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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 
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 by their protocol numbers. Please do not list entire sections of the protocol.
Steps 2.2, 2.6, 2.7, 2.9, 2.10, 2.11
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 by their protocol numbers. Please do not list an entire section.
Steps 2.2, 2.11 Controlling parameters is the most difficult aspect.
E.  Will the filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

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

The overall goal of this experiment is to synthesize a tree-like nanostructure with ZnO stems and CdSSe branches and characterize its morphology, crystal structure, and optical properties. (Intro)

(Erin Note to VO Talent: No pronunciations given, but CdSSe is likely “cadmium sulfoselenide.”)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1.    Lars Gundlach: This method can help answer key questions in the application of nanocomposite materials in optical and electro-optical applications. 
1.2.   Lars Gundlach: The main advantage of this technique is that chemical vapor deposition is a simple and cost effective way to produce tree-like nanostructures with well defined interfaces. 
1.3.  [Added Shot] Lars Gundlach: The CdSSe branches absorb visible light and form a type-II heterojunction with the ZnO stem. 
1.4.   [Added Shot] Lars Gundlach: The heterojunction facilitates efficient electron transfer from the branches to the stem. 
1.5.   [Added Shot] Lars Gundlach: The optical properties indicate that the nanotrees are promising materials for applications that benefit from a Z-scheme charge transfer mechanism like solar cells, and other opto-electronic devices.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.6    Zhengxin Li: Though this method can provide insight into ZnO/CdSSe nanotrees, it can also be applied to other systems, such as nanowires, nanotubes, nanobelts and so on.
1.7     Jolie Blake: Generally, individuals new to this method will struggle because each parameter, such as the amount of precursor, temperature, and flow rate, will affect the morphology of nanotrees.

