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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. _Steps 2.1 – 4.12.  This is the majority of our presented protocol
A. 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.) __2.6-2.8 (injection of phosphine) and 3.13(washing excess ligands 
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? _No, unless it is necessary to film obtaining an Absorbance spectrum.  I think this is a fairly common measurement and shouldn’t need to be filmed.
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 synthesize highly fluorescent indium phosphide/zinc sulfide quantum dots that are suitable for biomedical applications. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Matt: This method can help clarify key questions about the synthesis of quantum dot nanoparticles by demonstrating specific steps that are crucial to achieve high-quality quantum dots [1.1.1 – MED].
1.1.1. Matt speaks toward the camera, interview style.

1.2. Matt: The main advantage of this technique is the production of high-quality water-soluble quantum dots, viable for biological systems, that can be synthesized in less than one day [1.2.1 – MED].
1.2.1. Matt speaks toward the camera, interview style.

Protocol (read by voice talent at JoVE):
2. Synthesis of Indium Phosphide (InP) Quantum Dot Cores
Note to Editor:  the light in the fume hood has an orangish hue which is noticeable in the videos captured.
2.1. To begin synthesis, fit a 100 milliliter round bottom, 3-neck, flask with a 12-inch condenser [2.1.1 – MED].  Add 30 milliliters of oleylamine (pronounced as “oh-lel-uh-meen”), or OLA, 0.398 grams of indium chloride, and 0.245 grams of zinc chloride [2.1.2 – CU].
2.1.1. Talent fits a 100 mL round bottom, 3-neck, flask with a 12-inch condenser.
2.1.2. Flask as talent adds 30 milliliters of OLA, 0.398 grams of indium chloride, and 0.245 grams of zinc chloride.  Note:  recommend to fade out after 2nd pipette.
2.2. Stir while evacuating at room temperature using a vacuum for 1 hour [2.2.1 – MED-over the shoulder].  The solution should appear colorless with a white precipitate [2.2.2 – CU].
2.2.1. Talent sets the condenser to stir and evacuate with a vacuum. 
2.2.2. Solution after 1 hour showing that it is colorless with a white precipitate.
2.3. Use a heating mantle with a thermocouple and PID (pronounced as individual letters) temperature controller to increase the temperature of the solution to 120 degrees Celsius [2.3.1 – MED – TXT]; use of a heating mantle and PID increases the uniformity and reproducibility of the reaction products [2.3.2 – CU].  
2.3.1. Talent increases the temperature of the solution to 120 degrees Celsius.  TEXT Overlay: PID = proportional-integral-derivative
2.3.2. Reaction flask as the solution is heated.
2.4. Evacuate the solution under vacuum for 20 minutes to remove low boiling point impurities that may affect core growth [2.4.1 – MED-over the shoulder]. 
2.4.1. Talent evacuates the solution under vacuum.
2.5. Under inert gas, reflux the solution and increase the temperature to 220 degrees Celsius for 15 minutes [2.5.1 – CU].  The indium chloride and zinc chloride completely dissolve, resulting in a pale yellow solution.  Allow the temperature to stabilize for 10 minutes [2.5.2 – ECU].
2.5.1  Turn on nitrogen gas and water for the condenser
2.5.1 2.5.2 Reaction flask as the solution refluxes and talent increases the temperature.
2.5.2 2.5.3 Solution in the flask showing that the indium chloride ad zinc chloride completely dissolve and a pale yellow solution results. 
2.6. Next, purge a disposable, 3 milliliter plastic syringe and 4 inch, 22 gauge needle with nitrogen gas [2.6.1 – MED-over the shoulder].
2.6.1. Talent purges a disposable, 3 mL plastic syringe and a 4 inch, 22 gauge needle with nitrogen gas.  
2.7. Matt:  The injection of TDMAP is a critical step in this procedure, as this injection can greatly affect the dispersity of the resulting indium phosphide quantum dots [2.7.1 – MED – TXT].
