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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N___ 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____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps (1) representative dry grinding of the starting materials with mortar/pestle to the appropriate consistency, (2) representative wet grinding of the starting materials with mortar/pestle, (3) representative removal of the reacted melt flux mixture from the crucible, (4) exfoliating CaCuSi4O10, (5) exfoliating BaCuSi4O10, (6) near infrared imaging.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Use the appropriate exfoliation conditions!
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 prepare solution-processable nanosheets of calcium copper tetrasilicate and barium copper tetrasilicate materials. (Intro)

This is accomplished by first preparing the bulk materials by either solid state or melt flux routes. (P1)
(Video editor:  Please use segment of one or both of shots 2.1.2 and 2.2.2)
The second step is to exfoliate these layered materials into nanosheets by using heating or ultrasonication techniques. (P2)
(Video editor: Please use segment of one or both of 4.2.3 and 7.1.3)
The final step is to disperse the nanosheets in water for solution processing. (P3)
(Video editor: Please use segment of 7.3.3)
Ultimately, transmission electron microscopy is used to demonstrate the formation of alkali earth copper tetrasilicate nanosheets, and near-infrared imaging shows the luminescent properties of both powder and solution-processed nanosheet samples. (P4)
(Video editor:  Please use “Salguero JoVE Figure 7 no labels.tif” and “Figure 10.tif”)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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(Video editor: The above image is only for reference regarding authors' desires.  Please use guidelines in Conceptual Narrative.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Tina Salguero: This method can provide insight into the factors that influence the formation and exfoliation of alkali earth copper tetrasilicates, and it provides an easy way to process these materials. 
1.2. **Author name Tina Salguero: Demonstrating the procedure will be Darrah Johnson-McDaniel a graduate student from my laboratory.
1.2.1. Interview style: Author saying the above 

1.2.2. 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. Melt Flux Synthesis of CaCuSi4O10
2.1. Begin synthesizing calcium copper tetrasilicate with the melt flux method by weighing out calcium carbonate, silicon dioxide, and basic copper carbonate in a 2:8:1 (pronounce as “2-to-8-to-1”) molar ratio. (TEXT: 0.1331 g CaCO3; 0.3196 g SiO2; 0.1470 g Cu2CO3(OH)2)  In addition, weigh out the flux components of sodium carbonate, sodium chloride, and borax as 12.5% by weight of the other components. (TEXT: 0.0375 g Na2CO3; 0.0125 g NaCl; 0.0250 g Na2B4O710H2O) Put all of these materials in an agate mortar.

2.1.1. WIDE: Talent at bench in the process of weighing materials. Talent started with calcium carbonate. This shot may be reused. Please consult talent to ensure there will be no continuity issues.
2.1.2. MCU: Talent in the process of weighing materials. Talent weighed out silicon dioxide. Take at least two shots of this from different angles for shot reuse.  Please consult talent to ensure there will be no continuity issues. 

2.1.3. MCU: Talent adding materials to mortar.  Please take at least two shots of this at different angles for later reuse.  Consult talent about maintaining continuity. Length should be at least 15 seconds.
2.2. The mixture will initially appear like this. Use an agate pestle to hand grind the mixture for about 5 minutes.  Stop when the mixture becomes a homogeneous light green powder. Then, transfer this mixture to a clean, dry platinum crucible.

2.2.1. ECU: Material in mortar before grinding

2.2.2. MED: Talent starting to grind mixture with mortar.  Please continue to capture more of the grinding for later use. Use take 2.
2.2.3. ECU: Material at the conclusion of grinding

2.2.4. MED: Talent transferring mixture to crucible

2.3. Next, place the crucible in a furnace. Set and begin the appropriate heating and cooling cycle. (TEXT: Increase 2ºC/minute to 875ºC; hold at 875ºC for 16 hours; cool 0.8ºC/minute to ambient) This will take more than 40 hours. 
2.3.1. WIDE/MED: Talent arriving at furnace, then placing crucible inside and closing it.  Please take several shots for reuse later.  Consult the talent to identify continuity issues.

