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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N If yes, please list make and model of your microscope: 
_____________________________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.3, 2.4, 3.1, 3.2, 4.2, 4.4, 5.1, 5.2.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Details of MOF synthesis (i.e., how to solvothermally synthesize a MOF, maintain the crystals solvated throughout the process of working with them, characterization of MOFs with PXRD and NMR)

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to synthesize a pillared-paddlewheel metal-organic framework, or MOF, that is difficult to obtain de novo using SALE (TEXT: SALE: Solvent-assisted Linker Exchange), and to activate it via supercritical CO2 drying. (Intro)

This is achieved by solvothermally synthesizing the parent MOF, which is easy to access de novo from zinc nitrate hexahydrate, N,N’-di-4-pyridylnaphthalenetetracarboxydiimide and 1,4-dibromo-2,3,5,6-tetrakis-(4-carboxyphenyl)benzene in an acidic DMF solution in order to use it as a SALE template. (P1)

As a second step, the crystals of the parent MOF are subjected to the SALE reaction with the DMF solution of the linker of choice, which yields the desired daughter MOF product, SALEM-5. (P2) 

Next, the DMF solvent in the pores of SALEM-5 is removed by performing solvent exchange with ethanol and activation with supercritical CO2 in order to render the material suitable for applications involving gas sorption. (P3)

The results show retention of framework topology, incorporation of the daughter linkers into the SALEM-5 framework and prevention of framework collapse upon activation, based on powder X-ray diffraction in a spinning capillary, proton nuclear magnetic resonance spectroscopy and observation of the crystal images of the activated MOF and collection of nitrogen isotherms, respectively. (P4)

