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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope:                    ____________________ _________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.1, 2.3, 2.6, 3.1, 3.3, 3.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 3.4
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Several steps are carried out in different labs within the same building. Also some equipment needed for characterization, such as the scanning electron microscope, is located in another building. Videographer: the video protocol does not include SEM analysis, so it may not be necessary to film in the scanning electron microscope in the other building.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Carlos Marti-Gastaldo: Improving water stability is critical for the integration of MOFs into chemically demanding applications. Our method can help to increase the stability of MOFs that are unstable in water. 
1.2. Javier Castells-Gil or Dr. Carlos Marti-Gastaldo: The main advantage of this technique is that it not only allows modification of the hydrophobicity of the coated materials but also enables control over the functionality of the coating.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Javier Castells-Gil: This technique takes advantage of the catalytic open metal sites present in some MOFs, which can trigger polymerization of the catechol molecules on the surface of the crystals without affecting the overall porosity of the material.  

Protocol: (read by voice talent at JoVE)
2. Synthetic Procedure of hdcat@HKUST

2.1. First, bring a 4 milliliter glass vial, two spatulas, and a 1 milliliter micropipette into a glove box [1-WIDE/MED]. 
2.1.1. Talent places vial, spatulas, and micropipette in glove box. Show transfer from chamber to glove box. 
2.2. Javier Castells-Gil: Special care must be taken to maintain oxygen-free reaction conditions. 
2.2.1. Talent speaks toward the camera, interview style.   
2.3. Add 50 milligrams of hdcat (pronounced h-d-cat) into the glass vial [1-MED-over the shoulder-TXT]. Then, add 1 milliliter of anhydrous chloroform to the glass vial [2-MED].  
2.3.1. Talent adds reagent to vial. TEXT: 4-heptadecyl-catechol. Video Editor: overlay should appear at mention of “hdcat”.
2.3.2. Talent adds chloroform to vial.
2.4. Following this, add 10 milligrams of HKUST (pronounced h-k-u-s-t) to the hdcat solution and seal the vial tightly [1-MED-over the shoulder].  
2.4.1. Talent adds reagent to vial and seals vial. Show HKUST container label in frame if possible.
2.5. After removing the vial from the glove box, sonicate the suspension of HKUST and hdcat for a few seconds to homogenize the solution [1-MED-TXT].
2.5.1. Talent places vial containing the HKUST and hdcat suspension in the sonicator and turns the sonicator on. TEXT: Do not expose to air. 
2.6. Make sure the vial is tightly sealed and place it in an oven at 70 degrees Celsius overnight [1-MED-over the shoulder-TXT]. 
2.6.1. Talent checks that vial is sealed and places it in oven. TEXT: Do not exceed 70 °C. 
3. Washing Procedure of hdcat@HKUST

3.1. After removing the vial from the oven, transfer it to the glove box with a 15 milliliter centrifuge tube [1-MED]. 

3.1.1. Talent places vial and centrifuge tube in glove box. Show transfer from chamber to glove box.
3.2. In the glove box, transfer the contents of the vial to the centrifuge tube using fresh anhydrous chloroform [1-MED-over the shoulder]. 

3.2.1. Talent adds chloroform to vial and transfers contents to centrifuge tube.
3.3. After removing the centrifuge tube from the glove box, separate the coated material by centrifugation at 3,354 x g for 1 minute [1-MED]. 

