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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.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Steps 3.3, 3.4-3.7.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Step 3.7. Graphite die and plungers need to be prepared and aligned properly to avoid cracking of the specimen during cool down.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Two neighboring buildings (< 1 min walking).

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 synthesize non-uniformly praseodymium-doped strontium titanate ceramics with improved thermoelectric properties. (Intro)

This is accomplished by first preparing the praseodymium-doped strontium titanate powder by a high-temperature solid state reaction with a series of intermediate grinding and mixing. (P1, show right top image of mortar and pestle and mixer with “Grind and mix SrCO3, TiO2, and Pr2O3 powders” label. Then show “Cold press into pellet”, “Calcination at 1400°C for 15 hours”, and “Regrind and re-mix the powders” images followed by center “Calcination Step” circle. Then make the “Sr1-xPrxTiO3 powder” image appear from “Calcination at 1400°C for 15 hours” image.)

The second step is to densify the prepared powder into bulk ceramic disks using a fast-heating spark plasma sintering technique. (P2, show “Sr1-xPrxTiO3 powder” image and make “Fast-Heating Plasma Sintering (SPS)” image appear next to it. Then make Sr1-xPrxTiO3 powder” image move into SPS image and “High-density bulk polycrystalline Sr1-xPrxTiO3” appear from SPS image.)

The final step is to perform the measurements of thermal and electronic transport properties as a function of temperature on the sintered ceramics. (P3, show Figure 2a.)

Ultimately, these electronic and thermal transport measurements are used to show the improvements in the thermoelectric power factor and figure-of-merit. (P4, show Figure 3e.)

Video Editor: Use Schematic Overview.ai or Schematic Overview.tif


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Arash Dehkordi: The main advantage of this technique over existing methods, like solid state reaction with conventional sintering or hot pressing, is that significant improvement in the carrier mobility and thermoelectric power factor is achieved by grain boundary engineering using the high heating rate capability of the spark plasma sintering technique.   
1.2. Terry Tritt: This method can help answer key questions in the oxide thermoelectrics and electroceramics field, such as the potentials of strontium titanate for high-temperature thermoelectric power generation as well as the modification of the electronic properties of this oxide.  
1.3. Sriparna Bhattacharya: Though this method can provide insight into thermoelectric properties of strontium titanate, it can also be applied to other systems, such as electroceramics for other applications from solid oxide fuel cells to ferroelectricity.
1.4. **Xiaoyu (Bella) Zeng: Demonstrating the procedure will be a grad student from my 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.


