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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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Ligand Exchange, Cuvette/Sample preparation and order, Post-illumination, Precursor preparation__________________________________
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.) ___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Experimental Goal and Author Interviews)

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

The overall goal of this procedure is to grow iridium oxide nanocrystals on a semiconductor substrate by photochemical oxidation. (Intro)

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)
1.1. Lilac Amirav: Photochemical oxidation as a synthetic tool expands the methods by which chemists can create new hybrid materials, taking photocatalyst production to unexplored frontiers. 
1.2. Philip Kalisman: Our work here treats the Achilles heel of the CdS, which is known to be highly active for hydrogen production, though it is hampered by photochemical instability. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)
1.3. Lilac Amirav: Photochemical oxidation, when applied on nanoscale materials with localized charge carriers, can also be exploited for mechanistic studies of redox reactions by simple examination of the products. 

Protocol (read by voice talent at JoVE):
2. Transfer of Cadmium Sulfide-Cadmium Selenide (CdSe@CdS) Seeded Rods to Aqueous Solution
2.1. To start, first synthesize cadmium sulfide-cadmium selenide seeded rods, and then suspend them in toluene solution indicated in the text protocol. Transfer about half of the solution to a centrifuge tube and add up to a ½ volume of methanol to precipitate the rods.
2.1.1. WIDE: Talent at fume hood suspending rods in toluene, TEXT: See text protocol for CdSe@CdS rod synthesis
2.1.2. CU: Talent pours the nanorod solution into the tube followed by methanol. (Some waiting time until tube cap closed can be cut off) 
2.1.3. ECU: Show precipitated rods in the tube if visible
2.2. Centrifuge the tube at 3400 x g for 5 minutes and decant the supernatant. Retain the pellet for later use.
2.2.1. MED: Talent transfers the tube to a centrifuge and starts it, show centrifuge settings; TEXT: 3400 x g; 5 min
2.1.1.A Added shot: MED Talent removed centrifuge tubes and shows precipitation.
2.2.2. MED over the shoulder: Talent decants off the supernatant and places the tube in a rack
2.3. Next, add 250 mg of mercaptoundecanoic acid (pronounced mer-cap-toe-un-dec-an-oh-ick) and 400 mg of tetramethylammonium hydroxide to 10 ml of methanol in a centrifuge tube. Vortex until all the solids are dissolved.
2.3.1. CU: Talent adds the mercaptoundecanoic acid and tetramethylammonium hydroxide to a centrifuge tube containing methanol; TEXT: 250 mg; 400 mg
2.3.2. MED: Talent vortexes it the tube.
2.4. Add the methanol mixture to the cadmium sulfide-cadmium selenide seeded rod pellet and shake the tube by hand to fully dissolve it. Allow the solution to sit for at least 1 hour.
2.4.1. MED: Talent pours the methanol solution into the tube containing the nanorod pellet. (2.4.1+2=2.4.1, Please keep the zoom shot)
2.4.2. MED: Talent shakes the tube before placing it into a rack and setting a timer, TEXT: Vortex inside a glovebox if dissolution is slow
2.5. After 1 hr, split the solution into two centrifuge tubes… and add 20 ml of toluene to each tube. Centrifuge the tubes at 7700 x g for 15 minutes.
2.5.1. CU: Talent pours half the solution into another centrifuge tube and 
2.5.2. Talent adds toluene to each tube, TEXT: Add methanol dropwise if phase separation occurs 
2.5.3. MED: Talent transfers the tubes to a centrifuge and starts it, show centrifuge settings, TEXT: 7700 x g; 15 minutes
2.6. Carefully decant the clear supernatant and invert the centrifuge tubes to dry the samples. Add 5 ml of ultrapure water to the pellets… and then store the rods in foil wrapped vials.
2.6.1. MED: Talent slowly decants the supernatant from the tubes and places them upside down. (some waiting time  between decanting and placing tubes can be cut off)
2.6.2. CU: Talent adds water to each tube, 
2.6.3. CU: Talent transfers solutions to foil-wrapped vials; TEXT: Store rods no more than one month
3. Preparation and Growth of Iridium Nanocrystalline Particles
3.1. To begin, make solutions of iridium precursor, sodium nitrate, sodium persulfate, and sodium hydroxide as indicated in the text protocol.
3.1.1. MED: Focus on labeled solution containers in the fume hood, TEXT: See text protocol for solution composition.
Authors: Please clearly label all containers with solution name and concentration in advance of filming.
3.2. Add 0.50 ml of the nitrate solution to 0.20 ml of the iridium precursor in a standard polystyrene cuvette equipped with a spectroscopic stir bar.
3.2.1. CU: Talent pipettes iridium precursor followed by the nitrate solution into a cuvette, TEXT: Avoid use of quartz and glass cuvettes due to basic pH
3.3. Next, add 0.30 ml of the seeded rods in water… followed by 0.50 ml of the persulfate solution… and 0.50 ml of the sodium hydroxide solution.
3.3.1. CU: Talent pipettes the seeded rods, persulfate solution and sodium hydroxide solution into the cuvette.
3.4. Place the cuvette in a holder and stir the solution. Then illuminate the sample at 450 nm and 100 mW for up to 4 hours. The solution should turn green and then blue.
3.4.1. MED: Talent transfers the cuvette to the holder; show solution stirring.
3.4.2. CU: Talent turns on the illumination, TEXT: 450 nm; 100 mW; 4 hr 
3.4.3. ECU: Show green solution in a cuvette, stirring
3.4.4. ECU: Show blue solution in a cuvette, stirring (Video editor: Show in split screen with 3.4.3. Label 3.4.3 “After 2 hours” and label 3.4.4 “After 4 hours”. Have the first label appear when “green” is mentioned and then have the second label appear when “blue” is mentioned.)
Authors: Please have green and blue samples ready to be shot for the video
3.5. After the desired incubation time, transfer the solution to a tube and centrifuge for 10 minutes at 7700 x g. Carefully decant the supernatant and retain the pellet.
3.5.1. MED: Talent transfers the contents of the cuvette into a centrifuge tube and transfers it to a centrifuge, TEXT: 7700 x g; 10 min
3.5.2. CU: talent decants the supernatant and places the tube into a rack in the glovebox 
3.5.3.  Added shot MED: Talent decants the supernatant
3.6. Disperse by sonicating in polar methanol solvent for further use.
3.6.1. [bookmark: _GoBack]MED: Talent stores adds methanol to pellet  
3.6.2. MED: Talent places tube with solvent in a sonicator bath

