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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? ___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? ___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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _3.1, 3.5-3.6, 3.8-3.9, 4.1, 4.2 – 4.3____________________________

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.) __4.1/4.2 – Preparation of silicone samples for imaging; must use clean/sharp scalpel blade and check the sample is properly aligned with the glass using optical microscope. _
E.  Will the filming need to take place in multiple locations? ___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 analysis technique is to gain an understanding of nanoparticle incorporation into polymer matrices.  The direct imaging of particles allows for an estimation of local concentrations and overall assimilation rates. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Colin Crick: This method can help answer key questions in materials chemistry, including nanochemistry, composite materials design, and catalysis [1-MED]. 
1.1.1. Colin speaks toward the camera, interview style.
1.2. Colin Crick: The main advantage of this technique is that the incorporation of nanoparticulate materials is imaged directly such that the information gained cannot be achieved via any other straightforward method [1-MED].   
1.2.1. Colin speaks toward the camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Colin Crick: [1-MED] Demonstrating the procedure will be Dr. Sacha Noimark [2-MED] and Dr. William Peveler, post docs from Professor Parkin’s laboratory at UCL [3-MED].
1.3.1. Interview style: Author saying the above 

1.3.2. Dr. Noimark looks up from workbench or desk or microscope and acknowledges the camera.
1.3.3. Dr. Peveler looks up from workbench or desk or microscope and acknowledges the camera.
1.3.4. Extra talent features in protocol.  Added shot here to show him acknowledging camera

Protocol (read by voice talent at JoVE):
2. Zinc Sulfide (ZnS) Shelling of the Cadmium Selenide (CdSe) Core

