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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
B.   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.
2.4, 2.10, 2.14, 3.5, 3.10, 3.12
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.
3.5, 3.12
E.  Will the filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to establish a method for characterizing reactivity of highly energetic composites. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michelle Pantoya: This method can help answer key questions in the combustion field, such as: how can we make an energetic mixture more reactive? 
1.2. Michelle Pantoya: The main advantage of this technique is that it directly and non-intrusively measures the reaction front; that is, the location of maximum brightness.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Dylan Smith: The implications of this technique extend toward other reactive systems as long as the reaction generates a self-propagating flame front.
1.4. Dylan Smith: Generally, individuals new to this method struggle with packing flame tubes. Packing density and total mass affects flame speed, so proper technique is required for accurate and consistent data.

Protocol (read by voice talent at JoVE):
2. Preparation of Iodine(V) Oxide and Aluminum Mixtures
2.1. First, obtain iodic acid, diiodine pentoxide, dry-synthesized tetraiodine nonoxide, and nanoparticle diiodine pentoxide. [1-WIDE-TXT]
2.1.1. Talent setting out reagents in the workspace. (TEXT: Iodic acid (HIO3) and diiodine pentoxide (I2O5) obtained from commercial suppliers. See text protocol for more information about synthesis of tetraiodine nonoxide (I4O9) and nanoparticle I2O5.)
2.2. Using a mortar and pestle, crush 10 g of commercial I2O5 (pronounce as diiodine pentoxide) crystals to a consistent powder. [1-MED-Over shoulder] Then, spread the powder in a ceramic crucible. [2-CU]
2.2.1. Talent grinding crystals with the mortar and pestle.
2.2.2. Talent spreading powder evenly in the crucible.
2.3. Heat the crucible at 10 °C per minute to 250 °C and hold at that temperature [3-MED-Over shoulder] for five minutes to remove iodic acid. [2-MED]
2.3.1. Talent places the crucible in the oven, sets the oven parameters, and moves away from the oven.
2.3.2. Talent returns to the oven after drying finishes and removes the crucible to cool.
2.4. To prepare a sample of amorphous I2O5, place 3 g of the dried I2O5 powder in a glass beaker with a magnetic stirrer. [1-MED] Add 3 g of distilled water and stir the mixture for 20 minutes to form an aqueous iodate solution. [2-MED]
2.4.1. Talent adds I2O5 powder and stir bar to a beaker.
2.4.2. Talent adds water, places the beaker on a stir plate, and starts the mixture stirring.
2.5. Heat the solution in an oven to 250 °C at a rate of 20 degrees per minute [1-MED-Over shoulder] and hold at that temperature for ten minutes to obtain 1 gram of amorphous I2O5. [2-MED-TXT]
2.5.1. Talent places beaker of IO3 solution in an oven and sets the temperature parameters. The solution appearance should be clearly visible to contrast with its appearance in 2.4.2.
2.5.2. Talent takes beaker out of oven, with temperature readout and sample inside the beaker visible if possible, and stores the sample in a container (TEXT: Store all samples in airtight containers or covered crucibles to limit exposure to moisture.)
2.6. Prepare another aqueous iodate solution. Continue stirring the solution in a low-humidity environment [1-MED] until excess water has evaporated, precipitating the iodic acid dehydrate. [2-MED-TXT]
2.6.1. Aqueous iodate solution stirring on the stir plate after the solid has dissolved, with a humidity readout visible in shot if possible. Talent pulls down the hood sash and/or turns off the hood lights and moves away.
2.6.2. Talent returns to hood and lifts the sash/turns on the lights. Talent takes the beaker from the stir plate and inspects the solid that has formed. (TEXT: Stir for 3-5 days in a 20% relative humidity (RH) environment.)
2.7. To ensure that all water has been eliminated, place a sample of the solid iodic acid in a differential scanning calorimeter and heat to 250 °C at ten degrees per minute. [1-MED-TXT]
2.7.1. Talent places sample and reference in the DSC and sets the heating parameters. (TEXT: If desired, DSC-TGA data may be collected for all unmixed oxidizers as reference points for later analysis.)
2.8. If thermogravimetric analysis shows that the total mass loss in the temperature range below 210°C is more than 5%, [1-LM] excess water is present and the sample needs more time to evaporate. [2-LM]