4. 
Results: Characteristics and Analysis of the Iridium Oxide Coated CdSe@CdS Rods
4.1. The visual appearance of the cadmium sulfide-cadmium selenide rods changes when coated with iridium oxide using irradiation. The uncoated rods begin orange-red in color, which, after 2 hours of illumination, turns green… and then blue after 4 hours of illumination.
4.1.1. LABMEDIA: JoVE Figure4.png (Video Editor: Highlight the orange/yellow sample and label it “Initial nanorod solution”. Label the green sample “After 2 hours” when “2 hours of illumination” is said. Label the blue sample “After 4 hours” when “4 hours of illumination” is said).
4.2. Transmission electron micrographs were used to analyze the growth of the iridium oxide particles on the cadmium sulfide-cadmium selenide seeded rods over time. Control samples with no iridium oxide have rods of 4-5 nm in diameter.
4.2.1. LABMEDIA: Jove Figure 5.png (Video Editor: Add labels “Control” to the top left panel, “10 min Illumination” to the top right panel, “45 min Illumination” to the middle left panel, “2 hour Illumination” to the middle right panel and “4 hour Illumination” to the bottom two panels. Highlight the top left panel followed by the 4 nM label when “4-5 nm in diameter” is said).
4.3. Samples illuminated for 10 minutes to 4 hours show the progression from small to larger particles with a full coating of iridium oxide. Rods that were illuminated for 4 hours have a total diameter of 9-10 nm, with a 2-3 nm thick outer coating of iridium oxide evident after 2 hours of illumination.
4.3.1. LABMEDIA: Jove Figure 5.png (Video Editor: Maintain panel labels from 4.2.1. Highlight the bottom two panels and the 9 and 10 nM labels when “total diameter of 9-10 nm” is said. Highlight the middle right panel, the 2.2 nM label and have a label “outer coating” appear above it when “2-3 nm thick outer coating” is said.

5. Conclusion (said by authors on camera)
5.1. Philip Kalisman: Once mastered, this technique can be done in a few hours if it is performed properly. 
5.2. Lilac Amirav: After watching this video, you should have a good understanding of how to photochemically grow iridium oxide on cadmium sulfide-cadmium selenide nanorods.
5.3. Lilac Amirav: The methods used in this procedure can be extended towards the photochemical growth of other metal oxides as well. 
5.4. Philip Kalisman: Don't forget that working with cadmium oxide and highly caustic solutions can be extremely hazardous, and precautions such as working in a glovebox and wearing protective clothing should always be taken while performing this procedure.


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.
 2013, Journal of Visualized Experiments

