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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 3.5 and 3.6; 4.1, 4.2, 4.4
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 4.1, 4.2, 4.4 (4.1 and 4.2 have only one shot each)
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this protocol is to synthesize thiol (thigh-all /ˈθaɪ ɔl/) linker molecules and to prepare single crystals of porous metal-sulfur frameworks from these thiol species. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Zhengtao Xu: This method can help answer key questions in the field of materials chemistry as to how to better prepare crystalline networks from metal ions and mercaptan molecules.
1.2. Jun He: The main advantage of this technique is provided by the convenient and versatile syntheses, which utilize the relatively stable thioesters as the precursor for framework assembly.
D. Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
1.3. Zhengtao Xu: Demonstrating the procedure will be Mr. Yonghe He, a graduate student from my laboratory.
1.3.1. Zhengtao Xu speaks towards the camera, interview style.
1.3.2. Yonghe He looks up from the fume hood or workbench and acknowledges the camera.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Sodium Thiomethoxide (CH3SNa) Synthesis
2.1. To begin the procedure, connect a 200-mL Schlenk (shlengk /ʃlɛŋk/) flask equipped with a stir bar to a vacuum-gas manifold. [1-WIDE] Evacuate and backfill the flask with N2 (nitrogen) gas three times. From then on, keep the flask filled with flowing N2 gas at a slight positive pressure. [2-MED-Over shoulder-TXT]
2.1.1. Talent connects a Schlenk flask to the Schlenk line. (The entire vacuum manifold apparatus should be visible in this shot, if possible.)
2.1.2. Talent evacuates the Schlenk flask and refills it with N2. (TEXT: Perform all manipulations under N2.)
2.2. [bookmark: _Hlk479690597]Next, remove a block of metallic sodium from the mineral oil in which it was stored.  Wipe away residual mineral oil with a paper towel, [1-MED] and scrape off the oxide (ock-side /ˈɒk saɪd/) layer with a knife. [2-CU]
2.2.1. Talent takes the metallic sodium block out of its mineral oil-filled storage container and wipes away the mineral oil with a paper towel.
2.2.2. Talent scrapes off the oxide layer from the sodium block.
Note: Depending on how long it takes to set up between shots, it may be easiest to return the sodium block to its storage container after each shot and wipe off the mineral oil just before beginning to film the next shot.
2.3. Quickly weigh out approximately 6.7 g of metallic sodium and note the weight. [1-MED-Over shoulder] Quickly cut the sodium into small pieces [2-CU] and transfer the pieces to the Schlenk flask under a counter-flow of N2 gas. Immediately seal the flask with a septum (sep-tum /ˈsɛp təm/). [3-MED]
2.3.1. Talent cuts approximately 6.7 g of metallic sodium from the block into a weighing boat on a balance.
2.3.2. Talent dices the piece of sodium into smaller pieces.
2.3.3. Talent transfers the sodium pieces into the flask and seals the flask with a septum.
Note: This may require using a different piece of sodium metal for each shot; I apologize for the inconvenience if this is the case.
2.4. [bookmark: _Hlk491257015]Add 80 mL of anhydrous (ann-high-druss /ænˈhaɪ drəs/), air-free tetrahydrofuran (teh-truh-high-droh-fyooer-ann /ˌtɛ trəˌhaɪ drəˈfjʊər æn/) to the flask via cannula (can-yuh-luh /ˈkæn jə lə/) transfer. [1-MED-Over shoulder] Then, draw 14.0 mL of nitrogen-purged dimethyl disulfide (dye-meth-ll dye-sul-fide /daɪˈmɛθ əl  daɪˈsʌl faɪd/) into a syringe. Add the DMDS (D-M-D-S) to the mixture dropwise under a N2 atmosphere. [2-CU-TXT]
2.4.1. With a labeled flask of THF already connected to the manifold, talent inserts the cannula into the flask of THF and the reaction flask through their respective septa.
2.4.2. Talent inserts the needle of a labeled syringe containing 14 mL DMDS into the septum of the reaction flask and begins dispensing the DMDS dropwise into the mixture. *The zoom level should be wide enough to show both the syringe and the reaction mixture in the flask. (TEXT: Adjust the amount of dimethyl disulfide (DMDS) based on the actual amount of Na used.)
