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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.) 2.3, 2.6, 2.13, 3.7, 3.9, 3.11
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.) 2.6. The pH of the solution and charge on the metal species has to be properly chosen for the support type. In addition, excess impregnating solution should be avoided. To ensure success, add one drop at a time to the high porous silica. Finally, once the metals are added it is critical to calcine at moderate temperature and reduce carefully to avoid large particle formation.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations?  If filming the catalyst synthesis and testing at Purdue takes a whole day, there would be no time left for filming at Argonne National Lab for demonstrating the synchrotron X-ray experiments.
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 research is to synthesize new bimetallic catalysts with small uniform particle size and test their performance for alkane dehydrogenation. The goal is to understand the fundamental principles, which lead to high olefin selectivity, high rate, long life and thermal stability. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zhenwei Wu: This catalyst synthesis method optimizes anchoring of metal species onto supports by preparing a solution with a pH that charges the support surface and attracts metals ions of opposite charge. 
1.2. Zixue Ma: Careful control of the calcination and reduction temperatures is needed to achieve small particle size. Co-impregnation of the properly chosen metal precursors ensures strong bimetallic interaction, which ultimately controls the activity and selectivity. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jeff Miller: After preparation, we measure the rates, selectivity and stability of the catalysts for alkane dehydrogenation to determine differences in performance with catalyst composition and correlate that with structure. 
Protocol: (read by voice talent at JoVE)
2. Synthesis of Supported 2-nm Pt-Cu Bimetallic Nanoparticle Catalysts
2.1. First, carefully weigh approximately 5 grams of dry silica on weigh paper and transfer it into a weighting dish [1-WIDE/MED]. While mixing, add water dropwise until the silica is completely wet, but with no excess solution [2-CU]. Then, reweigh the wet silica to calculate the amount of water absorbed and to determine the pore volume of the silica support [3-MED-TXT]. 

2.1.1. *Film as written. 

2.1.2. *Film as written.

2.1.3. *Film as written. TEXT: 0.7 mL/g. (Video Editor: overlay should appear at mention of “pore volume of the silica support”).
2.2. To prepare the precursor solution, dissolve 0.125 grams of copper nitrate trihydrate in 1 milliliter of water in a small vial to obtain a sky blue solution [1-MED-over the shoulder-TXT]. 
2.2.1. *Film as written. TEXT: 0.125 g Cu(NO3)2·3H2O, 1 mL H2O.  
2.3. Add ammonia dropwise to the copper nitrate solution, forming dark blue precipitates of copper hydroxide [1-CU].  Continue adding ammonia until the dark blue precipitates dissolve to form a dark blue solution and the pH is greater than 10 [2-MED-over the shoulder].
2.3.1. *Film as written.

2.3.2. *Film as written.
2.4. Next, add 0.198 grams of tetraammineplatinum nitrate to the solution [1-MED]. Then add water so that the total volume of the solution is 3.5 milliliters, which matches the pore volume of 5 gram silica support [2-MED-over the shoulder-TXT]. 
2.4.1. *Film as written.
2.4.2. *Film as written. TEXT: Add ammonia to keep pH >10. 

2.5. Heat the solution to 70 degrees Celsius until all the tetraammineplatinum nitrate salts are dissolved in the solution [1-MED-TXT].  
2.5.1. Talent turns on the hot plate and observes the solution heating. TEXT: Leave cap on vial but do not tighten.

2.6. After allowing the dissolved metal precursor solution to cool to room temperature, impregnate it onto the support. Add a few drops at a time to 5 grams of silica in a ceramic evaporating dish and stir gently to break up the particles that stick together to achieve a homogeneous distribution of the solution [1-CU].  
2.6.1. *Film as written.
2.7. Dry the impregnated Pt-0.7Cu/SiO2 (pronounced silica supported catalyst with a copper to platinum ratio of 0.7) in an oven at 125 degrees Celsius overnight [1-MED].  
2.7.1. Talent places catalyst precursor in oven.

2.8. On the following day, calcine the cooled catalyst precursor in a furnace at 250 degrees Celsius with a 5 degrees Celsius per minute ramp rate in air for 3 hours [1-MED-over the shoulder-TXT]. 
2.8.1. Talent places the catalyst precursor in the furnace and programs the settings on the furnace temperature control panel. TEXT: 250 (C, 5 °C/min, 3 h. 
2.9. Next, transfer the calcined catalyst to a tube furnace for reduction. Place a 1-inch layer of quartz wool in the middle of a 1-inch quartz tube reactor and load the cooled calcined catalyst into the tube through a plastic funnel [1-MED]. Then, place the tube in a clamshell temperature-programmed furnace [2-MED-over the shoulder].
2.9.1. *Film as written.

