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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N  
2. Does your protocol include software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 5.3, 5.4, 6.3, 6.4. The most difficult step is to prepare the catalyst by a technique called Surface Organometallic Chemistry. All the steps of the preparations have to be performed under vacuum or under a controlled atmosphere. This means using equipment not typically in any laboratory: vacuum lines working at 10-5 mm Hg. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 7.2, 7.3
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Jean-Marie Basset: The protocol is significant because the synthesis requires very sophisticated techniques for catalyst preparation, catalyst characterization and catalyst testing [1]. 
 
1.1.1. INTERVIEW: Jean-Marie Basset says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Maha Ahmad Alrefai Aljuhani: This technique is time-consuming and challenging to upscale but remains unparalleled in producing clean and well-characterized surface complexes that can be used as catalysts. The SOMC technique allows the preparation of single site catalysts [1]. 

1.2.1. INTERVIEW: Maha Ahmad Alrefai Aljuhani says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Jean-Marie Basset: This method can provide insight into the environment, energy and fine chemicals [1]. 

1.3.1. INTERVIEW: Jean-Marie Basset says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Jean-Marie Basset: In order to be successful in this technique, I recommend spending 6 months in our laboratory or in the laboratory of one of my former students for training [1]. 

1.4.1. INTERVIEW: Jean-Marie Basset says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Jean-Marie Basset: Visual demonstration of this method is critical due to the complexity of the preparation, characterization and testing steps [1]. 

