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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 2.2-2.5, 2.7, 3.4, 3.5, 3.8, 3.9.
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.) Enclosing the micro-balance in order to avoid fluctuations. 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Different labs in the same building, 5-10 min.


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 research study is to investigate the properties of a new class of multifunctional iron oxide-gold nanoparticles produced by a wet chemical approach and show how they can efficiently transduce light to heat through plasmonic effects. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Simona Hunyadi Murph: One way to reduce costs associated with noble metal nanoparticles for industrial applications is the creation of cheaper alternatives that have the same properties at a fraction of the cost. 
1.2. Simona Hunyadi Murph Robert Lascola: The advantage of this approach is that the iron oxide-gold nanoparticles are able to photothermally heat aqueous solutions as efficiently as gold nanoparticles while retaining the original properties of both nanomaterials. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: The interview statements have been edited and/or removed to conform to the specified number and length restrictions.

1.3. Rob Lascola:  Because the response to the applied light or magnetic fields is localized to the nanoparticles, energy input can be targeted to molecules at the nanoparticle surfaces.

1.4. Rob Lascola:  The high surface area and short diffusion distances also promote much faster reaction kinetics compared to bulk catalysis methods.
1.5. George Larsen: Our nanoparticles allow exploration of applications including analyte photothermal manipulation, bio-medical sensing and imaging, photothermal catalytic processing, and magnetic sensing due to their low cost, magnetic and strong nano-related properties.  
1.6. Simona Hunyadi Murph: We first had the idea of working with these nanoparticles in the context of processing radioactive materials, for which remotely applied, yet targeted and efficient temperature control is especially beneficial.


Protocol (read by voice talent at JoVE):
2. Nanomaterials Synthesis and Nanoparticles Characterization
2.1. To begin this procedure, prepare a 25 millimolar stock solution of iron oxide in deionized water [2.1.1-MED-TXT]. 
2.1.1. *Film as written, TEXT: All solutions are prepared in deionized water unless stated otherwise. 
2.2. Add 10 milliliters of deionized water and a stir bar to a 25 milliliter conical flask [2.2.1-MED-over the shoulder]. After placing the flask on a heating block, add 100 microliters of the iron oxide stock solution and heat the mixture while stirring for approximately 5 minutes [2.2.2-MED].
2.2.1. *Film as written
2.2.2. *Film as written
Steps 2.3 and 2.4 were filmed after step 2.6 to accommodate the preparation procedure
2.3. Next, prepare 10 milliliters of 1 percent sodium citrate solution by dissolving 0.1 grams of sodium citrate in 10 milliliters of water [2.3.1-MED-over the shoulder-TXT].
2.4. [misformatted] *Film as written, TEXT: 0.1 g sodium citrate, 10 ml water.
2.5. Add 1 milliliter of the 1 percent sodium citrate solution to the flask containing the iron oxide solution [2.5.1-CU]. After heating the solution to 100 degrees Celsius, add 250 microliters of 0.01 molar chloroauric acid to the flask [2.5.2-MED-over the shoulder].
2.5.1. *Film as written
2.5.2. *Film as written
2.6. Continue heating the solution at 100 degrees for 10 minutes [2.6.1-CU]. Then, remove the solution from the heating block and allow it to cool to room temperature for 1 to 2 hours [2.6.2-MED-TXT].
2.6.1. Show close-up of the flask containing the solution as it is being stirred and heated on the heating block.
2.6.2. Show talent removing the solution from the heating block and placing it on the lab bench or in the chemical fume hood to cool, TEXT: After 2-3 min, solution turns reddish brown indicating that Au NPs are formed.
2.7. Following this, purify the samples by centrifugation for 7 minutes at 4700 × g [2.7.1-MED-TXT]. When finished, remove the supernatant from the samples [2.7.2-MED-over the shoulder]. Then, re-disperse the nanoparticles in up to 1 milliliter of deionized water [2.7.3-CU]. 
2.7.1. Show talent placing the samples in the centrifuge, TEXT: 7 min, 4700 x g.
2.7.2. *Film as written
2.7.3. *Film as written
2.8. To characterize the nanoparticles, place 3 milliliters of the reddish brown aqueous solution in a methacrylate cuvette [2.8.1-MED-over the shoulder]. Place a commercially purchased magnet in close proximity to the cuvette [2.8.2-CU-TXT]. 
2.8.1. *Film as written
2.8.2. *Film as written, TEXT: Magnetic/plasmonic nanoparticles “attach” to methacrylate side where magnet was placed. 
3. Laser Heating Experiment
3.1. At this point, turn on the laser power supply and balance [3.1.1-MED-TXT]. Position the balance windows so they do not obstruct the laser path or block the IR thermocouples [3.1.2-MED-over the shoulder-TXT]. 
3.1.1. *Film as written, TEXT: 532 nm laser wavelength is chosen to match LSPR absorbance peak. 
3.1.2. *Film as written, TEXT: IR thermocouples must have clear line of sight to measurement surface.  
3.2. After removing the protective covers from the IR thermocouples, open the data collection software program, click on run, and name the measurement “warmup” [3.2.1-SCREEN-TXT]. 
3.2.1. *To be submitted by Author, TEXT: Run measurement for at least 20 minutes to allow system to warm up.
3.3. While the system is warming up, in a hood, prepare the sample by pipetting the appropriate amount of the desired solution into a methacrylate cuvette [3.3.1-MED-over the shoulder-TXT].
3.3.1. *Film as written, TEXT: 3 ml for standard cuvettes, 1 ml for semi-micro cuvettes.
3.4. Adjust the laser power to the lowest setting that produces a barely visible beam [3.4.1-MED-TXT]. Check to make sure that the laser beam spot is unobstructed and remains at the focal point of the IR thermocouple [3.4.2-MED-over the shoulder].	
3.4.1. *Film as written, TEXT: Less than 1 mW for this experiment.
3.4.2. Show talent talent using a ruler to check that the laser spot is at the appropriate distance from the thermocouple.
3.5. Following this, place the sample on the balance arm such that the side of the cuvette is perpendicular to the IR measurement beam of the thermocouple and the laser beam spot strikes the center of the solution [3.5.1-CU]. Reduce the laser power until the beam is no longer visible [3.5.1-MED-TXT].
3.5.1. *Film as written
3.5.2. *Film as written, TEXT: Do not turn off power supply.   
3.6. Once the warmup is complete, stop the measurement program and exit out of the software [3.6.1-MED-over the shoulder].
3.6.1. Show talent at the computer stopping the program and exiting out of the software.
3.7. After re-zeroing the balance and opening the data collection software program, click run and create a name for the data file [3.7.1-SCREEN]. 
3.7.1. *To be submitted by Author
3.8. Start the data collection by clicking “Save” [3.8.1-MED-over the shoulder]. After 120 seconds of data collection, turn up the laser power to the desired setting [3.8.2-MED-TXT].
3.8.1. Show talent at the computer clicking “Save” in the software.
3.8.2. *Film as written, TEXT: 1.2 W setting for this experiment, which when focused into ~20 μm spot corresponds with ~3.8 × 105 W/cm2. 
3.9. Following data collection for another 1000 seconds, adjust the laser power to the minimum setting and turn off the laser power supply [3.9.1-MED-over the shoulder-TXT]. 
3.9.1. *Film as written, TEXT: Continue to collect data for 1000 s before halting measurement.
3.10. [bookmark: _GoBack]Once the experiment is complete, exit out of the program [3.10.1-MED]. After turning everything off and re-covering all the equipment, save the experimental data in an ASCII format for further processing [3.10.2-MED-over the shoulder].
3.10.1. Show talent at the computer exiting out of the software program.
3.10.2. Show talent at the computer saving the experimental data.