Protocol (read by voice talent at JoVE):
2. Synthesis of Tree-Like ZnO/CdSSe Nanostructures
2.1. First, clean a sapphire slide by sonication in 99.5% ethanol for five minutes. [1-MED] Then, using a sputter coater, deposit a 10-nm-thick gold film onto the slide. [2-MED]
2.1.1. Talent pours ethanol into a beaker, places the slide in the beaker, places the beaker in a sonicator, and starts the sonicator.
2.1.2. The slide in the sputter coater during gold deposition.
(Erin Note to VO talent: No pronunciation given for ZnO-likely should be “zinc oxide.”)
2.2. Next, stir 1 gram of a 1:1 mixture by mass of ZnO nanopowder and activated carbon [1-MED] into 10 mL of 99.5% ethanol. [2-CU] Sonicate the mixture in a water bath at 20 °C for 30 minutes. [3-MED-Over shoulder]
2.2.1. Talent transfers ZnO nanopowder and activated C mixture from a labeled container into a labeled beaker/vial of ethanol and begins stirring the mixture with a spatula.
2.2.2. The mixture being stirred in the beaker/vial.
2.2.3. Talent places beaker containing suspension in a sonicator. If possible, the temperature and time are visible on the sonicator readout.
2.3. Zhengxin Li: This step ensures that no air is present in the mixture and ZnO and carbon are in close contact. [1-MED]
2.3.1. Talent speaks towards the camera, interview style.
2.4. Dry the sonicated mixture at 80 °C for 5 hours. [1-MED-Over shoulder] Then, place the dry mixture in an alumina combustion boat [2-MED] and compact it with a spatula to exclude air from the mixture. [3-CU]
2.4.1. Talent places mixture in an oven and closes the oven door, with the temperature readout visible if possible.
2.4.2. Talent transfers dry mixture to combustion boat.
2.4.3. Dry mixture being compacted in the combustion boat.
2.5. Place a gold-coated slide on top of the combustion boat gold side down. [1-CU] Place the boat in the center of the quartz tube of a horizontal tube furnace. [2-MED-Over shoulder/MED]. Then, set the heating and cooling parameters on the furnace [3].
2.5.1. Talent places the slide on the combustion boat.
2.5.2. Talent places the boat and slide in the very center of the quartz tube. (MED-Over shoulder for this shot; MED for a shot to be used in 2.14.1)
2.5.3. [Added Shot-originally 2.6.2/2.8.1] Talent sets heating and cooling parameters on the furnace.
2.6. Purge the tube with argon gas at a flow rate of 40 sccm (pronounce as standard cubic centimeters per minute) at room temperature for 1 hour. [1-MED] Then, increase the temperature from room temperature to 900 °C at 80 °C/min [2-MED-Over shoulder] and remain at that temperature for 2 hours. [3-MED-Over shoulder]
2.6.1. Talent sets the Ar flow rate (readout visible if possible) and then moves away.
2.6.2. [Moved/merged with new 2.5.3] Talent sets heating parameters on the furnace 
2.6.3. Talent checks on the temperature readout once it has reached 900 °C.
2.7. Then, open the tube to air at both ends to provide oxygen for the reaction. [1-MED] Continue heating the sample at 900 °C with the tube open to air for 3 hours. [2-MED]
2.7.1. Talent removes rubber stopper gas inlets from either side of the tube.
2.7.2. Talent checks the temperature on the furnace (readout showing 900 °C) and then moves away.
2.8. Cool the furnace down to room temperature at 10 °C/min [1-MED-Over shoulder] and remove the boat and slide. [2-MED] The white film on the slide consists of the ZnO nanowires. [3-CU]
2.8.1. [Moved/merged with new 2.5.3] Talent sets cooling parameters 
2.8.2. Talent removes cooled boat and sample slide from the furnace.
2.8.3. The slide with the white film.
(Erin Note to VO talent: No pronunciations provided, but CdS is likely “cadmium sulfide” and CdSe is “cadmium selenide”.)
2.9. Next, thoroughly mix 0.25 g each of CdS and CdSe powder and [1-MED] place the mixture in another alumina combustion boat. Compact the mixture well. [2-MED-Over shoulder]
2.9.1. Talent combines CdS and CdSe powders from labeled containers and mixes them.
2.9.2. Talent places mixture in a combustion boat and compacts the mixture.
2.10. Place the ZnO-nanowire coated slide about 10 cm downstream from the boat [2-MED]. Place the boat in the center of the quartz furnace tube [1-MED]. On the slide, ensure that the ZnO nanowires face up. [3-CU] Again, set the parameters on the furnace [4].
2.10.2. Talent places the slide 10 cm from the boat with the white film up.
2.10.1. Talent places the boat in the center of the quartz tube.
2.10.2. Talent places the slide 10 cm from the boat with the white film up. (Move above 2.10.1)
2.10.3. The boat and slide in the quartz tube.
2.10.4. [Added Shot-Merged 2.11.2 and 2.13.1] Talent sets heating and cooling parameters on the furnace.
2.11. Purge the quartz tube of the furnace with argon gas at 40 sccm at room temperature for 1 hour. [1-MED] Then, heat the furnace to 820 °C at 80 °C/min [2-MED] and hold the temperature at 820 degrees for 30 minutes. [3-MED]