2.5. Replace the septum with a ground glass stopper. Stir the mixture at room temperature for 24 hours under a flow of N2 gas. [1-MED] Then, stir the mixture at 60 °C for 3 hours. [2-MED-Over shoulder-TXT]
2.5.1. Talent removes the septum, inserts a glass stopper into the flask, and leaves the mixture stirring.
2.5.2. With a flask containing the viscous (post-24 h stirring) reaction mixture now stirring in a heating bath or mantle, talent turns up the heat of the heating bath or mantle. (TEXT: Stir 24 h at RT, 3 h at 60 °C)
2.6. Ensure that the vacuum manifold is equipped with a cold trap in line with the gas outlet. [1-MED] With the mixture stirring at 60 °C, evaporate the THF (T-H-F) and excess DMDS under a steady stream of N2 gas until a solid has formed. [2-CU]
2.6.1. Talent raises a dewar filled with dry ice and acetone (or another cryogen) up to enclose the cold trap.
2.6.2. The mixture stirring at 60 °C in the flask under a stream of N2 once some solid has started to form.
2.7. Remove residual THF and DMDS from the solid under vacuum for 2 hours [1-MED-Over shoulder] to obtain sodium thiomethoxide (thigh-oh-meth-ock-side /ˌθaɪ oʊ mɛθˈɒk saɪd/) as a light yellow solid. Store the product under a N2 atmosphere in the absence of light. [2-ECU]
2.7.1. Talent opens the flask of the solid to vacuum.
2.7.2. The light yellow solid in the flask.
3. 2,3,6,7,10,11-Hexakis(pentanoylthio)triphenylene (HVaTT) Synthesis
3.1. To begin the HVaTT (H-V-A-T-T) synthesis, connect a 50-mL Schlenk flask equipped with a stir bar to a vacuum manifold, and purge the flask. [1-MED]
3.1.1. Talent clamps the connected flask in place and evacuates the flask.
3.2. Quickly measure out approximately 0.664 g of sodium thiomethoxide and note the weight. [1-MED-Over shoulder] Under a counter-flow of N2 gas, quickly load the sodium thiomethoxide into the reaction flask, and stopper the flask. [2-MED]
3.2.1. Talent measures out about 0.664 g of CH3SNa into a weighing boat.
3.2.2. Talent removes the flask stopper, quickly adds pre-weighed CH3SNa to the flask, and re-stoppers the flask.
3.3. Add 0.216 g of HBT (H-B-T) to the flask under a counter-flow of N2 gas, and seal the flask with a septum. [1-MED-TXT] Add 10 mL of anhydrous, air-free DMEU (D-M-E-U) to the flask via cannula transfer. [2-MED]
3.3.1. Talent adds the pre-weighed HBT to the flask and stoppers the flask. (TEXT: Adjust the amount of HBT (2,3,6,7,10,11-hexabromotriphenylene) based on the actual amount of CH3SNa used.) 
3.3.2. The reaction flask and the labeled DMEU flask as the DMEU is transferred to the reaction flask via the cannula. (TEXT: 10 mL anhydrous, air-free 1,3-dimethyl-2-imidazolidinone (DMEU))
[bookmark: _GoBack]Author note: In the video do not use the shot slated as 3.3.1. The shot that is slated as 3.3.2 is actually corresponds to 3.3.1. in the original script and the shots slated as 3.3.3A and 3.3.3B correspond to 3.3.2. in the original script.
3.4. Afterwards, replace the septum with a ground glass stopper. [1-MED] Heat the mixture to 240 °C with a salt bath, and stir the mixture under a N2 atmosphere for 48 hours. [2-CU]
3.4.1. Talent exchanges the septum for a glass stopper.
3.4.2. The mixture stirring in a salt bath at 240 °C.
3.5. When ready to check the reaction progress, while under a flow of N2 gas, use a glass pipette to transfer about 0.1 mL of the reaction mixture to a plastic microcentrifuge vial containing 0.1 mL of neat valeroyl-chloride (val-er-oil /ˈvæl ər ɔɪl/). Quickly close the vial. [1-CU]
3.5.1. Talent unstoppers the reaction flask, withdraws about 0.1 mL of the reaction mixture with a glass pipette, adds the mixture to the tube of valeroyl chloride, closes the tube, and stoppers the flask.