2.3.2. MED: Talent closing the furnace and turning to check settings

2.3.3. WIDE: Talent completing settings and leaving furnace
2.4. After recovering the crystals from the oven, place them in the agate mortar.  Gently crush them with a pestle. Next, transfer the crystals to a beaker.  
2.4.1. WIDE: Talent arriving at bench with crucible, then transferring crystals from crucible to mortar

2.4.2. CU: Talent gently crushing crystals with pestle

2.4.3. MCU: Talent completing work with mortar and pestle, then transferring crystals to a beaker. Use take 3
2.5. Prepare 50 mL of 1 M aqueous hydrochloric acid.  (TEXT: 50 mL of 1 M HCl)  Pour this into the vessel with the crystals. Allow the crystals to soak overnight to remove the melt flux.
2.5.1. MED: Talent approaches hood with beaker with crystals Talent getting acid (already prepared) for use
2.5.2. MED: Talent pouring acid into the beaker and setting it down

2.5.3. CU: Beaker with crystals and acid

2.6. After at least 10–12 hours, filter out the crystals.  Remove any remaining melt flux by washing them with deionized water. The crystals can be stored in a vial. 

2.6.1. MED: Talent filtering out crystals

2.6.2. MED: Talent washing crystals  Combine 2.6.1 and 2.6.2
2.6.3. MED: Talent transferring crystals to a vial
3. Solid State Synthesis of CaCuSi4O10
3.1. For the solid state synthesis of calcium copper tetrasilicate, weigh out calcium carbonate, silicon dioxide, and copper oxide in a 1:4:1 molar ratio.  (TEXT: 0.1331 g CaCO3; 0.3196 g SiO2; 0.1058 g CuO).  Add these to a clean agate mortar. Dampen the powder mixture with 1–2 mL of acetone.
3.1.1. Use shot 2.1.1 or 2.1.2 MCU: Talent weighs out copper oxide
3.1.2. USE 2.1.3 (MED: Talent adding materials to mortar)

3.1.3. CU: Contents of mortar, then acetone being added to it

3.2. Next, hand grind the mixture with an agate pestle for about 5 minutes. Stop when it becomes a light gray powder.  After transferring this powder to a platinum crucible, place the crucible in a furnace and start the appropriate heating and cooling cycle.  (TEXT: Increase 5ºC/minute to 1020ºC; hold at 1020ºC for 16 hours; cool to room temperature)

3.2.1. Use 2.2.2 CU: Talent grinds mixture 
3.2.2. CU: Final state of mixture 
3.2.3. Use 2.3.1

3.3. Once the cycle is complete, get the crucible and a PTFE (pronounce as “P-T-F-E”) spatula.   Use the spatula to scrape out the loose, light blue powder into a vial.

3.3.1. MED: Talent at bench with crucible, starting to use spatula

3.3.2. CU: Vial as it is being filled with powder. Use take 2
4. Exfoliation of CaCuSi4O10 and Ink Preparation
4.1. To exfoliate calcium copper tetrasilicate, use a 50 mL round bottom flask.  Add to it 0.50 g of the crystals and 40 mL of deionized water.  Also add a glass-coated magnetic stir bar.

4.1.1. MED: Talent readying the flask for use

4.1.2. MED: Talent adding the crystals, then the water

4.1.3. CU: Contents of flask as stir bar is added
4.2. Next, attach a water-cooled condenser to the flask.  Place the flask on a heat source set to 85 ºC and a stirrer set at 400 rpm.  Maintain these conditions for two weeks. (TEXT: 85ºC, 400 rpm for two weeks)

4.2.1. MED: Talent connecting condenser to flask

4.2.2. MCU: Talent placing flask turns on heat source, then starting stirring

4.2.3. CU: To the extent possible, flask on heat source with stirrer bar rotating.  Ideally the temperature setting would also be visible.

