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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 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 by their protocol number. _2.1-2.8，3.1-3.6，3.8-3.13，4.1-4.5_________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._3.5-3.6，incubation with acid. We do it by adding precise amount of each component in all steps.____________

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):

Procedural Narrative:
The overall goal of this procedure is to assemble various types of polymer-encapsulated metal nanoparticles into long chains of “homo-“ and “co-polymers”. (Intro)
This is accomplished by first synthesizing metal nanoparticles with different sizes and morphologies. (P1)
Editors, please use P1 of “Jove_scheme.pptx” as this point is narrated.  Start with the illustration of the vial of yellowish liquid in the upper left corner of the page.  Modify this by making it appear more 3 dimensional.  Then animate the change in color.  Finally, animate the 3 different types of nanoparticles (the larger ball, the smaller ball and the rod) coming out of the vial.
The second step is to encapsulate the nanoparticles with polystyrene-block-poly(acrylic acid), or PSPAA, polymers. (P2)
Editors, please use P2 of “Jove_scheme.pptx” as this point is narrated.  From the last point, use the largest ball and have the other nanoparticles fade away.  Animate by bringing in the yellow/blue squiqqles to surround the red circle with the blue side closest to the red ball.  Once the squiqqles have completely surrounded the red circle, transition to a gray circle surrounding the red ball by fading the squiqqles into the gray. 
Next, the polymer encapsulated nanoparticles are assembled into chains by incubating them in the acidic condition. (P3)
Editors, please use P3 of “Jove_scheme.pptx” as this point is narrated.  Animate by having the gray encircled red circles line up in sequence and as they line up, the gray part gets combined to result the picture in P3. 
Alternatively, a hetero-assembly can be obtained by assembling chains of different nanoparticles. (P4)
Editors, please use P4 of “Jove_scheme.pptx” as this point is narrated.  Similar to P3, have the nanoparticles come together to form the chains.  However, instead of having the same red circle line up, have the smaller circle, larger circle, rod, and empty circle shown in P4 come together to make the 3 chains shown in P4.  Animate them forming simultaneously.  
Ultimately, transmission electron microscopy is used to monitor the morphologies of the nanoparticles, the encapsulation of the nanoparticles and the assembled chains. (P5)
Editors, please show result figures 2A and 3A as this point is narrated.
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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).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Wang Yawen:  The main advantage of this technique over existing methods, which usually require the dipole moments for directional linear assembly, is that it allows not only the homo-assembled nanoparticle chains, but also the hetero-assembly of different nanoparticles.  We first had the idea for this method, when we observed the transformation of polymer micelles from spherical into cylindrical upon the acid treatment.
1.1.1. MED:  Wang speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Synthesis of PSPAA encapsulated metal nanoparticles (the monomers)
2.1. Begin this procedure with the synthesis of metal nanoparticles, including gold nanoparticles and tellurium nanowires as described in the text protocol.
2.1.1. Title Card.
2.2. To encapsulate the gold nanoparticles in PSPAA first purify the gold nanoparticle solution by adding 3 milliliters of the as-synthesized gold nanoparticle solution to two microcentrifuge tubes.
2.2.1. MED:  Talent adds 1.5 mL of the as-synthesized gold nanoparticle solution to the first of two tubes.  Use labeled tubes.  Continue action in next shot.
2.2.2. CU:  Second tube as talent adds 1.5 mL of the as-synthesized gold nanoparticle solution.
2.3. Centrifuge the solution at 16,000 times g for 15 minutes and remove the supernatant.  Dilute the concentrated solution with 160 microliters of deionized water. 
2.3.1. MED-over the shoulder:  Talent places the solution into the centrifuge, shuts the lid, and turns on. 
2.3.2-1. Talent removes the supernatant.
2.3.2. CU:  Tube with the concentrated solution as talent adds 160 microliters of deionized water.
2.4. Next, prepare 2 types of PSPAA stock solutions by dissolving 8 milligrams of PSPAA in 1 milliliter of dimethylformamide, or DMF.  Then, prepare the PSPAA solution by mixing 740 microliters of DMF with 80 microliters of the stock solution.
2.4.1. MED:  Talent dissolves the PSPAA in DMF.  Use labeled containers.  TEXT Overlay:  prepare PS154-b-PAA49 and PS144-b-PAA22 stock solutions
2.4.1-1 Talent put the PSPAA in vial and add DMF