3.6. Shake the mixture for 1 minute. [1-MED] Then, add to the turbid, grey-white mixture 0.4 mL of deionized water and 0.1 mL of ethyl acetate (eth-ll as-eh-teyt /ˈɛθ əl ˈæs əˌteɪt/). Shake the mixture for a few more seconds, and allow the mixture to separate. [2-MED]
3.6.1. Talent shakes the vial.
3.6.2. Talent adds 0.4 mL DIH2O and 0.1 mL EtOAc to the vial, closes the vial, shakes the vial for a few seconds, and then places the vial in a rack to let the mixture separate.
3.7. If an insoluble (in-sawl-yuh-bul /ɪnˈsɒl jə bəl/) white substance is between the layers, the reaction is likely incomplete. [1-CU]
3.7.1. An example vial containing the separated layers with an insoluble white substance between the layers; talent uses a small spatula or other small pointer to point out the white solid.
3.8. If nothing is observed between the water and ethyl acetate layers, the reaction is potentially complete, and the sample may be further examined by thin-layer chromatography (crow-muh-tog-ruh-fee /ˌkroʊ məˈtɒg rə fiː/). [1-CU]
3.8.1. An example vial containing the separated layers with nothing between the layers; talent uses a small spatula or other small pointer to point out the lack of white solid between the layers.
3.9. Spot the upper layer on a TLC (T-L-C) plate. [1-MED] Develop the plate with a 1:4 mixture of ethyl acetate and petroleum ether as the eluent (el-yoo-ent /ˈɛl juː ənt/), [2-CU] and visualize the plate with UV light. Examine the plate to determine whether the reaction is complete. [3-MED-TXT]
3.9.1. Talent dips a capillary in the upper layer of the sample and spots it on a TLC plate.
3.9.2. The eluate moving up the TLC plate, with the TLC plate in the development chamber.
3.9.3. With the dry, developed plate under UV light, talent circles the target molecule spot. (TEXT: Target molecule Rf ≈ 0.4 at reaction completion.)
3.10. Once the reaction is complete, remove the flask from the salt bath [1-MED] and allow the mixture to cool to room temperature. Then, cool the mixture to 0 °C with an ice bath. [2-MED] Replace the stopper with a rubber septum. [3-MED-Over shoulder]
3.10.1. Talent lowers the salt bath from under the reaction flask to allow the mixture to cool.
3.10.2. Talent checks the temperature of the reaction flask to demonstrate that it is at RT, and then begins raising an ice bath up to the flask.
3.10.3. With the flask now in the ice bath, talent exchanges the stopper for a septum.
3.11. Draw 1.5 mL of valeroyl chloride into a syringe. Add the valeroyl chloride to the mixture dropwise, over about 2 minutes, while under a N2 atmosphere. [1-CU] Replace the septum with a ground glass stopper and stir the mixture at 0 °C for 2 hours. [2-MED]
3.11.1. Talent inserts the needle of a syringe containing valeroyl chloride through the septum and begins adding the valeroyl chloride dropwise to the mixture.
3.11.2. Talent exchanges the septum for a ground glass stopper and leaves the mixture stirring.
3.12. Then, dilute the mixture with 50 mL of ice water. [1-MED] Extract the product into 30-mL portions of ethyl acetate three times. Wash the combined organic layers with 60-mL portions of deionized water six times. [2-MED-TXT]
3.12.1. Talent combines the reaction mixture with 50 mL ice water.
3.12.2. With the diluted mixture already in a separatory funnel, talent adds 30 mL EtOAc to the funnel, closes the funnel, and shakes the funnel. (TEXT: Extract 3 x 30 mL EtOAc, Wash 6 x 60 mL DIH2O)
3.13. Dry the washed organic fractions over anhydrous magnesium sulfate (sul-fate /ˈsʌl feɪt/). [1-MED] Filter off the magnesium sulfate, and remove volatiles from the filtrate (fill-trait /ˈfɪl treɪt/) with a rotary evaporator. [2-MED]
3.13.1. Talent swirls the combined organic fractions in a flask with MgSO4.
3.13.2. A flask of the crude product rotating on the rotary evaporator.
3.14. Isolate the oily crude-product by column chromatography with a 1:10 mixture of ethyl acetate and petroleum ether as the eluent. [1-MED-TXT] Remove volatiles with a rotary evaporator to obtain a light yellow oil. [2-MED]
3.14.1. Talent collects a product fraction from the column. (TEXT: Evaluate product purity with TLC.)
3.14.2. Talent disconnects a flask of the light yellow oil from the rotary evaporator and holds up the flask to show the oil.
