Submission ID #: 52987 
Editor Name: Melissa Ceo
Videographer name: Jordan Lee (Clayton Goodfellow)
Film Date: 6/25/2015 

Authors and Affiliations: 
Khaled M. Arafeh*, Amir M. Asadirad*, Danielle Wilson*, Tuoqi Wu*, Jason Woodson Li, Neil R. Branda

4D LABS and Department of Chemistry
Simon Fraser University
Burnaby, BC, Canada	

*These authors contribute equally to this paper, the names are arranged alphabetically by the surname

Title: A 'Plug and Play' Method to Create Water-dispersible Nanoassemblies Containing an Amphiphilic Polymer, Organic Dyes and Upconverting Nanoparticles

Corresponding Author: 

Neil R. Branda: nbranda@sfu.ca

Co-authors:

Khaled M. Arafeh: marafeh@sfu.ca

Amir M. Asadirad: ama50@sfu.ca

Danielle Wilson: dtw6@sfu.ca

Tuoqi Wu: tuoqiw@gmail.com

Jason Woodson Li: jwl38@sfu.ca


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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.7, 2.8, 2.12, 2.14, and 3.7
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 using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.12 and 3.7
E.  Will the filming need to take place in multiple locations? (Y/N) 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 protocol is to demonstrate how upconverting nanoparticles are synthesized and how they can be encapsulated with organic dye molecules to prepare water-dispersible nanoassemblies. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Khaled: This method can answer questions in the nanotechnology and photochemistry fields, such as how to transfer nanoparticles from organic solutions to aqueous environments, and how to maintain photo-reactivity in water. 
1.2. Khaled: The main advantage of our unique ‘Plug and Play’ technique is its simplicity and versatility. The encapsulation procedure can be applied to a range of nanoparticles and organic dye combinations.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: Due to the 150-word length restriction, one of the optional statements must be removed. We have deleted Jason’s statement because he presents the entirety of the conclusion interviews. However, if he is performing the procedure, we suggest he give one of the required statements above. Please memorize all statements in advance of filming.
1.3. Amir: Generally, nanoparticle encapsulation requires extreme care especially with respect to the phase transfer step. For instance, errors in the addition sequence or reagent ratios  could easily lead to particle aggregation.
1.4.  Danielle Amir: Visual demonstration of this method is critical since a several steps involved in the encapsulation process can be challenging to execute and require precise timing, quantities and temperature control.
1.5. Jason: Using this procedure, attachment of the dye molecules directly to the polymer backbone can be performed in order to answer additional questions like what is the maximum number of encapsulated dye molecules in one nanoassembly.


