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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)    NO      If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.1, 2.3, 3.1, 3.3, 4.3, 4.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Tuning the Plasma in step 3.4 takes quite a bit of practice and must be monitored frequently throughout the procedure.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Conceptual Narrative:
The overall goal of the following experiment is to prepare a hydrophobic metal-organic framework to increase its water stability. (Intro)

This is achieved by first synthesizing a metal-organic framework through solvothermal methods. (P1, lower both structures into beaker and then have right patterned structure move out of right side of beaker)

As a second step, the metal-organic framework is treated by plasma enhanced chemical vapor deposition of a perfluoroalkane to add hydrophobic groups to the inner and outer surfaces. (P2, show left bottom red and gray rectangular image and make blue and gray structures appear above it.  Then have one of the structures move to the right and become the right blue circle and make “hydrophobic layer” appear)  

Next the material is aged and the ammonia capacity of the resulting material is evaluated using a microbreakthrough apparatus. (P3)

The results demonstrate that the aged plasma-treated samples show an enhancement in the uptake of ammonia. (P4)

Video Editor: Use Schematic Overview.pptx (images are clearer and some of the images are missing from the schematic below)
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                                    (P3)                                                                      (P4)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Jared DeCoste: The implications of this technique extend toward the creation of hydrophobic metal-organic frameworks and various other porous materials that can be stable to a variety of ambient conditions.  These materials have various applications in gas storage, catalysis, and even drug delivery, where structural stability is paramount.  
1.2. Author name Gregory Peterson: The main advantage of this technique over existing post-synthetic modification methods using wet chemistry is that plasma-enhanced chemical vapor deposition of perfluoroalkanes can be applied to a variety of materials regardless of the functional groups present.  Furthermore, this technique is greener than other methods as no solvent is used and therefore there is minimal waste production.   