2.8.1. Figure 1b with all but the bottom line and caption (HIO3 Dehydrate) greyed out: Add a vertical line at x = 210 and highlight “Mass change -4.48%”. On “is more than 5%”, stop highlighting “Mass change -4.48%” and add caption of “Mass loss > 5%:”
2.8.2. LM as above: Caption becomes “Mass loss > 5%: Excess water in sample”
2.9. If the mass loss below 210°C is significantly less than 5%, [1-LM] I2O5 is still present and the sample must be dissolved in water and stirred again. [2-LM]
2.9.1. LM as above (Fig. 1b): Add under that caption “Mass loss << 5%:”
2.9.2. LM as above: Second caption becomes “Mass loss << 5%: Undissolved I2O5 in sample”
*Authors: Please upload Fig. 1b as a separate panel without the “b)” label.
2.10. To prepare oxidizer-fuel mixtures in a carrier fluid, first carefully mix the oxidizer with 80 nm aluminum in a beaker to achieve a final weight of two grams. [1-MED-Over shoulder-TXT] Add 60 mL of isopropanol to the beaker. Sonicate the mixture for two minutes. [2-MED-TXT]
2.10.1. Talent measures Al powder and a labeled sample into a beaker and mixes them. (TEXT: Prepare each mixture with a fuel-oxygen equivalence ratio of 1.0. Caution: Nano-aluminum/oxidizer mixtures can exhibit explosive behavior and are susceptible to accidental ignition by electrostatic discharge.)
2.10.2. Talent pours isopropanol into the beaker and begins sonication. (TEXT: Sonicate at 4 W in cycles of 10 s on, 10 s off for two minutes.)
2.11. Pour the sonicated mixture into a glass dish in a fume hood with a 20% relative humidity atmosphere. Allow the solvent to evaporate for 24 hours. [1-MED]
2.11.1. Talent pours the mixture into a glass dish in a hood with a humidity meter readout visible, and then moves away from the hood.
2.12. Ground a razor blade with a conductive wire. Using the grounded razor blade, remove the dry mixture from the glass dish. [1-MED-TXT] Sieve the mixture into an airtight container. [2-MED]
2.12.1. [Split into two shots, 2.12.1 and 2.12.1B] (2.12.1) Talent shows a grounded razor blade and indicates the wire connecting the razor to the ground, and then (2.12.1B) Talent begins removing the dry powder from the dish. (TEXT: Razor blades and other metal implements must be grounded.)
2.12.2. Talent sieving powder into a container.
2.13. To prepare dry-mixed samples, first sieve [1-MED] and mix 80 nm aluminum and oxidizer to prepare a 2-gram sample with a fuel-oxygen equivalence ratio of one. [2-MED]
2.13.1. Talent sieving powders.
2.13.2. [Split into two shots labeled 2.13.2 and 2.13.2B] (2.13.2.) Talent scooping powders into the sample container, and then (2.13.2B) Talent mixing the powders.
2.14. Seal the mixture in an airtight container and place the container on a vibration table for 3 minutes to complete the mixing. [1-MED]
2.14.1. Talent seals the container of powder and places the container on a vibration table.
3. Thermal Equilibrium Analysis and Energy Propagation Analysis
3.1. In a differential scanning calorimeter with a thermal gravimetric analyzer, heat alumina crucibles to 1500 °C for 30 minutes to remove any residues. [1-MED-TXT]
3.1.1. [Split into two shots-3.1.1 and 3.1.1B] (3.1.1) Talent places crucibles in the DSC-TGA and (3.1.1B) Talent sets the heating parameters. (TEXT: When using the differential scanning calorimeter with thermal gravimetric analyzer (DSC-TGA), reduce room relative humidity to below 30% and keep all samples in airtight containers or closed crucibles.)
3.2. Next, weigh the crucibles and record the weights. [1-MED] Place 10 mg of each mixture into a crucible. [2-MED-Over shoulder]
3.2.1. [Shots 3.2.1 and 3.2.2 combined] Talent weighs a crucible and notes down the weight.
3.2.2. Talent measures 10 mg of sample into a crucible and closes the crucible.
3.3. Place the sample and reference crucibles on the DSC-TGA thermocouple. [1-MED-Over shoulder] Heat each sample at a rate of 10 °C per minute to 600 degrees in an argon atmosphere to perform the thermal equilibrium analysis. [2-MED]
3.3.1. Talent places both crucibles.
3.3.2. [Split into two shots labeled 3.3.2 and 3.3.2B] (3.3.2) Talent turns on the argon. (3.3.2B) Talent sets the heating parameters, and monitors the process.
3.4. To begin preparing the flame tubes for the energy propagation analysis, cover one end of each quartz tube with electrical tape. [1-MED-Over shoulder-TXT] Then, weigh each tube. [2-MED]
3.4.1. Talent taping the ends of the quartz tubes. (TEXT: Quartz tube length: 7 cm, inside diameter: 3 mm)
3.4.2. Talent weighing tubes.
3.5. Using a small spatula, place each powder sample into tubes, [1-MED] gently tapping the tube on a hard surface to settle the powder after each addition. [2-CU] For low bulk density samples, use a narrow rod to pack down the powder. [3-CU-TXT]