Protocol (read by voice talent at JoVE):
2. Synthesis of the NaYF4/Yb3+/Er3+ Upconverting Nanoparticles (UCNPs)
2.1. First, place a 250 milliliter heating mantle on a regular stirring plate and plug the mantle onto a thermcouple [2.1.1-MED]. Place a 250 milliliter round bottom flask equipped with a magnetic stir bar onto the heating mantle with proper clamping [2.1.2-MED-over the shoulder].
2.1.1. *Film as written
2.1.2. *Film as written
2.2. Attach an air adapter to the left neck of the round bottom flask [2.2.1-CU] and connect this air adapter to a Schlenk line with plastic tubing [2.2.2-MED]. 
2.2.1. *Film as written
2.2.2. Show talent attaching plastic tubing to air adapter and then attaching other side of plastic tubing to Schlenk line
2.3. Following this, attach a glass adapter to the right neck of the round bottom flask [2.3.1-MED-over the shoulder] and fix a thermometer adapter onto the glass adapter [2.3.2-CU]. Insert a temperature probe into the flask through the thermometer adapter and plug this into the thermocouple [2.3.3-MED]. 
2.3.1. *Film as written
2.3.2. *Film as written
2.3.3. *Film as written
2.4. Attach a distillation head to the middle neck of the round bottom flask and place a stopper on top of the distillation head [2.4.1-MED-over the shoulder]. Connect the head to a condenser, followed by a vacuum distillation adapter and a 50 milliliter round bottom flask [2.4.2-MED]. Then, connect the vacuum distillation adapter to a bubbler through plastic tubing [2.4.3-MED-over the shoulder]. 
2.4.1. *Film as written
2.4.2. *Film as written
2.4.3. Show talent attaching plastic tubing to bubbler and then attaching other side of plastic tubing to vacuum distillation adapter 
2.5. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Next, place 1.17 grams of yttrium acetate, 0.439 grams of ytterbium acetate and 0.0727 grams of erbium acetate into the 250 milliliter round bottom flask [2.5.1-CU]. Add 30 milliliters of oleic acid and 75 milliliters of octadecene to the flask using a graduated cylinder [2.5.2-MED]. 
2.5.1. Show round bottom flask as talent adds reagents to it
2.5.2. *Film as written
2.6. Connect the flask to the double manifold Schlenk line and turn the corresponding valve to keep the flask connected to the nitrogen line [2.6.1-MED-over the shoulder]. 
2.6.1. *Film as written
2.7. Turn on the thermocouple and set the temperature to 80 degrees Celsius [2.7.1-MED], gradually heating the system to this temperature by setting the thermocouple on the 50 to 500 milliliter setting [2.7.2-CU]. After all starting materials are dissolved, remove the heating mantle and allow the reaction to cool to 30 degrees Celsius [2.7.3-MED-over the shoulder].
2.7.1. *Film as written
2.7.2. Show thermocouple as talent turns knob to appropriate setting
2.7.3. *Film as written
2.8. When the temperature reaches 30 degrees Celsius, remove the distillation head, switch the air adapter from the left neck to the middle neck and close off the left neck with a stopper [2.8.1-MED]. Then, slowly introduce vacuum to the reaction flask by turning the valve on the Schlenk line from the nitrogen line to the vacuum line [2.8.2-MED-over the shoulder].
2.8.1. *Film as written
2.8.2. *Film as written, TEXT: Low boiling point components will be pulled out from reaction
2.9. When the solution stops bubbling, increase the temperature to 115 degrees Celsius at a speed of 5 degrees Celsius per minute [2.9.1-MED].
2.9.1. *Film as written
2.10. After 15 minutes at 115 degrees Celsius, remove the heating mantle and cool the reaction to 50 degrees Celsius [2.10.1-CU]. Afterwards, quickly switch the set up back to the original form by reattaching the distillation head to the middle neck and the air adapter to the left neck [2.10.2-MED].
2.10.1. Show reaction mixture in flask as talent removes heating mantle
2.10.2. *Film as written
2.11. During the cooling process, add 0.74 grams of sodium hydroxide, 0.50 grams of ammonium fluoride to a plastic bottle with a cap [2.11.1-CU], and dissolve the reagents in 50 milliliters of methanol by sonication [2.11.2-MED]. 
2.11.1. Show plastic bottle as talent adds reagents to it
2.11.2. Show talent adding methanol to the plastic bottle, capping it, and placing the bottle in a sonicator  The shot that is currently slated as 2.12.1/take 1A was mislabeled and should actually be treated as 2.11.2/take 1A
2.12. Following sonication, pour the solution into the 250 milliliter round bottom flask [2.12.1-CU] and rinse the sides of the flask with 5 milliliters of methanol [2.12.2-MED-over the shoulder]. 