Video Editor: Use 52094_schematic_overview_Farha.pptx

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Omar Farha: This video can provide insight into alternative routes towards the synthesis and activation of challenging MOFs, as well as alert against common pitfalls committed when handling fragile MOF structures. Solvent-assisted linker exchange can be applied to a wide range of MOFs, besides the pillared-paddlewheel systems on which this video is focused.
1.2. Olga Karagiaridi: The main advantage of solvent-assisted linker exchange over existing methods is its versatility and efficiency combined with its facile implementation. SALE ameliorates problems associated with linker solubility and typically leads to an almost quantitative synthesis of the daughter MOF.
1.3. Amy Sarjeant: Powder X-ray diffraction is a powerful technique to confirm the SALE reaction has occurred.  The method presented here keeps the crystals in their mother liquor, which ensures that the MOF framework remains intact.
1.4. **Omar Farha: Demonstrating the procedure will be Dr. Rachel Klet, a post doc from our laboratory.
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Synthesis of the Parent Metal-organic Framework, Br-YOMOF
2.1. First, weigh out 50 mg of zinc nitrate hexahydrate, 37.8 mg of dpni and 64.5 mg of Br-tcpb (TEXT: 50 mg Zn(NO3)2 × 6H2O, 37.8 mg N,N’-di-4-pyridylnaphthalenetetracarboxydiimide, 64.5 mg 1,4-dibromo-2,3,5,6-tetrakis-(4-carboxyphenyl)benzene). Combine all solid ingredients in a 4-dram vial.
2.1.1. WID/MED: Talent walks up to balance with reagents in hand.
2.1.2. MED-over the shoulder: Talent weighs out each reagent on the balance.
2.1.3. CU: 4-dram vial as talent adds the reagents to it.
2.2. Add 10 mL of DMF to the vial containing the solid ingredients. Then, using a 9’’ Pasteur pipet, add one drop of concentrated hydrochloric acid.
2.2.1. MED: Talent adds DMF to the vial containing the solid reagents.
2.2.2. CU: Vial as talent adds one drop of hydrochloric acid with a Pasteur pipet.
2.3. After tightly capping the vial, thoroughly mix the ingredients using an ultrasonication bath for ~15 min, observing the contents of the vial as they form a suspension.
2.3.1. MED-over the shoulder: Talent places the vial in an ultrasonication batch and turns it on.
2.3.2. CU: Vial in ultrasonication bath as to see what the contents look like as the solution is being mixed and the suspension is being formed.
2.4. Next, place the vial in an oven at 80 ºC for two days. On day 1, check the vial to ensure that its contents have completely dissolved, forming a yellow clear solution. On day 2, observe yellow tear-shaped crystals on the walls and the bottom of the vial. 
2.4.1. MED: Talent places the vial in the oven.
2.4.2. MED-over the shoulder: Talent removes the vial from the oven and looks at it.
2.4.3. CU: Vial showing yellow tear-shaped crystals as talent looks at it.
2.5. Once the vial has been removed from the oven and cooled to room temperature, use a spatula to gently push the crystals off the vial walls, so that they all collect on the floor of the vial. 
2.5.1. MED-over the shoulder: Talent uses a spatula to push the crystals off the vial walls.
2.6. After allowing the crystals to settle on the floor of the vial, gently remove the reaction solution from the vial using a 9” Pasteur pipet, without sucking up the crystals into the pipet (TEXT: Leave enough solution to completely cover crystals and prevent framework from drying out). 
2.6.1. CU: Vial containing crystals as talent removes the solution from it with a Pasteur pipet.
2.7. Add ~5 mL of fresh DMF to the vial with the crystals to soak them for at least one day in order to remove the acidic reaction solution and any unreacted ingredients trapped in the pores. 
2.7.1. MED-over the shoulder: Talent adds DMF to the vial containing the crystals.
2.7.2. MED: Talent places vial on lab bench to soak.
3. Characterization by Powder X-ray Diffraction 
3.1. At this point, prepare a 0.7 mm diameter borosilicate glass capillary by carefully cutting off the closed end so that the top 3 cm of the capillary with the funnel top remains. Dip the narrow cut end of the capillary into melted beeswax.  After letting the wax solidify as a plug in the bottom of the capillary, support it in a small amount of modeling clay.
3.1.1. MED-over the shoulder: Talent cuts a glass capillary at the appropriate end.
3.1.2. CU: Glass capillary as talent dips it into the melted beeswax.
3.1.3. MED: Talent places glass capillary in a small amount of modeling clay.
3.2. Using a Pasteur pipet, draw up several mL of crystals in solution.  Carefully transfer the crystals and solution to the capillary through the funnel opening.  Use a paper towel or tissue to wick away excess solvent. 
3.2.1. MED-over the shoulder: Talent removes some of the crystal solution from the vial with a Pasteur pipet.
3.2.2. CU: Glass capillary as talent adds crystals to it.
3.2.3. MED: Talent removes excess solvent from the glass capillary with a paper towel or tissue.  
3.3. Next, allow the crystals to settle into the small plug of beeswax.  Use a very small piece of modeling clay to seal the top end of the capillary.
3.3.1. CU: Glass capillary as crystals settle into the small plug of beeswax.
3.3.2. MED-over the shoulder: Talent seals the top end of the glass capillary with a small piece of modeling clay.