2.7.1. Matt speaks toward the camera, interview style.  TEXT Overlay: TDMAP = tris(dimethylamino)phosphine
2.8. Using the syringe, quickly deliver 0.5 milliliters of TDMAP (pronounced as individual letters) to the indium chloride solution [2.8.1 – ECU].  The solution temperature decreases slightly and returns to 220 degrees Celsius, while the solution changes from transparent, pale yellow to opaque, black [2.8.2 – CU]. 
2.8.1. Syringe as talent uses it to quickly deliver 0.5 milliliters of TDMAP to the indium chloride solution.  
2.8.2. [combined with 2.8.1] Reaction flask with thermometer showing that the temperature decreases and then returns to 220 degrees Celsius while the solution changes from transparent, pale yellow to opaque, black.
2.8.2 added: Temperature decreases and increases

2.9. After 9.5 minutes, remove the reaction flask from the heating mantle until the temperature decreases below 200 degrees Celsius.  To protect the integrity of the indium phosphide cores, proceed directly to the zinc sulfide coating [2.9.1 – MED].
2.9.1. Talent approaches the reaction flask and removes it from the heating mantle and monitors the temperature.
2.9.2. added Temperature decreases to 200 °C (note to editor; please start shot when display reads 220 °C)
3. Synthesis of Zinc Sulfide (ZnS) Quantum Dot Shells
3.1. Place the reaction flask containing the indium phosphide quantum dots on a heating mantle and stabilize the temperature at 200 degrees Celsius [3.1.1 – MED].  Slowly add 3.58 grams of DDT to the solution over the course of 15 seconds [3.1.2 – CU – TXT].  
3.1.1. Talent places the reaction flask containing indium phosphide quantum dots on a heating mantle.
3.1.2. Solution containing indium phosphide quantum dots as talent slowly adds the DDT.   TEXT Overlay: DDT = dodecanethiol
3.2. After allowing the solution to react for 1 hour, remove the reaction flask from the heating mantle and allow the solution to cool to approximately 60 degrees Celsius [3.2.1 – MED-over the shoulder].
3.2.1. Talent removes the reaction flask from the heating mantle and places on the benchtop to cool. 
3.3. Once the indium phosphide/zinc sulfide solution reaches approximately 60 degrees Celsius, add 10 milliliters of hexanes [3.3.1 – CU].  Then, transfer the entire solution of roughly 45 milliliters to a 50 milliliter polypropylene centrifuge tube [3.3.2 – MED-over the shoulder]. 
3.3.1. Reaction flask as talent adds 10 mL of hexanes.
3.3.2. Talent transfers the entire solution to a 50 mL polypropylene centrifuge tube.
3.4. Centrifuge the sample to remove unreacted solid precursors [3.4.1 – MED – TXT].
3.4.1. Talent places the sample into the centrifuge.  TEXT Overlay: 3,000 x g for 10 minutes
3.5. Carefully remove the supernatant and add 200 milliliters of acetone [3.5.1 – MED-over the shoulder].  Equally divide the resulting solution into four 50 milliliter centrifuge tubes [3.5.2 – CU].  Then, centrifuge the solution to precipitate the indium phosphide/zinc sulfide quantum dots [3.5.3 – MED-over the shoulder – TXT]. 
3.5.1. Talent transfers the supernatant to a container and adds 200 mL of acetone from a labeled container.
3.5.2. 50 mL centrifuge tube as talent equally divides the supernatant/acetone combination there
3.5.3. Talent places the samples into the centrifuge, shuts lid and starts run.  TEXT Overlay: 3,000 x g for 10 minutes
3.6. Decant the supernatant and dry the quantum dot pellet thoroughly with nitrogen gas to remove acetone [3.6.1 – CU].
3.6.1. Pellet as talent dries thoroughly with nitrogen gas.   
3.7. Then, resuspend the quantum dots in 20 milliliters of OLA using sonication [3.7.1 – MED-over shoulder].  Then, transfer the resuspended quantum dots to a 50 milliliter round bottom, 3-neck, flask containing 0.474 grams of zinc stearate, and stir [3.7.2 – CU].  Evacuate the solution under vacuum for 20 minutes at room temperature [3.7.3 – MED-over the shoulder].