2.1. Begin this procedure with preparation of the cadmium selenide (pronounced as “kad-mee-uh m sel-uh-nahyd”) cores as detailed in the text protocol [1-Title Card].
2.1.1. Title Card
2.2. Add the cores in hexane to a 100 milliliter round bottom flask containing zinc diethyldithiocarbamate (pronounced as “dahy eth-uh l dahy thahy-oh kahr-buh-meyt”), oleylamine (pronounced as “oh-lee-uh l uh-meen”), trioctylphosphine (pronounced as “trahy ok-t il fos-feen”) and 1-octadecene (1-ok-tuh deh-seen”) [1-MED-TXT].  Add a stir bar and exchange the reaction atmosphere to nitrogen [2-MED-over the shoulder].
2.2.1. Talent adds the cores in hexane to a 100 ml round bottom flask containing the listed solvents.  TEXT Overlay: 0.5 g zinc diethyldithiocarbamate, 3 ml oleylamine, 3 ml trioctylphosphine, 10 ml 1-octadecene  
2.2.2. Talent adds the stir bar and exchanges the reaction atmosphere.
2.3. Heat the reaction on a hotplate-stirrer at 3.3 degrees Celsius per minute under partial vacuum until 70 degrees Celsius while removing the hexane using the Schlenk line [1-CU].
2.3.1. Reaction flask as it heats under partial volume at 70 degrees Celsius while hexane is removed through the Schlenk line. This is a long step – 20 minutes!  Broken into A B C shots & several B roll cutaways if needed.
2.4. Switch the atmosphere to nitrogen and continue heating at this rate to 120 degrees Celsius [1-MED].  Stir at 120 degrees Celsius for 2 hours [2-MED-over the shoulder].
2.4.1. Talent switches the atmosphere to nitrogen and continues heating. mis-slated 2.3.1c
2.4.2. Talent starts a timer to count down from 2 hours and places next to the reaction flask at 120 degrees Celsius.
2.5. Allow the reaction to cool, and split the mixture between two 50 milliliter centrifuge tubes [1-CU].  Ensure the tubes are topped up to 50 milliliters with ethanol to precipitate the particles and centrifuge at 3600 × g for 10 minutes [2-MED].
2.5.1. 50 ml centrifuge tubes as talent splits the mixture between 2, 50 ml centrifuge tubes.
2.5.2. Talent places the tubes topped with ethanol into the centrifuge, shuts lid and starts run.
2.6. Discard the supernatant and re-disperse the pellets in a total of 10 milliliters of n-hexane [1-CU].
2.6.1. Pellet as talent re-disperses it in n-hexane use take 2 only
2.7. Centrifuge this solution once more to remove any insoluble impurities, before decanting into a sample tube [1-MED-over the shoulder-TXT].  Store at 4 degrees Celsius under a nitrogen atmosphere for up to three months [2-MED]. 
2.7.1. Talent places the solution into the centrifuge, shuts lid and starts run.  TEXT Overlay: 3600 x g, 10 minutes
2.7.1B this is an added step – mud be included
2.7.2. Talent places the sample pellet into the refrigerator.
3. Swelling Encapsulation of Nanoparticles into Polydimethylsiloxane (PDMS)
3.1. For the swelling solution preparation, prepare a stock solution of cadmium selenide quantum dots by mixing 36 milliliters of n-hexane with 4 milliliters of the synthesized cadmium selenide quantum dot dispersion; stir the solution magnetically [1-CU]. 
3.1.1. Container as talent mixes 36 ml of n-hexane with 4 ml of cadmium selenide quantum dot dispersion and stirs the solution. 
3.2. Set aside two vials each containing 9 milliliters of the stock solution as designated swelling solutions [1-MED-over the shoulder].
3.2.1. Talent sets aside 2 labeled vials each containing 9 ml of the stock solution as designated swelling solutions. 
3.3. Use the remainder of the stock solution for the preparation of further swelling solutions of varying quantum dot concentrations [1-CU].  Prepare three swelling solutions of decreasing quantum dot concentration by diluting the stock solution to give a 66% solution, a 50% solution and a 33 % solution as detailed in the text protocol [2-MED].
3.3.1. Remaining stock solution as talent places on bench to prepare for making the dilute solutions.  Perhaps have labeled containers for dilutions in view.
3.3.2. Talent works to make dilutions.  Use labeled containers.
3.4. Store all of the quantum dot solutions under dark conditions, at room temperature [1-MED or WIDE].
3.4.1. Talent leaves the quantum dot solutions to store at room temperature under dark conditions.
3.5. Next, cut out four medical grade silicone squares using a fresh scalpel blade [1-CU-TXT].
3.5.1. Silicone as talent cuts out four medical grade silicone squares.  TEXT Overlay: 11 mm x 11 mm
3.6. Immerse a medical grade silicone square in each of the four swelling solutions of varying percent quantum dot concentration: stock solution, 66 %, 50 % and 33 % [1-MED-over the shoulder].  
3.6.1. With the 4 labeled containers lined up, talent immerses a silicone square into each labeled solution.
3.7. After the polymer samples swell at room temperature for 24 hours under dark conditions, remove the swollen polymer samples from the respective swelling solutions [1-CU].  
3.7.1. Swollen polymer samples as talent removes them from the swelling solutions.
3.8. Air dry the samples under dark conditions for 48 hours, during which time the residual solvent evaporates and the polymers shrink back to their initial dimensions [1-MED-over the shoulder].
3.8.1. Talent leaves the samples to air-dry in the dark.
3.9. Next, wash the quantum dot-incorporated samples thoroughly with deionized water to remove any surface bound materials [1-CU].
3.9.1. Samples as talent washes with deionized water.
3.10. Then, prepare four more medical grade silicone squares [1-MED-TXT].  Immerse them in the stock swelling solution for varying time periods: 1 hour, 3 hours, 6 hours and 24 hours [2-MED-over the shoulder]. 
3.10.1. Talent prepares 4 more medical grade silicone squares.  TEXT Overlay: 11 mm x 11 mm
3.10.2. Talent immerses the medical grade silicone squares in the stock solution in containers labeled with the 4 varying time periods.
3.11. After removal from the swelling solution, air-dry the swollen polymer samples under dark conditions for 48 hours, such that the sample shrinks back to its previous dimensions [1-MED].
3.11.1. Talent removes the samples from the swelling solution and leaves to air dry in the dark.
3.11.1b shot broken down into 2 shot – b shot to show samples going into cupboard.  This set up is related a few times in other shots.
3.12. Wash the quantum dot-incorporated samples thoroughly with deionized water to remove any surface bound materials or residual solvent [1-MED-over the shoulder].
3.12.1. Talent washes the quantum dot-incorporated samples thoroughly with deionized water.
4. Visualization of Nanoparticle Swell Encapsulation into PDMS
4.1. Cut out two silicone squares with a fresh scalpel blade [1-MED-over the shoulder-TXT].  Ensure that this exposes the internal surface of the silicone samples [2-CU or ECU].
4.1.1. Talent cuts out 2 silicone squares with a fresh scalpel blade.  Continue action in next shot.  TEXT Overlay: 5.5 mm x 11 mm
4.1.2. Silicone squares as talent cuts them with scalpel, ensuring exposure of the internal surface.
4.2. Place the silicone samples on a microscope slide for imaging [1-MED]; ensure that the freshly cut side of the polymer makes full contact with the glass slide [2-CU].
4.2.1. Talent motions to place the silicone samples on a microscope slide.  Continue action in next shot.
4.2.2. [combined with 4.2.1] Silicone sample as talent places on the microscope slide, ensuring that the freshly cut side of the polymer makes full contact with the glass slide.
4.3. Press the silicone portion down lightly to ensure a smooth contact with the microscope slide [1-ECU] before completing the lifetime fluorescence measurements as described in the text protocol [2-MED-TXT].  
4.3.1. Silicone portion as talent presses it down lightly to ensure a smooth contact with the microscope slide.  Continue action in next shot.
4.3.2. Talent finishes preparation of the microscope slide.  TEXT Overlay:  see text for lifetime fluorescence measurements
4.4. Press the silicone portion down lightly to ensure a smooth contact with the microscope slide [1-ECU].  
4.4.1. Silicone portion as talent presses it down lightly to ensure a smooth contact with the microscope slide.
4.5. Then, place the sample on the stage of the microscope [1-LM].  To complete lifetime fluorescence measurements, directly couple the laser output to an acousto-optic tunable filter system to generate the 488 nanometer laser line [2-LM-TXT].  
4.5.1. Schematic_no_legend.tif.  Please highlight the word rectangle with the word “Sample.” 
4.5.2. Schematic_no_legend.tif.  Please highlight the rounded rectangle labeled 450-700 nm Pulsed laser @20MHz as “laser output” is narrated.  Then trace-highlight the rainbow line coming out of the laser and time it so it hits the rounded rectangle labeled “AOFT @488nm” as “an acousto-optic tunable filter system” is narrated.  Then trace-highlight the blue line coming out of the AOFT and going to the DC as “to generate the 488 nanometer laser line” is narrated.  TEXT Overlay: 5 ps laser pulses at a rate of 20 MHz 
4.6. Focus the laser beam using a custom-built laser-scanning unit, which is reflected by a dichroic mirror into the back aperture of a 10× objective and then onto the sample.  Refer to the text protocol for instructions on performing measurements and processing data [1-LM]. 
4.6.1. Schematic_no_legend.tif.  Continuing from the last point, please highlight the angled rectangle labeled “DC” as “reflected by a dichroic mirror” is narrated. Then trace highlight the red-outlined blue line reflecting off the DC through the SMs and through L1 to the 10X objective.  
5. Results: Analysis of Nanoparticle-Polymer Composites 
5.1. Shelled quantum dots are characterized using photoluminescence spectroscopy to measure emission, excitation spectra and the overall quantum yield [1-LM].
5.1.1. Additional Results Figure 1.tif (Photo of PL Spectrometer with Xe-ARC Shining on QDs) – Authors, please upload this figure with this filename
5.2. The swell-encapsulated quantum dots are highly photoluminescent; therefore brightness is indicative of successful swell encapsulation [1-LM].
5.2.1. Additional Results Figure 2.tif (Photo of UV lamp shining on polymer samples) – Authors, please upload this figure with this filename
5.3. Cross-sections of the polymer can be mounted in a fluorescence microscope to measure the degree of swell encapsulation [1-LM].
5.3.1. Additional Results Figure 3.tif (Photo of sample mounting in microscope) – Authors, please upload this figure with this filename
6. Conclusion (said by authors on camera)