1.5.1. INTERVIEW: Jean-Marie Basset says the statement above in an interview-style shot, looking slightly off-camera.



Section - Protocol
2. Leak Check for all the High Vacuum Vessels and Their Connection to the HVL
2.1. First, connect a high vacuum vessel to the high vacuum line [1].
2.1.1. WIDE/MED: Talent connects a high vacuum vessel to the high vacuum line.
2.2. Check whether the pressure increases by alternating the dynamic and the static vacuum [1].
2.2.1. MED: Talent alternates between the dynamic and static vacuum and checks the pressure.
2.3. In case of a leak, scan the connection with a high-frequency generator to localize leaks and holes [1]. 
2.3.1. MED: Talent scans the connection with a high-frequency generator.
3. Dehydroxylated Silica Preparation
3.1. Cover 5 grams of fumed silica in a 100 milliliter beaker with enough deionized water  until it becomes a compact gel [1]. Then, cover the beaker with aluminum foil and heat it in an oven at 200 degrees Celsius overnight [2]. 
3.1.1. MED: Talent adds deionized water to a beaker containing fumed silica.
3.1.2. MED: Talent covers the beaker with aluminum foil and places it in an oven.
3.2. On the following day, grind the cooled silica and transfer 1 gram to a glass reactor [1-TXT]. Close the reactor with a cap and seal it with grease [2].  
3.2.1. MED: Talent grinds the cooled silica and adds 1 gram to a glass reactor. TEXT: 30 cm height, 4 cm diameter. Video Editor: Overlay should appear at mention of “a glass reactor”.
3.2.2. MED: Talent closes the reactor with a cap and seals it with grease.
3.3. Connect the glass reactor to the port of the high vacuum vessel, gradually heat it to 700 degrees Celsius, and leave it overnight [1]. 
3.3.1. MED: Talent connects the glass reactor to the high vacuum vessel and turns on the heating.
3.4. After allowing the reactor to cool to room temperature, transfer it to a glovebox [1]. 
3.4.1. MED: Talent places the reactor in the glovebox. 
3.5. Next, prepare a disc pellet from the dehydroxylated silica for a FTIR measurement in the glovebox [1]. Once the measurement is complete, observe the isolated silanol signal in the FTIR spectrum [2].
3.5.1. MED: Talent prepares a disc pellet from the dehydroxylated silica gel in the glovebox.
3.5.2. LAB MEDIA: Figure 1
4. Solvent Preparation (Removal of Oxygen and Moisture)
4.1. Prepare a sodium-mirror-coated solvent bomb equipped with a Teflon stopcock [1].
4.1.1. MED: Talent prepares a sodium-mirror-coated solvent bomb.
4.2. Transfer approximately 25 to 50 milliliters of pentane to the solvent bomb [1]. Connect the solvent bomb to the high vacuum line [2]. [3].  
4.2.1. MED: Talent adds pentane to the solvent bomb.
4.2.2. MED: Talent connects the solvent bomb to the high vacuum line.
4.2.3. MED: Talent scans the connections with a high-frequency generator.
4.3. Freeze the solvent using a liquid-nitrogen-filled dewar [1]. Evacuate until the solvent finishes degassing  [2]. Then, distill the solvent to another solvent bomb. [3-TXT].
4.3.1. MED: Talent places the solvent bomb in a liquid-nitrogen-filled dewar.
4.3.2. CU: Close-up shot of solvent bomb as the solvent finishes degassing.
4.3.3. MED: Talent distilling the solvent to another solvent bomb stops the evacuation. TEXT: Repeat freeze step and degas cycle at least 2x.
5. General Procedure for Grafting Metal Complexes on Dehydroxylated Silica using Hf(NMe2)4
5.1. Dry a double Schlenk flask by evacuating it with the high vacuum line and heating it with a heat gun [1].
5.1.1. MED: Talent connects a double Schlenk tube to the high vacuum line and heats it with a heat gun.
5.2. After transferring the dry Schlenk flask to the glovebox, add 0.089 milliliters of the precursor complex to one compartment [1-TXT]. Add 1 gram of the dehydroxylated silica and a stir bar to the other compartment [2]. Close the two necks of the double Schlenk flask with a cap and seal them with grease [3].
5.2.1. MED: Talent adds the precursor complex to one compartment of the double Schlenk flask in the glovebox. TEXT: 0.089 mL Hf(NMe2)4. 5.2.1., 5.2.2 and 5.2.3 combined.
5.2.2. MED: Talent adds the dehydroxylated silica and a stir bar to the other compartment of the Schlenk flask in the glovebox.
5.2.3. MED: Talent closes the two necks of the double Schlenk flask with a cap and seals them with grease.
5.3. Using a T-joint, connect the high vacuum line to the solvent Schlenk flask on one side and to the double Schlenk flask on the other side [1]. Ensure that all connections are secured by metallic clips and evacuate the line and the double Schlenk flask until reaching a stable high vacuum of 10 to the minus 5 millbar [2-TXT].
5.3.1. MED: Talent connects the high vacuum line to the solvent Schlenk flask and the double Schlenk flask using a T-joint.
5.3.2. MED: Talent checks that all connections are secured by metallic clips and evacuates the line and double Schlenk flask while checking the vacuum reading. TEXT: All stopcocks should be evacuated.
5.4. Transfer the solvent from the solvent Schlenk flask to the compartment of the double Schlenk flask containing the metal precursor by distillation [1]. Once the glassware assembly is under static vacuum, use a liquid nitrogen dewar to cool the compartment to condense the solvent and to dissolve the precursor [2].
5.4.1. CU: Close-up shot of setup as the solvent from the solvent Schlenk flask is transferred to the double Schlenk flask. 
5.4.2. MED: Talent places the double Schlenk flask in a liquid nitrogen dewar.
5.5. Next, transfer the solution to the silica compartment by gravitation [1]. Stir for 1 to 3 hours to complete grafting [2].
5.5.1. MED: Talent transfers the solution to the silica gel compartment of the double Schlenk flask by gravitation. 
5.5.2. MED: Talent turns on the stirring.
5.6.  [1]. Then, filter the material by transferring the solvent to the solvent compartment and distill the solvent to the solid compartment [2].
5.6.1. MED: Talent adds solvent to the compartment containing the silica gel by distillation.
5.6.2. MED: Talent transfers the solvent to the solvent compartment and distills the solvent to the solid compartment.
5.7. Remove the waste solvent by distillation using an interceptor [1]. [2]. 
5.7.1. MED: Talent connects the double Schlenk flask to an interceptor and connects the interceptor to the high vacuum line.
5.7.2. MED: Talent turns on the stirring.
5.8. Prepare a disc pellet of the grafted material for an FTIR measurement in the glovebox [1].
5.8.1. MED: Talent prepares a disc pellet in the glovebox. Same as 3.5.2 and 6.2.1
6. Preparation of the Catalyst and Imine Metathesis Catalysis
6.1. Add 1 gram of the grafted material to a Schlenk flask and connect it to the high vacuum line [1]. Start heating it gradually to 200 degrees Celsius and leave it for 4 hours [2]. 
6.1.1. MED: Talent adds 1 gram of the grafted material to a Schlenk flask and connects the flask to the high vacuum line.
6.1.2. MED: Talent turns on the heating.
6.2. After allowing the grafted material to cool under vacuum, prepare a disc pellet from 50 to 70 milligrams of the prepared material for an FTIR measurement in the glovebox [1].
6.2.1. MED: Talent prepares a disc pellet in the glovebox.
6.3. In an ampule tube, add 12.47 milligrams of the catalyst. Add two imine substrates, 0.5 milliliters of toluene, and a stir bar [1-TXT]. Connect the ampule tube to the high vacuum line and freeze it by using liquid nitrogen [2].  
6.3.1. MED: Talent adds the catalyst, the two imine substrates, toluene, and a stir bar to an ampule tube. Videographer: Show imine substrate container labels in frame if possible. TEXT: See text for imine substrates and quantities. 
6.3.2. MED: Talent connects the ampule tube to the high vacuum line and places it in a liquid nitrogen dewar.
6.4. Next, seal the ampule tube with a flame torch [1]. Place the sealed ampule tube in an oil or sand bath and heat to 80 degrees Celsius for up to 6 hours [2]. [3]. 
6.4.1. MED: Talent seals the ampule tube with a flame torch.
6.4.2. MED: Talent places the tube in an oil or sand bath and turns on the heating.
6.4.3. MED: Talent monitors the reaction by GC or GC-MS.
6.5. After the reaction is complete, freeze the cooled ampule tube and cut the top using a glass cutter [1]. 
6.5.1. MED: Talent places the cooled ampule tube in liquid nitrogen and then cuts the top of the frozen tube with a glass cutter.
6.6. Filter the solution into a GC vial and dilute with 1 milliliter of toluene for GC-MS analysis [1]. 
6.6.1. MED: Talent filters the solution into a GC vial and adds toluene to dilute the reaction solution.









