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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.8., 3.1., 4.1., 5.1., 5.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.1., 5.4.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Min Kim: Our idea for the reaction site validation of MOF catalysts gives reliable data about whether a reaction takes place on the inner or outer surface of MOFs [1].

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

1.2. [bookmark: _GoBack]Min Kim: These methods can be used to evaluate reaction sites, which can be crucial in the design of MOF based catalysts [1].

1.2.1. INTERVIEW: Named talent 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. Seongwoo Kim: Research studies of developing MOF-based catalysts may use these methods to achieve an objective perspective for catalyst characterization [1].

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

1.4. Seongwoo Kim: Visual demonstration of these methods is essential, as the techniques are difficult to learn through text instruction alone [1].

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

Introduction of Demonstrator (Said by you on camera):

1.5. Min Kim: Demonstrating the procedure will be Jeehwan Han, a grad student from my research team [1][2].  

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Section - Protocol

2. (S)-KUMOF-1 Crystal Preparation

2.1. For small size S-KUMOF-1 (S-koo-moff-one) synthesis, dissolve 0.2 milligrams of copper two nitrate [1-TXT] and 0.24 milligrams of in 4 milliliters of DEF (D-E-F) in methanol [2-TXT].

2.1.1. WIDE: Talent adding copper nitrate to DEF/MeOH, with copper nitrate and DEF/MeOH containers visible in frame TEXT: KUMOF-1 Korea University Metal-Organic Framework
2.1.2. Talent adding dicarboxylic acid ligand to DEF/MeOH TEXT: DEF: N,N-diethylformamide

2.2. Cap the reaction cell with a PTFE (P-T-F-E) cap [1-TXT] and place the cell in a microwave reactor at 65 degrees Celsius, 100 pounds per square inch, and 50 Watts for 20 minutes [2].

2.2.1. Talent placing cap onto cell Videographer: Important step TEXT: PTFE: polytetrafluoroethylene
2.2.2. Talent placing cell into reactor Videographer: Important step

2.3. At the end of the reaction, whisk gently with a small spatula to float the obtained blue cubic crystals [1] and decant the crystals onto filter paper [2].

2.3.1. Reaction being whisked
2.3.2. Crystals being poured onto filter paper

2.4. Then wash the crystals three times with 3 milliliters of hot DEF per wash [1] followed by three washes with 3 milliliters of anhydrous DCM per wash [2-TXT] before transferring the crystals into fresh anhydrous DCM for storage [3].

2.4.1. DEF being added to crystals, with DEF container visible in frame
2.4.2. DCM being added to crystals, with DCM container visible in frame TEXT: DCM: dichloromethane
2.4.3. Talent adding crystals to storage container, with DCM container visible in frame

2.5. For medium size S-KUMOF-1 synthesis, dissolve 7.2 milligrams of copper nitrate in 1.5 milliliters of methanol [1] and 9 milligrams of dicarboxylic acid ligand in 1.5 milliliters of DEF [2].

2.5.1. Copper nitrate being added to MeOH, with copper nitrate and MeOH containers visible in frame
2.5.2. Dicarboxylic acid ligand acid being added to DEF, with dicarboxylic acid ligand and DEF containers visible in frame

2.6. Combine the two solutions in a 4-milliliter vial [1] and cover the vial with PTFE tape [2-TXT].

2.6.1. Solution being poured into vial, with both solution containers visible in frame
2.6.2. Vial being taped TEXT: For large (S)-KUMOF-1 crystals, leave vial open

2.7. Puncture the tape with a needle [1] and place the 4-milliliter vial into a 20-milliliter vial [2].

2.7.1. Tape being punctured
2.7.2. 4-mL vial being placed into 20-mL vial

2.8. Add 1.0 milliliter of DMA (D-M-A) into the space between the small and large vials [1] and cap the large vial tightly [2] for a 24-hour incubation in a 65-degree Celsius oven [3].

2.8.1. DMA being added to 20-mL vial Videographer: Important step TEXT: DMA: N,N-dimethylaniline
2.8.2. Vial being capped Videographer: Important step
2.8.3. Talent placing vial into oven Videographer: Important step

2.9. The next day, whisk the 4-milliliter vial solution gently with a small spatula to float the resulting blue cubic crystals [1] and decant the crystals onto a piece of filter paper [2].

