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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark 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)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C & D. Authors have not indicated any critical steps for filming.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __different buildings_________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative: (Video editor: Use Schematic Overview JoVE video.pptx)
The overall goal of this method is to synthesize high surface area, monolithic, three-dimensional graphene-based materials known as Graphene Aerogels and Graphene Macro Assemblies (Intro with title card). 
The flexible, sol-gel synthesis route enables materials to be produced with tuneable density, surface area, and pore size, which can be cast into a variety of forms including monoliths and thin films. (Intro-1: Begin with just top image of 3-Dimensional structures. As the words are spoken, add text of “Tunable Density”, “Surface Area”, and “Pore Size” below the first image. Aminate in second image with words “which can be cast.”)
The synthesis begins by combining a catalyst with the precursor solution and allowing the mixture to cure at moderate temperature. This produces a fully cross-linked, monolithic gel, with solvent trapped in the pore structure. Cure time and temperature can be used to control the morphology of the material produced. (P1: Begin with just left solution, colorless. Add blue color with words “combining catalyst” and add label of solution as it is spoken to. With words “at moderate temperature” animate in clock and thermometer. With words “solvent trapped” animate in product with label.)
As a second step, the wet gel is dried using supercritical CO2 to preserve the nanostructure. The material is now an aerogel.  (P2-1: Begin with left image and label. With words “wet gel” animate in arrow and text above. With words “using supercritical” animate in product with label. For the second sentence, bring in the labeled RF Organic Aerogel from P2-2)

Next, the aerogel is heated to high temperature in an inert atmosphere in order to carbonize it, removing oxygen-containing functional groups and converting the chemical crosslinks to conductive SP2 bonds. (P3: Begin with left image and text. With words “high temperature” animate in thermometer/clock, and with words “carbonize it” animate in carbon aerogel with text. Animate in spectra throughout rest of sound-bite.)
The resulting materials are chemically and mechanically robust. Analytical tools such as scanning electron microscopy are used to characterize morphology, (P4-1: Start with the image of electron microscopy.)
and measure surface area and pore-size distribution. (P4-2: Keep P4-1 on screen, animate in P4-2 with words “measure surface area”.)
Post-synthetic surface treatment can be used to enhance desired properties, such as charge storage capacity. (P4-3: Begin with upper-left and right images. Animate in bottom two images with words “enhance desired properties.”)
(Note to the Authors: Schematic sentences were edited for length.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Patrick Campbell: Carbon aerogels were invented here at Lawrence Livermore National Laboratory and we have continued to refine our production of ultra-high surface area and low density materials. The sol-gel method described here is highly flexible, allowing us to design materials to meet the unique needs of the research that goes on at Livermore. 
1.2. Marcus Worsley: The main advantage of this technique over existing methods to produce low density, high surface area carbon materials, is that we can produce monolithic materials that are fully crosslinked with SP2 bonds giving excellent electrical conductivity and mechanical properties, without the need for binders and conductive filler.  
NOTE this is the SECOND set of 1.2 labeled shots on the slate board. The first set of shots labeled 1.2 is actually shot 6.1
1.3. Anna Hiszpanski: This methodology allows for exquisite control over density, surface area, pore size and volume. It can be used to produce materials optimized for various applications such as supercapacitor and battery electrodes, supports for nanoparticles and other catalysts, as well as ultra-strong and light-weight structural materials
1.4. Juergen Biener / Ted Baumann: Demonstrating the procedure will be Patrick Campbell 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.

(Note to the Authors: Interview statements are limited to 3-4 lines of text and were edited accordingly.)

Protocol (read by voice talent at JoVE):
2. Preparation of Catalyzed Resorcinol-formaldehyde (RF) Graphene Aerogels and Composites
2.1. To synthesize an acetic acid catalyzed carbon aerogel, begin by crushing 112 mmol of resorcinol into a powder and adding it to a 40 ml scintillation vial. Then add 15 ml of deionized water and vortex this mixture for one minute. 
2.1.1. CU: Talent crushes resorcinol with mortar & pestle

2.1.2. MED Over the Shoulder: Talent adds crushed powder to vial

2.1.3. MED: Talent pours water into vial and vortexes
2.2. Next add the suspension to 224 mmol of a 37% formaldehyde solution and vortex the mixture for another minute. The resorcinol should be fully dissolved by this point. 
2.2.1. MED: Talent pours formaldehyde solution into vial and vortexes mixture

2.2.2. ECU: Talent shows dissolved solution in vial 
2.3. Finally, add 7 mmol of glacial acetic acid and vortex again. This solution is now ready to be cured and dried. 
2.3.1. MED Over Shoulder: Talent adds acetic acid to vial
2.3.2. ECU: Close up of aerogel (TEXT: See text protocol for sodium carbonate catalyzed synthesis.)
2.4. To create an RF and graphene oxide, or GO, composite, first use an ultrasonic bath to create a 1 wt% suspension of graphene oxide in deionized water. 
2.4.1. MED Over the Shoulder: Talent places vial of water/graphene oxide in sonicator