3.7.1. Talent resuspends the quantum dots in 20 mL of OLA using sonication.
3.7.2. Round bottom, 3-neck flask with zinc stearate as transfers the resuspended quantum dots there and stirs. 
3.7.3. Talent assembles round bottom flask onto condenser, starts stirring and evacuates the solution under vacuum. first take is accidentally labeled 2; 2nd take is labeled 3; 3rd take is labeled 4. 
3.8. Under nitrogen gas, increase the temperature to 180 degrees Celsius and allow the reaction to proceed for 3 hours [3.8.1 – CU].  Upon completion of the reaction, remove the flask from the heating mantle and allow the solution to cool to approximately 60 degrees Celsius [3.8.2 – MED].
3.8.1. Solution as it boils stirring at 180 °C in the 3-neck flask.
3.8.2. Talent removes the flask from the heating mantle.
3.9. Once the indium phosphide/zinc sulfide solution reaches approximately 60 degrees Celsius, add 20 milliliters of hexanes [3.9.1 – CU].  Then, transfer the sample to a 50 milliliter polypropylene centrifuge tube before centrifuging to remove unreacted zinc stearate [3.9.2 – MED-over the shoulder]. 
3.9.1. Reaction flask as talent adds 20 mL of hexanes.
3.9.2. Talent transfers the sample to a 50 mL polypropylene centrifuge tube.  TEXT Overlay (as centrifuging part of the sentence is narrated): 3,000 x g for 10 minutes
3.10. Following centrifugation, add 200 milliliters of acetone to the supernatant and centrifuge using the same procedure as before [3.10.1 – MED].
3.10.1. Talent places the centrifuge tubes into the centrifuge, shuts lid and starts run. 
3.11. After thoroughly drying the pellet with nitrogen gas to remove the acetone, dissolve the indium phosphide/zinc sulfide quantum dot pellet in 30 milliliters of hexane [3.11.1 – CU].  Vortex and sonicate the solution briefly to ensure complete dispersion [3.11.2 – MED-over the shoulder].
3.11.1. Pellet as talent dissolves in 30 mL of hexane.
3.11.2. Talent vortexes the solution. 
3.12. Matt: Removing the excess ligands from solution is a critical step in this procedure, and failure to do so will negatively impact the efficiency of transferring the quantum dots into aqueous solutions using PMAL-d [3.12.1 – MED].
3.12.1. Matt speaks to the camera, interview style. 
3.13. Repeat these purification steps two more times to ensure thorough removal of excess organic ligands.  Interactions between the amphiphilic polymer and the quantum dot can be compromised in the presence of excess ligands [3.13.1 – WIDE].
3.13.1. Talent begins to repeat the purification steps by returning the solution to the 3-neck reaction flask and starting the reaction. forgot to change take number for this shot.  1st take is labeled 3; 2nd take is labeled 4.
3.14. Following purification, determine the size and concentration of the synthesized indium phosphide/zinc sulfide quantum dots using UV-Visible Spectroscopy [3.14.1 – MED-over the shoulder – TXT]
3.14.1. Talent performs calculation in lab notebook to determine the size and concentration of the synthesized indium phosphide/zinc sulfide quantum dots using UV-Vis spectroscopy.  TEXT Overlay:  see Xie, et al reference in text for calculation 
4. Water Solubilization of InP/ZnS Quantum Dots Using an Amphiphilic Polymer
4.1. Dilute a portion of the synthesized indium phosphide/zinc sulfide quantum dots with hexanes to obtain 1 milliliter of 1 microMolar quantum dots [4.1.1 – MED-over the shoulder].
