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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.3, 2.5, 3.2, 3.5
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.) 3.2, 3.4
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) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this synthetic protocol is to link colloidal shape anisotropic semiconductor nanocrystals, facet-to-facet, via an oriented attachment process. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yinthai Chan: This method can potentially address key issues in the field of colloidal nanoparticle-based optoelectronics, such as the need to improve interparticle charge transport while preserving solution processability. 
1.2. Yinthai Chan: The main advantage of this technique is that the facet-to-facet linking process can be applied to semiconductor nanoparticles of various shapes and sizes. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yinthai Chan: We first had the idea for this method when we observed signs of oriented attachment after carrying out cation exchange reactions in shape anisotropic semiconductor nanocrystals under certain reaction conditions. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Yinthai Chan: Demonstrating the procedure will be Xuanwei Ong and Shashank Gupta, grad students from my laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named grad students look up from workbench or desk or microscope and acknowledge the camera.
Protocol: (read by voice talent at JoVE)
2. Synthesis of CdSe-seeded CdS NRs

2.1. First, add TOPO (pronounced toe poe), cadmium oxide, hexylphosphonic acid, and octadecylphosphonic acid to a 50-milliliter three-necked round-bottom flask [1-WIDE/MED-TXT]. After adding a magnetic stir bar to the mixture, insert a temperature probe through a punctured rubber septum and seal one of the ports of the flask with the septum [2-MED-over the shoulder].      
2.1.1. *Film as written. TEXT: 3 g TOPO, 0.9 g CdO, 0.8 g HPA, 0.29 g ODPA.
2.1.2. *Film as written.
2.2. Mount a reflux condenser on the round-bottom flask and connect it to a Schlenk line via an adapter [1-MED]. Then, seal the remaining port with a rubber septum [2-MED-over the shoulder]. After applying high vacuum grease on all glass-to-glass joints, heat the stirring mixture to 150 degrees Celsius and place it under a vacuum for 1.5 hours to degas [3-MED-TXT].

2.2.1. *Film as written.

2.2.2. *Film as written. Includes 2.2.1
2.2.3. Talent starts the stirring and heating, and then opens the vacuum valve on the Schlenk line. TEXT: 800 RPM. (Video Editor: overlay should appear at mention of “stirring mixture”).  
2.3. Next, add 1.8 milliliters of a previously prepared TOP-S (pronounced T-O-P sulfide) stock solution to a 10-milliliter single-necked round-bottom flask and seal it with a rubber septum [1-MED-over the shoulder]. Add 80 nanomoles of a previously prepared wurtzite cadmium selenide quantum dots toluene solution to the flask and subsequently remove the toluene under vacuum at 70 degrees Celsius [2-MED-TXT]. Allow the solution to degas under stirring at 800 RPM for an additional 30 minutes [3-CU].  
2.3.1. *Film as written.

2.3.2. Talent adds quantum dots toluene solution to the flask and opens the vacuum valve on the Schlenk line. TEXT: See text for TOP-S and wurtzite CdSe QDs preps.
2.3.3. Flask as solution bubbles during degassing. If possible, show the bubbles subsiding after full degassing.

2.4. Place the round-bottom flask containing the cadmium precursor under nitrogen and increase the temperature to 350 degrees Celsius [1-MED]. At 320 Celsius, add 1.8 milliliters of TOP to the round-bottom flask through the rubber septum [2-MED-over the shoulder].
2.4.1. *Film as written.

2.4.2. *Film as written.
2.5. At 350 degrees Celsius, draw the TOP-S solution containing the quantum dots into a syringe and rapidly inject it into the round-bottom flask containing the cadmium precursor [1-MED]. Allow the solution to stir at 800 RPM for an additional 6 minutes to allow for growth of the nanorods [2-CU]. Subsequently, remove the heating mantle and cool the solution to room temperature under ambient conditions [3-MED-over the shoulder-TXT]. 
2.5.1. *Film as written.

2.5.2. Solution as the nanorod growth is occurring (there will be a series of color changes as the nanorod grows).

2.5.3. *Film as written. TEXT: NR yield typically 100% with few byproducts.  
2.6. To process the solution of nanorods, add 2 milliliters of toluene to the growth solution and transfer the entire mixture to a 50-milliliter centrifuge tube [1-MED]. Add 30 milliliters of methanol to the mixture [2-MED-over the shoulder]. Then, centrifuge the resulting suspension at 2,240 x g for 3 minutes [3-MED-TXT]. 
2.6.1. *Film as written.

