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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. __2.5, 2.6, 3.2, 3.4, 4.2___

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._2.6, the heating and water addition is a critical step in forming a particulate product from the gel.  Care must be taken to ensure water is slowly added after an appropriate amount of heating.__

E.  Will the filming need to take place in multiple locations? (Y/N) __N__ if yes, how far apart are the locations? 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to prepare nanosized sodium titanate materials, including peroxide modified and Au(III) (Pronounced: gold three) loaded materials. (Intro)
This is achieved by first performing a surfactant mediated sol-gel synthesis… to prepare nanosized monosodium titanate particles in the range of 100 to 150 nm. (P1 Use graphical overview_052915.pptx: Have two test tubes (Resource ID 938) one labeled “Ti(OC3H7)4 /NaOCH3 in isopropanol” and one labeled “H2O in isopropanol”. Pour their contents into the round-bottom flask and have it fill with blue solution. Then have the stir bar at the bottom start rotating and the solution turn white. Have the image of the flask disappear and the photo image of the flask with white contents appear; label it “Nanosized monosodium titanate”)
As a second step, the nanosized monosodium titanate can be treated with hydrogen peroxide, which converts a portion of the material to a peroxotitanate form. (P2 Use graphical overview_052915.pptx: Start with the graphical round-bottom flask containing the white solution from P1. Have a test tube (Resource ID 938) labeled “H2O2” pour its contents into the flask then have the solution turn yellow. Have the flask disapper; then bring in the photo image of the flask with yellow contents and label it “Peroxotitanate”)
Next, an ion-exchange reaction can be performed to prepare metal-loaded titanates for various applications. An example is the addition of a solution of gold(III) chloride to the nanotitanate to produce the corresponding Au(III)-exchanged titanate. (P3 Use graphical overview_052915.pptx: Start with a large circle surrounded with smaller light grey circles each labeled Na+ then have a yellow circle labeled Au3+ fly in and bump one of the gray circles. Then have the gray circle fly off and disappear. Have the yellow circle settle next to the remaining grey circles and label the whole image “Au(III) exchanged titanate”)
Results are obtained that show spherical particles in the range of 100 to 150 nm can be prepared using this method, based on electron microscopy imaging and dynamic light scattering measurements. (P4 Use graphical overview_052915.pptx: Have the electron microscopy image appear and label it “Morphology” and then have the dynamic light scattering graph appear and label it “Particle size distribution”)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)
1.1. David: We first had the idea for this method when we began looking at the application of titanates in the biomedical field, where particle size becomes more important.
1.2. Kathryn: This method can be extended to other types of materials normally synthesized using sol-gel techniques, allowing materials with a range of different particle sizes to be prepared.

1.3. Mark: Nanosized particles of monosodium titanate provide the opportunity to improve ion-exchange performance due to their higher surface area to volume ratio. Use of metal-exchanged titanates as bactericides can be enhanced with nanosized materials.

(Authors: Statements have been lightly edited for length and order.)
Protocol (read by voice talent at JoVE):

2. Synthesis of Nano-monosodium Titanate (nMST)
2.1. To begin the synthesis of nano-monosodium titanate or “nMST” (Pronounced: n-M-S-T), first add 0.58 ml of 25 wt % sodium methoxide solution to 7.62 ml of isopropanol followed by 1.8 ml of titanium isopropoxide. Label the solution #1.
2.1.1. MED: Talent adds sodium methoxide solution to a tube containing isopropanol in fume hood.
2.1.2. CU: Talent pours the solution into a test tube containing isopropanol then adds titanium isopropoxide to the tube.

2.1.3. CU: Talent labels the tube as #1.  TEXT:  Ensure no solids have formed.
2.2. Next, add 0.24 ml of ultrapure water to 9.76 ml of isopropanol to make solution # 2.

2.2.1. CU: Talent adds water to a tube containing isopropanol and labels it “#2.”
2.3. Add 0.44 ml of Triton X-100 to 280 ml of isopropanol in a two-neck flask, and stir well with a magnetic stirrer.