4.1.1. Talent dilutes a portion of the quantum dots with hexanes. 
4.2. In a centrifuge tube, transfer 0.25 milliliters of indium phosphide/zinc sulfide quantum dots into each tube [4.2.1 – MED].  Add 1 milliliter of acetone or methanol to the centrifuge tube and centrifuge [4.2.2 – CU – TXT].  Carefully remove the supernatant and dissolve each precipitate in 1 milliliter of tetrahydrofuran, or THF [4.2.3 – MED-over the shoulder]. 
4.2.1. Talent transfers 0.25 mL of the quantum dots into each tube.
4.2.2. Centrifuge tube as talent adds 1 mL of acetone or methanol there.  TEXT Overlay(as “and centrifuge” is narrated): 3,000 x g for 10 min
4.2.3. Talent removes the supernatant and dissolves in 1mL of THF from a labeled container.
4.3. Next, transfer the indium phosphide/zinc sulfide quantum dots dissolved in THF into a 100 milliliter round bottom flask and dilute with 16 milliliters of THF [4.3.1 – MED].  To reduce the number of aggregates in solution, sonicate the quantum dots for 5 to 10 minutes [4.3.2 – CU].
4.3.1. Talent transfers the quantum dots dissolved in THF into a 100 mL round bottom flask and dilutes with 16 mL of THF.
4.3.2. Sample as talent sonicates. 
4.4. Then, dissolve 30 milligrams of PMAL-d in 10 milliliters of molecular grade water [4.4.1 – MED-over the shoulder – TXT].
4.4.1. Talent adds 30 mg of PMAL-d in 10 mL of molecular grade water to 30 mg PMAL-d. TEXT Overlay: PMAL-d = poly(maleic andhydride-alt-1-octadecene), 3-(dimethylamino)-1-propylamine
4.5. Water bath sonication or gentle stirring until the solution is translucent is sufficient to completely dissolve the polymer.  The use of vortex or vigorous stirring can produce many bubbles, which hinders interaction of the polymer with the quantum dot [4.5.1 – CU].
4.5.1. Solution as it sonicates in a water bath or is gently stirred until it is translucent.  
4.6. Next, add the 10 milliliter polymer solution to the 100 milliliter round bottom flask containing indium phosphide/zinc sulfide quantum dots in THF [4.6.1 – MED].
4.6.1. Talent adds the polymer solution to the 100 mL round bottom flask containing the quantum dots in THF.
4.7. Evaporate the THF from the quantum dot/polymer solution using a rotary evaporator with the flask in an ice bath to facilitate the interaction between the polymer and quantum dot [4.7.1 – CU]. 
4.7.1. Solution in an ice bath as it rotates on the rotary evaporator. solution starts visibly evaporating/boiling at end of shot.
4.8. Once the solution is evaporated to 10 milliliters, remove the flask from the rotary evaporator and add 30 milliliters of molecular grade water [4.8.1 – MED – TXT].  
4.8.1. Talent removes the flask from the rotary evaporator and adds 30 mL of molecular grade water.  TEXT Overlay: solution appears turbid when THF is evaporated 
4.9. Return the flask to the rotary evaporator and continue to evaporate to 2 milliliters.  This final evaporation step may take many hours; ensure the ice bath is maintained [4.9.1 – MED-over the shoulder].
4.9.1. Talent returns the flask to an ice bath in the rotary evaporator and starts it rotating.
4.10. Remove the water-soluble indium phosphide/zinc sulfide quantum dots from the round bottom flask with a pipette [4.10.1 – CU].  Filter the quantum dot solution into a 5 milliliter centrifuge tube using a 3 milliliter plastic syringe attached to a 0.1 micron nylon syringe filter [4.10.2 – MED].