3.4. To prepare for powder X-ray diffraction analysis, remove any mounting devices from the goniometer head and place the capillary supported by modeling clay on top of it. Center the capillary in the X-ray beam to ensure that the plug of crystals does not precess as it rotates (TEXT: Crystalline material volume will exceed beam size of most standard laboratory X-ray sources).
3.4.1. MED: Talent removes mounting devices from the goniometer head.
3.4.2. MED-over the shoulder: Talent places the glass capillary on top of the goniometer head.
3.4.3. CU: Glass capillary as talent positions it in the appropriate location.
4. Performing Solvent-assisted Linker Exchange on Br-YOMOF Crystals
4.1. Following powder X-ray diffraction analysis, weigh out 21 mg of dped (TEXT: dped: meso-1,2-di(4-pyridyl)-1,2-ethanediol) and transfer it to a 2-dram vial.  After adding 5 mL of DMF to the vial, dissolve the dped with ultrasonication.
4.1.1. MED-over the shoulder: Talent weighs the appropriate reagent on the balance and adds it to a 2-dram vial.
4.1.2. MED: Talent places the vial in an ultrasonication batch and turns it on.
4.2. Using a 6’’ Pasteur pipet, collect the Br-YOMOF (pronounced Bro-Yo-Mof) crystals and filter them on a Buchner funnel. Then disperse ~30 mg of the crystals in the previously prepared dped solution. Place the resulting SALE mixture in an oven at 100 ºC for 24 h.  	
4.2.1. MED-over the shoulder: Talent removes crystals from the vial and adds them to a Buchner funnel.
4.2.2. CU: Vial containing dped solution as talent adds crystals to it.
4.2.3. MED-over the shoulder: Talent places the vial containing the SALE mixture in the oven.
4.3. With a 6’’ Pasteur pipet, remove approximately 2-5 mg of the MOF crystals from the cooled reaction solution. Rinse these crystals by submerging them in a small amount of clean solvent, such as DMF, in a 1.5-dram vial.					
4.3.1. CU: Vial containing cooled reaction solution as talent removes some of the MOF crystals with a Pasteur pipet.
4.3.2. MED: Talent places crystals in a 1.5-dram vial containing DMF.
4.4. Following this, add ~1 mL of deuterated dimethyl sulfoxide to a separate 1.5-dram vial. Once the crystals have been filtered from the cleaning solution, disperse them in deuterated dimethyl sulfoxide. Then, add 3 drops of deuterated sulfuric acid to the mixture. Thoroughly sonicate the capped vial to obtain a homogeneous solution.
4.4.1. MED-over the shoulder: Talent adds deuterated dimethyl sulfoxide to another 1.5-dram vial.
4.4.2. CU: Vial containing deuterated dimethyl sulfoxide as talent adds crystals to it.
4.4.3. MED: Talent adds 3 drops of deuterated sulfuric acid to the vial containing the crystal mixture.
4.4.4. MED-over the shoulder: Talent places vial in the ultrasonication bath and turns it on.
4.5. When finished, transfer the resulting sample to an NMR tube with a Pasteur pipet. Then, collect the NMR spectrum, performing 64 scans since the solution is relatively dilute due to the low solubility of the MOF crystals.
4.5.1. CU: NMR tube as talent adds sample to it with a Pasteur pipet.
4.5.2. MED: Talent places sample in the NMR instrument.  
5. Activating SALEM-5 Crystals with Supercritical CO2 Drying
5.1. Following solvent exchange with ethanol, transfer the MOF crystals to an activation dish using a 6’’ Pasteur pipet. Then remove as much of the ethanol as possible with a 9’’ Pasteur pipet without sucking the crystals up into the pipet.
5.1.1. MED-over the shoulder: Talent adds the MOF crystals to an activation dish with a Pasteur pipet.
5.1.2. CU: Activation dish containing crystals as talent removes the ethanol with a pipet.
5.2. Remove the lid of the activation chamber by unscrewing the three bolts and inspect the chamber for residual MOF debris. Using a pair of forceps, insert the activation dish with the MOF into the chamber and screw the lid back into its place.
5.2.1. MED: Talent unscrews the bolts of the activation chamber lid and checks the chamber.
5.2.2. MED-over the shoulder: Talent inserts activation dish containing the crystals into the chamber and screws the lid back into place.
5.3. Next, turn the dryer on and open the CO2 tank. Adjust the temperature knob to achieve a temperature between 0 and 10 ºC (TEXT: Maintain temperature range throughout activation process to keep CO2 in its liquid state).
5.3.1. MED: Talent turns on the dryer and opens the CO2 tank.
5.3.2. CU: Temperature gauge as talent adjusts the temperature to the appropriate range.
5.4. Once the temperature is in the correct range, turn up the “fill” knob slowly. Observe liquid CO2 pouring into the activation dish through the glass window on the chamber lid (TEXT: At same time pressure reading on gauge should increase until it reaches 800 psi).
5.4.1. MED-over the shoulder: Talent slowly turns the “fill” know up.
5.4.2. CU: Glass window on the chamber lid as CO2 pours into the activation dish.
5.5. To perform the first “purge”, turn the “fill” knob up to the mark that reads 15. Then slowly turn up the “purge” knob until a jet of solvent shoots out from the tube on the side of the instrument. After letting the purge go on for ~5 min, close the “purge” knob and turn the “fill” knob down to the mark that reads 5.
5.5.1. MED: Talent turns the “fill” knob to the appropriate mark.
5.5.2. CU: Tube on the side of the instrument as talent turns the “purge” knob to show the solvent shooting out from it.