3.5.1. Talent adding powder to a tube with a spatula.
3.5.2. Talent tapping the tube on the bench to settle the powder.
3.5.3. Talent packing down powder with a rod. (TEXT: Low bulk density samples: Al + I4O9, Al + amorphous I2O5)
3.6. Dylan Smith: Tapping the tube after every scoop of powder settles the powder as it is added, making the packing density even throughout the tube. If the powder is unevenly packed, the mass of sample in the tube will vary. [1-MED]
3.6.1. Talent speaks towards the camera, interview style.
3.7. Prepare three tubes for each mixture. [1-MED] Add powder to each of the three tubes until the weights are within 5% of each other and the tubes are completely filled. [2-MED]
3.7.1. Talent preparing one tube with a beaker/other container holding the other two tubes. The beaker is labeled with the sample identity.
3.7.2. Talent weighing tubes, comparing the weights, and adding powder to each tube as needed.
3.8. Then, cut a nickel-chromium wire into 10-cm long segments. [1-MED] Bend the wires into a “v” shape and insert the “v” of the wire into each tube. Tape the tube shut so that the wire is stationary and the powder is secure. [2-MED]
3.8.1. [Shots 3.8.1 and 3.8.2 combined] Talent cutting nickel-chromium wire.
3.8.2. Talent bends wire into v shape and tapes the wire into the end of a filled tube.
3.9. Prepare a combustion chamber with suitable viewing ports and an appropriate ventilation system routed through a fume hood. [1-MED] Place a sample tube inside the combustion chamber. Connect the nickel-chromium wires to insulated leads transfixing the chamber. [2-MED-Over shoulder]
3.9.1. Talent points out the viewing ports and ventilation system of the combustion chamber.
3.9.2. [Combined with 3.14.1] Talent places a tube into the chamber and connects the wires to the leads. (Author Note: This shot has been removed from this location and instead been filmed in combination with 3.14.1. So, this shot is now a part of 3.14.1.) (Erin Note to Video Editor: Unclear whether narration should be kept. We’ll have it recorded.)
3.10. Set up a high speed camera perpendicular to the direction of flame propagation. [1-MED] Focus the camera on the sample tube, adjusting the lens and camera placement so the lowest resolution can be used. [2-MED]
3.10.1. Talent sets up the camera.
3.10.2. Talent focusing the camera.
3.11. Place a ruler in the camera field of view and take a snapshot for distance calibration. [1-MED]
3.11.1. Talent places a ruler and then takes a picture.
3.12. Reduce the exposure time and set up neutral-density filters so that the flame image will not be overexposed. [1-MED-TXT]
2.1.1. Talent placing neutral density filters on the lens. (TEXT: Exposure settings vary between samples and are determined by powder ignition pre-tests. See text protocol for more information.)
3.13. Dylan Smith: The amount of light that reaches the detector on the camera has to be reduced so that the leading edge of the reaction front is recorded, not the leading edge of the light. [1-MED]
3.13.1. Talent speaks towards the camera, interview style.
(Author Note: We will send you two video files that can be used here [for 3.13]. The first will be labeled 3.13.Unfiltered and will be a video of the flame with high brightness saturating the camera sensor. The second video will be labeled 3.13 Filtered and will be a video of the flame as seen with neutral density filters on the camera lens.)
3.14. Connect a voltage generator to the wires via the insulated leads and then seal the chamber. [1-MED] Set the voltage generator to 10 volts and start the high-speed camera. Turn on the voltage generator [2-MED] to initiate the reaction. [23-MED]
3.14.1. [See 3.9.2] Talent connects the wires and closes the chamber.
3.14.2. Talent sets the voltage, starts the camera, and then turns on the voltage generator power.
3.14.3. [Added Shot] Shows the reaction occurs inside the chamber.
3.15. After the reaction, export the video into a program that tracks the position of the flame front as a function of time. [1-MED]
3.15.1. Talent at computer, exporting the video.
3.16. Plot a linear trendline from the distance and time information and remove data points collected before the reaction achieved steady state. [1-LM] The flame speed is the slope of the steady state trendline. [2-LM]
3.16.1. *To be provided by authors: A distance vs. time plot showing data points from before the reaction is steady-state. The data points to be removed are highlighted/indicated in some way.
3.16.2. *To be provided by authors: A distance vs. time plot of steady-state data points. The trendline slope is highlighted and labeled as flame speed.