2.9.2. *Film as written. 
2.10. After purging the tube with nitrogen for 5 minutes at room temperature, switch the flow to 5 percent hydrogen balanced in nitrogen at the same flow rate as nitrogen to reduce the catalyst [1-MED-TXT]. 
2.10.1. *Film as written. TEXT: 100 ccm. (Video Editor: overlay should appear at mention of “at the same flow rate as nitrogen”).
Note on 2.11 to 2.13.1: “While these steps are filmed as written. In real case, the temperature program for these three steps are all set at once.”
2.11. Increase the temperature to 150 degrees Celsius with a 5 degrees Celsius per minute ramp rate and hold for 5 minutes [1-MED-over the shoulder-TXT]. 
2.11.1. *Film as written. TEXT: 150 °C, 5 °C/min, 5 min.  
2.12. Now, start slow ramping of the temperature at a rate of 2.5 degrees Celsius per minute to 250 degrees Celsius, holding the temperature for 15 minutes after every 25 degrees Celsius increase [1-CU].   
2.12.1. Furnace temperature control panel as talent programs the temperature settings.
2.13. Ramp to 550 degrees Celsius at 10 degrees Celsius per minute and stay for 30 minutes to complete the reduction [1-MED]. Switch the 5 percent hydrogen flow back to pure nitrogen to purge the system and cool to room temperature [2-MED-over the shoulder]. Then, unload the catalyst and store it in a vial for future use [3-MED].  
2.13.1. *Film as written.

2.13.2. *Film as written.

2.13.3. *Film as written.
3. Propane Dehydrogenation Performance Test
3.1. Place a half-inch layer of quartz wool against the dimple in the middle of a 3/8-inch quartz tube reactor [1-MED]. 

3.1.1. *Film as written.
3.2. Next, mix 40 milligrams of Pt-0.7Cu/SiO2 (pronounced silica supported catalyst precursor with a copper to platinum ratio of 0.7) and 960 milligrams of the silica in an empty vial to dilute the catalyst [1-MED-over the shoulder].  
3.2.1. *Film as written.
3.3. Using a plastic funnel, load the catalyst mixture into the tube reactor [1-MED]. Wipe the outer wall of both tube ends with lint-free wipes to remove any dirt and get a good seal with the O-ring [2-MED-over the shoulder].  
3.3.1. *Film as written.

3.3.2. *Film as written.
3.4. Connect the tube fittings to both ends of the quartz tube reactor and attach them to the reactor system equipped with a clamshell furnace [1-MED].
3.4.1. *Film as written.
3.5. Following this, turn on the nitrogen flow through the tube reactor [1-MED-over the shoulder-TXT]. After 1 minute, close the ball valve on the reactor outlet [2-MED]. After waiting for the system pressure to increase to 5 pounds per square inch gage, close the ball valve on the inlet nitrogen line to stop the nitrogen flow and seal the reactor system [3-MED-over the shoulder].
3.5.1. *Film as written. TEXT: 50 cm3/min. (Video Editor: overlay should appear at mention of “nitrogen flow”).
3.5.2. *Film as written.

3.5.3. *Film as written.
3.6. After 1 minute, record the pressure reading from the gauge [1-MED]. Open the ball valve on the reactor outlet to release the pressure before restarting the nitrogen flow by turning on the ball valve on the inlet nitrogen line to purge the system for 1 minute [2-MED-over the shoulder-TXT].  
3.6.1. Talent records the pressure reading in a lab notebook.
3.6.2. *Film as written. TEXT: See text for procedure if pressure drops.

3.7. Start flowing hydrogen diluted in nitrogen for catalyst reduction before running the reaction and stop the nitrogen flow [1-MED-TXT]. Start heating the tube reactor to 550 degrees Celsius, with a rate of 10 degrees Celsius [2-MED-over the shoulder-TXT]. 
3.7.1. *Film as written. TEXT: 50 cm3/min, 5% H2/N2. (Video Editor: overlay should appear at mention of “hydrogen and nitrogen”).

3.7.2. *Film as written. TEXT: Allow system temperature to stabilize at target temperature.

3.8. For propane dehydrogenation reaction testing, start the gas chromatograph, or GC in the reactor system and select the proper method for gas component analysis [1-MED-over the shoulder].  
3.8.1. Talent at computer starts the GC and selects the method in the software.

3.9. Now, switch the reactor gas flow to a bypass line [1-MED]. Flow 100 cubic centimeters per minute of 5 percent propane and nitrogen diluted in 5 percent hydrogen diluted in nitrogen [2-MED-over the shoulder-TXT]. After the propane flow stabilizes, inject the bypass flow into the GC as a reference sample [3-MED-over the shoulder].  
3.9.1. *Film as written.

3.9.2. *Film as written. TEXT: 100 cm3/min 5% propane/N2, 5% H2/N2.

3.9.3. Talent at computer clicks on the start button in the software.

3.10. Next, switch the gas flow back to the reactor tube line to start the reaction and record the time [1-MED].  
3.10.1. Talent switches the gas flow and records the time in a lab notebook.