4.3. When two weeks have passed, remove the flask from the heat source and stirrer.  Set the flask aside to allow the solution to settle.  The flask should be undisturbed overnight. 

4.3.1. WIDE: Talent arriving at bench, removing flask from heat bath

4.3.2. MED: Talent placing flask to allow settling

4.3.3. WIDE: Talent leaving flask behind on bench 

4.4. After it has settled, filter the supernatant through a 0.4 µm membrane filter with vacuum filtration.  To dry the collected solids, allow the vacuum to run for an additional 10 minutes.

4.4.1. MED: Talent filtering contents of flask Talent removes stir bar and filters contents of flask. Use take 3
4.4.2. CU: Solids in filtration system as they are drying Use take 2 
4.5. Prepare an ink with the calcium copper tetrasilicate by adding about 0.10 g of the nanosheets to 5 mL of deionized water.  Place this in a bath sonicator.  When about 10 minutes have passed, remove the container.  The result is an ink that can be used for painting and printing.

4.5.1. MED: Talent adding solid to deionized water

4.5.2. CU: Vessel containing mixture being placed in sonicator, sonication starting

4.5.3. MED: Talent removing container and holding it to inspect contents

4.5.4. CU: Container in hands of talent, showing ink
5. Melt Flux Synthesis of BaCuSi4O10
5.1. To begin the melt flux synthesis of barium copper tetrasilicate, weigh out barium carbonate, silicon dioxide, and copper oxide in a 1:4:1 molar ratio.  (TEXT: 0.2085 g BaCO3; 0.3196 g SiO2; 0.0840 g CuO)  Also weigh out 12.5% by weight of the flux component, lead oxide. (TEXT: 0.0765 g PbO)  Add these materials to a clean agate mortar.

5.1.1. Use 2.1.1 or 2.1.2 Talent weighs out barium carbonate
5.1.2. Use 2.1.2 Talent weighs out lead oxide and adds to mortar
5.1.3. CU: Materials in mortar
5.2. Hand grind until the material becomes a light gray powder.  At this point, transfer the mixture to a clean, dry platinum crucible and place it in a furnace to begin a heating and cooling cycle. (TEXT: Increase 2ºC/minute to 950ºC; hold 24 hours; cool 0.1ºC/minute to 700ºC; cool to room temperature)
5.2.1. CU: Material after it has become a light gray powder (Video editor: Please transition between 5.2.1 and 5.2.2 to suggest passage of time)

5.2.2. Use 2.3.1

5.3. After recovering the crystals from the crucible, gently crush them using a pestle.  To remove the melt flux, transfer the crystals to a beaker and soak in 50 mL of 1 M nitric acid. (TEXT: 50 mL of 1 M HNO3)  After soaking 10–12 hours, filter the crystals and wash with deionized water to remove the remainder of the melt flux.
5.3.1. Use 2.4.2 CU: Talent crushing crystals in mortar 
5.3.2. MED: Talent transferring crystals to beaker 5.2.3.2.B Talent pours in acid
5.3.3. Use 2.6.1
6. Solid State Synthesis of BaCuSi4O10
6.1. The solid state synthesis of barium copper tetrasilicate starts with barium carbonate, silicon dioxide, and copper oxide in a 1:4:1 molar ratio  (0.2085 g BaCO3; 0.3196 g SiO2; 0.0840 g CuO) in a clean agate mortar.  Dampen the mixture with 1–2 mL of acetone.  Grind the powder by hand until it is a light gray.
6.1.1. Use 2.1.3 MCU: Talent adds material to mortar
6.1.2. CU: Materials is mortar, then acetone added
6.1.3. CU: Materials in mortar when grinding is complete.  (Video editor: Please transition between 6.1.2 and 6.1.3 to suggest passage of time)
6.2. Transfer the powder to a platinum crucible and place it in a furnace for its heating and cooling cycle. (TEXT: Increase 5ºC/minute to 960ºC; maintain at 960ºC for 16 hours; cool to room temperature) When the cycle is over, use a PTFE spatula to scrape out the material.  Store the loose blue powder in a vial.

