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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as reasonably possible.

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   No
If Yes, how far apart are the locations? Click to enter distance between locations.
 

· To ensure that your script can be filmed in one day, the Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 48


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Jian Zhi Hu: The protocol described here provides a non-destructive method to analyze complex systems over time and at controlled temperatures and pressures, which is highly desirable to investigate key scientific questions.[1].

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

REQUIRED: What is the main advantage of this technique?

1.2. Nicholas R. Jaegers: The method outlined here enables the researcher to conduct the NMR experiment under tightly controlled and specialized conditions to solve problems under environments relevant to the scientific hypothesis being explored.[1].

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

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. Wenda Hu: NMR’s multinuclear nature makes it suitable for numerous samples. Coupled with this method, it can provide insight into an array of systems spanning fields such as catalysis, geochemistry, and biology.[1].

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

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

Is each interview statement 30 words or fewer? ☒ Yes
Has any author been assigned more than two statements? ☒ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.[1][2].

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




Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.
2. Solid Sample Pretreatment

2.1. [bookmark: _Hlk49428519]For pretreatment of the sample solid, weigh approximately twice the mass of the solid sample that is desired for the NMR (N-M-R) experiment [1-TXT] and place the solid sample into a quartz sample tube [2].

2.1.1. WIDE: Talent adding sample to weigh boat on balance TEXT: NMR: nuclear magnetic resonance
2.1.2. Talent placing sample into tube

2.2. Plug the tube with quartz wool to hold the material in place [1] and place the tube into the cool furnace [2].

2.2.1. Talent plugging tube
2.2.2. Talent placing tube into cool furnace

2.3. Connect the isolation valves to the tube for the pretreatment of interest [1-TXT] and fix the end of the tube onto the gas isolation valve in the open position [2].

2.3.1. Talent connecting valve to tube TEXT: i.e., solids treatment, flow, or vacuum system
2.3.2. Talent fix end of tube to valve

2.4. Then begin the treatment [1].

2.4.1. Talent starting treatment

2.5. After the treatment, turn off the temperature controller [1] and stop the flow and vacuum [2].

2.5.1. Talent turning off controller
2.5.2. Talent stopping flow and/or vacuum

2.6. Quickly seal the sample with the isolation valves to maintain the desired sample environment [1] and disconnect the quartz tube from the treatment system [2].

2.6.1. Talent sealing sample
2.6.2. Talent disconnecting tube from treatment system

2.7. THen Then empty and refill the antechamber of a dry, nitrogen-purged glove box at least 4 times [1] before transferring the tubes and closed valves to the antechamber [2].

2.7.1. Talent emptying/refilling antechamber
2.7.2. Talent placing tubes into antechamber

3. Solid Sample Loading 

3.1. To load the samples into an NMR rotor, first place the rotor into the holder to maintain directionality [1] and place the sample funnel into the bore of the rotor [2].

3.1.1. WIDE: Talent placing rotor into holder
3.1.2. Talent placing funnel into bore

3.2. Remove the isolation valve from the sample tube [1] and pour a small quantity of solid material into the funnel [2].

3.2.1. Talent removing valve
3.2.2. Talent adding sample to funnel

3.3. Tap the powder down into the funnel [1], using a packing rod to lightly direct the sample into the rotor as necessary [2].

3.3.1. Talent tapping powder into funnel
3.3.2. Sample being directed into rotor

3.4. [bookmark: _Hlk50480107]When the desired quantity of sample has been loaded, a micro syringe can be used to slowly inject the desired volume of a liquid sample of into the center of the rotor [1] before placing the cap onto the top of the rotor [2] and turning the cap counterclockwise with the rotor cap bit to engage the O-ring between the rotor and cap [3].
3.4.1. Sample being injected
3.4.2. Talent placing cap onto rotor
3.4.3. Cap being turned/engaged

4. NMR Rotor Charging 

4.1. [bookmark: _Hlk50479974]To charge the NMR rotor with the chemicals of interest, place the sealed rotor onto the rotor stage [1-TXT] and tighten the nut by hand to secure the rotor in place [2].

4.1.1. WIDE: Talent placing rotor onto stage TEXT: Ensure stage insert compatibility with rotor size
4.1.2. Talent tightening nut by hand

4.2. Lower the rotor stage into the lower section of the high-pressure exposure device [1] and use an Allen wrench to turn one of the screws 90 degrees to secure the rotor stage into the bottom of the exposure device [2].

4.2.1. Talent lowering stage into device
4.2.2. Stage being secured to bottom of device

4.3. Place the top section of the NMR loading device into and on top of the bottom section with the NMR cap bit aligned with the top of the cap head of the NMR rotor [1].

4.3.1. Top section being placed into device/aligned with cap head

4.4. Place the two clamps over the top of the lip where the upper and lower sections of the exposure device meet [1] and latch the clamps into place [2].

4.4.1. Talent placing clamps over lip
4.4.2. Talent latching clamp(s)

4.5. Tighten the six bolts on the top of the upper section of the exposure device to engage the sealing surface between the upper and lower sections [1] and connect the upper section of the NMR exposure device to the gas line inlet and outlets [2].

4.5.1. Talent tightening bolt(s)
4.5.2. Talent connecting device to gas line inlet and outlets

4.6. Connect the thermocouple on the upper section of the NMR exposure device to the temperature sensor [1] and set the desired pressure on the high-pressure syringe pump of the high-pressure delivery system [2].

4.6.1. Talent connecting thermocouple
4.6.2. Talent setting pressure

4.7. Open the gas source valves on the high-pressure syringe pump [1] and run the program set on the pump while monitoring the real pressure inside of the exposure device [2].