3.11. After the reaction runs for 4 minutes, inject the reactor outlet gas flow into the GC to get the outlet gas component information [1-MED-over the shoulder]. [2-CU].  
3.11.1. Talent at computer clicks on the start button in the software.

3.11.2. Computer screen showing a conversion vs. time on stream curve in Excel.
3.12. Finally, use the corresponding peak analysis software to analyze each peak [1-MED/MED-over the shoulder]. [2-CU]
3.12.1. Talent at computer analyzes each peak in the software. 
3.12.2. Computer screen showing a conversion vs. time on stream curve in Excel.
4. Results: Characterization of Pt-Cu Solid Solution Nanoparticle Catalysts
4.1. The propylene selectivity versus time for platinum and platinum-copper catalysts is presented here [1-LM]. While the propylene selectivity of the platinum catalysts decreases at higher conversion, the Pt-7.3Cu (pronounced silica supported catalyst with a copper to platinum ratio of 7.3) retains high propylene selectivity at different propane conversions [2-LM]. 
4.1.1. 56040fig1.jpg, 56040fig1large.jpg, Figure 1.pdf: Show figure A. If possible, show both figures A and B and zoom into or highlight figure A.
4.1.2. 56040fig1.jpg, 56040fig1large.jpg, Figure 1.pdf: Show figure B. If possible, show both figures A and B and zoom into or highlight figure B. Highlight or insert an arrow pointing to the black squares for first part of sentence and the pink diamonds for second part of sentence.  
4.2. The catalyst selectivity increases almost linearly with the copper content in the platinum-copper catalysts [1-LM]. Higher copper content also improves the turnover rates per mole of surface platinum for propane dehydrogenation [2-LM]. 
4.2.1. 56040fig1.jpg, 56040fig1large.jpg, Figure 1.pdf: Show figure C. If possible, show both figures C and D and zoom into or highlight figure C.
4.2.2. 56040fig1.jpg, 56040fig1large.jpg, Figure 1.pdf: Show figure D. If possible, show both figures C and D and zoom into or highlight figure D. 
4.3. There is a close to linear relationship between the turnover rate and the catalyst atomic ratio of copper to platinum with the carbon balance close to 100 percent during all reaction tests [1-LM]. 
4.3.1. 56040fig1.jpg, 56040fig1large.jpg, Figure 1.pdf: Show figure D.
4.4. The particle sizes of the monometallic platinum and platinum-copper catalysts determined by STEM imaging are between 2 and 3 nanometers [1-LM]. 

4.4.1. 56040fig2.jpg, 56040fig2large.jpg, Figure 2.pdf: Show figure A and insert an arrow pointing to one of the white spots on the image. Alternatively, insert a double- sided bar (like the 10 nm bar at the bottom of the image) below one of the spots to illustrate the particle size.
4.5. The change of the scattering pattern in the X-ray absorption fine structure spectra of the catalysts with increasing copper to platinum ratio suggests the formation of bimetallic nanoparticles with increasing copper content [1-LM]. 
4.5.1. 56040fig2.jpg, 56040fig2large.jpg, Figure 2.pdf: Show figure B.
4.6. The XRD pattern of platinum and platinum-copper catalysts show that their composition differs from the ideal composition of ordered alloys and there is no peak from superlattice diffraction, indicating that platinum and copper form a disordered solid solution structure in the catalysts [1-LM]. The diffraction peaks shift to higher angles with increasing copper to platinum ratio, confirming that the solid solution becomes richer in copper [2-LM]. [3-LM].
4.6.1. 56040fig2.jpg, 56040fig2large.jpg, Figure 2.pdf: Show figure C.
4.6.2. 56040fig2.jpg, 56040fig2large.jpg, Figure 2.pdf: Show figure C. Insert an arrow next to figure pointing down from black curve to pink curve and add text “increasing Cu:Pt ratio”.
5. Conclusion (said by authors on camera)
5.1. Zixue Ma: Once mastered, the impregnation step can be done in about 1 hour and consistently gives small particles with uniform composition.

5.2. Zixue Ma: When preparing metal catalysts by impregnation, it is important to adjust the pH value of the solution, and use proper metal complexes according to the type of the support. The solution volume should be equal to the pore volume of the support.
5.3. Zhenwei Wu: After watching this video, you should have a good understanding of how to synthesize supported bimetallic catalysts and test their alkane dehydrogenation performance.
5.4. Zhenwei Wu: The method is broadly applicable and can be used for different catalyst compositions and for many chemical reactions.
5.5. Jeff Miller: Don't forget that mixing hydrogen with air in the presence of a metallic catalyst is extremely dangerous and may lead to explosions. You must always purge the reactor with nitrogen before and after hydrogen addition to the catalyst.  
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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