5.5.3. MED-over the shoulder: Talent closes the “purge” knob and turns the “fill” knob to the appropriate mark.
5.6. After 8 hours of supercritical drying, turn all the knobs off and flip the “heat” switch on.  
5.6.1. MED: Talent turns off all the knobs and flips the “heat” switch on. 
5.7. Once the temperature and pressure exceed the supercritical point, connect a flowmeter to the tube on the side of the instrument and open the “bleed” knob. Adjust the flow to 1 cm3/min. Then, remove the flowmeter, allowing the CO2 to slowly bleed from the sample.
5.7.1. MED-over the shoulder: Talent connects a flowmeter to the tube on the side of the instrument and opens the “bleed” knob.
5.7.2. MED: Talent adjusts flow rate to the appropriate value.
5.7.3. CU: Tube on the side of the instrument as talent removes the flowmeter.
5.8. The next day, check that the pressure has dropped to 0 psi.  If the pressure has not dropped to this level, turn up the “bleed” knob until the desired pressure drop is achieved. After closing the “bleed” knob, turn off the “heat” and power switches on the instrument.   
5.8.1. CU: Pressure gauge as talent checks it to show that the pressure has dropped to the appropriate level.
5.8.2. MED-over the shoulder: Talent turns the “bleed” knob to the appropriate pressure.
5.8.3. MED: Talent turns off the “heat” and power switches on the instrument.
6. Results: Synthesis and Characterization of Intentionally Designed Metal-organic Frameworks 
Authors, the purpose of this section is to serve as a concise overview of the experiment’s results and has a 200-word limit. Therefore, I had to further modify this section in order to meet this requirement and some of the additions made to the last draft were edited and/or removed for this reason. 
6.1. Shown here is a Br-YOMOF crystal, and the same crystal transformed into SALEM-5 is displayed here. As is the case with single crystal-to-single crystal reactions, the crystal size and morphology do not change. However, cracks develop on the surface due to the harsh nature of SALE, rendering the SALEM-5 crystal not amenable to single crystal X-ray diffraction data collection.
6.1.1. LAB MEDIA: Figure 3 (Figure 3.png, 52094fig3highres.jpg) (Video Editor: Show only images a and b for voiceover.  Show only image a when “Br-YOMOF crystal” is mentioned in the first sentence. Make image b appear to the right of image A when “same crystal transformed into SALEM-5” is mentioned in the first sentence. Zoom into image b for the third sentence to show the cracks on the crystal surface. If possible and preferable, point to one of these cracks with an arrow.)
6.2. When the Br-YOMOF synthesis is applied to the SALEM-5 synthesis, the proton NMR shows absence of dped. To halt the functionalized linker interaction, SALE is used to access SALEM-5. A typical SALE involving dpni as a leaving pillar requires less than 24 h, with >99% of the pillar being replaced.	
6.2.1. LAB MEDIA: Figure 4 (Figure 4.png, 52094fig4highres.jpg) (Video Editor: Show both spectra during the voiceover. Label the bottom chemical structures as “dped” and the top chemical structure as “dpni”. Show arrows pointing to where the dped peaks should be located in the top spectrum for the first sentence. Make the three asterisks appear above the relevant peaks in the bottom spectrum for the third sentence. If possible, highlight the asterisks.)   
6.3. Since MOFs lose crystallinity when dry, PXRD that employs mounting material on glass produces a pattern that may not contain all the peaks. In this case, the peak corresponding to the reflection coming from the c-axis direction, along which the nitrogen donor pillars lie, is the first peak. The first peak position at a lower 2θ (theta) angle signifies the presence of a larger unit cell in the c-axis direction.
6.3.1. LAB MEDIA: Figure 5 (Figure 5.png, 52094fig5highres.jpg) (Video Editor: Highlight or point to bottom blue pattern for first sentence. Point to left peak around 4θ for second and third sentences.)
6.4. Crystal images of NU-100 upon conventional heat and vacuum activation and upon supercritical CO2 drying are shown here. While the former leads to framework collapse and porosity destruction, supercritical CO2 drying leads to a BET surface area of ~6140 m2/g.	
6.4.1. [bookmark: _GoBack]LAB MEDIA: Figure 6 (Figure 6.png, 52094fig6highres.jpg) (Video Editor: Make zoom-in of image a appear for first sentence. Highlight image b for first part of second sentence and image c for second par of second sentence.)

7. Conclusion (said by authors on camera)
7.1. Omar Farha: Following this procedure, other difficult to synthesize MOFs can be obtained, while preventing their delicate frameworks from degradation during their study, and allowing access to their evacuated pores.
7.2. Olga Karagiaridi: After watching this video, you should have a good understanding of how to perform some helpful methods for MOF synthesis, characterization and activation towards gas sorption applications.
7.3. Amy Sarjeant: By preparing powder X-ray diffraction samples in capillaries to be mounted on the diffractometer, solvent-sensitive crystals of any type can be analyzed without fear of sample degradation.
       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions.



General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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