Protocol (read by voice talent at JoVE):
2. Preparation of Pr-doped SrTiO3 Powder
2.1. First, weigh out stoichiometric amounts of strontium carbonate powder, titanium oxide nanopowder, and praseodymium oxide sintered lump (TEXT: SrCO3: 7.53407 g, TiO2: 4.28983 g, Pr2O3: 0.44299 g). Grind the praseodymium oxide sintered lumps to fine particles using an agate mortar and pestle.  
2.1.1. MED: Talent separately weighs three reagents into weigh boats on a balance. Pr2O3 was in powdered form as it was ground the day before.
2.1.2. and then grind.
2.1.3. MED-over the shoulder: Talent adds praseodymium oxide sintered lumps to mortar and grinds material using the pestle.
2.2. Add the strontium carbonate powder and titanium oxide nanopowder to the mortar and continue grinding and mixing until a visually homogenous powder is achieved. 
2.2.1. MED: Talent adds strontium carbonate and titanium oxide powders to mortar and grinds material using the pestle.
2.2.2. CU: Mortar showing visually homogeneous powder.
2.3. Next, load the ground powder into a glass jar and mix using a turbulator for 30 minutes to homogenize the mixture.  Ideally a turbulator is the best choice, but if you need to, you can manually shake the glass for a couple of minutes.
2.3.1. MED-over the shoulder: Talent transfers powder from mortar to glass jar.
2.3.2. MED: Talent places jar in turbulator and turns it on. Shakes the glass
2.4. When finished, load the resulting mixed powder into a meticulously cleaned and polished stainless steel die, and sandwich it between two stainless steel plungers. Then, cold press the powder using a press under an approximately 1 metric ton load. 
2.4.1. CU: Stainless steel die as talent adds powder to it.
2.4.2. MED-over the shoulder: Talent places a stainless steel plunger on each side of steel die.
2.4.3. MED: Talent places and secures steel die with plungers in cold press and pulls lever down.
2.4.4. [added] ejection of pellet using the press
2.5. When finished, place the pellet vertically in an alumina boat filled with commercially purchased strontium titanate powder as the barrier between the alumina boat and the cold press pellet.
2.5.1. CU: Alumina boat containing strontium titanate powder as talent places pellet in it.
2.6. Place the boat in a tube furnace, heat up to 1300 degrees Celsius in 3 hours and keep it at this temperature for 15 hours. After allowing the pellet to cool to room temperature inside the furnace, grind it using the agate mortar and pestle and load the resulting powder into a glass jar for further mixing using the turbulator.
2.6.1. MED: Talent places boat in tube furnace and sets appropriate parameters.
2.6.2. MED-over the shoulder: Talent adds pellet to mortar and grinds material with the pestle. shot out of order and contains wides, meds and CUs to be used later on.
2.6.3. MED: Talent adds powder to the glass jar. Reuse portion from earlier
2.7. Once the powder has been mixed, load it into the stainless steel die and cold press under an approximately 3 metric tons of load.
2.7.1. MED-over the shoulder: Talent adds powder to stainless steel die.
2.7.2. MED: Talent places and secures steel die with plungers in cold press and pulls lever down. Reuse from earlier
2.8. After heating at 1400 degrees Celsius in the tube furnace, grind the pellet using the agate mortar and pestle. Then, repeat the previous two steps one more time for the solid state reaction to reach completion.
2.8.1. CU: Mortar as talent adds pellet to it and grinds it with the pestle. Pull from 2.6.2
2.8.2. Reuse shot 2.7.2.
3. Preparation of Bulk Polycrystalline Pr-doped SrTiO3 Ceramic
3.1. At this point, prepare circular graphoil pieces to cover the top and bottom interface of the sandwiched powder and graphite plungers in the graphite die. Also, prepare another rectangular graphoil piece to cover the inner wall of the graphite die. 
3.1.1. MED: Talent places graphite die and plunger on graphoil and traces around them with a pencil. 
3.1.2. MED-over the shoulder: Talent cuts resulting circular shapes of graphoil with scissors. 3.1.2 is now 3.1.1 instead of tracing and cutting, they punch through
3.1.3. MED: Talent cuts a rectangular piece of graphoil with scissors. 3.1.3 is now 3.1.2 but it was precut
3.2. Load 1.6 grams of the as-prepared powder into a 12.7 millimeter inner diameter graphite die and sandwich the powder between two graphite plungers of the same size. 
3.2.1. CU: Graphite die as talent adds powder to it.
3.2.2. [combined with 3.2.1] MED: Talent places a graphite plunger on each side of graphite die.