2.4.2. ECU: Talent shows vial of suspension (TEXT: Use GO with diameter of 300-800 nanometer)
2.5. Next take 1.5 g of the graphene oxide suspension and add to it 11.2 mmol of resorcinol, 22.1 mmol of a 37% formaldehyde solution, and 56 umol of sodium carbonate catalyst. This composite is now ready for curing and drying.
2.5.1. MED: Talent adds graphene oxide suspension to solution

2.5.2. CU: Talent swirls mixture in vial (TEXT: See text protocol for curing and drying of RF aerogels and composites.)
3. Ammonium Hydroxide-catalyzed Graphene Oxide (GO) Assembly
3.1. To begin synthesis of ammonium hydroxide-catalyzed GO assembly, add 20ml of deionized water to 400 mg of single layer GO in a 40 ml scintillation vial and vortex for one minute. Use an ultrasonic bath to thoroughly disperse the mixture. Complete dispersion may take up to 24 hours. A properly dispersed suspension should not flow when the vial is inverted.
3.1.1. MED: Talent adds water to vial containing GO
3.1.2. [added] CU: Vortex for 1 min.

3.1.3. MED Over the Shoulder: Talent sonicates vial
3.1.4. [added] CU: Solution should be viscous and hold upside down. 

3.2. Add 0.211 mL of concentrated ammonium hydroxide per gram of GO suspension. Then transfer the GO suspension with catalyst into a glass mold and seal it tightly. Place it in the oven at 80 °C and cure for 72 hours. 
3.2.1. MED: Talent pipettes ammonium hydroxide into vial
3.2.2. MED: Talent pours suspension into glass mold and seals
3.2.3. MED Over the Shoulder: Talent places mold into oven
3.2.4. [added] Take the mold out of the oven after 72 hours. 
3.3. Remove the supernatant liquid from the vial and replace with DI water. Then wash it in a water bath to remove the residual materials. Replace the water bath twice at 12 hour intervals. 
3.3.1. MED: Talent takes monolith water out of mold, adds water and places in water bath
3.3.2. CU: Talent changes water once
3.4. Then, remove the excess water and transfer the sample from the water bath to an acetone bath, replacing with fresh acetone twice after 12 hr intervals.
3.4.1. MED: Talent moves monolith into acetone bath
3.5. After washing, load the sample into a supercritical drying apparatus that is filled with acetone and circulating coolant between 12 and 15 °C. 
Order of 3.5.1 and 3.5.2 switched
3.5.1. MED Over the Shoulder: Talent places monolith in drying apparatus 
3.5.2. CU: Talent sets coolant temperature to 13 °C
3.6. Next seal the dryer and exchange the acetone completely with liquid carbon dioxide… When no more acetone drips from the dryer exhaust, shut off the carbon dioxide supply.
3.6.1. MED: Talent seals the dryer and turns on CO2
3.6.2. MED: Talent exchanges acetone out with carbon dioxide
3.6.3. ECU: Shot of exhaust dripping acetone (TEXT: Exchange of acetone with CO2 occurs within 4-24 hr)
3.7. Raise the coolant temperature to 55 °C while maintaining a pressure between 1200 and 1600 psi. Hold the coolant temperature at 55°C for one hour. 
3.7.1. CU: Talent increases temperature to 55 °C
3.7.2. CU/ECU: Display of pressure between 1200-1600 psi on instrument
3.8. Then slowly vent the carbon dioxide over 2 to 12 hours while holding the coolant temperature at 55 °C. Remove the samples once the carbon dioxide has completely vented.
3.8.1. CU: Talent sets instrument to vent gas
3.8.2. CU/ECU: Shot of instrument set at 55 °C
3.8.3. MED: Talent removes samples from dryer
4. Carbonization and Functionalization of Carbon Aerogel Foams
4.1. Once graphene aerogels are appropriately cured and dried, move them into an inert atmosphere to be carbonized. Load large samples into a boat or similar container, and place disk-shaped samples between two sheets of carbon paper with weight on top to prevent curling. Increase the temperature at a rate of 5 °C per minute until 1050 °C is reached, and then hold the reaction at 1050 °C for 3 hours.
4.1.1. [added] CU: Placing samples into boat and sandwiching disks between carbon paper

