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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 something similar? No  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   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 Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  23
Number of Shots:  32

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· 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. Datta Naik: This method examines the dynamic behavior of the eight atoms that are bound to a central metal atom through line shape fitting of dynamic NMR spectra.

REQUIRED: What is the main advantage of this technique?
1.2. Greg Moehring: The visual nature of the line shape fitting technique allows for ready development of dynamic exchange models and comparison of the model results with the observed spectra.

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.

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. Marina Mansour: Line shape fitting of NMR spectra is a method that is used to investigate a variety of dynamic molecular processes with activation energies in the range of 5 – 25 kcal/mol.

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. Sarah Tadros: I would expect novice users to have questions regarding how to complete the inputs for the line shape fitting application.  Practice on the application, especially with an experienced user, is helpful.


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.

1.6. 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.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

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. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

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. Sample Preparation
2.1. To begin, combine 0.15 grams of sodium borohydride and 0.41 grams of Oxotrichlorobis(triphenylphosphine)rhenium(V) in a two or three necked 100-milliliter round-bottomed flask fitted with a rubber septum and gas port, or a 100-milliliter Kjeldahl flask fitted with a rubber septum [1]. 
2.1.1. WIDE: Talent adding sodium borohydride and metal salt in a flask.
2.2. In a fume hood, use a piece of rubber pressure tubing to connect the gas port of the reaction vessel with one of the stopcocks of a dual glass manifold for vacuum and nitrogen gas [1]. 
2.2.1. Talent connecting the rubber tubing from the glass port with the stopcocks. 
2.3. Connect the glass vacuum manifold to a vacuum pump with rubber pressure tubing, glass nitrogen manifold to a regulated nitrogen gas cylinder and the exit gas from the nitrogen gas manifold to a stopcock that can be used to direct the vented gas through either a 2-centimeter column of mineral oil or mercury [1]. 
2.3.1. Talent demonstrating connections betweenconnecting vacuum and nitrogen manifold.
2.4. Then open the tap on the nitrogen cylinder and adjust the pressure on the flowing gas to 34 pounds per square inch and vent the nitrogen gas flow through the mercury bubbler [1]. 
2.4.1. Talent rotating the tap.
2.5. Next, evacuate the gas inside the reaction vessel by adjusting the stopcock on the glass manifold to connect the vessel to the vacuum manifold [1] and fill the reaction vessel with nitrogen gas by changing the glass manifold stopcock so that it connects the gas manifold with the reaction vessel [2-TXT]. 
2.5.1. Talent adjusting the stopcock.
2.5.2. Talent changing the glass manifold stopcock. TXT: Refer to the text to completely replace the air in the vessel.
2.6. Then add 8 milliliters of deoxygenated water and 8 milliliters of deoxygenated tetrahydrofuran to the solids in the reaction vessel via a syringe [1]. 
2.6.1. Talent inserting the syringe needle into the septum on the flask and depressing the plunger to empty the solvent.
2.7. Upon achieving an orange to tan color for the reaction mixture, filter the mixture through a 30 milliliters medium sintered glass funnel [1] and wash the recovered solid three times each with 15 milliliters portions of water, methanol, and ethyl ether [2]. 
2.7.1. Talent adding the reaction mixture intoover the funnel.
2.7.2. Talent usingadding water to wash, methanol, and ethyl ether over the solid in the funnel. [3-TXT]  TXT: Refer to the text to complete the washing step with methanol and ethyl ether.
2.8. Next, fit the flask to a condenser equipped with a gas port [1] and add a volume of 8 milliliters of deoxygenated tetrahydrofuran to the reaction vessel via a syringe by cracking the joint between the round-bottomed flask and the condenser [2]. 
2.8.1. Talent attaching the flask to a condenser.
2.8.2. Talent inserting the syringe into the flask and depressing the plunger to empty the solvent.
2.9. Then pour the reaction mixture into 25 milliliters of methanol in a 125-milliliter Erlenmeyer flask [1] and add 5 milliliters of water to induce the formation of a flocculent yellow precipitate [2].
2.9.1. Talent pouring the reaction mixture in a flask.
2.9.2. Talent adding water to the flask.
3. Acquisition and Analysis of NMR Spectra
3.1. To prepare the spectrometer, enter a flow rate of 200 litres per hour for the cooling gas and a target temperature of 290 Kelvin for the probe while allowing the spectrometer to stabilize at the target temperature for 2 minutes [1-TXT]. 