Section – Results
7. Results: Characterization of New Heterogeneous Catalyst for Imine Metathesis  
7.1. After grafting the complex on dehydroxylated silica, the characteristic FTIR peak for isolated silanol almost completely disappeared, and new peaks appeared in the alkyl region [1]. After heat treatment of the prepared material, its infrared spectrum showed a new peak for the imido fragment [2]. 
7.1.1. LAB MEDIA: Figure 6 – Video Editor: Highlight the peak at 3747 cm-1 in the blue curve at mention of “the characteristic FTIR peak for isolated silanol almost completely disappeared”. Highlight the peaks in the blue curve between at 2,970-2,776 cm-1 and 1,465-1,422 cm‑1 at mention of “new peaks appeared in the alkyl region”.
7.1.2. LAB MEDIA: Figure 6 – Video Editor: Highlight the peak at 1,595 cm-1 in the red curve.
7.2. The carbon cross-polarized magic angle spinning spectrum of the grafted material revealed two overlapping peaks at 37 and 46 ppm, attributed to the nonequivalent methyl group in -N-(CH3) (pronounced methylamine) [1]. A low-intensity peak at 81 ppm was determined to be correlated with the methylene peak at 2.7 ppm in the heteronuclear correlation spectrum [2]. 
7.2.1. LAB MEDIA: Figure 7 Author comment: Filming how to introduce SS NMR sample and N DNP-SENS sample. – Video Editor: Show B-1 in figure B and highlight peaks at 37 ppm, 46 ppm, and 81 ppm in top CP-MAS spectrum when mentioned.
7.2.2. LAB MEDIA: Figure 7 – Video Editor: Show spectrum B-1 in figure B and highlight -CH2 peak at 2.7 ppm in bottom projection spectrum.
7.3. The nitrogen NMR spectrum of the grafted material displayed two peaks [1]. The intense signal downfield was assigned to the nitrogen nuclei of the (η2-NMeCH2) (pronounced metallaaziridine) and amido functionalities [2]. The weak upfield-shifted peak was attributed to an NH(CH3)2 (pronounced dimethylamine) moiety [3]. 
7.3.1. LAB MEDIA: Figure 7 – Video Editor: Show B-3 in figure B.
7.3.2. LAB MEDIA: Figure 7 – Video Editor: Show B-3 in figure B and highlight the peak at 32 ppm in the spectrum, the black N in the three membered ring, and the black N connected to the two Me groups in compound (1).
7.3.3. LAB MEDIA: Figure 7 – Video Editor: Show B-3 in figure B and highlight the peak at 7 ppm in the spectrum and the blue N in compound (1).
7.4. For the imido metal fragment in the catalyst that was generated after heat treatment, one broad peak appeared in the proton NMR spectrum, representing the methylene groups [1]. The carbon cross-polarized magic angle spinning spectrum displayed two peaks at 37 and 48 ppm [2]. 
7.4.1. LAB MEDIA: Figure 7 – Video Editor: Show C-2 in figure C and highlight the peak at 2.2 ppm at mention of “one broad peak appeared in the proton NMR spectrum, representing the methylene groups”.
7.4.2. LAB MEDIA: Figure 7 – Video Editor: Show C-1 in figure C and highlight the peaks at 37 and 48 ppm in the top CP-MAS spectrum when mentioned.
7.5. The imine metathesis with three imine compounds and mass spectra of the resulting products are shown here [1]. 
7.5.1. LAB MEDIA: Figure 8 – Video Editor: Highlight top two reaction schemes at mention of “the imine metathesis with three imine compounds” and four bottom chromatograms at mention of “mass spectra of the resulting products”.



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Maha Ahmad Alrefai Aljuhani: Always check the high vacuum line and make sure all glassware is sealed properly in all steps to prevent air leaks [1].

8.1.1. INTERVIEW: Maha Ahmad Alrefai Aljuhani says the statement above in an interview-style shot, looking slightly off-camera.
8.2. Maha Ahmad Alrefai Aljuhani: This study can potentially bring a better general understanding of catalytic cycles by the preparation of new well-defined single-site silica-supported catalysts [1]. 

8.2.1. INTERVIEW: Maha Ahmad Alrefai Aljuhani says the statement above in an interview-style shot, looking slightly off-camera.
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