2.9.1. Solution being whisked
2.9.2. Crystals being poured onto paper

2.10. Wash three crystals three times with 3 milliliters of fresh, hot DEF in methanol as demonstrated [1] before storing the crystals in 3 milliliters of fresh DCM [3].

2.10.1. DEF being added to crystals, with DEF container visible in frame
2.10.2. Talent adding crystals to storage container, with DCM container visible in frame 

3. Zinc/(S)-KUMOF-1 Crystal Preparation

3.1. For zinc S-KUMOF-1 crystal preparation, add 680 microliters of dimethylzinc to 120- milligram suspension of S-KUMOF-1 in 2 milliliters of DCM at minus 78 degrees Celsius [1] and shake the mixture at this temperature at 180 rotations per minute for three hours [2].

3.1.1. WIDE: Talent adding dimethylzinc to S-KUMOF-1 in DCM at -78 °C, with dimethylzinc, S-KUMOF-1, and DCM containers visible in frame Videographer: Important step
3.1.2. Reaction being shaken Videographer: Important step

3.2. At the end of the incubation decant the supernatant [1] and wash the resulting product with 3 milliliters of cold DCM several times for the complete removal of any unreacted dimethylzinc [2].

3.2.1. Supernatant being decanted
3.2.2. Crystals being washed, with DCM container visible in frame

3.3. Then follow the S-KUMOF-1 crystal preparation protocol as demonstrated to obtain small-, medium-, and large-sized zinc S-KUMOF-1 crystals [1].

3.3.1. Shot of small, medium, and large Zn/(S)-KUMOF-1 crystals

4. Titanium/(S)-KUMOF-1 Crystal Preparation

4.1. To synthesize titanium-KUMOF-1 crystals, add 59 microliters of titanium isopropoxide to a 24-milligram suspension of S-KUMOF-1 in 2 milliliters of DCM [1] and shake the mixture for 5 hours at 180 rotations per minute at room temperature [2].

4.1.1. WIDE: Talent adding titanium isopropoxide to container, with titanium isopropoxide, S-KUMOF-1, and DCM containers visible in frame Videographer: Important step
4.1.2. Mixture being shaken Videographer: Important step

4.2. At the end of the incubation, decant the supernatant [1] and wash the resulting product with 3 milliliters of cold DCM several times for the complete removal of any residual titanium isopropoxide [2].

4.2.1. Supernatant being decanted
4.2.2. Crystals being washed, with DCM container visible in frame

4.3. Then follow the S-KUMOF-1 crystal preparation protocol as demonstrated to obtain small-, medium-, and large-sized titanium S-KUMOF-1 crystals [1].

4.3.1. Shot of small, medium, and large Ti/(S)-KUMOF-1 crystals

5. Carbonyl-ene Reaction 

5.1. For a heterogeneous stoichiometric carbonyl-ene reaction by zinc S-KUMOF-1, add the substrate solution in 100 microliters of DCM [1] to a suspension of 102-milligram suspension of zinc S-KUMOF-1 in 2 milliliters of DCM at minus 78 degrees Celsius [2].

5.1.1. WIDE: Talent adding substrate to DCM, with substrate and DCM containers visible in frame Videographer: Important/difficult step
5.1.2. Talent adding substrate suspension to zinc suspension, with zinc S-KUMOF-1 and DCM containers visible in frame Videographer: Important/difficult step

5.2. Place the reaction mixture in a cryogenic cooling bath for 3.5 hours with shaking [1].

5.2.1. Shot of reaction in cooling bath shaking on shaker

5.3. At the end of the incubation, quench the reaction with 3 milliliters of an aqueous 6-normal hydrochloric acid solution [1] and filter the resultant mixture through a diatomaceous silica pad [2].