3.1.1. SCREEN: Flow rate and temperature are being added. TXT: If needed, increase the cooling gas  flow rate.
Authors: : Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19568848
3.2. After shimming the sample at 290 Kelvin, change the file name for each of the previously measured spectra by adding the temperature to the end of the file name and acquire a set of three spectra at 290 Kelvin [1]. 
3.2.1. SCREEN: File name is being changed and set of spectra is being obtained. 
3.3. Then increase the cooling gas flow rate by more than or equals to 30 liters per hour, as needed to stabilize at the next temperature, and decrease the target temperature by 10 Kelvin. 
3.3.1. SCREEN: Flow rate and temperature are being added.
3.4. For line shape analysis of the measured spectra, click on the Edit Range button to enter the upper and lower chemical shifts for line shape fitting and click the OK button to accept those limits [1]. 
3.4.1. SCREEN: Edit range button is being clicked, values are being entered and OK button is being pressed.
3.5. Then start a model for line shape fitting by clicking on the Spin System tab in the line shape fitting window and click on the Add button to allow for the building of a model spin system [1]. Next, unselect LB and enter the value for line broadening manually with the mouse and the LB button on the line shape fitting toolbar [2].
3.5.1. SCREEN: Spin system tab is being clicked and then Add button is being  clicked. 
3.5.2. SCREEN: LB option is being unselected and the values ae being enetered
3.6. Add the first nucleus into the model by clicking on the Nucleus tab followed by clicking on the Add button and a set of default values will appear for Nucleus 1 [1]. Then adjust the chemical shift for Nucleus 1 by entering a value for chemical shift in the Nu(iso) box or with the chemical shift tool on the line shape fitting toolbar [2].
3.6.1. SCREEN: Nucleus tab is being clciked and Add button is being selected.
3.6.2. SCREEN: Values are being enetered in the Nu(iso) box or chemical shift tool is being used. 
3.7. For Nucleus 1, input the number of equivalent nuclei for Nucleus 1 with each spin 1/2 (half) nucleus equivalent to 0.5 in counting and enter the sum of the spins into the Pseudospin box in order to account for all equivalent nuclei [1]. 
3.7.1. SCREEN: Number of equivalent nuclei and sum of the spins are being enetered into the Pseudospin box.
3.8. Using the In Molecule box, assign resonances that arise from different molecules to separate molecules using designations such as 1, 2, etc. for different molecules and for resonances that arise from a single molecule, assign 1 for all In Molecule values.
3.8.1. SCREEN: Resonance value are being assigned. 
3.9. Next, add the second and all subsequent nuclei to the model by clicking on the Nucleus tab followed by clicking on the Add button [1]. Then include spin-spin coupling between nuclei by either entering the coupling in the appropriate JN box or by adjusting the Scalar coupling button on the line shape fitting toolbar [2]. 
3.9.1. SCREEN: Nucleus tab is being clicked followed by the Add button.
3.9.2. SCREEN: Values are being eneterd in JN box or Scalar coupling button is being adjusted.
3.10. Begin the process of describing the atom exchanges by clicking on the Reaction tab and click on the check box if the rate constant for the exchange is to be varied in line shape fitting [1]. Then enter the number of nuclei to be exchanged into the Exchanges box for the first exchange in the model [2].
3.10.1. SCREEN: Reaction tab is being clicked followed by the check box.
3.10.2. SCREEN: Number of nuclei are being entered in Exchanges box.
3.11. Next, define the exchanges between Nucleus tabs in the boxes below the Exchanges box ensuring that exchanges are cyclic in that if a nucleus is moved from Nucleus 1, another nucleus has to be moved into Nucleus 1 [1]. 
3.11.1. SCREEN: Exchanges are being defined. 
3.12. Use the Exchange speed button on the line shape fitting toolbar to change the initial value of k in order to iteratively adjust the value of k, even if the check box is selected for the rate constant [1]. Add more exchanges to the model by clicking on the Reaction tab followed by clicking on the Add button [2].
3.12.1. SCREEN: Exchange speed button is being used and k values are being adjusted. 
3.12.2. SCREEN: Reaction tab is being clicked and Add button is being pressed. 
3.13. Use the tools on the line shape fitting toolbar to adjust the starting variables and begin iterative line shape fitting by clicking on the Start the Spectrum Fit button on the line shape fitting toolbar [1].
3.13.1. SCREEN: Start the Spectrum Fit button is being clicked.
3.14. Continue iterative fitting until no change is found in the best overlap between spectrum and model or until 1000 iterations are reached. If fitting stops at 1000 iterations, continue further iterations with the Start the Spectrum Fit button and the model spectrum is displayed with the actual spectrum for comparison [1].
3.14.1. SCREEN: Model spectrum is being displayed and compared. 


