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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No_____  (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)____No____ 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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _2.1-2.9, 3.1-3.4, 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 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) __3.1-3.4, 4.4____________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? ______20 m_______________________________ 
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 experimental procedure is to demonstrate a technique to fabricate nanopatch antennas which can enable tailored light-matter interactions such as strongly enhanced fluorescence. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Maiken Mikkelsen: This method can help answer key questions in the nanophotonic and plasmonic communities, such as how to achieve high fluorescence enhancement and control of other radiative processes [1.1.1 – MED]. 
1.1.1. Maiken speaks toward the camera, interview style.
1.2. Maiken Mikkelsen: The main advantage of this technique is that it enables large-scale fabrication of nanoantennas where the critical feature size can be controlled on a single nanometer-scale [1.2.1 – MED].   
1.2.1. Maiken speaks toward the camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Maiken Mikkelsen: [1.3.1 – MED] Demonstrating the procedure will be Thang Hoang, a postdoctoral associate [1.3.2 – MED], and Jiani Huang, a graduate student, from my laboratory [1.3.3 – MED]. 

1.3.1. Interview style: Maiken saying the above 

1.3.2. Thang Hoang looks up from workbench or desk and acknowledges the camera.
1.3.3. Jiani Huang looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Nanocube synthesis procedure
2.1. Begin the synthesis procedure by dipping a cleaned round-bottom flask into the heating bath approximately 10 millimeters deep into the liquid [2.1.1 – MED – TXT].
2.1.1. Talent dips a cleaned round-bottom flask into the heating bath approximately 10 millimeters deep into the liquid.  TEXT Overlay:  see text for flask cleaning procedure  
2.2. Then, use a micropipette to place 10 milliliters of ethylene glycol, or EG, into the round-bottom flask [2.2.1 – CU].  Put the cap on the flask and wait for 20 minutes.  The purpose of this step is to clean the flask with EG [2.2.2 – MED-over the shoulder].
2.2.1. Micropipette as talent places 10 mL of ethylene glycol into the round-bottom flask.  
2.2.2. Talent puts the cap on the flask and sets a timer to count down from 20 minutes.
2.3. After 20 minutes, remove the cap and then lift the round-bottom flask out of the heating bath; take the entire clamp out as the EG solution is hot [2.3.1 – MED].  Pour the 10 milliliters of EG into a disposal container, making sure that the magnetic stirring bar does not fall out [2.3.2 – CU].
2.3.1. Talent removes the cap from the flask and lifts the round-bottom flask out of the heating bath, taking the entire clamp out.
2.3.2. Flask as talent pours the EG out into a disposal container, taking care that the magnetic stir bar does not fall out.   
2.4. Place the flask back into the heating bath.  Use a micropipette to add 5 milliliters of EG into the flask and put the cap on [2.4.1 – MED-over the shoulder].
2.4.1. Talent places the flask back into the heating bath, uses a micropipette to place 5 mL of EG into the flask and put the cap on.
2.5. After waiting for 5 minutes, take the cap off and use a micropipette to place 60 microliters of sodium hydrosulfide hydrate into the flask [2.5.1 – CU – TXT].  Put the cap back on and wait for 2 minutes [2.5.2 – MED-over the shoulder].
2.5.1. Flask as talent takes the cap off and uses the micropipette to place 60 microliters of NaSH there.  TEXT Overlay:  see text for preparation of NaSH
2.5.2. Talent places the cap back on and sets the timer to countdown from 2 minutes.
2.6. After 2 minutes, take the cap off and use a micropipette to place 500 microliters of the hydrochloric acid solution into the flask [2.6.1 – CU – TXT].
2.6.1. Flask as talent takes the cap off and uses a micropipette to place 500 microliters of HCl into the flask.  TEXT Overlay:  see text for preparation of the HCl solution

