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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.) 3.1; 3.3; 3.4; 3.6; 4.1. __________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) 3.4, 3.5 ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations? __The filming needs to take place in two different laboratories (preparation of reagents / foaming and subsequent burning reactions) in buildings located at 20 m one from the other.___
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. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to describe the preparation of porous and solid aluminophosphate matrices or nanothermite foams, by the reaction of aluminum nanopowder with orthophosphoric acid. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Marc Comet: This method can help answer key questions in the nanothermite field, such as how to stabilize a nanothermite loose powder into a solid porous, monolithic reactive object. 
1.2. Marc Comet: The main advantage of this technique is that nanothermites are transformed into solid objects, which are easy to handle and do not contain free nanoparticles.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Marc Comet: Demonstrating the procedure will be Cédric Martin, a post doc from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. 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 of an Aluminophosphate Matrix
2.1. [bookmark: _GoBack]To begin this procedure, first weigh out 3.00 g of aluminum nanopowder [1-MED/WIDE]. Using a 3 mL polyethylene Pasteur pipette, add 4.00 g of an 85% commercial solution of orthophosphoric acid dropwise to a 150 mL beaker [2-MED-over the shoulder]. Use a 1 mL polyethylene Pasteur pipette to add between 0 and 2 mL of deionized water [2.1.3.] and slowly rotate the beaker by hand to homogenize the solution. [2.1.4.] Next, transfer the beaker to the explosion chamber [3-MED/WIDE 2.1.5.].
2.1.1. Talent approaches the lab bench and begins to weigh out the aluminum nanopowder.
2.1.2. Talent uses a 3 mL polyethylene Pasteur pipette to add orthophosphoric acid, dropwise, to a 150 mL beaker. Capture a few takes of this, as it will be reused in step 3.3.1. 
2.1.3. Added shot: Talent uses a 1 mL polyethylene Pasteur pipette to add deionized water to the beaker.
2.1.4. Added shot: Talent rotates the beaker by hand. Film this as close up to the beaker as possible while still capturing a clear shot of the action.
2.1.5. Talent transfers the beaker full of acid to the explosion chamber. This was originally 2.1.3.
2.2. Add the pre-weighed aluminum nanopowder to the beaker [1-MED-over the shoulder]. Use a stainless steel spatula to quickly mix the solution [2-MED-TXT]. Immediately close the explosion chamber [3-MED-over the shoulder].
2.2.1. Talent adds the pre-weighed aluminum nanopowder to the beaker.
2.2.2. Talent uses a stainless steel spatula to quickly mix the solution. TEXT: Mix in less than 1 min.
2.2.3. Talent closes the explosion chamber.
2.3. Then, wait for the foaming reaction to occur [1-CU]. Once the reaction has begun, wait an additional 10 min for the aluminophosphate matrix to cool [2-MED-over the shoulder]. After this, use a laboratory bow tong to remove the beaker from the explosion chamber [3-MED].
2.3.1. Shot of the foaming reaction occurring. Film this as close up as possible, which may be difficult as it will be in the explosion chamber.
2.3.2. Talent, facing/looking towards the foaming reaction, sets a timer for 10 min. Make sure the foaming reaction is still occurring during the shot.
2.3.3. Talent uses a laboratory bow tong to remove the beaker from the explosion chamber.
2.4. Carefully break the sample – which adheres to the beaker wall – to recover it [1-CU].
2.4.1. Talent, using a spatula or other appropriate tool, breaks the sample in the beaker. Film this as close up as possible while still capturing the full action.
3. Synthesis of Nanothermite Foams
3.1. To begin, add 3.00 g of aluminum nanopowder and 3.45 g of tungsten trioxide nanopowder to a 100 mL round-bottom flask [1-MED]. Using a vortex mixer, mix the nanopowders at 2,500 rpm [2-MED-over the shoulder].
