Lighting conditions were not conducive to filming as the LEDs (newly installed in the entire
building) were working on a wonky cycle. I tried every frame rate on DSLRs and Sony Nexcams to no
avail. That being said, we were relegated to shooting in the hood where the conditions were more
favorable.
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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. 
Sections: 2.4; 2.5; 2.7; 2.8; 3.6; 4.2; 4.4
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.)
	Sections 2.5, and 3.3 are the purification steps for the silver coated and silver sulfide coated nanoparticles. I am careful in addition of ethanol and centrifuge speeds to prevent aggregation of the nanoparticles.
E.  Will the filming need to take place in multiple locations? (Y/N) ___No___ 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 procedure is to prepare gold nanoparticles that are over-coated with a wide bandgap semiconductor shell.  The shell material can be either cadmium or zinc sulfide and the thickness should be tunable. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Andrew Tobias: This method overcomes the large lattice mismatch between core and shell by using a four-step cation exchange technique to form the shells [1.1.1 – MED].
1.1.1. Andrew speaks toward camera, interview style.
1.2. Andrew Tobias: The main advantage of this method is its ability to produce highly monodisperse gold core/shell nanoparticles with excellent control of shell thickness [1.2.1 – MED].
1.2.1. Andrew speaks toward camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Andrew Tobias: The nanoparticles produced with this technique could be used as plasmonic elements that couple with absorbers in opto-electronic systems, because the wide bandgap shell enables precise tuning of interaction distances.  
1.3.1. Andrew speaks toward camera, interview style.
1.4. Andrew Tobias: Tuning interactions in this way enables us to limit losses and maximize absorption or emission gains and provide insight into the potential of exciton-plasmon coupling for a range of applications.
1.4.1. Andrew speaks toward camera, interview style.


Protocol (read by voice talent at JoVE):
 
