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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N If yes, please list make and model of your microscope: Transmission electron microscope Philips CM12 and Scanning Electron Microscope Philips XL30S and XL30 ESEM 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.8, 3.5, 4.3, 4.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  We don’t see any difficulties that may occur.

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to prepare ordered metal nanofoams starting from a supramolecular complex polystyrene-block-poly(4-vinylpyridine)(pentadecylphenol). (Intro)

This is accomplished by first selecting the appropriate system parameters that would give rise to the double gyroid morphology in supramolecular complexes. (P1, show the chemical structure in a) followed by the black arrow with “chloroform” label. Then make the orange square containing thick blue lines in b) appear.)

The second step is to selectively remove one component of the complex, namely pentadecylphenol, which forms part of the gyroid matrix. (P2, show the orange square in b) from P1 and make blue circle with orange and blue squiggly line move out of the circle. Then make the orange square turn white and thick blue lines turn orange and blue to look like the bottom right square in c).)

Next, the porous template is backfilled with nickel via an electroless plating procedure. (P3, show the square in c) from P2 and make “electroless plating” label appear underneath or above it. Then make white square turn black followed by the appearance of the black arrow and “Ni” label to look like the square in d).)

The final step is removal of the remaining polymer by pyrolysis at 350 °C. (P4, show the square in d) from P3 and make “pyrolysis” and “350 °C” appear underneath or above it. Then make thick orange and blue lines in the square turn white to look like the square in e).)

Ultimately, block copolymer template-directed synthesis is used to generate well-ordered nanoporous metal foams with inverse gyroid morphology. (P5, show Figure 5.)

[image: C:\Users\Ivana.Vukovic\Downloads\Figure 1.tif]