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Cu-BTC Synthesis and Preparation 
2.1. First, stir 12.5 mL of deionized water and 12.5 mL of dimethylformamide in a 100 mL screw cap jar for approximately 5 minutes. Add 0.87 grams of copper(II) (pronounced copper two) nitrate trihydrate followed by 0.5 grams of trimesic acid to the jar and stir the resulting blue solution for approximately 5 minutes. Then, close the jar and place it in a preheated oven at 120 °C for approximately 24 hr. 
2.1.1. MED: Talent places jar containing solution and stir bar on stir plate and turns it on.
2.1.2. MED-over the shoulder: Talent adds appropriate reagents to stirring solution on stir plate.
2.1.3. MED: Talent closes the jar and places it in the oven.
2.2. After allowing the jar to cool to room temperature, recover the Cu-BTC (pronounced copper B-T-C) crystals via vacuum filtration using filter paper rated to recover crystals greater than or equal to 2.5 μm. Then, rinse the resulting crystals with 10 mL of dichloromethane three times and transfer the resulting material to a 20 mL vial. 
2.2.1. MED-over the shoulder: Talent transfers crystals onto filter paper in a funnel.  
2.2.2. MED: Talent rinses crystals with dichloromethane and transfers them to a 20 mL vial. (split into 2 separate shots)
2.3. Next, add enough dichloromethane to submerge the crystals and seal the vial.  Exchange the solvent every 24 hr with fresh dichloromethane for the next three days to assist in the removal of the less volatile solvents from the Cu-BTC pores.
2.3.1. CU: Vial as talent adds enough dichloromethane to submerge the crystals.
2.3.2. MED-over the shoulder: Talent seals vial.
2.3.3. MED: Talent exchanges solvent with fresh dichloromethane.
2.4. After filtering the Cu-BTC crystals, heat gradually to 170°C in a vacuum oven to remove any residual guest molecules from the material. When finished, confirm the structure and chemical make-up of the Cu-BTC crystals via powder x-ray diffraction and Fourier-transform infrared spectroscopy.	
2.4.1. MED-over the shoulder: Talent places Cu-BTC crystals in vacuum oven and programs the appropriate settings/turns it on.
2.4.2. MED: Talent places sample in the infrared spectrometer.
3. Plasma Enhanced Chemical Vapor Deposition of Perfluoroalkanes on Cu-BTC
3.1. Prior to each experiment clean the plasma reactor and any glassware to be used in the plasma treatment with air plasma at 50 W for at least 30 min. When finished, place 0.5 grams of activated Cu-BTC in a 250 mL Pyrex bottle and spread it throughout the bottle to ensure a homogenous treatment. Then, place a permeable cloth around the neck of the bottle and secure it with a rubber band to minimize sample loss upon applying a vacuum. 
3.1.1. MED: Talent places appropriate glassware in air plasma system, programs the appropriate settings and turns it on.
3.1.2. MED-over the shoulder: Talent adds activated Cu-BTC to Pyrex bottle and spreads the material with a microspatula and/or rotates the bottle.
3.1.3. CU: Neck of bottle as talent places a permeable cloth around it and secures cloth with rubber band.
3.2. Next, place the bottle in the plasma chamber. Apply a vacuum until the chamber reaches a pressure of less than or equal to 0.2 mbar for at least 30 min to remove any water that may have adsorbed onto the sample. 
3.2.1. MED: Talent places bottle in plasma chamber and turns vacuum on.
3.2.2. CU: Pressure gauge to show appropriate pressure reading.
3.3. [bookmark: _GoBack]Connect the hexafluoroethane gas to the instrument. Then, adjust the mass flow controller to fill the reaction chamber with the appropriate amount of hexafluoroethane gas to maintain the desired pressure of the experiment. Rotate the bottle within the PECVD (TEXT: PECVD: Plasma Enhanced Chemical Vapor Deposition) device to create a more homogenous treatment of the powder. 
3.3.1. MED: Talent connects hexafluoroethane gas and adjusts regulator pressure.
3.3.2. MED-over the shoulder: Talent adjusts mass flow controller to fill reaction chamber with hexafluoroethane gas.
3.3.3. SCREEN: Computer screen as talent sets the bottle to rotate.
3.4. Light the plasma at the desired power with a 13.56 MHz RF generator, and tune the radio frequency with the L-C matching unit to maximize the power while minimizing the reflectance. (TEXT: Retune periodically throughout treatment).	
3.4.1. CU SCREEN: RF generator as talent tunes it to the appropriate power.
3.4.2. MED: Talent tunes radio frequency with L-C matching unit. 
3.5. Once the treatment is complete, evacuate the chamber of any residual hexafluoroethane gas and then vent with dry air to atmospheric pressure. Remove the sample from the PECVD apparatus and recover the treated material from the sides of the bottle into a 20 mL vial.  Place the open vial in a preheated oven at 120 °C for 2 hours to remove any unreacted hexafluoroethane gas.
3.5.1. MED: Talent evacuates chamber and then vents to atmospheric pressure.