2.4.1-2 Talent bring the vial to the sonicator and sonicate to make the PSPAA dissolve.
2.4.2. CU:  Labeled tubes as talent prepares the PSPAA solution by mixing 740 microliters of DMF with 80 microliters of the stock solution.  
2.5. In a glass vial, add the gold nanoparticles to 820 microliters of the PSPAA solution.  The final mixture has a volume of 1 milliliter with a DMF to water ratio of 4.5 to 1.  
2.5.1. MED-over the shoulder:  Talent adds the gold nanoparticles to 820 microliters of the PSPAA solution in a glass vial.
2.6. Next, add 40 microliters of 2 milligrams per milliliter P-SH in ethanol to render the surface of the nanoparticles hydrophobic.
2.6.1. CU:  Tube as talent adds 40 microliters of 2 milligrams per milliliter P-SH in ethanol. Use labeled containers.  TEXT Overlay:  P-SH = 1,2-dipalmitoyl-sn-glycero-3-phosphothioethanol
2.7. Incubate the mixture at 110 degrees Celsius for 2 hours to allow polymer self-assembly before slowly cooling the solution to room temperature in the oil bath. 
2.7.1. MED:  Talent places the mixture into the incubator.
2.8. To encapsulate carbon nanotubes with PSPAA, first mix 730 microliters of DMF with 80 microliters of the PSPAA stock solution.
2.8.1. CU:  Tube as talent mixes 730 microliters of DMF with 80 microliters of the PSPAA stock solution.  TEXT Overlay:  use PS154-b-PAA49 stock solution 
Same scene can be repeated from 2.4.2. And also 2.12.1 is exactly the same 