4.10.1. Quantum dots in the round bottom flask as talent removes them with a pipette.
4.10.2. Talent filters the quantum dot solution using a 3 milliliter plastic syringe attached to a 0.1 micron nylon syringe filter into a 5 milliliter centrifuge tube
4.11. Place the quantum dots into a 20,000 molecular weight cut-off membrane dialysis unit and dialyze against 0.05 Molar borate buffer, pH 8.5, to remove excess polymer [4.11.1 – CU – TXT].  Using a vacuum concentrator, concentrate the quantum dots in borate buffer to 1 milliliter [4.11.2 – MED-over the shoulder].
4.11.1. Dialysis unit as talent places the quantum dots there.  TEXT Overlay:  see text for preparation of the 0.05 M borate buffer solution 
4.11.2. Talent uses a vacuum concentrator to concentrate the quantum dots in borate buffer.
4.12. For storage, purge the solution with nitrogen gas before sealing with Parafilm [4.12.1 – CU].  The water-soluble indium phosphide/zinc sulfide quantum dots are stable for at least 4 months at 4 degrees Celsius in the dark [4.12.2 – MED-over the shoulder].
4.12.1. Solution as talent purges with nitrogen and then seals with Parafilm.
4.12.2. Talent places the sealed quantum dots into 4 degrees Celsius in the dark.
5. Results: Analysis of InP/ZnS Quantum Dots
5.1. Shown here is the absorbance and corrected fluorescence emission spectra of indium phosphide/zinc sulfide quantum dots in hexanes excited at 533 nanometers, showing a maximum absorbance at 600 nanometers and a full width at half maximum of 73 nanometers [5.1.1 – LM].
5.1.1. 53684_Fichter_Figure1.jpg
5.2. Here, a transmission electron micrograph, or TEM, of the indium phosphide/zinc sulfide quantum dots dissolved in water is shown [5.2.1 – LM].  
5.2.1. 53684_Fichter_Figure2a.jpg.  Authors, please remove the “A” from this figure.
5.3. A particle size distribution histogram of the TEM results in an average diameter of 2.74 plus or minus 0.72 nanometers [5.3.1 – LM]. 
5.3.1. 53684_Fichter_Figure2b.jpg.  Authors, please remove the “B” from this figure.
5.4. Single fluorescent puncta analysis details the presence of distinct “on” and “off” states through a blinking profile of indium phosphide/zinc sulfide quantum dots in water [5.4.1 – LM].
5.4.1. 53684_Fichter_Figure3a.jpg.  Authors, please remove the “A” from this figure.
We also have a microscopy movie file of the actual blinking of the quantum dots. 
5.5. This histogram exhibits the bimodal distribution of pixel intensity from one quantum dot blinking profile [5.5.1 – LM].
5.5.1. 53684_Fichter_Figure3b.jpg.  Authors, please remove the “B” from this figure.
5.6. Here, a graph depicts the viability of N2a cells after incubation with indium phosphide/zinc sulfide quantum dots for 24… or 48 hours… with 1 nanoMolar to 25 nanoMolar quantum dots.  Negligible toxicity is observed below 5 nanoMolar [5.6.1 – LM]. 
5.6.1. 53684_Fichter_Figure4.jpg   Editors, as “24” is narrated, please highlight the black bars and then highlight the red bars as “48 hours” is narrated.
6. Conclusion (said by authors on camera)
6.1. Matt: Once mastered, this technique can be completed in about 12 hours if it is performed properly.  After watching this video, you should have a good understanding of how to synthesize highly fluorescent quantum dots for use in biomedical applications [6.1.1 – MED].
6.1.1. Matt speaks toward the camera, interview style.
6.2. Matt: Note that oleylamine is a hazardous, corrosive organic compound. Precautions such as wearing goggles, gloves, and lab coat should always be taken when performing this procedure [6.2.1 – MED].
6.2.1. Matt 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.
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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 are included in the email accompanying the finalized script.
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