3.5.2. MED-over the shoulder: Talent removes sample from PECVD apparatus and transfers material into 20 mL vial.
3.5.3. MED: Talent places open vial in preheated oven.
3.6. After removing the treated material from the oven, transfer it to a desiccator to prevent adsorption of water from the atmosphere. Rinse the residual material left in the bottle with water and filter to recover the waste for proper disposal.  
3.6.1. MED-over the shoulder: Talent transfers material to dessicator.
3.6.2. MED: Talent rinses residual material in bottle with water and filters it.
3.7. Characterize the treated Cu-BTC with solid state fluorine nuclear magnetic resonance, Fourier-transform infrared spectroscopy, and x-ray photoelectron spectroscopy.  
3.7.1. MED: Talent places sample in Fourier-transform instrument.
4. Aging of Cu-BTC Under Humid Conditions and Ammonia Microbreakthrough Experiments
4.1. Following this, set the desired temperature and relative humidity of an environmental chamber to 45 °C and 100%, respectively. After equilibration, spread the sample out evenly in an open container and place it the chamber for three days. 
4.1.1. MED-over the shoulder: Talent sets temperature and relative humidity of environmental chamber.
4.1.2. CU: Sample in open container as talent spreads it out evenly.
4.1.3. MED: Talent places sample in chamber.
4.2. Once the aging process is complete, characterize the Cu-BTC sample with x-ray diffraction and a nitrogen isotherm at 77 K to determine the degree of degradation. 
4.2.1. MED: Talent places sample in nitrogen isotherm device. (recorded as two shots)
4.3. Next, prepare a 14.6 L ballast of ammonia at 5000 mg/m3 (pronounced milligrams per meter cubed) by first injecting an empty ballast with 210 mL of neat ammonia. Then fill the ballast with zero air to a pressure of 15 psi. Connect the ballast in line with the microbreakthrough apparatus.  
4.3.1. MED-over the shoulder: Talent injects empty ballast with neat ammonia.
4.3.2. MED: Talent fills ballast with zero air, showing the pressure gauge reaching 15 psi.
4.3.3. MED-over the shoulder: Talent connects ballast to microbreakthrough apparatus.
4.4. Run a blank tube in the microbreakthrough apparatus.  Set the mass flow controllers for ammonia and dry air to 8 and 12 mL per min respectively to create a flow of 20 mL per min of 2000 mg/m3 ammonia. Run a programmed method to control the gas chromatograph and photoionization detector to determine the feed signal of ammonia in the effluent.  
4.4.1. MED: Talent runs blank tube in microbreakthrough apparatus.
4.4.2. MED-over the shoulder: Talent sets mass flow controllers for ammonia and dry air to appropriate values. [please focus in on mass-flow controllers 1 and 2 as these are the two controllers that were being run on this system.  If we show the settings for all 4 mass flow controllers it may be confusing for the viewer, as there was a value on MFC 4.]
4.4.3. SCREEN: Computer screen as talent runs programmed method.
4.5. Place a small amount of glass wool below the glass frit in a nominal 4 mm i.d. glass tube. Fill the sample tube to 4 mm in height and weigh the material.  Then, heat the sample to 150 °C for 1 hr while flowing dry air through the glass tube to remove any adsorbed water. 
4.5.1. CU: Glass tube as talent places glass wool below the glass frit.
4.5.2. MED-over the shoulder: Talent weighs material into tube. fills tube, then weighs.
4.5.3. MED: Talent places tube in tube conditioner, programs appropriate settings, and flows dry air through tube.
4.6. After weighing the dried sample, place the tube in line and secure it upright in a water bath set to 25 °C. Set the mass flow controllers for ammonia and dry air to 8 and 12 mL per min respectively to create a flow of 20 mL per min at 2000 mg/m3 ammonia while bypassing the sample to the fill lines with the feed gas. 
4.6.1. MED-over the shoulder: Talent places tube in line and secures it upright in water bath.
4.6.2. MED: Talent sets mass flow controllers for ammonia and dry air to appropriate values.
4.7. Following this, flow the ammonia stream through the sample and run a programmed method to control the gas chromatograph and photoionization detector to monitor the concentration of ammonia in the effluent. Once the effluent concentration has reached the feed concentration, switch off the ammonia stream and allow the sample to off-gas any ammonia that is not strongly adsorbed to the sample. 
4.7.1. MED-over the shoulder: Talent flows ammonia stream through sample.
4.7.2. SCREEN: Computer screen as talent runs programmed method and monitors concentration.
4.7.3. MED: Talent switches off ammonia stream and flows dry air across sample.
4.8. Remove the sample from the water bath for post-exposure analysis via x-ray diffraction and Fourier-transform infrared analysis. Finally, integrate the gas chromatograph signal vs. time data to determine the ammonia loading for the sample. 
4.8.1. MED-over the shoulder: Talent removes sample from water bath.