2.9. Next, weigh about 0.2 milligrams of single-wall carbon nanotubes.  To obtain 0.05 milligrams of carbon nanotubes, estimate a volume of about ¼ of the measured sample.  Then disperse this into the PSPAA solution.
2.9.1. MED-over the shoulder:  Talent weighs out 0.2 mg of single-wall carbon nanotubes.
2.9.2. CU:  Talent estimates ¼ of the sample and adds it to the labeled PSPAA solution.
2.10. Sonicate the mixture in an ice-water bath until it becomes a transparent dark solution. 
2.10.1. MED:  Talent sonicates the mixture in an ice-water bath.
2.10.2. CU:  Tube with the insoluble residues settled as talent removes the clear solution and transfers to a new tube.
2.11. Next, add 180 microliters of deionized water, drop-wise to the solution.  The final mixture has a volume of 990 microliters with a DMF to water ratio of 4.5 to 1.  Sonicate the solution at about 50 degrees Celsius for 2 hours before slowly cooling the solution to room temperature.
2.11.1. MED-over the shoulder:  Talent adds 180 microliters of deionized water, drop-wise to the solution. 
2.11.2. CU:  Solution as talent sonicates. 
2.12. To prepare spherical micelles of PSPAA, add 80 microliters of the PSPAA stock solution to 740 microliters of DMF.  Then add 180 microliters of water, giving the solution a DMF to water ratio of 4.5 to 1. 
2.12.1. MED:  Talent adds 80 microliters of the PSPAA stock solution to 740 microliters of DMF.  TEXT Overlay:  use PS154-b-PAA49 stock solution
2.12.2. CU:  Tube as talent adds 180 microliters of water.
2.13. Incubate the polymer solution at 110 degrees Celsius for 2 hours before slowly cooling it to room temperature.
2.13.1. MED-over the shoulder:  Talent leaves the polymer solution in the incubator.
3. Homo-polymerization of the PSPAA encapsulated metal nanoparticles
3.1. To perform homo-polymerization, synthesize single-line chains from the gold nanoparticles in PSPAA through purification of the nanoparticles. 
3.1.1. Title card.
3.2. Dilute 800 microliters of the as-synthesized gold nanoparticles in PSPAA with 11.2 milliliters of water.  Divide the solution into individual microcentrifuge tubes and centrifuge them at 16,000 times g for 30 minutes.
3.2.1. CU:  Talent dilutes 800 microliters of the as-synthesized PSPAA encapsulated gold nanoparticles.  
3.2.2. MED-over the shoulder:  Talent places the divided solution in microcentrifuge tubes into the centrifuge.
3.3. Remove and discard the supernatant, and add 1.5 milliliters of sodium hydroxide to each tube.  Then, centrifuge the tubes again at 16,000 times g for 30 minutes to remove the supernatant. 
3.3.1. CU:  Tubes as talent removes the supernatant and adds 1.5 mL of NaOH from a labeled container. TEXT Overlay:  0.1mM NaOH, pH = 10
3.3.2. MED:  Talent places the tubes back into the centrifuge, closes lid, and turns on.
3.4. Next, disperse the combined and concentrated PSPAA encapsulated gold nanoparticles in 1 milliliter of DMF/water at a ratio of six to one in a glass vial.  Then add 5 microliters of 1 Molar hydrochloric acid, or HCl. 
3.4.1. CU:  Glass vial as talent disperses the combined and concentrated PSPAA encapsulated gold nanoparticles in 1 milliliter of DMF/water. 
Add DMF (about 857 microliter) in the vial, and add water (about 100 microliter) to the concentrated Au in PSPAA, and finally inject Au in PSPAA (about 143 microliter) into DMF.
3.4.2. MED-over the shoulder:  Talent adds 5 microliters of 1M HCl from a labeled container.
3.5. Incubate the mixture at 60 degrees Celsius for 2 hours to allow the aggregation, coalescence, and morphological transformation of the core-shell nanoparticles. 
3.5.1. CU:  Sample as talent places the sample at 60 degrees Celsius
3.6. Talent:  At this point, the as-synthesize nanoparticle chain solution contains the product nanoparticle chains, small chains and clusters, large agglomerates, gold nanoparticles in PSPAA monomers, empty PSPAA micelles, DMF and excess acid. 
3.6.1. MED:  Talent speaks toward the camera, interview style.
3.7. To purify the nanoparticle chains, first remove the empty PSPAA micelles, DMF and acid by diluting 800 microliters of the as-synthesized solution with 11.2 milliliters of sodium hydroxide.  
3.7.1. MED-over the shoulder:  Talent dilutes 800 microliters of the as-synthesized solution with 11.2 mL of NaOH from a labeled container.  TEXT Overlay:  0.1mM NaOH, pH = 10 
3.8. Then, divide the solution into individual microcentrifuge tubes and centrifuge them at 16,000 times g for 30 minutes. 
3.8.1. CU:  Tubes as talent places them into the centrifuge, shuts lid and turns on.
3.9. Add 1.5 milliliters of sodium hydroxide to dilute the concentrated solutions before centrifuging the tubes again as before.  Repeat this step once more.
3.9.1. MED:  Talent adds 1.5 mL of NaOH to dilute the concentrated solutions.  TEXT Overlay:  0.1mM NaOH, pH = 10 
3.10. The resulting solution contains the product nanoparticle chains, small chains and clusters, and gold nanoparticles in PSPAA monomers that are separated by differential centrifugation. 
3.10.1. CU:  Tube after the last centrifugation as talent displays to the camera.
3.11. To enrich the gold nanoparticle chains, centrifuge the tube at 300 times g for 25 minutes to isolate and remove the large agglomerates.  Collect the supernatant before centrifuging it at 2000 times g for 30 minutes.  Now, remove the supernatant containing mostly monomers and small chains and clusters. 
3.11.1. MED:  Talent places the tube into the centrifuge, shuts the lid and starts the run.
3.11.2. CU:  Tube as talent removes the supernatant and transfers it to a new tube.
3.11.3. MED-over the shoulder:  Talent removes the tube from the centrifuge and removes the supernatant.
3.12. Collect the bottom solution, dilute it in 1.5 milliliters of sodium hydroxide, and centrifuge at 2000 x g for 20 minutes to remove excess monomers.  Repeat the process once more.  
3.12.1. CU:  Bottom solution in centrifuge tube as talent dilutes it with 1.5 mL of NaOH.  TEXT Overlay:  0.1mM NaOH, pH = 10 
3.12.2. MED:  Talent places the tube into the centrifuge, closes the lid and starts the run.
4. Co-polymerization of the PSPAA encapsulated metal nanoparticles
4.1. To perform block-copolymerization of tellurium nanowires with gold nanoparticles, first purify the 16 nanometer gold nanoparticle in PSPAA and Tellurium nanowire in PSPAA as before. 
4.1.1. Title card
Then, disperse the concentrated Tellurium nanowire in PSPAA in 1 milliliter of a 6 to 1 DMF/water mixture. Add 2 microliters of 1 Molar hydrochloric acid, or HCl.
4.1.2. CU:  Tube with DMF/water as talent disperses the tellurium nanowire in PSPAA into it.
Add DMF (about 857 microliter) in the vial, and add water (about 100 microliter) to the concentrated Te nanowires in PSPA, and finally inject Te nanowire in PSPAA (about 143 microliter) into DMF
4.1.3. MED-over the shoulder:  Talent adds 2 microliters of 1M HCl
4.2. Incubate the mixture at 60 degrees Celsius for 20 minutes.  Then, add the concentrated 16 nanometer gold nanoparticle in PSPAA and an additional 3 microliters of 1 Molar HCl.
4.2.1. MED:  Talent places the mixture into the 60 degree incubator.
4.2.2. CU:  Sample tube as talent adds the concentrated 16 nm Gold nanoparticle in PSPAA and 3 microliters of 1 Molar HCl.
4.3. Incubate the mixture at 60 degrees Celsius for 2 hours before cooling the solution to room temperature.
4.3.1. MED-over the shoulder:  Talent places the mixture in the incubator.
5. Results: Transition election microscopy (TEM) images of gold nanoparticles
5.1. Shown here are TEM images of 16 nanometer gold nanoparticles in PSPAA monomers… as well as 32 nanometer gold nanoparticles in PSPAA monomers. 