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. Ivana Vukovic: The main advantage of this technique over existing methods, is that it is rather simple and straightforward. The removal of the amphiphilic pentadecylphenol is accomplished by keeping the sample in ethanol. The electroless plating procedure allows plating through complex pore pathways.    [In the interview section there are 2 shots in total: the first one 1.1 said by Ivana and the second one 1.2 by Sergey]
1.2. Author name _____: This method can help answer key questions in the _________ field, such as _________________.  
1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  
1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.
1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.
1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.
1.7. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   
1.8. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 
1.8.2. 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. Preparation and Characterization of Polystyrene-block-poly(4-vinylpyridine)-pentadecylphenol Complexes with Double Gyroid Morphology
2.1. First, dissolve polystyrene-block-poly(4-vinylpyridine) and pentadecylphenol in chloroform and stir the solution for a couple of hours at room temperature.	
2.1.1. MED: Talent dissolves appropriate reagents in chloroform in suitable reaction vessel.
2.1.2. [combined with 2.1.1] MED-over the shoulder: Talent places reaction vessel on stir plate and turns stir function on.	
2.2. Pour the solution into a glass Petri dish. Then, place the dish into a saturated chloroform atmosphere. 
2.2.1. CU: Petri dish as talent pours solution into it.
2.2.2. MED-over the shoulder: Talent places dish into previously prepared saturated chloroform atmosphere and covers it with a bigger glass dish.
2.3. After approximately one week, remove the Petri dish from the saturated chloroform atmosphere. Dry the supramolecular complex film in a vacuum at 30 °C overnight.	
2.3.1. CU: Petri dish containing film as talent removes it from saturated chloroform atmosphere.
2.3.2. MED: Talent places Petri dish containing supramolecular complex film in oven and turns on the vacuum. 
2.4. After removing the film from the oven, place it in a specially designed container. Then, remove the air from the container and fill it with nitrogen. When finished, anneal the film for 4 days in the oven at 120 °C under nitrogen atmosphere with 1 bar overpressure. 	
2.4.1. MED-over the shoulder: Talent places Petri dish containing film in glass vial, 
2.4.2. [combined with 2.4.1] MED: Talent attaches container to vacuum manifold, opens the valve to vacuum, and then opens the valve to nitrogen.
2.4.3. MED-over the shoulder: Talent places glass vial containing Petri dish and film in oven.
2.5. Once the annealing process is complete, cut a small piece of the film and embed it in epoxy. Then, cure the sample overnight at 40 °C.  
2.5.1. MED: Talent cuts a small piece of the film. 
2.5.2. [combined with 2.5.1] CU: Film as talent embeds it in epoxy.
2.5.3. MED: Talent places sample in an oven for curing.
2.6. Microtome the sample to a thickness of about 80 nm using a diamond knife at room temperature. Place the microtomed sections on copper grids.
2.6.1. MED-over the shoulder CU: Talent cuts sample into thin pieces using a diamond knife.
2.6.2. [split in two] CU: Copper grids as talent places microtomed sections onto them.
2.6.2a CU: Pieces picked from the water surface by a loop
2.6.2b Pieces placed onto copper grid.
2.7. Following this, transfer the grids containing the microtomed sections to a jar with iodine. After 45 min, remove the stained samples in preparation for TEM (TEXT: TEM: Transmission Electron Microscopy). 
2.7.1. MED: Talent places grids containing microtomed samples into a jar containing iodine.
2.7.2. CU: Stained samples as talent removes them from jar.
2.8. Insert the copper grids with stained sections in the transmission electron microscope, operating at an accelerating voltage of 120 kV, and image the sample.
2.8.1. MED-over the shoulder: Talent inserts the copper grids with stained sections in transmission electron microscope.
2.8.2. SCREEN: Computer screen as talent images the sample.[split in two: first Talent sitting at the microscope looking at the sample, then CU of the screen]
2.9. Then, insert a piece of annealed film into the sample holder for SAXS (TEXT: SAXS: Small Angle X-ray Scattering) and fix it with Kapton tape. Place the prepared sample holder into the machine. Open the X-ray shutter and acquire the 2D scattering pattern.  
2.9.1. CU: Sample holder as talent inserts piece of annealed film into it and fixes it with Kapton tape.
2.9.2. MED: Talent places sample holder into the machine.
2.9.3. SCREEN: Computer screen as talent opens X-ray shutter and acquires 2D scattering pattern. [split in two: first Talent sitting at the microscope looking at the sample, then CU of the screen]
3. Generation of the Porous Structure and Nickel Insertion in the Polymer Template
3.1. At this point, immerse another small piece of annealed film in ethanol for three days. 
3.1.1. MED-over the shoulder: Talent places small piece of annealed film in vessel containing ethanol.
3.2. Once the porous film has been dried, immerse it in an aqueous solution of tin chloride for 1h. After removing the film from the solution, rinse it thoroughly with deionized water.
3.2.1. MED: Talent places porous film in vessel containing aqueous tin chloride solution.
3.2.2. CU: Film as talent rinses it with deionized water.
3.3. Next, immerse the film in an aqueous solution of palladium chloride.  After 1h, remove the film from the solution and rinse it with deionized water.
3.3.1. MED-over the shoulder: Talent places film in vessel containing aqueous palladium chloride solution.
3.3.2. MED: Talent removes film from solution and rinses it with deionized water.