4.8.2. SCREEN: Computer screen as talent integrates gas chromatograph signal/analyzes data. [Multiple shots showing the entire screen and zooming in on the important area that shows the ultimate loading of the material]
5. Results: Characterization of Perfluoroalkane Plasma Treated Metal-organic Frameworks 
5.1. MOFs (pronounced MOFs, rhymes with coughs) (TEXT: MOFs: Metal-organic frameworks) treated with a perfluoroalkane plasma under adequate conditions should display enhanced hydrophobicity. This can be demonstrated by placing the powder on top of liquid water and determining if the sample floats or by measuring the water contact angle on a pressed pellet as seen here. The contact angle for the Cu-BTC and the hexafluoroethane plasma-treated Cu-BTC pellets were measured to be 59° and 123° respectively. The presence of CFx (pronounced C-F-x) groups on the surface of the pores adds to the hydrophobicity of the material causing the material to repel water. 
5.1.1. LAB MEDIA: Figure 1 (Video Editor: Please highlight, or zoom into, the bottom left image for the last sentence).
5.2. The presence of C-F bonds are indicated by spectral bands between 1300 and 1140 cm-1 (pronounced inverse centimeters) in the attenuated total reflectance-Fourier-transform infrared spectroscopy results, as can be seen here. The degree of fluorination and confirmation of CFx species type can be done with fluorine magic angle spinning nuclear magnetic resonance, as shown here, or x-ray photoelectron spectroscopy. The two main fluorine species observed in this sample are CF2 groups at ~ -87 ppm and CF groups at       ~ -152 ppm. There is a small peak at ~ -80 ppm, representing the CF3 groups.  All other significant peaks represent spinning sidebands at approximately 9 kHz intervals from the parent peak.  The CFx groups are likely a combination of groups that have reacted with the inner surfaces of the MOF, as well as an amorphous coating on the outside of the MOF crystal. The large size and quantity of spinning sidebands for the CF2 and CF species indicate that these CFx groups are tightly bound to the Cu-BTC structure and relatively immobile. 
5.2.1. LAB MEDIA: Figure 2 (Video Editor: Please show this figure for 1st sentence.  Highlight the part of the red curve labeled “C-F stretches” when “1300 and 1140 cm-1” is mentioned)
5.2.2. LAB MEDIA: Figure 3 (Video Editor: Please show this figure for the remaining voiceover.  Highlight the CF2 and CF peaks for 3rd sentence, the CF3 peak for 4th sentence, and the starred (*) peaks for 5th sentence).
5.3. The x-ray diffraction patterns of the Cu-BTC and hexafluoroethane plasma treated Cu-BTC samples are pictured here after aging at 45°C and 100% RH for 3 days. The patterns show a near complete change in the structure of the untreated sample; however, the plasma-treated sample shows minimal changes in the structure. The results are indicative of enhanced structural stability even under harsh humidity conditions. 
5.3.1. LAB MEDIA: Figure 4 (Video Editor: Please highlight red and blue curves for first part of 2nd sentence and red and black curves for second part of 2nd sentence).
5.4. Microbreakthrough testing of aged Cu-BTC and hexafluoroethane treated Cu-BTC samples for ammonia at a concentration of 2000 mg/m3 is presented here. Integration above the breakthrough curves yields capacities of 1.1 mmol of ammonia per gram of Cu-BTC and 5.3 mmol of ammonia per gram of hexafluoroethane plasma-treated Cu-BTC.  The enhanced ammonia uptake of the plasma-treated Cu-BTC sample after aging is due to the retention of the original Cu-BTC crystal structure, when compared to the aged Cu-BTC sample. 
5.4.1. LAB MEDIA: Figure 6 (Please insert “1.1 mmol ammonia/g of Cu-BTC” and “5.3 mmol of ammonia/g of hexafluoroethane plasma treated Cu-BTC” under the blue Cu-BTC curve and red C2F6 Plasma Treated Cu-BTC curve, respectively, when mentioned in 2nd sentence).

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj

6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

6.1. Gregory Peterson: While attempting this procedure, it is important to remember that in any perfluoroalkane plasma there is a potential to form hydrogen fluoride or other corrosive gases.  Special care must be taken to protect the user and the instrument from these harmful species, including making sure that all tubing, valves, mass flow controllers, connections, seals, and the vacuum pump are made of corrosion resistant materials and are inspected regularly. 
6.2. Jared DeCoste: Following this procedure, many new microporous materials can be developed with fluorinated species on their surfaces.  These functional groups not only affect the wetting properties and hydrophobicity of the material, but also alter the adsorption properties as the inner surfaces of the modified material are highly polar and chemically inert.

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.


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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