3.15. [bookmark: _Hlk490839222]Combine the oil with 5 mL of methanol, sonicate (sahn-ih-kate /ˈsɒn ɪ keɪt/) the mixture for 2 minutes, [1-MED-Over shoulder] and collect the resultant off-white solid product by vacuum filtration (fil-tray-shun /fɪlˈtreɪ ʃən/). [2-CU]
3.15.1. Talent places the oil and methanol mixture in a sonicator and starts sonication.
3.15.2. Talent transfers the collected off-white solid from the filter to a vial.
4. Lead 2,3,6,7,10,11-Triphenylene Hexathiol (HTT-Pb) Framework Single Crystal Synthesis and Interaction with Paraquat Diiodide
4.1. To begin the HTT-Pb (H-T-T-P-B) synthesis, dissolve 5.7 mg of lead(II) acetate trihydrate (led-two as-eh-teyt try-high-dreyt /ˈæs əˌteɪt try traɪˈhaɪ dreɪt/) in 1.0 mL of ethylenediamine (eth-uh-leen dye-uh-meen /ˈɛθ ə liːn ˈdaɪ ə miːn/) in a 5-mL vial. [1-CU]
4.1.1. With the PbOAc·3H2O already in the 5-mL vial, talent adds 1.0 mL ethylenediamine and mixes them by hand or places the mixture on a stir plate to stir.
4.2. Place 4.6 mg of HVaTT, 1.0 mL of a degassed (dee-gassed) 140 mM solution of sodium hydroxide in methanol, and 0.75 mL of ethylenediamine in a 10-mL Schlenk tube. [1-MED] 
4.2.1. Talent loads pre-measured HVaTT, NaOH/MeOH, and ethylenediamine into the Schlenk tube.
4.3. Zhengtao Xu: Crystals of various sizes can be obtained by adjusting the solvents and basicity of the reaction mixture; for example, by varying the ethylenediamine/methanol volume ratio between 1:1 and 2:1, and the HVaTT/NaOH molar ratio between 1:14 and 1:28. [1-MED]
4.3.1. Talent speaks towards the camera, interview style.
4.4. Sonicate the HVaTT mixture for 5 minutes. [1-MED-Over shoulder] Then, add the lead(II) acetate solution to the HVaTT mixture. [2-MED] Bubble N2 gas through the mixture for 1 minute without stirring. [3-CU]
4.4.1. Talent places the tube, now closed with a stopper, in a sonicator and starts sonication.
4.4.2. Talent adds the PbOAc·3H2O solution to the reaction mixture.
4.4.3. The reaction mixture in the flask as N2 gas is bubbled through it.
4.5. [bookmark: _Hlk494890631]Seal the Schlenk tube with a screw cap, [1-MED] and heat the mixture in an oven at 90 °C for 48 hours. Then, allow the mixture to cool to room temperature [2-MED-Over shoulder-TXT] to grow yellow-orange, octahedral (ock-tuh-hee-drul /ˌɒk təˈhiː drəl/) single crystals suitable for single-crystal X-ray diffraction (dih-frak-shun /dɪˈfræk ʃən/). [3-CU]
4.5.1. Talent closes the Schlenk tube with a screw cap.
4.5.2. Talent removes a Schlenk tube containing a mixture that has already been heated from the oven. (TEXT: 48 h at 90 °C)
4.5.3. A flask or vial containing the single crystals under mother liquor.
4.6. Use a pipette to remove the solution from the crystals, [1-CU] and wash the crystals with methanol several times. [2-CU] Store the washed single crystals in 5 mL of air-free methanol. [3-CU]