6.2.1. Use 2.3.1

6.2.2. MED: Talent scraping material onto weigh paper and adding material to a vial
6.2.3. CU: Material in a vial
7. Exfoliation of BaCuSi4O10
7.1. Exfoliation of barium copper tetrasilicate begins with a 50 mL plastic centrifuge tube.  Add 0.14 g of the crystals and 20 mL of N-vinyl pyrrolidone (pronounce as “pyr-RO-li-done”).  Use a probe ultrasonicator at 17 W (pronounce as “watts”) to sonicate for one hour. (TEXT: Sonicate for 1 hour)

7.1.1. WIDE: Talent getting centrifuge tube

7.1.2. MED: Talent adding crystals and N-vinyl pyrrolidone to centrifuge tube
7.1.3. MED: Talent arranging tube in ultrasonicator and beginning sonication
7.2. After sonication, let the dispersion settle undisturbed overnight. Next, after 10–12 hours, decant the supernatant into a new centrifuge tube.(TEXT: After 10–12 hours)  Use a centrifuge to spin down the contents at about 10,300 g for 10 minutes.

7.2.1. MED: Talent turning off sonicator Talent checks that ultrasonicator is done, retrieving tube and arranging to let it settle

7.2.2. MED: Talent transferring supernatant to a new centrifuge tube

7.2.3. WIDE: Talent arriving at centrifuge, placing tube, and starting spin

7.3. When the centrifuge step is over, remove the tube and decant the supernatant to leave nanosheets at the bottom of the centrifuge tube.  To re-suspend this material, add 20 mL of water. (TEXT: 20 mL H2O)

7.3.1. MED: Talent decanting supernatant

7.3.2. MED: Talent adding water

7.4. Transfer the container to a bath sonicator and sonicate it for a few minutes.  Retrieve the container, filter the mixture through a 0.4 µm membrane filter, and dry. (TEXT: Dry by leaving the solids under vacuum in the filtration system for 10 minutes.)

7.4.1. MED: Talent placing container in a sonicator and starting sonication

7.4.2. MED: Talent recovering tube and Talent starting filter process.  If showing both is not possible, depict the starting of the filter process
8. Near Infrared Photographic Imaging
8.1. All of the materials can be imaged in the near infrared.  Position a camera capable of imaging in the near infrared and set its f number to 22 and its exposure time to 0.5 s.  

8.1.1. MED: Talent placing samples to be photographed

8.1.2. WIDE: Talent moving to place and then adjust camera on tripod
8.2. Next, illuminate the samples with an LED (pronounce as “L-E-D”) array or other source of red light. (Authors:  Ideally the samples would be organized as in Figure 8 of the manuscript) Eliminate other light sources and capture images of the sample. (TEXT: See manuscript Figure 8)

8.2.1. MED: Talent placing and/or turning on source of red light to illuminate samples

8.2.2. CU/MED: Samples shown in near-infrared from vantage of the camera in the experiment.  Videographer:  Please capture this if you can. It was not possible to film in the near-infrared.
8.2.3. LAB MEDIA:  Authors: Please provide Figure 8 without the labels a–h (Video editor:  Use this if 8.2.2 is not available.)

9. Results: Optical, Scanning Electron Microscopy, and Powder X-ray Diffraction Characterization of Synthesized CaCuSi4O10 and BaCuSi4O10 
9.1. Here are low magnification optical images of bulk calcium copper tetrasilicate made by melt flux....and by solid state synthesis.  Next is bulk barium copper tetrasilicate made by melt flux...and by solid state synthesis.  The length scale on the first image holds for all.