3.1.1. Talent adds aluminum nanopowder and tungsten trioxide nanopowder to a 100 mL round-bottom flask.
3.1.2. Talent mixes the nanopowders using the vortex mixer. 
3.2. Put on an electrostatic discharge wrist strap, and ensure that you are properly grounded [2-MED-over the shoulder]. Next, use a stainless steel spatula to gently stir the mixture [1-MED-TXT]. Then, use the vortex mixer to further homogenize the nanothermite mixture at 2,500 rpm [3-CU].
3.2.1. Talent uses a stainless steel spatula to gently stir the mixture. TEXT: Do not let the spatula rub against the flask. Note: 3.2.1. and 3.2.2. swapped places
3.2.2. Talent puts on an electrostatic discharge wrist strap and checks to ensure they’re grounded.
3.2.3. Talent uses a vortex mixer to further mix the sample. Shoot this as close up to the sample as possible while still providing a clear shot.
3.3. After this, use a 3 mL polyethylene Pasteur pipette to add 4.00 g of orthophosphoric acid dropwise to a 150 mL beaker [1-MED-over the shoulder]. Using a 1 mL polyethylene Pasteur pipette, add between 0 and 2 mL of deionized water [2-MED]. Slowly rotate the beaker by hand to homogenize the solution [3-CU/MED].
3.3.1. Use an alternate take from 2.1.2. 2.2.1.
3.3.2. Talent uses a 1 mL polyethylene Pasteur pipette to add deionized water to the beaker.
3.3.3. Talent rotates the beaker by hand. Film this as close up to the beaker as possible while still capturing a clear shot of the action.
3.4. Then, transfer the beaker to the explosion chamber [1-MED/WIDE]. Add the prepared nanothermite mixture to the beaker [2-MED-over the shoulder]. Next, use a stainless steel spatula to quickly mix the solution [3-MED-TXT].
3.4.1. Talent transfers the beaker to the explosion chamber.
3.4.2. Talent adds the prepared nanothermite mixture to the beaker.
3.4.3. Talent uses a stainless steel spatula to quickly mix the solution. TEXT: Mix in less than 1 min.
3.5. After this, immediately close the explosion chamber [1-MED-over the shoulder]. Once the foaming reaction begins, wait an additional 10 min for the nanothermite foam to cool [2-CU]. Using a laboratory bow tong, remove the beaker from the explosion chamber [3-MED].
3.5.1. Talent closes the explosion chamber.
3.5.2. Shot of the beaker while the foaming reaction occurs. Alternatively, a [MED-over the shoulder] shot of the talent observing the foaming reaction can be filmed. As this reaction may look different from the previous reaction, do not reuse any takes from 2.3.
3.5.3. Talent uses a laboratory bow tong to remove the beaker from the explosion chamber. As this reaction may look different from the previous reaction, do not reuse any takes from 2.3.
3.6. Carefully break the sample – which adheres to the beaker wall – to recover it [1-MED-over the shoulder].
3.6.1. Talent breaks the sample. As this reaction may look different from the previous reaction, do not reuse any takes from 2.4.
4. Combustion of Nanothermite Foams
4.1. To begin, place either the prepared aluminophosphate matrix or the prepared nanothermite foam into the explosion chamber [1-MED]. Place a pyrotechnic igniter close to the chosen sample [2-MED-over the shoulder]. Close the explosion chamber [3-MED].
4.1.1. Talent places one of the prepared samples into the explosion chamber.
4.1.2. Talent places a pyrotechnic igniter close to the chosen sample.
4.1.3. Talent closes the explosion chamber.
4.2. After this, connect the igniter to a secure electronic device [1-MED-over the shoulder]. Next, fire the pyrotechnic chain [2-MED]. Using an ultrafast camera, operating at a speed between 10,000 to 30,000 frames/s, observe the combustion through the armored window [3-MED-over the shoulder].
4.2.1. Talent connects the igniter to a secure electronic device.
4.2.2. Talent fires the pyrotechnic chain. Alternatively, film a [CU] of the chain being fired inside the chamber.
4.2.3. Talent looking into the chamber, observing the combustion. Make sure the ultrafast camera is visible in the shot, pointed into the chamber. Alternatively, we can show footage from the ultrafast camera if the authors can supply that footage.