3.3.1. Talent places tube in centrifuge, inputs the settings, and turns the centrifuge on. Show centrifuge settings in frame if possible.
3.4. Once the centrifuge tube is returned to the glove box, carefully extract the supernatant using a dropper and store it in a clean 40 milliliter glass vial [1-MED-over the shoulder]. 
3.4.1. Talent removes supernatant from centrifuge tube and adds it to vial.
3.5. Next, suspend the coated material in 3 milliliters of anhydrous chloroform in order to remove polymerized catechol units that are not attached to the surface of the crystals [1-MED-TXT]. 
3.5.1. Talent adds chloroform to tube containing coated material. TEXT: Repeat separation/suspension 3x. 
3.6. After removing the chloroform, suspend the coated material in 3 milliliters of anhydrous methanol in order to remove unreacted hdcat molecules [1-MED-over the shoulder-TXT]. 
3.6.1. Talent adds methanol to tube containing coated material. TEXT: Product can be recovered from hdcat solution.
3.7. After repeating the washing steps 3 times, transfer the washed hdcat@HKUST (pronounced h-d-cat h-k-u-s-t) to a glass vial using anhydrous methanol [1-MED].  
3.7.1. Talent adds methanol to tube containing washed solid and transfers it to vial.  
3.8. Once the coated solid has settled at the bottom of the vial, remove the supernatant and allow the powder to dry at room temperature in the glove box [1-MED-over the shoulder]. 
3.8.1. Talent removes supernatant from vial and sets vial down to allow powder to dry.
4. Synthetic Procedure of fdcat@HKUST
4.1. Bring a 4 milliliter glass vial, two spatulas, and a 1 milliliter micropipette into the glove box [1-MED]. 
4.1.1. Talent places vial, spatulas, and micropipette in glove box. Show transfer from chamber to glove box. 
4.2. Add 50 milligrams of fdcat (pronounced f-d-cat) to the glass vial [1-MED-over the shoulder-TXT]. Then, add 1 milliliter of anhydrous chloroform to the glass vial [2-MED].  
4.2.1. Talent adds reagent to vial. TEXT: fluorinated-4-undecylcatechol. Video Editor: overlay should appear at mention of “fdcat”. 
4.2.2. Talent adds chloroform to vial. 
4.3. Next, add 10 milligrams of HKUST to the fdcat solution and seal the vial tightly [1-MED-over the shoulder].  

4.3.1. Talent adds reagent to vial and seals vial. 
4.4. After removing the vial from the glove box, sonicate the suspension of HKUST and fdcat for a few seconds to homogenize the solution [1-MED]. 
4.4.1. Talent places vial containing the HKUST and fdcat solution in the sonicator and turns the sonicator on.
4.5. Make sure the vial is tightly sealed and place it in the oven at 70 degrees Celsius overnight [1-MED-over the shoulder]. 
4.5.1. Talent checks that vial is sealed and places it in oven.
5. Washing Procedure of fdcat@HKUST
5.1. After removing the vial from the oven, transfer it to the glove box with a 15 milliliter centrifuge tube [1-MED-over the shoulder]. 

5.1.1. Talent places vial and centrifuge tube in glove box. Show transfer from chamber to glove box.
5.2. In the glove box, transfer the contents of the vial to the centrifuge tube using fresh anhydrous chloroform [1-MED]. 

5.2.1. Talent adds chloroform to vial and transfers contents to centrifuge tube.
5.3. After removing the centrifuge tube from the glove box, separate the coated material by centrifugation at 3,354 x g for 1 minute [1-MED-over the shoulder]. 

5.3.1. Talent places tube in centrifuge, inputs the settings, and turns the centrifuge on. Show centrifuge settings in frame if possible.
5.4. Once the centrifuge tube is returned to the glove box, carefully extract the supernatant using a dropper and store it in a clean 40 milliliter glass vial [1-MED]. 
5.4.1. Talent removes supernatant from centrifuge tube and adds it to vial.
5.5. Following this, suspend the coated material in 3 milliliters of anhydrous chloroform in order to remove polymerized catechol units that are not attached to the surface of the crystals [1-MED-over the shoulder-TXT].  
5.5.1. Talent adds chloroform to tube containing coated material. TEXT: Repeat separation/suspension 3x.
5.6. After removing the chloroform, suspend the coated material in 3 milliliters of anhydrous methanol in order to remove unreacted fdcat molecules [1-MED-TXT].