4.7.1. Talent opening gas source valves
4.7.2. Talent running program/monitoring pressure

4.8. To open the NMR rotor, rotate the external screw mechanism, which is coupled to the interior NMR cap bit, in the clockwise direction [1] and allow the gas of the desired pressure to enter the NMR rotor and equilibrate [2].

4.8.1. Talent rotating external screw mechanism
4.8.2. Talent allowing gas to enter rotor

4.9. To reseal the NMR rotor, rotate the external screw mechanism counterclockwise [1]. A viewing window will assist in determining when the rotor is closed [2].

4.9.1. Talent rotating screw mechanism
4.9.2. Shot of viewing window showing closed rotor

4.10. Then open the exposure device gas outlet valve to slowly depressurize the system [1].

4.10.1. Talent opening valve/depressurizing system

5. Magic Angle Spinning (MAS) NMR Experiment

5.1. To conduct a magic angle spinning NMR experiment, place the NMR rotor into the NMR coil on the NMR probe [1] and raise and lock the probe into place in the magnet bore [2].

5.1.1. WIDE: Talent placing rotor into coil in probe
5.1.2. Talent raising and/or locking probe into place

5.2. Use the magic angle spinning control box to initiate sample spinning [1] and adjust the sample to the desired rotor spinning rate [2].

5.2.1. Talent initiating spinning
5.2.2. Talent adjusting rate

5.3. Use the computer to begin the tuning-match sequence on the desired channel [1] and adjust the tuning-match settings on the probe to optimize the probe electronics [2].

5.3.1. Talent beginning sequence on desired channel, with monitor visible in frame
5.3.2. Talent adjusting tuning-match setting son probe

5.4. Exit the tuning-match sequence on the computer and set the desired experimental parameters [1].

5.4.1. SCREEN: To be provided by Authors: Tuning-match sequence being excited, then parameters being set

5.5. Then collect the magic angle spinning NMR data [1].

5.5.1. SCREEN: To be provided by Authors: Data being selected OR Talent at system, collecting data





Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
2.3
3.4
4.8
4.9

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
4.3.1
5.2.1


Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 207. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.
6. [bookmark: _Hlk27388131]Results: Representative In Situ 1H and 13C MAS NMR Analyses

6.1. In this representative analysis, some insight into the operational reaction mechanism for the conversion of ethanol to butenes can be observed [1].

6.1.1. LAB MEDIA: Figure 4 

6.2. The consumption of butyraldehyde [1], coupled with the simultaneous appearance of peaks characteristic of n-butenes [2], suggests that butyraldehyde is an intermediate in the formation of n-butene [3].

6.2.1. LAB MEDIA: Figure 4 Video Editor: please emphasize Butyraldehyde O+CH- section of data lines
6.2.2. LAB MEDIA: Figure 4 Video Editor: please emphasize peaks between Butyraldehyde O+CH- and 1-Butene
6.2.3. LAB MEDIA: Figure 4 Video Editor: please emphasize 1- and 2-Butene sections of data lines

6.3. In situ, high-temperature, high-pressure magic angle spinning NMR can also be used to better understand the evolution of chemical species for biological applications [1].

6.3.1. LAB MEDIA: Figure 5

6.4.  For example, as this representative carbon-thirteen magic angle spinning NMR spectrum of vape juice solution shows, parent glycerol is present at 63 and 73 parts per million (P-P-M) [1].

6.4.1. LAB MEDIA: Figure 5 Video Editor: please add/emphasize asterisks

6.5. As time progresses at 130 degrees Celsius in an oxygen environment, the toxins acrylic acid [1] and formic acid- with formaldehyde appear at 175 and 164 parts per millionppm, respectively [2].

6.5.1. LAB MEDIA: Figure 5 Video Editor: please emphasize structure at about 175 ppm
6.5.2. LAB MEDIA: Figure 5 Video Editor: please emphasize structure at about 164 ppm

6.6. The oxidation product carbon dioxide is observed at 125 parts per millionppm [1] and, most importantly, even at such low temperatures, acetal-species of formaldehyde [2] and acetaldehyde are observed between 50 and 112 parts per millionppm [3].

6.6.1. LAB MEDIA: Figure 5 Video Editor: please emphasize CO2 text at 125 ppm
6.6.2. LAB MEDIA: Figure 5 Video Editor: please emphasize structures at 50 ppm
6.6.3. LAB MEDIA: Figure 5 Video Editor: please emphasize structure at 112 ppm

6.7. The addition of parent glycerol to formaldehyde and acetaldehyde generates new hemiacetal species at 105 and 112 parts per millionppm, which act as aldehyde carriers and can self-interact and dehydrate to generate new acetal species [1].
 
6.7.1. LAB MEDIA: Figure 5 Video Editor: please emphasize structures at 105 and 112 ppm

6.8. Numerous other peaks between 50 and 80 ppm correspond to the many other chemical environments of the hemiacetals and acetals [1].

6.8.1. LAB MEDIA: Figure 5 Video Editor: please emphasize peaks/structure at 50 and 80 ppm 




Conclusion
7. Conclusion Interview Statements
Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver the statement. 

What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Nicholas R. Jaegers: Apart from working safely, maintaining the environment within the rotor during transfers (2.6, 2.7, 4.3), in particular removing the chamber top (4.10) since the rotor cap is still engaged.[1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.6, 2.7, 4.3, 4.10) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Jian Zhi Hu: Since NMR is non-destructive, further characterization like XRD, GC-MS, and XPS can be pursued, enabling us to compare the results of the NMR with complementary information on the same sample. [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Yong Wang: Yes, NMR measurements at elevated temperatures and pressures have enabled researchers to address challenging problems in a way not previously possible; namely by looking at complex systems under relevant conditions.  [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

Is each interview statement 30 words or fewer? ☒ Yes

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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