6.1. Colin Crick:  Once mastered, this technique can be done in around 15 minutes, with swell encapsulated samples, if it is performed properly [1-MED].
6.1.1. Colin speaks toward the camera, interview style.
6.2. Colin Crick:  While attempting this procedure, it’s important to remember that the blade used for cutting the polymer samples is uncontaminated and relatively sharp, as inconsistencies at this stage may introduce artifacts into the fluorescence images [1-MED].
6.2.1. Colin speaks toward the camera, interview style.
6.3. Colin Crick:  Following this procedure, other methods like electron dispersive X-Ray spectroscopy, or EDS, in addition to functional testing can be performed to further gauge encapsulation amount or surface concentration [1-MED].
6.3.1. Colin speaks toward the camera, interview style.
6.4. Colin Crick:  After its development, this technique paved the way for researchers in the field of materials science to explore nanoparticle composite design using a range of host matrices [1-MED].
6.4.1. Colin speaks toward the camera, interview style.
6.5. Colin Crick: After watching this video, you should have a good understanding of how to perform the swell encapsulation procedure, as well as how to prepare and image the samples [1-MED].
6.5.1. Colin speaks toward the camera, interview style.
6.6. Colin Crick: Don't forget that working with cadmium selenide can be extremely hazardous and precautions such as wearing appropriate personal protective equipment and working in a fume cupboard should always be taken while performing this procedure [1-MED].   
6.6.1. Colin 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.

LAB MEDIA (LM):

Additional Results Figure 1.tif (Photo of PL Spectrometer with Xe-ARC Shining on QDs) – Authors, please upload this figure with this filename
Additional Results Figure 2.tif (Photo of UV lamp shining on polymer samples) – Authors, please upload this figure with this filename
Additional Results Figure 3.tif (Photo of sample mounting in microscope) – Authors, please upload this figure with this filename
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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