talent placing vial at 100 °C
4.10.2. Powder being broken up TEXT: Store nanoparticles in vial with plastic paraffin-sealed lid
5. Nanoparticle Size and Surface Morphology Evaluation by Transmission Electron Microscopy (TEM)
5.1. To assess the nanoparticle size and surface morphology, use a mortar and pestle to pulverize the manganese oxide nanoparticles into a thin powder [1-TXT] and add 5 milligrams of the powder to a 15-milliliter conical centrifuge tube [2].
5.1.1. WIDE: Talent pulverizing nanoparticles Videographer: Important step TEXT: Wear mask during pulverization
5.1.2. Talent adding nanoparticles to tube Videographer: Important step
5.2. Add 10 milliliters of 200-proof ethanol to the tube [1] and bath sonicate the nanoparticle mixture for 5 minutes until the nanoparticles are fully resuspended [2].
5.2.1. Talent adding ethanol to tube
5.2.2. Tube being sonicated
5.3. Immediately upon resuspension, add three, 5-microliter drops of nanoparticle solution onto a 300-mesh copper grid support film of carbon type-B [1].
5.3.1. Drops being added to mesh
5.4. After air drying, assess the nanoparticle shape and size by TEM (T-E-M) according to standard protocols with a beam strength of 200 kilovolts, a spot size of 1, and a 300x magnification [1].
5.4.1. LAB MEDIA: Figure 2A
6. Nanoparticle Bulk Composition by X-Ray Diffraction (XRD) and Nanoparticle Surface Composition by Fourier-Transform Infrared Spectroscopy (FTIR)
6.1. To determine the nanoparticle bulk composition, use a spatula to transfer some of the fine nanoparticle powder onto an x-ray diffraction sample holder [1] and collect the x-ray diffraction spectra of the manganese oxide nanoparticles according to standard protocols [2] over a 2-theta range from 10-110 degrees [3] to view the manganese oxide [4] and manganese two three oxide peaks [5]. 
6.1.1. WIDE: Talent adding powder to sample holder; added: inserting the sample holder into the XRD machine	Comment by Maggie: We added a shot for insertion of the sample holder into the XRD machine and called it 6.1.1A. We thought this step would be good to show the actual XRD machine. The voiceover may not have to be changed to show this additional step. 

This extra step is not crucial if you find it is too tight with video editing to show the sample added to the XRD machine. We wanted to provide it in case there was space. 
6.1.2. LAB MEDIA: Figures 6A-6D
6.1.3. LAB MEDIA: Figures 6A-6D Video Editor: please emphasize x-axis
6.1.4. LAB MEDIA: Figures 6A-6D Video Editor: please emphasize Figure 6D
6.1.5. LAB MEDIA: Figures 6A-6D Video Editor: please emphasize Figure 6C
6.2. To determine the nanoparticle surface composition, add dry manganese oxide nanoparticle powder to an FTIR (F-T-I-R) sample holder [1] and collect the FTIR spectra of the nanoparticles according to standard protocols between a 4000- and 400-inverse centimeter wavelength range with a 4-centimeter resolution [2-TXT].
6.2.1. Talent adding powder to sample holder
6.2.2. LAB MEDIA: Figure 7A TEXT: Repeat for OA spectra

Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
2.9., 2.11., 3.3., 4.3., 4.8., 5.1.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.9., 2.11. The two most important aspects are to make sure the temperature probe is correctly placed to maintain a correct temperature reading and that the nitrogen flow is correct (inadequate nitrogen flow affects the composition of the final product). To ensure success, the temperature probe is adjusted to be immersed within the reaction mixture but not touching the glass; nitrogen flow through the reaction is achieved by maintaining the relative levels of silicone oil in the 3 mineral oil bubblers and by checking the speed of bubble formation within the silicone oil prior to raising the reaction temperature.   


Results
7. Results: Representative MnO Nanoparticle Characterization

7.1. Ideal TEM (T-E-M) images consist of individual, dark, rounded, octagonal nanoparticles with minimal overlap [1].

7.1.1. LAB MEDIA: Figure 2 Video Editor: please sequentially add images from Figure 2A-2F

7.2. If a high concentration of manganese oxide nanoparticles are suspended in ethanol [1] or too many drops of nanoparticle suspension are added to the TEM grid [2], each image will consist of large agglomerations of nanoparticles [3].

7.2.1. LAB MEDIA: Figures 3A and 3B Video Editor: please emphasize Figure 3A
7.2.2. LAB MEDIA: Figures 3A and 3B Video Editor: please emphasize Figure 3B
7.2.3. LAB MEDIA: Figures 3A and 3B Video Editor: please outline nanoparticle clusters in images or no animation

7.3. If a low nanoparticle concentration is prepared in ethanol [1], the nanoparticles will be well separated but too sparsely distributed on the TEM grid [2].

7.3.1. LAB MEDIA: Figures 3C and 3D
7.3.2. LAB MEDIA: Figures 3C and 3D Video Editor: please emphasize individual nanoparticles in images

7.4. Overall, a decrease in the ratio of oleylamine-dibenzyl ether yields smaller manganese oxide nanoparticles with less variation in size [1], except when oleylamine alone is used, producing similar sized nanoparticles to the 30:30 ratio [2].

7.4.1. LAB MEDIA: Figure 4 Video Editor: please emphasize data bars from 50 mL OA to 10 mL OA
7.4.2. LAB MEDIA: Figure 4 Video Editor: please emphasize 60 mL OA data bar

7.5. X-ray diffraction can be used to determine the crystal structure and phase of the nanoparticles [1].

7.5.1. LAB MEDIA: Figure 5

7.6. The x-ray diffraction sample peaks [1] can then be matched to x-ray diffraction peaks from known compounds [2] to facilitate estimation of the nanoparticle composition [3].

7.6.1. LAB MEDIA: Figure 5 Video Editor: please emphasize peaks in Figures 5A-5F
7.6.2. LAB MEDIA: Figure 5 Video Editor: please emphasize data lines in Figure 5G
7.6.3. LAB MEDIA: Figure 5 Video Editor: please emphasize how experimental peaks in Figures 5A-5F match up with the standard peaks for MnO in Figure 5G

7.7. Here FTIR spectra of manganese oxide nanoparticles after background correction can be observed [1].

7.7.1. LAB MEDIA: Figure 7

7.8.  All spectra show the symmetric and asymmetric methylene peaks associated with oleyl groups [1], in addition to the aminyl radical bending vibration peaks associated with amine groups [2].

7.8.1. LAB MEDIA: Figure 7 Video Editor: please add/emphasize asterisks
7.8.2. LAB MEDIA: Figure 7 Video Editor: please add/emphasize squares

7.9. Furthermore, all nanoparticle FTIR spectra contain manganese-oxygen and manganese-oxygen-manganese bond vibrations around 600 inverse centimeters [1], which confirm the composition found through x-ray diffraction [2].

7.9.1. LAB MEDIA: Figure 7 Video Editor: please add/emphasize triangles





Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Celia Martinez de la Torre: To ensure an accurate temperature reading, the temperature probe should not touch the glass. The levels of silicone oil and rate of nitrogen flow should also be carefully monitored [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.9., 2.11.) 

8.2. Celia Martinez de la Torre: Metal oxide nanoparticles can be made hydrophilic through polymer or lipid encapsulation to enhance their biocompatibility. Targeting agents can also be attached to guide nanoparticle accumulation in vivo [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time
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