2.3.1. MED over the shoulder: Talent adds Triton X-100 to the flask containing isopropanol and starts the stirrer.
2.4. Fit the syringe ends with tubing of sufficient length to deliver the solutions below the level of the liquid in the flask, and load solutions 1 and 2 into two separate syringes.
Switch order of 2.4.1 and 2.4.2
2.4.1. CU: Talent aspirates solutions 1 and 2 into separate syringes. 
2.4.2. CU: Talent fits syringe ends with tubing.
2.5. Next, place the syringes into a dual channel syringe pump… and deliver the solutions at a rate of 0.333 ml/min to the flask. After addition, cap the flask and continue stirring for 24 hours at room temperature.
2.5.1. CU: Talent fits each syringe into the syringe pump and places tubing into the flask. 
2.5.2. CU: Talent starts the pump. If possible, show pump settings in frame.
2.5.3. MED: Talent removes the tubing and caps the flask.
2.5.4. CU: Show image of stirring in flask.
2.6. Afterwards, uncap the flask and heat the mixture to reflux for 45 to 90 minutes. Purge the flask with nitrogen and add ultrapure water in portions to replace evaporated isopropanol as heating is continued.
2.6.1. CU: Talent uncaps the flask and heats to reflux, TEXT: Reflux at approximately 82 °C. Shot started wide, then zoomed in on temperature once at reflux, and flask after reaching reflux and precipitate had formed.
2.6.2. CU: Talent adds a nitrogen inlet to the flask.
2.6.2b [added] shot of isopropanol evaporating
2.6.3. CU: After a short time, talent adds some water.
2.7. After most of the isopropanol has evaporated and the volume of water added has reached 50 ml, remove the heat from the flask and allow the mixture to cool. Filter the product through a 0.1 μm nylon filter paper, and wash it several times with water.
2.7.1. MED: Talent removes the heating from the flask.
2.7.2. CU: Talent removes stir bar and pours the contents of the flask onto the filter, then washes the filtrate, TEXT: CRITICAL: Do not filter to dryness.
2.8. Finally, slurry the product from the filter into a pre-weighed bottle and store it at ambient temperature.
2.8.1. MED over the shoulder: Talent places a bottle on the bench and washes the filtrate into the bottle.
2.9. To determine the yield, weigh an aliquot of the aqueous slurry before and after drying.

2.9.1. CU: Talent places an aliquot of slurry onto a balance followed by a dried aliquot, show the balance readings in both instances.
2.9.2. [added] Shot of dried aliquot on balance.
3. Au(III) Ion Exchange 
3.1. To perform the exchange with Au(III) ions, first transfer 6.50 g of the 4.23 wt % slurry of nMST to a 50-ml centrifuge tube.
3.1.1. MED: Talent adds slurry to a 50-ml centrifuge tube.
3.2. Next, add about 1 ml of water to 0.0659 g of hydrogen tetrachloro-gold(III) trihydrate in a 1-dram glass vial. Transfer the solution to the centrifuge tube.

3.2.1. CU: Talent adds water to compound already in a 1-dram glass vial.

3.2.2. [combined with 3.2.1] CU: Talent pours the contents of the vial into the centrifuge tube.
3.3. Continue by rinsing the glass vial with water and adding it to the tube. Repeat this several times to ensure that all of the gold reagent is transferred.
3.3.1. CU: Talent adds water to the vial, shakes it and pours the solution into the tube, TEXT: Target Ti:Au mass ratio 4:1.
3.4. Add water to the tube to bring the total volume to 11 ml. Wrap the tube in foil…and then tumble it on a shaker for a minimum of 4 days.
3.4.1. [3.4.1 to 3.4.3 combined] MED: Talent adds water to the tube.
3.4.2. MED: Talent wraps tube in foil.
3.4.3. WIDE: Talent transfers the foil-wrapped tube to a shaker and starts the shaking.
3.5. After tumbling the mixture, centrifuge the tube for 15 minutes. Discard the supernatant, and resuspend the solids in distilled water.

3.5.1. MED: Talent removes the tube from the shaker.
3.5.2.  [3.5.2 to 3.5.4 combined] MED: Talent places tube in a centrifuge; TEXT: 3,000 x g.

3.5.3. CU: Talent pours off the supernatant.
3.5.4. CU: Talent resuspends the solids by repeat pipetting shaking.
3.6. Centrifuge the sample again and repeat the washing procedure twice more. Finally, resuspend the solids in water and store in the dark at room temperature.
3.6.1. MED: Talent transfers the tube to the centrifuge and starts it; TEXT: Repeat washing procedure 2X. Reuse 3.5.2
3.6.2. MED: Talent resuspends the solids in water by shaking and places the tube in the dark. i.e. wraps in foil. Reuse 3.5.4
3.6.3. [added] Tube placed in drawer for storage in the dark.
4. Preparation of Peroxotitanate
4.1. To prepare peroxotitanate, begin by adding 5 g of a 9.8 wt % slurry of nMST to a flask, and stir the slurry magnetically.