5.6.1. Talent adds methanol to tube containing coated material. TEXT: Product can be recovered from fdcat solution.
5.7. After repeating the washing steps 3 times, transfer the washed fdcat@HKUST (pronounced f-d-cat h-k-u-s-t) to a glass vial using anhydrous methanol [1-MED-over the shoulder].  
5.7.1. Talent adds methanol to tube containing washed solid and transfers it to vial.  
5.8. Once the coated solid has settled at the bottom of the vial, remove the supernatant and allow the powder to dry at room temperature in the glove box [1-MED]. 
5.8.1. Talent removes supernatant from vial and sets vial down to allow powder to dry
6. Results: Characterization of Surface-modified Metal-Organic Framework Crystals
6.1. The surface-modified crystals show increased hydrophobicity when soaked in water [1-LM]. In comparison with HKUST, which immediately sinks to the bottom of the vial, hdcat@HKUST and fdcat@HKUST can stand in water for several days without sinking [2-LM]. Contact angle measurements confirm their superior hydrophobicity [3-LM]. 
6.1.1. 58052fig2.jpg

6.1.2. 58052fig2.jpg: Video Editor: Highlight HKUST vial at mention of “in comparison with HKUST, which immediately sinks to the bottom of the vial” and highlight hdcat-HKUST and fdcat-HKUST vials at mention “hdcat@HKUST and fdcat@HKUST can stand in water for several days without sinking”.

6.1.3. 58052fig2.jpg: Video Editor: Highlight top three images and contact angle measurements (CA~0(, 107 ± 1(, 124 ± 1().
6.2. The FTIR spectrum of hdcat@HKUST show bands corresponding to alkane C-H stretching vibrations of the hdcat alkyl chain, which are not present in HKUST [1-LM]. For fdcat@HKUST, alkane C-F stretching vibrations are visible in the spectrum, which are not observed in HKUST [2-LM]. 
6.2.1. 58052fig3.jpg: Video Editor: Emphasize or zoom into figure a. Highlight blue hdcat@HKUST spectrum and highlight red-highlighted Alkane C-H section from 3000-2800 cm-1 at mention of “alkane C-H stretching vibrations of the hdcat alkyl chain”.

6.2.2. 58052fig3.jpg: Video Editor: Emphasize or zoom into figure b. Highlight green fdcat@HKUST spectrum and highlight green-highlighted Alkane C-F section from 1250-1100 cm-1 at mention of “alkane C-F stretching vibrations”.
6.3. SEM images of hdcat@HKUST and fdcat@HKUST show an external corrugated layer surrounding the crystals, which suggests an effective polymerization on the crystals while respecting their morphology [1-LM]. XPS measurements show the presence of copper in hdcat@HKUST and fdcat@HKUST, which is attributed to the reaction of the catechol moieties by copper units on the surface and subsequent polymerization [2-LM]. 
6.3.1. 58052fig4.jpg: Video Editor: Emphasize or zoom into figure a and highlight hdcat@HKUST and fdcat@HKUST images.

6.3.2. 58052fig4.jpg: Video Editor: Emphasize or zoom into figure b and highlight section of curves between 930 and 935 eV at mention of “show the presence of copper in hdcat@HKUST and fdcat@HKUST”. If possible, at mention of “copper”, highlight the peak at 933 eV in the blue and green curves and indicate that this represents “Cu(I)”. Also highlight the right peak at 935 eV in the blue and green curves and indicate that this represents “Cu(II)”
6.4. The formation of catecholate coatings on HKUST proceeded with no impact on the crystalline structure of HKUST as confirmed by powder X-ray diffraction measurements [1-LM]. This was also confirmed by porosity measurements at 77 Kelvin, which showed that hdcat@HKUST and fdcat@HKUST retain their surface area with minor variations after the coating process [2-LM]. Tk2: “77 degrees” (just guessing)
6.4.1. 58052fig4.jpg: Video Editor: Emphasize or zoom into figure c.
6.4.2. 58052fig4.jpg: Video Editor: Emphasize or zoom into figure d.
7. Conclusion (said by authors on camera)

7.1. Javier Castells-Gil: While attempting this procedure, it’s important to maintain oxygen-free reaction conditions as oxygen could promote polymerization of the catechols in solution rather than on the surface of the crystals. This connects to step 2.1.

7.2. Carlos Martí-Gastaldo: Following this procedure, we have been able to modify the wettability of MOF materials by simple functionalization of their external surfaces.
7.3. Carlos Martí-Gastaldo: This technique allows control over the functionality of the coating, which enables us to introduce novel functionalities not present in the bare material, such as chiral separation or VOCs capture.

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, .eps, 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.

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 are included in the email accompanying the finalized script.
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