2.7. Immediately use a micropipette to add 1.25 milliliters of the PVP solution into the flask before putting the cap back on and waiting for 2 minutes [2.7.1 – MED – TXT].
2.7.1. Talent uses a micropipette to place 1.25 mL of PVP solution into the flask from a labeled container.  TEXT Overlay: see text for preparation of the poly vinylpyrrolidone (PVP) solution
2.8. After removing the cap, use a micropipette to place 400 microliters of the silver trifluoroacetate solution into the flask and put the cap back on [2.8.1 – MED-over the shoulder – TXT].
2.8.1. Talent uses a micropipette to place 400 microliters of the silver trifluoroacetate solution from a labeled container into the flask, and puts the flask cap back on.  TEXT Overlay:  see text for preparation of the AgC2F3O2 solution
2.9. Wait for 2.5 hours; the silver nanocubes are forming during this step.  Throughout this time, reduce the room light to a minimum [2.9.1 – CU].
2.9.1. Solution as it stirs while silver nanocubes form.
2.10. After 2.5 hours, turn the heater off but leave the stirring on to avoid burning the fluid on the bottom [2.10.1 – MED-over the shoulder].  Use the clamp to raise the flask above the heating bath and remove the cap [2.10.2 – CU].
2.10.1. Talent turns off the heater but leaves the solution stirring.
2.10.2. Apparatus as talent uses the clamp to raise the flask above the heating bath and removes the cap.
2.11. Then, remove the flask from the heating bath to allow it to cool off faster [2.11.1 – MED].  After about 20 minutes, add 5 milliliters of acetone into the flask [2.11.2 – MED-over the shoulder].  Vortex it to mix the solutions well.  In the end, the total volume of the solution is 12 milliliters [2.11.3 – CU].
2.11.1. Talent removes the flask from the heating bath and places it on the bench to cool.
2.11.2. Talent adds 5 mL of acetone from a labeled container into the flask.
2.11.3. Solutions as talent vortexes the solutions. 
2.12. Using a micropipette, transfer the final solution to eight smaller 1.5 milliliter plastic tubes [2.12.1 – MED-over the shoulder].
2.12.1. Talent uses micropipette to transfer the final solution to eight smaller 1.5 mL plastic tubes.
2.13. Centrifuge these eight tubes at a speed of 5150 x g for 10 minutes [2.13.1 – MED].  As a result, all the silver nanocubes are at the bottom of the tubes.  Use a micropipette to remove the top supernatant, leaving approximately 100 microliters at the bottom of each tube [2.13.2 – CU].
2.13.1. Talent places the tubes into the centrifuge and shuts lid.
2.13.2. Tube as talent pipettes the supernatant off, leaving 100 microliters at the bottom of the tube.
2.14. Then, add 1 milliliter of deionized water into each of these tubes [2.14.1 – MED-over the shoulder].  Vortex and sonicate the tubes.  The nanocubes are now suspended in mainly deionized water [2.14.2 – CU].  Repeat the centrifugation/resuspension step once more [2.14.3 – MED].
2.14.1. Talent adds 1 mL of deionized water into each of these tubes.
2.14.2. Tubes as they are sonicated.
2.14.3. Talent places the tubes back into the centrifuge.
3. Layer by layer deposition of polyelectrolyte layers
3.1. First, deposit a poly(allylamine) (pronounced as “al-il uh-meen”) hydrochloride, or PAH, layer by immersing the gold film into a PAH solution for 5 minutes [3.1.1 – MED – TXT].  This results in a PAH layer on top of the gold film with a thickness of approximately 1 nanometer [3.1.2 – CU].
3.1.1. Talent immerses the gold film into a PAH solution.  Continue action in next shot.  Use labeled containers.  TEXT Overlay:  see text for preparation of gold film and the PAH solution
3.1.2. Gold film as it is immersed into a PAH solution.
3.2. After 5 minutes, rinse the gold film using clean deionized water [3.2.1 – MED-over the shoulder].  There is now a single PAH layer on top of the gold film. Next, immerse the gold film with the single PAH layer into a sodium chloride solution for 1 minute [3.2.2 – CU– TXT].
3.2.1. Talent rinses the gold film with PAH layer using clean deionized water.  
3.2.2. Rinsed gold film with one layer as talent immerses in sodium chloride.  Use labeled containers.  TEXT Overlay:  see text for NaCl solution preparation
3.3. Next, immerse the gold film with the single PAH layer into a polystyrene sulfonate, or PSS, solution for 5 minutes [3.3.1 – MED-over the shoulder – TXT].  This results in a PSS layer with a thickness of approximately 1 nanometer on top of the PAH layer [3.3.2 – CU].
3.3.1. Talent immerses the gold film with PAH layer into the PSS solution.  Continue action in next shot.  Use labeled containers.  TEXT Overlay:  see text for fabrication of the PSS solution
3.3.2. Gold film with PAH layer as talent immerses it into the PSS solution.
3.4. Continue this process to deposit a total of 5 polyelectrolyte layers on the gold film [3.4.1 – MED].
3.4.1. Talent continues the deposition process.
4. Deposition of Cy5 dye molecules and Deposition of nanocubes to form nanopatch antennas (NPAs)
4.1. Drop cast 100 microliters of a 25 micromolar cyanine (pronounced as “sahy-uh-neen”) 5 solution onto the sample surface [4.1.1 – MED-over the shoulder].  Then place a clean cover slip on top of the solution drop; cyanine 5 molecules will incorporate into the top polyelectrolyte layers uniformly [4.1.2 – CU].
4.1.1. Talent drop casts 100 microliters of a 25 micromolar cyanine 5 solution onto a clean cover slip the sample surface.
4.1.2. Coverslip as Talent places in contact with a cover slip onto the sample surface.
4.2. After 10 minutes, rinse the sample with deionized water and dry it using clean nitrogen gas [4.2.1 – MED].
4.2.1. Talent rinses the samples with deionized water.  
4.3. To form nanopatch antennas, dilute the prepared nanocube solution by one hundred times using deionized water to enable the optical study of individual nanopatch antennas [4.3.1 – MED-over the shoulder].
4.3.1. Talent dilutes the prepared nanocube solution by one hundred times using deionized water. 
4.4. Use a micropipette to place a drop of 20 microliters of the diluted nanocube solution onto a clean cover slip [4.4.1 – CU].  Place the sample in contact with the cover slip for 2 minutes [4.4.2 – MED-over the shoulder].  As a result, the silver nanocubes are immobilized on the top terminal PAH layer because the nanocubes synthesized here are negatively charged and the top PAH layer is positively charged [4.4.3 – CU]. 
4.4.1. Clean cover slip as Talent places a drop of 20 microliters of the diluted nanocube solution onto a clean cover slip.
4.4.2. Talent picks up the coverslip sample.
4.4.3. Coverslip as Talent places the sample in contact with the sample cover slip.
4.5. After 2 minutes, rinse the sample with deionized water and dry it using clean nitrogen gas [4.5.1 – MED-over the shoulder].
4.5.1. Talent dries the sample using nitrogen gas. 
5. Results: Colloidal synthesis of plasmonic nanopatch antennas  
5.1. Shown here are representative scanning electron microscopy images of the silver nanocubes obtained from this procedure [5.1.1 – LM].  