9.1.1. LAB MEDIA: Authors: Please provide each panel of Figure 3 without the labels a-h. Name the files Figure3-a through Figure3-h.  (Video editor:  Please allow for four same size pictures to be displayed from left to right, possibly with a space between the second and third images.  Start with the word “Bulk” oriented vertically on the left as a label to the images.  Also, position CaCuSi4O10 as a label for the first two pictures [above, centered], and Figure3-a with an additional label “Melt” centered above it as the first picture on the left.  Next, add Figure 3-b with the label “Solid state” centered above it.  Then add BaCuSi4O10 as a label for the right two images [above, centered] and add Figure3-c with the label label “Melt” centered above it. Finally add Figure3-d with the label “Solid state” centered above it. Point out the length scale in Figure3-a during the last sentence.)
9.2. Here are the exfoliated products. These images of the prepared materials show their textures and the differences in intensity of their blue color due to varying crystal sizes.  

9.2.1. LAB MEDIA: Continuing with Figure3-a through Figure3-h. (Video editor:  Please scale the previous image to accommodate four more pictures of the same size below those that are already there.  First place the word “Exfoliated” oriented vertically on the left as a label to the images and place Figure3-e on the bottom left.  Then place Figure3-f, Figure3-g, and Figure3-h in turn at regular intervals.)

9.3. These scanning electron microscopy images of gold-coated bulk calcium copper tetrasilicate show how the different preparation procedures lead to different crystallite sizes.  On the left, the product of the melt flux synthesis has 5-50 µm crystallites.  The product of the solid state synthesis on the right has 1-15 µm crystallites. 

9.3.1. LAB MEDIA: “Salguero JoVE Figure 4 no labels.tif”   (Video editor:  Please highlight the left image during “On the left....crystallites” and the right image during the last sentence.
9.4. Powder x-ray diffraction provides insight into the composition of the products.  Here are the patterns for the calcium copper tetrasilicate series.  The blue patterns correspond to the bulk material prepared by the melt flux route, on the bottom, and the subsequent exfoliated sample, on top. The green patterns correspond to the bulk material prepared by the solid state route, on the bottom, and the subsequent exfoliated sample, on top.  The asterisks indicate a silicon impurity. 

9.4.1. LAB MEDIA: “Salguero JoVE Figure 5 relabel.tif”  (Video editor:  Please point to [or in some way highlight] the bottom blue curve during “melt flux route, on the bottom” and the top blue curve during “the subsequent exfoliated sample, on top.”  Do the same for the bottom green curve during “solid state route, on the bottom” and the top green curve during “subsequent exfoliated sample, on top.”  Point to the asteriks during the last sentence.)
9.5. These representative transmission electron microscopy images show calcium copper tetrasilicate nanosheets in the top two panels, and barium copper tetrasilicate nanosheets in the bottom two panels. The images on the left correspond to nanosheets derived from bulk materials prepared by melt flux routes, whereas the images on the right correspond to nanosheets derived from bulk materials prepared by solid state routes.

9.5.1. LAB MEDIA: “Salguero JoVE Figure 7 no labels.tif”  (Video editor:  Please add a vertically oriented label “CaCuSi4O10” on the left for the top two images that will remain throughout. At the same time, highlight the top images as a group during “calcium copper tetrasilicate nanosheets in the top two panels.”  Add a vertically oriented label “BaCuSi4O10” to the left for the bottom two images that will remain.  At the same time highlight the bottom two images during “barium copper tetrasilicate nanosheets in the bottom two panels.”  Add a permanent label “Melt flux” over the left two images [at the top], and temporarily highlight them as a group during “The images on the left...melt flux route”.  Add a permanent label “Solid state” over the right images and highlight the images as a group during the remainder of the sentence.)

9.6. Here is a rudimentary painting with the calcium copper tetrasilicate nanosheet ink that illustrates both its simple application and its luminescence properties.

9.6.1. LAB MEDIA: “Figure 10.tif”
10. Conclusion (said by authors on camera)
10.1. Author name Tina Salguero: Following this procedure, other techniques like spin coating, spray coating, ink jet printing, and layer-by-layer deposition can be used to process alkali earth copper tetrasilicate nanosheets for further study and applications development.
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, 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.  

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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