2.11.1. Talent sets the gas flow rate and then monitors the sample as the atmosphere is purged.
2.11.2. [Merged/part of new 2.10.4] Talent sets heating parameters on the furnace. 
2.11.3. Talent checks the readout once it is reading 820 °C.
2.12. Zhengxin Li: A different temperature would give rise to different composition and morphology. [1-MED]
2.12.1. Talent speaks towards the camera, interview style.
2.13. Then, cool the furnace down to room temperature at 10 °C/minute [1-MED-Over shoulder] and remove the boat and slide from the furnace. [2-MED] The ZnO/CdSSe nanotrees are obtained as an orange-yellow film on the slide. [3-CU]
2.13.1. [Merged/part of new 2.10.4] Talent sets the cooling parameters. 
2.13.2. Talent removes the boat and slide. 
2.13.3. The sample slide with an orange-yellow film.
2.14. Prepare control samples of ZnO and CdSSe nanowires on clean, gold-coated sapphire slides using the same procedures. [1-MED]
2.14.1. Use alternate MED shot from 2.5.2.
2.15. Characterize the nanostructures with scanning electron microscopy, X-ray powder diffraction, and energy-dispersive X-ray spectroscopy. [1-MED-Over shoulder]
2.15.1. Talent at a computer looking at SEM images.
2.16. Obtain photoluminescence emission spectra and [1-MED-Over shoulder] measure the time-resolved photoluminescence and fluorescence decay lifetimes. [2-MED-Over shoulder]
2.16.1. Talent at a computer looking at a PL emission spectrum.
2.16.2. Talent at a computer processing the time-resolved PL measurements.
3. Results: Growth Mechanism and Properties of ZnO/CdSSe Nanotrees
3.1. Cadmium sulfoselenide nanowires were grown by chemical vapor deposition [1-LM] on zinc oxide nanowires to form tree-like nanostructures. The stems were [2-LM] capped with cadmium sulfoselenide. [3-LM]
3.1.1. 54675_Gundlach_Figure 2c.pptx and …2e.pptx: On “Cadmium sulfoselenide nanowires”, add an arrow pointing to the red dot.
3.1.2. 54675_Gundlach_Figure 2c.pptx, …2d.pptx, and …2e.pptx: Move the arrow to the green dot and add 2d.
3.1.3. 54675_Gundlach_Figure 2c.pptx, …2d.pptx, …2e.pptx, and …2f.pptx: Move the arrow to the yellow dot and add 2f.
3.2. The nanotrees showed X-ray diffraction peaks characteristic of both the pure zinc oxide nanowires and the pure cadmium sulfoselenide nanowires. [1-LM] An additional peak observed in the XRD spectrum is assigned to a different phase of cadmium sulfoselenide forming on point defects on the zinc oxide stem, initiating branch growth. [2-LM]
3.2.1. Figure 3.pdf: During “the pure zinc oxide nanowires”, highlight the black numbers in the lowest graph. During “the pure cadmium sulfoselenide nanowires”, highlight the blue numbers in the lowest graph except for (111).
3.2.2. Figure 3.pdf: Highlight (111) in the lowest graph.
3.3. The mole percentage ratio of sulfur to selenium in the branches was determined from EDS and XRD to be about 54 to 46. The mole ratio affects the band gap of the branches, and can be tuned by altering the branch growth temperature. [1-LM]
3.3.1. 54675_Gundlach_Figure 3 ZnO_CdSSe.pptx and …Figure 2e.pptx: Add the caption “0.53:0.47” under 2e and “0.54:0.46” under Fig. 3.
3.4. The photoluminescence lifetime of the nanotrees was shorter than the lifetimes of the zinc oxide and the cadmium sulfoselenide nanowires. This suggests that fast electron transfer occurs across the interface of the nanostructure, providing an alternate relaxation pathway. [1-LM]
3.4.1. 54675_Gundlach_Figure 4b.tif: During “The…nanotrees”, highlight the red trace. During “the zinc…nanowires”, highlight the blue and black traces.”

4. Conclusion (said by authors on camera)
4.1. Zhengxin Li: Once mastered, this technique can be done in 8 hours if it is performed properly: 6 hours for ZnO preparation and 2 hours for CdSSe growth.
4.2. Lars Gundlach: After watching this video, you should have a good understanding of how to synthesize ZnO/CdSSe nanotrees via chemical vapor deposition.
4.3. [bookmark: _GoBack]Lars Gundlach: Don't forget that working with CdS and CdSe can be extremely hazardous and precautions such as wearing gloves, a lab coat, and closed shoes should always be taken while performing this procedure. 

PROVIDED MEDIA

Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats:  For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16675923

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

54675_Gundlach_Figure 2c.pptx
54675_Gundlach_Figure 2d.pptx
54675_Gundlach_Figure 2e.pptx
54675_Gundlach_Figure 2f.pptx
54675_Gundlach_Figure 3 ZnO_CdSSe.pptx 
54675_Gundlach_Figure 4b.tif


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for in advance. 

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script.
 2016, Journal of Visualized Experiments