Authors: Can you supply some footage from the ultrafast camera of a sample combustion?
5. Results: Analysis of Nanothermite Foams
5.1. In this procedure, combustible aluminophosphate matrices are synthesized by the reaction between orthophosphoric acid and aluminum nanopowder [1-LM]. X-ray diffraction analysis confirms the presence of both crystalized aluminum and aluminum phosphate in the synthesized aluminophosphate matrix [2-LM].
5.1.1. 56479_Comet_Figure 1.tif
5.1.2. 56479_Comet_Figure 1.tif: Highlight the peaks and the legend text for crystalized aluminum (designated with a plus sign) in one color during “...crystalized aluminum and aluminum phosphate in the synthesized aluminophosphate matrix.” Highlight the peaks and the legend text for aluminum phosphate (designated with a star) in a different color during “…aluminum phosphate in the synthesized aluminophosphate matrix.”
5.2. Thermocouple data reveals that the temperature of each nanothermite paste during the foaming reaction is dependent on the concentration of orthophosphoric acid [1-LM]. The higher the concentration, the faster – and higher – the temperature will rise [2-LM]. In other words, diluting the acid solution with water decelerates the rise in temperature of the reaction medium [3-LM].
5.2.1. 56479_Comet_Figure 2.tif
5.2.2. 56479_Comet_Figure 2.tif: Swipe in an arrow (from right to left) pointing towards the left with text near it saying “Concentration ” during “The higher the concentration…”. Swipe in an arrow (from bottom to top) pointing up with text near it saying “Temperature “ during “…the faster – and higher – the temperature will rise”.
5.2.3. 56479_Comet_Figure 2.tif: Show an arrow over the data pointing towards the bottom-right with text near it saying “Water  = Temperature  “ during “…diluting the acid solution with water decelerates the rise in temperature of the reaction medium.”
5.3. However, drying orthophosphoric acid with a strong desiccant – such as phosphorous anhydride – is not advised [1-LM]. Without water, the paste undergoes rapid heating, which can ignite of the energetic foam and cause a hydrogen explosion in the air [2-LM].
5.3.1. 56479_Comet_Figure 2.tif: Highlight the left-most curve in red with text near it saying “Don’t dry”.
5.3.2. 56479_Comet_Figure 2.tif: Remove the text from 5.3.1 and intensify the red highlight on the left-most curve.
5.4. Nanothermite foams produced from these diluted solutions have greater mechanical strength, but expand less [1-LM]. X-ray diffraction analysis reveals that these foams reveals that they contain crystalized aluminum, aluminum phosphate, and tungsten trioxide – although tungsten trioxide does not chemically interact with the foaming reaction [2-LM].
5.4.1. 56479_Comet_Figure 3.tif
5.4.2. 56479_Comet_Figure 3.tif: Highlight the peaks and the legend text for crystalized aluminum (designated with a plus sign) in one color during “...crystalized aluminum, aluminum phosphate, and tungsten trioxide – although tungsten trioxide does not chemically interact with the foaming reaction.” Highlight the peaks and the legend text for aluminum phosphate (designated with a star) in a second color during “…aluminum phosphate, and tungsten trioxide – although tungsten trioxide does not chemically interact with the foaming reaction.” Highlight the peaks and legend text for tungsten trioxide in a third color during “…tungsten trioxide – although tungsten trioxide does not chemically interact with the foaming reaction.”

6. Conclusion (said by authors on camera)

6.1. Marc Comet: While attempting this procedure, it’s important to remember that aluminophosphate and nanothermite foams are energetic materials which burn violently when they are ignited.
6.2. Cédric Martin: After its development, this technique paved the way for researchers in the field of energetic materials to explore the integration of nanothermites in pyrotechnic systems.
6.3. Marc Comet: Don't forget that working with energetic nanomaterials can be extremely hazardous and precautions such as wearing appropriate protections and operating in pyrotechnic installations should always be taken while performing this procedure. 


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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