4.1.1. MED: Talent adds the slurry to a flask. 
4.1.2. MED: Talent starts the stirring.
4.2. Continue by adding dropwise 0.154 g of a 30 wt % hydrogen peroxide solution to the flask, which induces a color change from white to yellow. Continue stirring the mixture at ambient temperature for 24 hours.
4.2.1. [4.2.1 to 4.2.3 combined] CU: Talent adds hydrogen peroxide solution dropwise to the flask. 
4.2.2. CU: Show color change occurring in flask, TEXT: Target H2O2:Ti molar ratio 0.25:1.
4.2.3. MED: Talent starts the stirring Continue stirring.
4.3. Next, filter the product through a 0.1 μm nylon filter paper, and wash the filtrate several times with water to remove any unreacted hydrogen peroxide.
4.3.1. MED: Talent pours the contents of the flask onto the filter. 
4.3.2. [combined with 4.3.1] MED: Talent washes the filtrate with water; TEXT: Do NOT filter to dryness.
4.4. Finally, slurry the product from the filter into a pre-weighed bottle, and store the aqueous slurry of peroxotitanate at ambient temperature.
4.4.1. MED over the shoulder: Talent places a bottle on the bench and washes the filtrate into the bottle.
4.4.2. MED: Show talent placing bottle off to the side.
5. Results: Characterization of the Nano-monosodium Titanate Particles
5.1. Shown here is a typical particle size distribution(as measured by dynamic light scattering(using the established sol-gel method. Note that this synthesis produces a bimodal distribution of particles, with the majority around 1(m.
5.1.1. LABMEDIA: Figure 1 A (Video Editor: Please only show panel “A,” but remove the “A” text. When “bimodal” occurs in the narration, highlight the two outermost collections of peaks in the graph [the mound on the left, and the mound on the right-not the central peaks]). When “majority” occurs in the narrative, highlight the central collection of peaks (right above ~1000 on the X-axis).
5.2. When reaction conditions that aimed to reduce the particle size of the monosodium titanate were employed(which involved removing the seeding step and using more dilute reagents(this resulted in a bimodal distribution of particles sizes centered at 50-100 nm and 500 nm after 24 hrs.

5.2.1. LABMEDIA: Figure 1 panel B (Video Editor: Please show only the “B” panel, but remove the “B” text. Place text “24 hr” in the top of panel B and highlight both sets of peaks as “bimodal distribution” is said (the mound of peaks on the left/center of the graph, and the mound of peaks on the right).
5.3. After 48 hours, a trimodal distribution of particles measuring up to 1,000 nm was observed, as demonstrated in this graph. 
5.3.1. LABMEDIA: Figure 1 panel C (Video Editor: Please show only panel C, but remove the “C” text label. Place “48 hr” text at the top of the graph, and highlight the three mounds/sets of peaks as “trimodal distribution” is said.)
5.4. Importantly, the addition of Triton X-100 during the synthesis of nMST is critical for producing an almost uniform particle size distribution as measured by dynamic light scattering.

5.4.1. LABMEDIA: Figure 2 (Video Editor: Place text “Triton X-100” above the set of peaks in Figure 2, and highlight the set of peaks [centered above ~100 on the X axis] as “uniform particle size” is said.)
5.5. Transmission and scanning electron microscopy showed that the Triton X-100-produced nMST particles had a more uniform size and morphology when compared to those of monosodium titanate.
5.5.1. LABMEDIA: Figure 3 (Video Editor: Please remove panel labels A, B, C and D. Place text “Transmission electron microscopy” to left of upper row of panels, and “Scanning electron microscopy” text to the left of the bottom row of panels. Include “nMST” text in the upper left, lower left, and upper right panels. Include “MST” text in the lower right panel. Highlight a particle in the bottom left panel when “size” is said. Then, highlight a particle [i.e., single round shape] in the top left panel when “morphology” is said. Finally, highlight the central particle in the bottom right panel when “compared to” is said.)
5.6. The surface modification of nMST particles by hydrogen peroxide was confirmed by the appearance of an absorption band at 883 cm-1 (pronounced: reciprocal centimeters) in its Fourier transform infrared spectrum.
5.6.1. LABMEDIA: Figure 4 (Video Editor: Highlight the far right, light gray peak in the spectrum when “absorption band at 883 cm-1” is said.)
6. Conclusion (said by authors on camera)
6.1. David: After its development, this technique paved the way for researchers in the field of biological applications of inorganic materials to explore the use of nanotitanates to deliver therapeutic metals.

6.2. Kathryn: After watching this video, you should have a good understanding of how to prepare nanoscale particles of monosodium titanate, along with the peroxide modified and metal-loaded forms.
6.3. Mark: Remember that working with flammable solvents and reagents can be extremely hazardous and precautions should be taken to prevent the buildup of flammable vapors.  It is recommended that the sol-gel synthesis be carried out in a chemical fume hood.   
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.  

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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