4.6.1. Talent pipettes the solution off the crystals.
4.6.2. Talent adds methanol to the crystals and pipettes off the methanol.
4.6.3. The washed crystals under 5 mL of air-free methanol.
4.7. Next, obtain an aqueous (ey-kwee-uhs /ˈeɪ kwiː əs/) solution of 0.1% by weight paraquat diiodide (pair-uh-quat dye-eye-uh-died /ˈpær ə kwɑt daɪˈaɪ əˌdaɪd/). [1-MED] Transfer a few HTT-Pb single-crystals from the methanol stock to a Petri (pee-tree /ˈpiː triː/) dish. Use laboratory tissue or filter paper to soak up excess methanol in the dish. [2-CU]
4.7.1. Talent places a labeled container of 0.1% paraquat diiodide on the workspace.
4.7.2. Talent transfers a few single crystals from the methanol stock to the dish and uses filter paper to soak up excess methanol around the crystals.
4.8. Carefully apply a few drops of the paraquat diiodide solution to the crystals. [1-CU] Observe the color change of the crystals under a microscope or with the naked eye. [2-CU]
4.8.1. Talent applies a few drops of PDI to the crystals, which begin changing color.
4.8.2. The near-black crystals after 1-2 minutes in contact with PDI.
5. Results: HVaTT and HTT-Pb ([Pb3OH0.5(HTT)]-1.5) Characterization
5.1. [bookmark: _Hlk496435486]The 1H NMR (pro-tawn /ˈproʊ tɒn/ N-M-R) spectrum of HVaTT showed a singlet from the aromatic hydrogens and multiplets (mul-tih-plets /ˈmʌl tɪ plɛts/) from the aliphatic (al-ih-fat-ik /ˌæl ɪˈfæt ɪk/) protons. [1-LM] Aliphatic C-H (C-H) stretching was also observed in the HVaTT IR (I-R) spectrum. The strong absorption at 1,700 cm-1 (seventeen-hundred reciprocal centimeters) was attributed to carbonyl (car-buh-neel /ˈkɑr bə nil/) stretching from the carbonyls protecting the thioester (thigh-oh-ess-ter /ˈθaɪ oʊ ɛs tər/) groups. [2-LM]
5.1.1. Figure 3 and Figure 1, HVaTT image only (Figure 3rev.tif and 57455_Xu_Figure1.tif)
5.1.2. Figure 2a (57455_Xu_Figure2a.tif): During “The strong…thioester groups”, add an arrow pointing to the long upside-down peak that occurs between 2000 and 1500 on the horizontal axis (see Figure 2a highlight example.png).
5.2. This carbonyl stretching was correspondingly absent in the IR spectrum of crystalline HTT-Pb. The HTT-Pb spectrum also lacked the aliphatic C-H stretching observed in HVaTT. [1-LM] Powder X-ray diffraction of crystalline HTT-Pb was consistent with the reported HTT-Pb single-crystal structure, demonstrating the crystalline phase purity of the product. [2-LM]
5.2.1. Figure 2 (57455_Xu_Figure2 (1).png): During “This carbonyl…crystalline HTT-Pb”, highlight a vertical band at about 1700 on the horizontal axis (see Figure 2 highlight example 1.png). During “The HTT-Pb…in HVaTT”, highlight a vertical band enclosing the 3000-2800 region (see Figure 2 highlight example 2.png).
5.2.2. Figure 5 (57455_Xu_Figure5.png)
5.3. The HTT-Pb crystals were highly responsive to paraquat diiodide in water, with the crystals changing color within one to two minutes of contact with an aqueous paraquat diiodide solution. This behavior was attributed to strong charge-transfer interactions between the electron-rich HTT-Pb framework and the highly electron-deficient paraquat guest. [1-LM]
5.3.1. Figure 6 (57455_Xu_Figure6.tif): During “with the crystals…diiodide solution”, emphasize 6a (the top section above the photograph). During “the highly…guest”, highlight the chemical diagram above the right-pointing arrow.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Zhengtao Xu: This technique paves the way for researchers of open framework materials to explore the construction of various metal-thiolate networks for studies of their electronic and catalytic properties.
6.2. [bookmark: _Hlk479076977]Jun He: This procedure will facilitate deeper studies on these important metal-sulfur framework materials. Aromatic thiol and thioester molecules can also be prepared for molecular chemistry and solution chemistry investigations using this procedure.
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17523823

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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