2. Synthesis of gold nanoparticles and Coating with silver
2.1. To begin synthesis of gold nanoparticles, work in a glove box to weigh gold salt in a vial previously cleaned with aqua regia [2.1.1 – MED-over the shoulder – TXT] before diluting with 100 milliliters of water in a volumetric flask [2.1.2 – CU].
2.1.1. Talent works in a glovebox and weighs the gold in a cleaned vial.  TEXT Overlay: 1 mM Gold (III) chloride trihydrate stock solution
2.1.2. Volumetric flask as talent dilutes the gold with 100 mL of water.
2.2. Then, add 3.2 grams of solid Cetyl trimethyl ammonium chloride, or CTAC (pronounced as C-tack”) [2.2.1 – MED] and heat in 25 milliliters of water to approximately 60 degrees Celsius for dissolution [2.2.2 – CU].  
2.2.1. Talent adds 3.2 grams of CTAC to the flask.
2.2.2. [combined with 2.2.1] Flask as talent places on the hot plate.
2.3. Cool the mixture to room temperature and dilute to 50 milliliters with water in a volumetric flask to prepare a 0.2 Molar CTAC solution [2.3.1 – MED-over the shoulder].
2.3.1. Talent dilutes the cooled mixture to 50 mL with water in a volumetric flask. Use labeled containers.
2.4. Mix 20 milliliters of 1 milliMolar gold solution and 20 milliliters of 0.2 Molar CTAC solution inside a round bottom boiling flask [2.4.1 – MED].  Allow to mix in an oil bath set to 60 degrees Celsius for 10 minutes [2.4.2 – CU].
2.4.1. Talent mixes 20 mL of 1 mM gold and 20 mL of 0.2 Molar CTAC inside a round bottom boiling flask.
2.4.2. [combined with 2.4.1] Flask as it mixes in an oil bath.
2.5. Next, add 1.7 milligrams of solid Borane tert-butyl amine to the gold/CTAC solution and let the mixture stir for 30 minutes [2.5.1 – MED-over the shoulder – TXT].  The solution should turn deep red [2.5.2 – CU].  
2.5.1. Talent adds 1.7 mg of solid Borane tert-butyl amine.  TEXT Overlay:  1:1 mole ratio
2.5.2. [combined with 2.5.1] Solution as it turns a deep red.
2.6. The resulting solution has a gold particle concentration of about 5 microMolar and can be stored for months at a time or used immediately for the next phase of the reaction [2.6.1 – MED-over the shoulder – TXT].
2.6.1. Resulting solution as talent places it into storage.  TEXT Overlay:  5 µM gold particle concentration
2.7. Then, add the silver solution drop-wise to the gold and ascorbic acid solution and allow the reaction to stir for 2 hours [2.8.1 – MED-over the shoulder – TXT].  In a 70 degree Celsius oil bath, mix 10 milliliters of stock gold nanoparticles with ascorbic acid to make a 20 milliMolar solution [2.7.2 – MED]. Next, prepare a 4.0 milliMolar silver nitrate solution in 5 milliliters of water [2.7.1 – CU].  The reaction will turn light orange to dark orange depending on the shell thickness over the course of the reaction [2.7.3 – CU].
2.8.1 [moved] Gold/ascorbic acid solution as talent adds the silver solution drop-wise.  TEXT Overlay:  see text for the volume calculation
2.7.1 and 2.7.2 reversed
2.7.1. Flask as talent adds silver nitrate solution in 5 mL of water.
2.7.2. Talent places a flask of gold nanoparticles with ascorbic acid in the oil bath.
2.7.3. [previously 2.8.2] Solution as it changes to an orange color.
2.8. [moved] Then, add the silver solution drop-wise to the gold and ascorbic acid solution and allow the reaction to stir for 2 hours [2.8.1 – MED-over the shoulder – TXT].  The reaction will turn light orange to dark orange depending on the shell thickness over the course of the reaction [2.8.2 – CU].
2.8.1. [moved] Gold/ascorbic acid solution as talent adds the silver solution drop-wise.  TEXT Overlay:  see text for the volume calculation
2.8.2. [moved] Solution as it changes to an orange color.
2.9. Centrifuge the nanoparticles at 21,130 x g for 10 minutes and then redisperse into clean water [2.9.1 – MED].  Decant the supernatant from the pelleted nanoparticles to aid in removal of bare gold nanoparticles or silver nanoparticles, which may have been formed [2.9.2 – CU].
2.9.1. Talent places the samples into the centrifuge, shuts the lid and turns on.
2.9.2. Sample as talent decants the supernatant from the pelleted nanoparticles.
3. Conversion of the shell to silver sulfide
3.1. Weigh elemental sulfur in a 200 to 1 molar ratio to the silver used in the previous stage of the experiment [3.1.1 – MED – TXT].  
3.1.1. Talent weighs the sulfur.  TEXT Overlay:  200:1 sulfur to silver molar ratio
3.2. For 10 milliliters of gold/silver core shell particles and a 5 nanometer shell, into 10 milliliters of toluene dissolve 1.5 milliliters of oleic acid and 3 milliliters of oleylamine [3.1.2 – CU]. Once dissolved, the solution should be a light yellow.
3.2.1. 10 mL of toluene as talent dissolves 3 mL of oleylamine and 1.5 mL of oleic acid there.  Use labeled containers.
3.2.1B the yellow color
3.3. Andrew Tobias: Residual water can disrupt the solubility of both the nanoparticles and free surfactant molecules, possibly leading to irreversible aggregation of the gold nanoparticles [3.3.1 – MED].  
3.3.1. Andrew speaks toward the camera, interview style.
3.4. To ensure the removal of water during the next purification step, concentrate the silver colloids via centrifugation at 21,130 x g for 10 minutes. [3.4.1 – MED-over the shoulder].  
3.4.1. Talent places the sample into the centrifuge, shuts lid and starts the run. Reuse the shot from earlier
3.5. Disperse the silver colloids in 1 milliliter of water; this helps increase the efficiency of the extraction from the aqueous layer to the organic layer upon formation of the silver shell [3.5.1 – CU].
3.5.1. Centrifuged sample as talent disperses the silver colloids in 1 mL of water.
3.6. Add the colloids drop-wise to the sulfur solution under stirring for one hour [3.6.1 – MED-over the shoulder].  The solution will turn dark blue, for thinner shells, to purple, for thicker shells, as the sulfurization goes to completion [3.6.2 – CU]. Add the same volume of 70% ethanol before centrifuging [3.6.3].
3.6.1. Talent adds the colloids, drop-wise to the sulfur solution under stirring.
3.6.2. [combined with 3.6.1] Solution as it turns color as the sulfurization goes to completion.
3.6.3. Added
3.7. Centrifuge the colloidal solution at 4000 x g for 10 minutes after the reaction has stirred for 2 hours to remove the water and unreacted sulfur from the solution [3.7.1 – MED].
3.7.1. Talent places the sample into the centrifuge, shuts the lid, and starts the run.  
3.8. Excess oleylamine or oleic acid may fall out of solution and can be removed after this step by decanting the solution from the white solid [3.8.2 – CU]. If necessary, re-disperse the nanoparticles by sonicating in a bath sonicator for 30 seconds to 1 minute in order to disperse into the toluene [3.8.1 – MED].  
3.8.1 and 3.8.2 are reversed
3.8.1. Talent re-disperses the nanoparticles by sonicating in a bath sonicator.
3.8.2. Sample as talent decants the solution from the white solid. 
4. Cation exchange
4.1. Make the metal precursor by dissolving the metal nitrate into 1 milliliter of methanol, to make a 0.2 Molar solution of cadmium nitrate or zinc nitrate [4.1.1 – MED].
4.1.1. Talent makes the metal precursor by dissolving a metal nitrate into 1 mL of methanol.  Use labeled containers.
4.2. Mix the metal solution with the silver sulfide-shelled nanoparticles in a 1 to 1 molar ratio with the silver [4.2.1 – CU].  Heat to 50 degrees Celsius for cadmium shell and 65 degrees Celsius for zinc shells under a nitrogen atmosphere [4.2.2 – MED-over the shoulder].
4.2.1. Solutions as talent mixes the metal solution with the silver sulfide-shelled nanoparticles in a 1:1 molar ratio with the silver.  
4.2.2. Talent heats the 2 solutions to the appropriate temperature.
4.3. Next, add tri-butyl phosphine in a 500 to 1 molar ratio to the metal precursor [4.3.1 – MED-over the shoulder - TXT].  [4.3.2 – CU – TXT].
4.3.1. Talent adds tri-butyl phosphine to the Cadmium solution.  Use labeled containers. TEXT Overlay:  2 hrs for Cadmium, 20 hrs for Zinc
4.3.2. Solutions as talent adds tri-butyl phosphine to the Zinc solution.  Use labeled containers.  
4.4. Purify via centrifugation at 21,130 x g for 10 minutes in order to remove any isolated cadmium sulfide or zinc sulfide nanoparticles which may have been formed [4.4.1 – MED –over the shoulder]. Disperse the pelleted nanoparticles into a clean nonpolar solvent such as hexanes, toluene, or chloroform [4.4.2 – CU].
4.4.1. Talent places the samples into the centrifuge, shuts lid and starts run.
4.4.2. Sample as talent disperses the pelleted nanoparticles into a clean nonpolar solvent.
5. Results: Characterization for each stage of shell growth
5.1. Shown here are transmission electron microscopy, or TEM, images of gold nanoparticles synthesized with CTAC as the surfactant.  The nanoparticles were single crystalline with a 16 nanometer diameter and a standard deviation of 0.4 nanometers [5.1.1 – LM].
5.1.1. 53383_Jones_figure5
5.2. The thickness of the silver shell can be monitored through Ultraviolet-visible absorption spectroscopy.  In this figure, silver thickness increases from black to light blue.  The surface plasmon of the gold nanoparticles shifts to higher energies as the thickness of the silver shell increases [5.2.1 – LM].
5.2.1. 53383_Jones_figure6
5.3. TEM images of gold nanoparticles with silver shells are shown here.  Silver is grown onto the gold core to provide a template for the subsequent semiconductor shell.  The shells are tuned from 3 to 7 nanometers in radius [5.3.1 – LM].
5.3.1. 53383_Jones_figure8
5.4. [bookmark: _GoBack]In the next step, the silver coated nanoparticles are treated with sulfur to form a silver sulfide shell.  The resulting shells tend to be slightly larger than the previous silver shells, but uniform in distribution [5.4.1 – LM].
5.4.1. 53383_Jones_figure12
5.5. Finally, Cadmium, in this example, or zinc can be used to replace the silver ions and produce a semiconductor shell of cadmium sulfide or zinc sulfide.  The resulting shell is single crystalline with a radius corresponding to the silver radius in the first coating step [5.5.1 – LM].
5.5.1. 53383_Jones_figure14