3.4. To prepare the nickel-plating bath, mix a nickel sulfate hexahydrate solution with a borane dimethylamine complex solution at a 4 to 1 ratio and adjust the pH to 7 using ammonium hydroxide (TEXT: See text protocol for details on solution preparation).  
3.4.1. [split in two] MED-over the shoulder: Talent mixes appropriate reagents in suitable container.
3.4.1a mixing of the reagents and putting the pH meter into the solution
3.4.1b pH meter reading
3.4.2. [split in two] MED: Talent adds ammonium hydroxide to nickel-plating bath solution.
3.4.2a addition of ammonium hydroxide
3.4.2b pH meter reading
3.5. Immerse the film in the nickel-plating bath for 1h. After rinsing with deionized water, dry the film in a fume hood.  
3.5.1. CU: Film as talent immerses it in nickel-plating bath. 
3.5.2. MED-over the shoulder: Talent places film in fume hood to dry.
3.6. After, prepare the plated sample for electron microscopy as previously described.  Image it using the same conditions as before.
3.6.1. SCREEN: Computer screen as talent images the sample.
4. Exposure of the Inverse Gyroid Nickel Foam
4.1. Following this, place the nickel-plated film in an oven at 350 °C for 1 h to 4 days.
4.1.1. MED: Talent places nickel-plated film in oven.
4.2. Once the film has cooled to room temperature, attach it to the sample holder using a silver paste. 
4.2.1. CU: Sample holder as talent attaches film to it using silver paste.
4.3. [bookmark: _GoBack]Then, insert the sample holder into the scanning electron microscope for EDX, or Energy Dispersive X-ray analysis (TEXT: See text protocol for experimental details on EDX analysis).
4.3.1. MED: Talent inserts sample into scanning electron microscope.
5. Results: Highly-ordered Nanoporous Nickel Nanofoams from Diblock Copolymer Supramolecular Complexes
5.1. Double-wave and wagon-wheel gyroid patterns represent projections through the (211) (pronounced two-one-one) and (111) (pronounced one-one-one) plane of the gyroid unit cell, respectively. Polystyrene block domains appear bright while poly(4-vinylpyridine)-pentadecylphenol block domains appear dark from iodine staining. The double-wave pattern of another sample shows a periodicity decrease. SAXS peaks at √6q*, √8q*, √14q*, √22q*, and √50q* (pronounced “square root of six Q star”, etc.) confirm the bicontinuous Iad (pronounced l-a-three-d) morphology. 
5.1.1. LAB MEDIA: Figure 2 (50673fig2.jpg, 50673fig2large.jpg, Figure 2.jpg) (Video Editor: Zoom into images a and b for first sentence. Highlight image a when “double-wave” is mentioned and image b when “wagon-wheel” is mentioned. If possible, point to a white spot or white area of one of these images for first part of second sentence, and a black line for last part of second sentence. Zoom into image c for third sentence. Show image d for last sentence. If possible, make the numbers appear followed by the black arrows for this sentence.)
5.2. After ethanol treatment, pentadecylphenol proton NMR signals are absent. DSC data imply that the thermal behavior of the ethanol treated sample and diblock copolymer is identical. The porous gyroid template has a high BET specific surface area of 104 m2g-1 (pronounced 104 square meters per gram) and occupies almost 60 vol%. The average pore diameter is 40 nm with narrow pore size distribution.  
5.2.1. LAB MEDIA: Figure 6 (Figure 6.tif) (Video Editor: Show this figure for first sentence.)
5.2.2. LAB MEDIA: Figure 7 (Figure 7.tif) (Video Editor: Show this figure for second sentence.)
5.2.3. LAB MEDIA: Figure 3 (50673fig3.jpg, 50673fig3highres.jpg, Figure 3.tif) (Video Editor: Show this figure for last two sentences. Make “104 m2g-1” and “60 vol%” appear for third sentence, and make “40 nm” appear for last sentence.)
5.3. The contrast in the unstained nickel-plate gyroid TEM micrograph originates from metal deposited in the nanochannels. The wagon-wheel pattern confirms preservation of the double gyroid morphology. High-resolution TEM micrographs show large, interconnected nickel crystallites, and EDX analysis reveals the plated sample chemical composition. Carbon, nickel, and oxygen peaks are observed, which indicates oxidation of the nickel nanofoam when stored in air. 
5.3.1. LAB MEDIA: Figure 4 (50673fig4.jpg, 50673fig4highres.jpg, Figure 4.jpg) (Video Editor: Zoom into image a for first and second sentences. Point to a section of the image to highlight wagon-wheel pattern for second sentence. Zoom into images b and c for first part of third sentence and image d for last part of third sentence. Highlight C (carbon), Ni (nickel), and O (oxygen) peaks in image d when they are mentioned in the last sentence.)
5.4. The nickel network remains intact during polymer decomposition by isothermal heating. The exposed nickel replica preserves the inverse gyroid morphology as confirmed by SEM.
5.4.1. LAB MEDIA: Figure 5 (50673fig5.jpg, 50673fig5highres.jpg, Figure 5.jpg) (Video Editor: Point to a section of each image with a black arrow.)

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. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.
6.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.
6.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.
6.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).
6.5. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).
6.6. Ivana Vukovic: Don't forget that working with reagents used for electroless plating can be extremely hazardous and one should always use personal protecting equipment while performing this procedure.   [There are 3 shots in total. 6.1. by Ivana, 6.2 by Sergey and 6.3 by Ivana.]


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.
5.1.1 Figure 2.tif
5.2.1 Figure 6.tif
5.2.2 Figure 7.tif
5.2.3 Figure 3.tif
5.3.1 Figure 4.tif
5.4.1 Figure 5.tif

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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