3.3. After cold-pressing the powder, wrap a piece of graphite felt around the die for insulation and secure it with graphite yarn. 
3.3.1. CU: Talent wraps graphite die with graphite felt and then wraps graphite yarn around the felt.
3.4. Place the loaded graphite die and plungers in the spark plasma sintering, or SPS, chamber. Move the stage to the final position. Then, focus and align the Pyrometer target circle on the temperature reading hole of the die.  
3.4.1. MED: Talent places graphite die and plungers in SPS chamber.
3.4.2. [combined with 3.4.1] MED-over the shoulder: Talent moves the stage by pressing the stage buttons on the system.
3.4.3. MED: Talent looks through the view port of the pyrometer to align target circle with the temperature reading hole of the die.
3.5. Close the chamber and put a 7.7 kilonewton load on the sample. Vacuum and purge the chamber with argon three times and leave the chamber under dynamic vacuum of 6 Pascal.  
3.5.1. CU: Chamber as talent closes it and places 7.7 kilonewton load on sample. 3.5.1A is hitting the sample with 7.7 kilonewtons of juice
3.5.2. MED: Talent presses chamber vacuum and purge buttons and turns appropriate valves on the system.
3.6. Next, increase the temperature by increasing the current manually (TEXT: Use 250 A min-1 for optimized samples).  
3.6.1. MED-over the shoulder: Talent turns dial knob on system and monitors temperature.
3.7. Once the temperature has been held at 1500 degrees Celsius for 5 minutes, shut the current off and quickly release the 7.7 kilonewton load to avoid cracking the sample during the cooling down.  
3.7.1. MED: Talent shuts current off and releases 7.7 kilonewton load on system.
3.8. After allowing the sample to cool to room temperature inside the chamber, polish it using a 400 grid sand paper down for 0.3 to 0.5 millimeters from each side to assure the complete removal of the graphoil. Then, clean the sample with acetone.  
3.8.0 eject sample from graphite die using press
3.8.1. CU: Sample as talent polishes it with sand paper. 3.8.1 polish with a little bit of tap water added to the paper and marry with 3.8.2
3.8.2. MED-over the shoulder: Talent pours acetone on wiping tissue and cleans sample with it. 
4. Characterization of Electronic and Thermal Transport Properties of Bulk Ceramics
4.1. Determine the density of the ceramic disk using the Archimedes method by measuring the weight of the sample. Then, measure the weight of the sample submerged in water on a stabilized density measurement system and calculate the Archimedes density using the following equation. 
4.1.1. MED-over the shoulder: Talent places sample on scale and records weight in a laboratory notebook.
4.1.2. CU: Cup containing water as talent places sample in it.
4.1.3. LAB MEDIA: 	
4.2. After measuring the thickness of the sample using a digital micrometer, measure the thermal diffusivity of the sample using the transient laser-flash technique under a 75 milliliter per minute flow of argon (TEXT: See text protocol for more details). Calculate the thermal diffusivity by the laser-flash interface software from the thickness of the sample and the temperature rise-time profile using the Parker equation.  
4.2.0 measure thickness
4.2.1. MED: Talent loads sample into thermal diffusivity measurement instrument. 4.2.1A coat both sides with graphite spray
4.2.2. MED-over the shoulder: Talent at computer sets up software to perform measurement.
4.2.3. LAB MEDIA: 	
4.3. Following this, cut the disk pellet using a diamond saw into rectangular bars for electrical conductivity and Seebeck coefficient measurements, a square disk for high-temperature specific heat, and a thin rectangular piece for Hall measurements (TEXT: rectangular bars: 2 x 2 x 10 mm3, square disk: 4 x 4 x 1.5 mm3, rectangular piece: 8 x 5 x 1 mm3).
4.3.1. MED: Talent cuts rectangular bars and square disk using the diamond saw. the square disc is not shown being cut
4.3.2. CU: Disk pellet as talent cuts a rectangular piece from it.
4.4. Measure the specific heat of the sample on the flat and mirror-polished square piece using a differential scanning calorimetry under argon flow (TEXT: See text protocol for additional details).
4.4.1. MED: Talent places sample into differential scanning calorimetry instrument.
4.5. Next, calculate the high-temperature thermal conductivity of the sample from the measured values of thermal diffusivity, the specific heat, and the density using the following equation.
4.5.1. LAB MEDIA: 
4.6. Gold plate the probe’s contact points on the 2 by 2 by 10 millimeter cubed piece cut from the sample to alleviate the contact resistance issues.  