2.12.1. Show round bottom flask as talent pours solution into it
2.12.2. *Film as written
2.13. After allowing the solution to stir at 50 degrees for 30 minutes [2.13.1-CU], increase the temperature to 75 degrees Celsius to distill the methanol [2.13.2-MED].
2.13.1. Show reaction mixture stirring in flask
2.13.2. *Film as written
2.14. During the distillation, empty the collection flask when necessary [2.14.1-MED-over the shoulder]. After the distillation is finished, heat the reaction to 300 degrees Celsius under nitrogen protection as fast as possible [2.14.2-MED].  
2.14.1. *Film as written
2.14.2. *Film as written
2.15. Once the temperature reaches 300 degrees Celsius, maintain this temperature for 1 hour [2.15.1-CU]. If needed, cover the setup with aluminum foil to help maintain the temperature [2.15.2-MED-over the shoulder]. Then, remove the heat source, allowing the reaction to cool to room temperature [2.15.3-MED]. 
2.15.1. Show temperature reading with stirring reaction mixture in frame if possible
2.15.2. *Film as written
2.15.3. *Film as written
2.16. After cooling to room temperature, split the solution evenly into three 50 milliliter plastic centrifugation tubes [2.16.1-MED-over the shoulder], and fill each tube to the 50 milliliter scale using anhydrous ethanol [2.16.2-CU]. Centrifuge all the tubes at 3400 x g for 15 minutes [2.16.3-MED]. 
2.16.1. *Film as written
2.16.2. Show one of the tubes as talent adds ethanol to it
2.16.3. Show talent placing tubes in centrifuge, programming the appropriate settings and turning it on, TEXT: After centrifugation, UCNPs should be white precipitate  
2.17. After discarding the supernatant, redisperse the upconverting nanoparticle, or UCNP pellets in 7.5 milliliters of hexanes [2.17.1-CU] and fill each tube with ethanol to the 50 milliliter scale [2.17.2-MED-over the shoulder].  
2.17.1. Show one of the tubes as talent adds hexanes to it
2.17.2. *Film as written
2.18. Following centrifugation at 3400 x g for 15 minutes, discard the supernatant and redisperse the solid UCNPs in 30 milliliters of chloroform in the tube [2.18.1-MED]. Then, transfer the solution into a glass scintillation vial for further use [2.18.2-MED-over the shoulder]. 
2.18.1. *Film as written
2.18.2. *Film as written
3. Assembly of Water-dispersible Nanoassemblies Containing Organic Dye Molecules and Upconverting Nanoparticles
3.1. At this point, dissolve 25 milligrams of poly(styrene-alt-maleic anhydride), or PSMA in 3 milliliters of chloroform in a scintillation vial equipped with a magnetic stir bar [3.1.1-MED]. Then, add 250 microliters of the UCNP chloroform stock solution to the vial [3.1.2-CU]. 
3.1.1. Show talent adding chloroform to scintillation vial containing PSMA and stir bar and then placing it in sonicator
3.1.2. *Film as written
3.2. After capping the vial, place it on the magnetic stirring plate [3.2.1-MED-over the shoulder] and stir the solution at room temperature for 2 hours [3.2.2-CU].
3.2.1. *Film as written
3.2.2. Show reaction mixture as it is stirring
3.3. Next, dissolve 160 milligrams of polyether amine 2070 in 1 milliliter of chloroform [3.3.1-MED-over the shoulder]. Add this solution to the scintillation vial in one portion using a pipette [3.3.2-CU].
3.3.1.  *Film as written
3.3.2. *Film as written, TEXT: Solution will turn pale yellow indicating reaction of amine with PSMA anhydride groups 
3.4. After stirring the solution overnight at room temperature, dispense the appropriate quantity of organic dye molecules into the scintillation vial in one portion [3.4.1-MED-over the shoulder]. Then, stir the resulting solution for 1 hour [3.4.2-CU].  
3.4.1. *Film as written, TEXT: See text protocol for TPP-UCNP and DAE-UCNP preparations
3.4.2. Show reaction mixture in vial stirring on stirring plate
3.5. Next, remove the chloroform under reduced pressure using a rotary evaporator [3.5.1-MED]. When finished, add 3 milliliters of a 0.001 molar aqueous sodium hydroxide solution to the scintillation vial [3.5.2-MED-over the shoulder] and sonicate the vial until a milky suspension is formed [3.5.3-CU]. 
3.5.1. Show talent attaching vial to rotovary evaporator and turning it on
3.5.2. *Film as written
3.5.3. Show vial in sonicator as milky suspension is formed
3.6. After placing the vial back on the rotary evaporator, carefully remove the remaining chloroform until the suspension has turned to a clear solution [3.6.3-CU]. 
3.6.1. Show vial rotating in rotary evaporator as milky suspension turns to clear solution