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

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.2.5, 2.7, 2.8, and 2.9

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



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: 222. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

4. Results: Line Shape Analysis of NMR Spectra for the Rearrangement of Rhenium(V) Polyhydride Complex
4.1. The dynamic 31P-{1H} NMR spectra of the Rhenium complex were measured at several temperatures were obtained [1]. The spectra show the coalescence of the two resonances that arise from the diastereotopic phosphorus atoms into a single resonance at higher temperatures [1]. Authors: How would you like JoVE’s voiceover to pronounce 31P-{1H} NMR?Proton decoupled phosphorus 31 NMR
4.1.1. LAB MEDIA: FIGURE 5. 
4.1.2. LAB MEDIA: FIGURE 5. Video Editor: Emphasize the two peaks in the spectra at 220 K shown at the bottom and a single peak at the 260 K shown at the top. 
4.2. The temperature dependence of the difference in chemical shifts between the two 31P-{1H} resonances was determined.  E, and the extrapolation allows for estimation of the chemical shifts of the individual resonances at higher temperatures [1].
4.2.1. LAB MEDIA: FIGURE 6. 
4.3. The temperature dependence for the hydride resonance chemical shiftss of the Rhenium sample was determinedobserved.  T, and the chemical shifts calculated from the best linear fits were used for the line shape fitting of the observed spectra [1].
4.3.1. LAB MEDIA: FIGURE 7. 
4.4. The results of line shape fitting for pairwise exchange of A site hydride ligands, turnstile exchange of three adjacent hydride ligands, and proton exchange between one proton of water and the unique hydride ligand, were compared with the observed hydride region of a series of 1H-{31P} NMR spectra were compared and collected from 225 Kelvin to 240 Kelvin [1].
4.4.1. LAB MEDIA: FIGURE 8.
4.5. A comparison offor the models for rearrangement of hydride ligands with and without proton exchange versus the 1H-{31P} NMR spectrum measured at 225 Kelvin was recorded, which displayed the best fits for the two models [1].
4.5.1. LAB MEDIA: FIGURE 9.
4.6. Rate constants arising from the Eyring plot from the line shape fitting of 31P-{1H} NMR spectra show a good fit fors that the rate constants that arise from the line shape fitting of the 31P-{1H} NMR spectra at several temperatures fit the Eyring equation well [1].  
4.6.1. LAB MEDIA: FIGURE 10.

























Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each 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.
5.1. Greg Moehring: (3.3) Temperature changes for the sample should not exceed ten Kelvin and the target temperature should be maintained for at least two minutes to protect the probe of the instrument.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


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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