5.3.1. HCl being added to reaction, with HCl container visible in frame
5.3.2. Mixture being added to pad

5.4. For a heterogeneous catalytic carbonyl-ene reaction by titanium S-KUMOF-1, add the substrate solution in 100 microliters of DCM to a 12-milligram suspension of titanium S-KUMOF-1 in 2 milliliters of DCM at 0 degrees Celsius [1] and shake the solution for 36 hours at this temperature at 180 rotations per minute [2].

5.4.1. Talent adding substrate to titanium suspension, with substrate, titanium suspension, and DCM containers visible in frame Videographer: Important/difficult step
5.4.2. Solution being shaken Videographer: Important/difficult step

5.5. At the end of the incubation, collect the supernatant [1] and wash the resultant crystals three times with three milliliters of fresh DCM per wash [2].

5.5.1. Supernatant being collected
5.5.2. DCM being added to crystals, with DCM container visible in frame


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

6. Results: Representative Heterogeneous Enantioselective Catalysis

6.1. The enantioselective carbonyl-ene reaction using the zinc reagent is stoichiometric [1] because of the difference in the binding affinities of the alkoxy [2] and carbonyl groups to the metal [3].

6.1.1. LAB MEDIA: Figure 2
6.1.2. LAB MEDIA: Figure 2 Video Editor: please emphasize bold bonding between RO-Zn in structures IV and V
6.1.3. LAB MEDIA: Figure Video Editor: please emphasize top C-O-Zn bond in structures III, IV, and V

6.2. The results of the heterogeneous enantioselective carbonyl-ene reaction of substrates by zinc S-KUMOF-1 [1] show that the smallest substrate could diffuse inside the crystal and convert to the product in a high yield [2], proving that all of the reaction sites of the metal-organic frameworks were available [3].

6.2.1. LAB MEDIA: Table 1
6.2.2. LAB MEDIA: Table 1 Video Editor: please emphasize 1a and 92 data cells
6.2.3. LAB MEDIA: Table 1

6.3. The yield and enantiomeric excess decreased [1] as the substrate size increased [2], suggesting that the larger substrates could not access the reaction sites inside the metal-organic framework crystal [3].

6.3.1. LAB MEDIA: Table 1 Video Editor: please sequentially emphasize 50, 5, and NA data cells or add downward arrow from 50 to NA
6.3.2. LAB MEDIA: Table 1 Video Editor: please sequentially emphasize 1c, 1b, and 1a data cells or add upward arrow from 1c to 1a

6.4. The largest substrate did not undergo the reaction in this system [1], possibly because the reaction channel was blocked by the corresponding reaction products [2].

6.4.1. LAB MEDIA: Table 1 Video Editor: please emphasize 1c data row
6.4.2. LAB MEDIA: Figure 3C Video Editor: please emphasize green shapes 

6.5. If the size of substrate is too large, the surface reaction site makes the first contact and directly blocks the entrance of the channel, which makes it impossible for other substrates to penetrate [1].

6.5.1. LAB MEDIA: Animation 1: 00:00-00:07

6.6. When the size of the substrate is sufficiently small compared to the size of the void, additional substrates can penetrate the crystal [1].

6.6.1.  LAB MEDIA: Animation 1: 00:10-00:14

6.7. Unlike the zinc-mediated system, the titanium-catalyzed system provides more information about the events occurring at the catalytic reaction sites [1], with no discrimination by substrate size [2].

6.7.1. LAB MEDIA: Figure 4 Video Editor: please emphasize sequentially show/add/emphasize Figure 4A, 4B, 4C, 4D to illustrate reaction process
6.7.2. LAB MEDIA: Table 3 Video Editor: please emphasize yield (%) data columns

6.8. Indeed, most reactions occurred on or beneath the surface and the products were immediately removed to the solution [1].

6.8.1. LAB MEDIA: Animation 2: 00:00-00:13 Video Editor: can speed up 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Jeehwan Han: Carefully following the steps of carbonyl-ene reaction procedures as demonstrated is important for obtaining reliable experimental results [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 5.1., 5.4.)
7.2. Seongwoo Kim: Two-photon microscopy measurements will provide additional data for the actual reaction site of various kinds of MOF-based catalysts [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Jeehwan Han: As a verification procedure for the reaction site of the MOF catalyst is necessary, our method can be used as a means for double-checking the results [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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