6. Conclusion (said by authors on camera)
6.1. Andrew Tobias: Once mastered, this technique can be done in 7 to 8 hours if it is performed properly [6.1.1 – MED].
6.1.1. Andrew speaks to camera, interview style.
6.2. Andrew Tobias: While attempting this procedure, it’s important to remember to properly clean all glassware in aqua regia before use [6.2.1 – MED].
6.2.1. Andrew speaks to camera, interview style.
6.3. Andrew Tobias: After watching this video, you should be able to coat aqueous gold nanoparticles with cadmium or zinc sulfide. The gold is coated with silver, which is transformed to silver sulfide.  Finally, the silver can be exchanged with cadmium or zinc [6.3.1 – MED]. 
6.3.1. Andrew speaks to camera, interview style.
6.4. Andrew Tobias: Following this procedure, similar methodology can be utilized to produce shells of different semiconductor materials, such as CdSe, CdTe, PbS, PbSe or PbTe.  Although the selenide and telluride shells would require the generation of Ag2Se and Ag2Te intermediates [6.4.1 – MED].
6.4.1. Andrew speaks to camera, interview style.
6.5. Andrew Tobias: After its development, this technique provides an alternate platform for coupling of various chromophores to plasmonic gold particles. The semiconductor shell provides a spacer layer in order to optimize the extent of coupling for various lighting or photovolatic applications [6.5.1 – MED].
6.5.1. Andrew speaks to camera, interview style.
6.6. Andrew Tobias: Don't forget that working with oxidizers such as cadmium and zinc nitrate can be extremely hazardous and precautions such as wearing gloves should always be taken while performing this procedure [6.6.1 – MED].   
6.6.1.    Andrew speaks to 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.

53383_Jones_figure5
53383_Jones_figure6
53383_Jones_figure8
53383_Jones_figure12
53383_Jones_figure14


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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