4.1.2. MED: Talent places dried samples into a closed inert atmosphere; some samples will be placed between pieces of graphite paper.
4.1.3. CU: Talent increases temperature of samples (Text: Hold 1050 °C, 3 hr)
4.2. To obtain highly crystalline graphene macro-assemblies, increase the temperature at a rate of 100°C per minute and hold the foam at 2500°C for one hour.
4.2.1. CU: Shot of temperature set to 2500 °C (TEXT: Hold 2500 °C, 1 hr)
4.3. Once the foam is carbonized, it can be functionalized with redox active anthraquinone to enhance charge storage capacity. First prepare a 3 mM solution of anthraquinone in anhydrous ethanol, and heat the solution in a sealed vial at 75°C to dissolve the anthraquinone. 
4.3.1. MED CU: Talent portions off aerogel into reaction vial

4.3.2. MED Over the Shoulder: Talent adds ethanol to anthraquinone in vial
4.3.3. MED: Talent dissolves anthraquinone with heat by placing vial into oven.
4.4. Add the heated anthraquinone solution to the graphene macro-assembly at 2 ml for every mg of material. In a sealed vial, soak the macro assembly for two hours at 75°C. Then decant the excess solution from the vial and leave the vial uncapped at 75°C overnight to dry the material. 
4.4.1. MED Over the Shoulder: Talent takes anthraquinones solution out of oven and pipettes heated anthraquinone to portioned aerogel
4.4.2. CU: Talent sets up sealed vial to heat at 75 °C
4.4.3. MED Over the Shoulder: Talent pours off excess liquid into waste
4.4.4. ECU: Vial with wet material is heated at 75 °C
5. Results: Evidence supporting graphene macro-assembly formation: 
5.1. Tracking the morphology and evolution of the material composition can be accomplished utilizing a variety of analytic methods. 
5.1.1. LAB MEDIA Figure 1a (Video Editor: Please remove panel label “a.” Begin with only the left-most image, animate in the first arrow and 2nd image with word “evolution” and the second arrow and third image with the word “variety.”)
5.2. Scanning electron microscopy and transmission electron microscopy are used to examine material morphology, while the results of x-ray diffraction and Raman analysis are consistent with a graphene-like material.
5.2.1. LAB MEDIA Figure 1c and 1d (Video Editor: Please remove panel labels “c” and “d”, and bring in c before d with “scanning” and “transmission” respectively.)
5.2.2. LAB MEDIA Figure 1e and 1f (Video Editor: Please remove panel labels “e” and “f”, and bring in c before d with “x-ray” and “Raman” respectively.)
5.3. Porosimetry is used to determine pore volume and pore size distribution.
5.3.1. LAB MEDIA Figure 4 ((Video Editor: Please remove panel labels “a” and “b.”)
5.4. Solid state nuclear magnetic resonance, or NMR, is used to follow the transformation of graphene oxide into graphene macro-assemblies.

5.4.1. LAB MEDIA Figure 2a (Video Editor: Please remove panel label “a”. Show only axis/axis labels and spectra, no labels. With words “follow the transformation” highlight the different spectral lines.
5.5. Comparing carbon-13 NMR spectra, a significant reduction of peaks corresponding to epoxide and hydroxyl functionality is seen post-curing, while the presence of an aliphatic peak appears.

5.5.1. LAB MEDIA Figure 2a (Video Editor: Begin with only axis/axis labels, spectral lines and “thermal annealing, after gelation, and GO powder” labels). Add in C=O, C-OH, and C-O-C labels upon mention of ‘epoxide and hydroxyl functionality’)

5.6. After carbonization, proton NMR highlights the elimination of methylene and methoxy moieties. These eliminations suggest that the sp3 hybridized carbon cross-links become thermally converted to conductive sp2-hybridized carbon junctions during carbonization. 
5.6.1. LAB MEDIA Figure 2b (Video Editor: Please remove panel label “b” Begin with only axis/axis labels. Add in first the “after gelation” spectra with labels, followed by the “after thermal annealing” with labels.)
5.7. Post-synthetic functionalization with anthraquinone is verified by thermogravimetric analysis. Mass loss is consistent with 10 to 14 weight percent loading, and the increase in temperature compared with bulk anthraquinone indicates diffusion limited desorption kinetics. 
5.7.1. LAB MEDIA Figure 5b and c (Video Editor: Please remove panel labels “b” and “c”. Highlight 5a when “mass loss is consistent” is spoken, and highlight 5b when the words “increase in temperature.”)
5.8. The enhanced charge storage capacity is measured by cyclic voltammetry, which indicates a nearly three-fold increase even at very high rates. 

5.8.1. LAB MEDIA Figure 6 (Video Editor: Please remove panel labels “a” and “b”.)
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)
6.1. Marcus Worsley: Following this procedure as a general guide, additives such as carbon nano tubes can be added, or concentrations and catalyst loadings can be changed to produce materials tailored to your specific application. Filmed as first set of shots labeled 1. 2
6.2. Patrick Campbell: After watching this video, you should have a good understanding of how to synthesize high surface area graphene aerogels starting from simple, inexpensive precursors.
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