2.6.2. *Film as written. Includes 2.6.1
2.6.3. Talent places tube in centrifuge, inputs the settings, and turns the centrifuge on. TEXT: 2,240 x g, 3 min. 

2.7. After discarding the supernatant, add 5 milliliters of toluene to the precipitate to disperse the nanorods [1-CU].
2.7.1. *Film as written.
2.8. Following 2 to 3 cycles of the previous processing steps, disperse the nanorods in 5 milliliters of toluene for further use [1-MED-over the shoulder]. 
2.8.1. *Film as written.
2.9. Next, place a drop of the nanorod solution onto a 300-mesh copper grid covered with a continuous carbon film for electron microscopy analysis [1-CU]. 
2.9.1. *Film as written.
2.10. Remove the excess solution with an adsorbent paper and allow the sample to dry at room temperature [1-MED-over the shoulder-TXT]. 
2.10.1. *Film as written. TEXT: Perform TEM imaging to obtain the dimensions/average volume/moles of cadmium sulfide per nanorod
2.11. Perform TEM imaging to obtain the dimensions of the nanorod so that the average volume of the nanorod and the number of moles of cadmium sulfide per nanorod can be determined [1-MED]. 

2.11.1. Talent places sample under the microscope and opens software on computer/looks at the TEM image on the computer screen.

2.12. Now, determine the concentration of cadmium selenide-seeded cadmium sulfide nanorods in the stock solution by adding 20 microliters of the processed nanorods to 3 milliliters of toluene [1-MED-over the shoulder]. Measure the absorbance at 350 nanometers…[2-MED] and calculate the concentration of nanorods using the known molar absorptivity at that wavelength [3-LM-TXT]. 
2.12.1. *Film as written.

2.12.2. Talent places sample in UV-vis spectrometer and opens software on computer/looks at the UV spectrum on the computer screen.

2.12.3. *To be provided by Author. Screenshot of a sample calculation for determining the nanorod concentration. TEXT: Scale concentration to account for stock solution dilution. 
3. Facet Activation and the Linking of Nanostructures

3.1. Prepare a dodecylamine stock solution by adding 0.14 grams of dodecylamine to 5 milliliters of ethanol [1-MED-over the shoulder]. Sonicate the solution at 37 kilohertz and 320 watts for approximately 5 minutes to ensure full dissolution [2-MED-TXT]. 
3.1.1. *Film as written.

3.1.2. *Film as written. TEXT: 37 kHz, 320 W, 5 min.
3.2. Following this, prepare a 1 milliliter solution of nanocrystals at the appropriate concentration [1-MED-TXT]. Add 6 milligrams of octadecylphosphonic acid to the nanocrystal solution and sonicate for 10 minutes at 37 kilohertz and 320 watts [2-MED-over the shoulder].
3.2.1. *Film as written. TEXT: See Table 1. (Video Editor: overlay should appear at mention of “appropriate concentration”).
3.2.2. *Film as written.

3.3. Shashank Gupta: Manually agitate the solution mixture while sonicating as it is critical to completely dissolve octadecylphosphonic acid in the nanocrystal solution.
3.3.1. Talent speaks toward the camera, interview style.
3.4. In a separate vial, mix 1 milliliter of dodecylamine stock solution and 1 milliliter of silver nitrate solution at the appropriate concentration [1-MED-over the shoulder-TXT]. Add a magnetic stir bar and stir the solution vigorously at 800 RPM [2-MED].  
3.4.1. *Film as written. TEXT: See Table 1. (Video Editor: overlay should appear at mention of “appropriate concentration”).
3.4.2. *Film as written.
3.5. While stirring, add 1 milliliter of the nanocrystal solution to the vial…[1-CU] and allow the reaction to proceed for the appropriate amount of time according to the text protocol [2-MED-over the shoulder].
3.5.1. Vial containing stirring solution as talent adds nanocrystal solution to it.

3.5.2. Talent visually monitors the stirring solution.
3.6. At the end of the reaction, stop the stirring and allow the solution to phase-separate [1-MED]. Then, remove the bottom aqueous layer [2-CU]. 
3.6.1. *Film as written.

3.6.2. Vial containing two phases as talent removes the bottom aqueous layer.

3.7. Add 5 milliliters of methanol to the organic layer to precipitate out the nanocrystals [1-MED-over the shoulder]. Then, centrifuge the mixture at 2,240 x g for 3 minutes [2-MED]. 
3.7.1. *Film as written.