4.6.1. MED-over the shoulder: Talent places sample into bench top sputtering equipment. using scotch tape cover the sample and cut two holes in tape to accept the gold (just their protocol but I wanted to throw that in)
4.7. Following this, sputter an approximately 200 nanometer-thick gold film using a bench-top gold sputtering unit.
4.7.1. CU: Sample as talent places it into bench top sputtering equipment. ECU. should be the very last clip
4.8. When finished, measure the distance between these two probes using a digital microscope for electrical measurements. Then, measure electrical conductivity using the four-terminal method. Simultaneously measure the Seebeck coefficient on the same setup using the measurements of temperature and voltage via the two middle thermocouple “probes”. 
4.8.1. MED-over the shoulder: Talent places sample on digital microscope and looks through the eyepiece.
4.8.2. [combined with 4.8.1] MED: Talent loads sample into the ZEM equipment for electrical conductivity and Seebeck coefficient measurements.
4.8.3. [bookmark: _GoBack]MED-over the shoulder: Talent at computer sets up the software for the measurement scan.
4.9. Finally, measure the Hall carrier concentration as a function of temperature on the 8 by 5 by 1 millimeter cubed sample using a Physical Properties Measurement System.  
4.9.1. MED: Talent walks up to measurement system instrument with sample in hand.
4.9.2. CU: Mounted sample on the Hall measurement holder.
5. Results: Investigation of The Thermoelectric Properties of Pr-doped SrTiO3 Ceramics 
5.1. X-ray diffraction patterns confirm the formation of strontium titanate phase in all powders where the reflections can be indexed to a cubic lattice with  (pronounced p m 3 bar m) space group. 
5.1.1. LAB MEDIA: Fig1.eps, 52869fig1.jpg (Video Editor: Show figure 1a.)
5.2. Weak reflections were observed corresponding to the intermediate praseodymium oxide phase. By optimizing the SPS heating rate, the secondary phase reflections disappear. 
5.2.1. LAB MEDIA: Fig1.eps, 52869fig1.jpg (Video Editor: Show figure 1b for first sentence and figures 1c and 1d for second sentence.)
5.3. Electrical conductivity can be increased through the optimization of the heating rate, which is attributed to an enhancement in the carrier mobility since similar Seebeck coefficient and carrier concentration values were obtained for samples densified under different heating rates. 
5.3.1. LAB MEDIA: Fig2.eps, 52869fig2.jpg (Video Editor: Show figure 2a for first part of the sentence and show inset for second part of the sentence when “Seebeck coefficient” is mentioned in the voiceover.)
5.4. Scanning electron micrographs show that the praseodymium-rich secondary phase can partially dope the grain boundary region during the SPS process. By optimizing the heating rate, the grain boundary region can be fully doped, and a carrier mobility enhancement is observed. 
5.4.1. LAB MEDIA: Fig2.eps, 52869fig2.jpg (Video Editor: Show figure 2b for the first sentence. Show figure 2c for the second sentence.)
5.5. All samples exhibit a degenerate semiconducting behavior for electrical conductivity and a corresponding diffusive-like thermopower. A large thermoelectric power factor greater than 1 was observed in a broad temperature range reaching a maximum of 1.3. 
5.5.1. LAB MEDIA: Fig3.eps, 52869fig3.jpg (Video Editor: Show figure 3a for first part of first sentence and figure 3b for second part of first sentence when “a corresponding diffusive-like thermopower” is mentioned in voiceover. Show figure 3c for second sentence.)
5.6. A monotonic reduction in thermal conductivity was observed with increasing praseodymium. More than 30% improvement in the dimensionless thermoelectric figure for the whole temperature range over previously reported maximum values were achieved as a result of the thermoelectric power factor enhancement and thermal conductivity reduction. 
5.6.1. LAB MEDIA: Fig3.eps, 52869fig3.jpg (Video Editor: Show figure 3d for first sentence and figure 3e for second sentence.)

6. Conclusion (said by authors on camera)
6.1. Sriparna Bhattacharya: Once mastered, the spark plasma sintering densification of doped strontium titanate can be done in 60-90 minutes if it is performed properly.
6.2. Arash Dehkordi: After watching this video, you should have a good understanding of how to synthesize praseodymium-doped strontium titanate bulk ceramics using solid state reaction and fast-heating spark plasma sintering techniques.
       

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.
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