5.1.1. 53876-Mikkelsen_Figure 3.tif 
5.2. Here, the sample was fabricated using an undiluted solution of nanocubes [5.2.1 – LM], whereas the sample was diluted ten [5.2.2 – LM]… and one hundred times in these images [5.2.3 – LM]. 
5.2.1. 53876-Mikkelsen_Figure 3.tif - Editors, please zoom into the left-most figure
5.2.2. 53876-Mikkelsen_Figure 3.tif - Editors, staying zoomed in, please slide over to the middle figure.
5.2.3. 53876-Mikkelsen_Figure 3.tif - Editors, staying zoomed in, please slide over to the right-most figure.
5.3. In all cases, nanocubes of a relatively uniform size characterized by sharp corners with a “radius of curvature” of about 10 nanometers are observed [5.3.1 – LM]. 
5.3.1. 53876-Mikkelsen_Figure 3.tif
5.4. Shown here are representative optical characterizations of the final nanopatch antennas with embedded cyanine 5 dye molecules [5.4.1 – LM].
5.4.1. 53876-Mikkelsen_Figure 4.tif 

5.5. Reflection measurements of an ensemble of nanopatch antennas show a characteristic plasmon resonance at 650 nanometers [5.5.1 – LM].

5.5.1. 53876-Mikkelsen_Figure 4.tif – Editors, please zoom into the top-left image.
5.6. Scattering measurements of individual nanoantennas display a resonance at the same wavelength, but with a narrower width [5.6.1 – LM]. 
5.6.1. 53876-Mikkelsen_Figure 4.tif – Editors, staying zoomed in, please slide over to the top-right image.
5.7. Dark-field images of the sample show diffraction-limited spots with a uniform red color indicating that most nanopatch antennas have very similar resonances, due to the good size homogeneity of the fabricated nanocubes [5.7.1 – LM]. 
5.7.1. 53876-Mikkelsen_Figure 4.tif – Editors, staying zoomed in, please slide over to the bottom-left image.
5.8. Finally, large fluorescence enhancement of the embedded cyanine 5 dye molecules is observed [5.8.1 – LM]. 
5.8.1. 53876-Mikkelsen_Figure 4.tif – Editors, staying zoomed in, please slide over to the bottom-right image.
6. Conclusion (said by authors on camera)

6.1. Thang Hoang: Once mastered, this fabrication technique can be accomplished in 5 hours if it is performed properly [6.1.1 – MED].
6.1.1. Thang speaks toward the camera, interview style.
6.2. Thang Hoang: After its development, this technique paved the way for researchers in the fields of nanophotonics and plasmonics to explore fundamental light-matter interactions and potential applications in ultrafast optoelectronic devices, including light emitting diodes, high efficiency photodetectors and quantum information science [6.2.1 – MED].
6.2.1. Thang speaks toward the camera, interview style.
6.3. Jiani Huang: After watching this video, you should have a good understanding of how to fabricate nanopatch antennas utilizing colloidally synthesized silver nanocubes to enable enhanced light-matter interactions [6.3.1 – MED]. 
6.3.1. Jiani speaks toward 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.

53876-Mikkelsen_Figure 3.tif - scanning electron microscope images of silver nanocubes 
53876-Mikkelsen_Figure 4.tif - optical characterizations of nanopatch antennas
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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