3.7.2. Talent places sample in centrifuge, inputs the settings, and turns the centrifuge on. Show centrifuge settings in frame if possible.
3.8. After discarding the supernatant, add 1 milliliter of toluene to re-disperse the product for further characterization [1-MED-over the shoulder].
3.8.1. *Film as written.
4. Results: Characterization of Shape-anisotropic Colloidal Cadmium Chalcogenide Nanostructures
4.1. Using cadmium selenide-seeded cadmium sulfide nanorods as a model system, a partial silver ion exchange process to transform the facets at the nanorod tips to silver sulfide tips was demonstrated [1-LM]. After reacting with octadecylphosphonic acid, dodecylamine ligands fuse together and form linked nanorod chains [2-LM]. 
4.1.1. 56009fig1.jpg, 56009fig1large.jpg, Figure 1-1.jpg: Show figure (a).

4.1.2. 56009fig1.jpg, 56009fig1large.jpg, Figure 1-1.jpg: Show figure (b). Alternatively, keep figure (a) on the screen and make figure (b) appear next to it.
4.2. High-resolution TEM analysis on the joint regions shows a domain in the epitaxial contact with two nanorods [1-LM]. A fast Fourier transform analysis reveals two lattice constants that can be ascribed to the (001) (pronounced zero zero one) facets of silver sulfide and cadmium sulfide [2-LM].  
4.2.1. 56009fig1.jpg, 56009fig1large.jpg, Figure 1-1.jpg: Show figure (c).
4.2.2. 56009fig1.jpg, 56009fig1large.jpg, Figure 1-1.jpg: Show figure (c) and highlight or zoom into inset.
4.3. EDX analysis on the linkage region shows the presence of silver and the absence of cadmium [1-LM]. The yield and statistical nature of the linking process can be visualized via a histogram that shows the number of rods linked within a nanorod chain [2-LM]. 

4.3.1. 56009fig1.jpg, 56009fig1large.jpg, Figure 1-1.jpg: Show figure (d) and highlight the red Ag lines.

4.3.2. 56009fig1.jpg, 56009fig1large.jpg, Figure 1-1.jpg: Show figure (e). Alternatively, keep figure (d) on the screen and make figure (e) appear next to it
4.4. Without octadecylphosphonic acid, no linking is observed, and the histogram shows a large proportion of single, unlinked nanorods [1-LM]. With low silver ion concentration, only short chains were obtained [2-LM]. The linking statistics for the short chains feature a substantial proportion of dimers, followed by monomers [3-LM]. 
4.4.1. 56009fig2.jpg, 56009fig2large.jpg Figure 2_rev.jpg: Show figure (a) for first part of sentence and figure (c) for second part of sentence starting with “histogram”. Alternatively, keep figure (a) on screen and make figure (c) appear next to it.
4.4.2. 56009fig2.jpg, 56009fig2large.jpg Figure 2_rev.jpg: Show figure (b).
4.4.3. 56009fig2.jpg, 56009fig2large.jpg Figure 2_rev.jpg: Show figure (d). Alternatively, keep figure (b) on screen and make figure (d) appear next to it.
4.5. The silver-mediated linking process can be extended to cadmium selenide-seeded cadmium selenide nanorods and tetrapods [1-LM]. Under the appropriate conditions, similar chained networks of these nanorods and tetrapods can be achieved [2-LM]. 
4.5.1. 56009fig3.jpg, 56009fig3large.jpg, Figure 3-1.jpg: Show figures (a) and (b). Highlight figure (a) at mention of “nanorods” and figure (b) at mention of “tetrapods”.

4.5.2. 56009fig3.jpg, 56009fig3large.jpg, Figure 3-1.jpg: Show figures (c) and (d). Highlight figure (c) at mention of “nanorods” and figure (d) at mention of “tetrapods”.
5. Conclusion (said by authors on camera)
5.1. Xuanwei Ong: Once mastered, this technique can be done in 3 hours if it is performed properly.

5.2. Xuanwei Ong: While attempting this procedure, it’s important to remember to ensure that the purity of the reagents used is the same as those listed in our protocol as impurities can significantly affect synthetic outcomes.

5.3. Xuanwei Ong: Following this procedure, other methods like dynamic light scattering can be performed to answer additional questions like what are the hydrodynamic sizes of the linked nanoparticles in solution.

5.4. Shashank Gupta: After watching this video, you should have a good understanding of how to link anisotropic semiconductor nanocrystals together via a cation exchange based approach. 
5.5. Shashank Gupta: Don't forget that working with cadmium-based nanocrystals can be extremely hazardous and precautions such as wearing proper personal protective equipment 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.
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