4. Results: Reactivity of Iodine(V) Oxide and Aluminum Mixtures
4.1. Four aluminum-oxidizer mixtures were analyzed by differential scanning calorimetry. The dry mixture of aluminum and I4O9 (pronounce as tetraiodine nonoxide) showed exothermic behavior at 180 °C, [1-LM] which matches the exothermic behavior of unmixed I4O9. [2-LM]
4.1.1. Figure 2a: On “exothermic…180 °C”, place a vertical line at x = 180 on the graph.
4.1.2. Figure 2a and 2b: add Figure 2b with a vertical line at x = 180 on that graph, the top line highlighted, and the other two lines and labels greyed out.
4.2. The I4O9 and nano-I2O5 mixtures in carrier fluid showed almost identical heat flow behavior, suggesting that the wet mixing process converted I4O9 to an I2O5 species. [1-LM]
4.2.1. Figure 2a: On “almost…behavior”, highlight the second and third lines down.
4.3. Wet-mixed I2O5 samples showed higher flame speeds than dry-mixed, indicating that use of a carrier fluid increased reactivity. Significantly increased homogeneity was also observed in the commercial I2O5 sample. [1-LM]
4.3.1. Table 1: On “Higher…samples”, highlight the first, second, and fourth cells (starting from the left) of the second and third rows (below the title row). On “Significantly…sample”, highlight the third and fifth cells of the third row.
(Note to video editor: Include the caption “NM: Not measurable, * I4O9 decomposed into I2O5 when processed in isopropanol” when showing Table 1.)
4.4. However, the flame speed of dry-mixed I4O9 was much higher than wet-mixed I2O5 samples of both higher and lower bulk densities, indicating that I4O9 is more reactive than I2O5. [1-LM]
4.4.1. Table 1: On “flame speed... I4O9”, highlight the fourth cell of the first row (1551). On “higher than…samples”, also highlight the second cells of the second and third rows (1146 and 719). On “both higher…”, highlight the rightmost two cells of the third row (0.93 and 22.6). On “and lower bulk densities”, highlight the rightmost two cells of the second row (0.33 and 8).
Authors: Please update the labeling in Figure 2b to specify that the I2O5 species is nano-I2O5. Please upload the individual panels of Figures 1 and 2 without the a) and b) labels to http://www.jove.com/account/file-uploader?src=16671653.

5. Conclusion (said by authors on camera)

5.1. Dylan: While attempting this procedure, it’s important to remember that these mixtures are impact, ESD, and temperature sensitive. Wear PPE at all times, take care not to drop the mixtures, ground all metal equipment, and isolate these mixtures from heat sources.
5.2. Dylan: Following this procedure, other methods like DSC/TGA can be performed in order to answer additional questions about how chemical kinetics influence macroscopic flame speeds and reactivity.
5.3. Michelle Pantoya: After watching this video, you should have a good understanding of how to measure reactivity of powder energetic materials.
5.4. Michelle Pantoya: Don't forget that working with reactive materials can be extremely hazardous and precautions such as limiting sample size to mg quantities is advised.
   

Provided Media

Authors: Please list all images, movie files, or 3D-rendered animations that have been prepared for inclusion in the video per editor’s request. Name new files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used and provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  01234_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16671653

Authors: List your media filenames here.
Figure 1 Final.jpeg
Figure 2 Final.jpeg
Table 1.pdf

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for in advance. 

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive.

Ex. Luciferase assay done in 96 well plates has negative/positive control wells and experimental samples labeled accordingly.

Ex. Multiple samples undergoing the same reaction have distinguishing labels.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
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