3.7. [bookmark: _GoBack]Following this, transfer the solution from the scintillation vial to two 1.5 milliliter conical centrifugation tubes [3.7.1-MED]. Centrifuge the solutions at 20,600 x g for 25 minutes [3.7.2-MED-over the shoulder]. 
3.7.1. *Film as written
3.7.2. Show talent placing tubes in centrifuge, programming the appropriate settings and turning it on
3.8. After discarding the supernatant, add 1.5 milliliters of deionized water to each tube [3.8.1-CU] and sonicate the tubes to redisperse the pellets in the water [3.8.2-MED-over the shoulder].  
3.8.1. Show one of the tubes as talent adds water to it
3.8.2. *Film as written
3.9. Following centrifugation under the same conditions as before, discard the supernatant and add 1.5 milliliters of deionized water to each tube [3.9.1-MED].
3.9.1. Show talent discarding supernatant from one of the tubes and adding water to it
3.10. Once the pellets have been redispersed in the water by sonication, filter each aqueous nanoparticle dispersion sample through a 0.2 micron syringe filter to obtain the final samples for further testing [3.10.1-CU]. 
3.10.1. Show one of the scintillation vials as talent pushes solution in a syringe through the attached micron syringe filter into the vial.
4. Results: Modulation of Fluorescence Emission of Water-dispersible Nanoassemblies 
4.1. Upon irradiation with a near-infrared 980 nanometer laser, green emission is produced from the TPP-UCNP sample, which is assigned to the emission from the erbium-doped sodium yttrium fluoride upconverting nanoparticles [4.1.1-LM].
4.1.1. figure 3.pdf 
4.2. Upon irradiation of the mixed DAE-UNCP sample with UV light, the colorless ring-opened isomer is converted to the colored ring-closed isomer, and exposure to visible light triggers the reverse process [4.2.1-LM]. 
4.2.1. Figure 4.pdf
4.3. As is typical for diarylethenes, none of the ring-opened isomers absorb in the visible region of the electromagnetic spectrum [4.3.1-LM]. Irradiation of the ring-opened isomers with 365 nanometer light produces their ring-closed counterparts [4.3.2-LM]. 
4.3.1. figure 6.pdf: Show figure a and highlight solid line.
4.3.2. figure 6.pdf: Show figure a and highlight dashed line.
4.4. Selective photochromism was observed because the two chromophores encapsulated within the polymer shell of DAE-UCNP have well separated absorption bands, which supports the conclusion that the amphiphilic polymer shell helps to retain the efficiency of photoreactions in water [4.4.1-LM].
4.4.1. figure 6.pdf: Show figure c.
4.5. Since the emission bands from the UCNPs overlap with the absorption bands of the ring-closed isomers, the quenching of the UCNPs emission is achieved through an energy transfer process [4.5.1-LM]. 
4.5.1. figure 6.pdf: Show figure b.
4.6. When the sample is irradiated with visible light of a wavelength greater than 650 nanometers, only the ring-closed isomer is returned to the ring-opened isomer and the red emission is regenerated while the green emission is still quenched to some extent [4.6.1-LM].
4.6.1. figure 6.pdf: Show figure d.

5. Conclusion (said by authors on camera)
5.1. Jason: Once mastered, this technique can be done in 48 hours if it is performed properly.
5.2. Jason: While attempting this procedure, it’s important to remember to clean all glassware thoroughly to ensure the successful synthesis of nanoparticles.
5.3. Jason: After its development, this technique paved the way for researchers in the field of bioimaging to create and explore how upconverting nanoparticles with tunable fluorescence can be used to improve image quality.
5.4. Jason: The combination of upconverting nanoparticles and photoactive molecules will allow access to a wider range of drugs that require UV light activation. Additionally, this method can provide insight into the energy transfer between luminescent nanoparticles and organic dye molecules.
5.5. Jason: After watching this video, you should have a good understanding of how to synthesize upconverting nanoparticles and make nanoassemblies containing those particles and organic dye molecules.
5.6. Jason: Don't forget that working with lanthanides, organic solvents, aqueous bases and elevated temperatures can be extremely hazardous and precautions such as wearing personal protection equipment should always be taken while performing this procedure.   


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.


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.
 2013, Journal of Visualized Experiments