5.1.1. LAB MEDIA:  Figure 1A 

5.1.2. LAB MEDIA:  Figure 1B 

5.2. Also shown are monomers of Carbon nanotube in PSPAA… and monomers of PSPAA micelles.  
5.2.1. LAB MEDIA:  Figure 1E

5.2.2. LAB MEDIA:  Figure 1F 
5.3. TEM images of the “homo-polymers” of gold nanoparticles are shown here.  
5.3.1. LAB MEDIA:  Figure 2A and Figure 2B – Editors, please show these adjacent to each other.
5.4. Single-line chains of 16 nanometer gold nanoparticles in PSPAA are shown… as well as single-line chains of 32 nanometer gold nanoparticles in PSPAA.
5.4.1. LAB MEDIA:  Figure 2A – Editors, please transition to this figure from the previous by zooming in this image.
5.4.2. LAB MEDIA:  Figure 2B 

5.5. These TEM images display “co-polymers” of nanoparticles.  

5.5.1. LAB MEDIA:  Figure 3A and Figure 3E – Editors, please show these adjacent to each other.
5.6. Shown here are random chains of 16 nanometer gold nanoparticles in PSPAA and 32 nanometer gold nanoparticles in PSPAA.
5.6.1. LAB MEDIA:  Figure 3A – Editors, please transition to this figure from the previous by zooming in this image.
5.7. Also shown are block chains of Tellurium nanowire in PSPAA and 16 nanometer gold nanoparticles in PSPAA.
5.7.1. LAB MEDIA:  Figure 3E 
6. Conclusion (said by authors on camera)
6.1. Wang Yawen:  While attempting this procedure, it’s important to remember to use precise volumes as the polymer behavior is very sensitive to the pH and solvent combination.       
6.1.1. MED:  Wang speaks to the camera, interview style.
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.
Jove_scheme.pptx
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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.
( 2013, Journal of Visualized Experiments