4. Results: Synthesis and Characterization of Multifunctional Hybrid Fe2O3-Au Nanoparticles
4.1. SEM analysis reveals the morphology of the iron oxide-gold nanoparticles, showing aggregates of rounded, irregular iron oxide particles that appear functionalized with smaller, bright, and rounded gold nanoparticles [4.1.1-LM]. 
4.1.1. Figure 3.pdf
4.2. A distinct absorbance peak in the UV-vis-NIR spectrum of the hybrid nanoparticles is observed at 520 nanometers, and is attributed to the LSPR mode of the gold nanoparticles functionalizing the iron oxide [4.2.1-LM]. 
4.2.1. Figure 4.pdf: Show spectrum (a) and point to or highlight the peak at 520 nm. 
4.3. The UV-vis absorbance spectra of the reaction solution shows some initial slight visible light absorbance attributed to the iron oxide nanoparticles dispersed in the solution [4.3.1-LM]. As the reaction proceeds, and a peak forms at 1.5 minutes, which corresponds with the gold nanoparticle formation and deposition on the iron oxide surface [4.3.2-LM]. 
4.3.1. Figure 4.pdf: Show spectrum (b).
4.3.2. Figure 4.pdf: Show spectrum (b) and make black arrow pointing upwards appear.
4.4. Photothermal heating measurements of the iron oxide-gold and gold nanoparticles exhibit an almost identical temperature profile, with temperatures increasing by more than 40 degrees Celsius [4.4.1-LM]. The deionized water experiment shows no change, which demonstrates that the temperature rise in the nanoparticle solutions is solely due to the dissipation of absorbed electromagnetic energy in the nanoparticles [4.4.2-LM]. 
4.4.1. Figure 6.pdf: Show plot (a).
4.4.2. Figure 6.pdf: Show plot (a) and point to or highlight the blue DI H2O curve.
4.5. The change in the mass for the nanoparticle solution is much greater than the background evaporation rate, indicating sufficiently high surface temperatures to generate steam at a significant rate [4.5.1-LM].  
4.5.1. Figure 6.pdf: Show plot (b).


5. Conclusion (said by authors on camera)
5.1. George Larsen: Once mastered, this technique can be done in 2 hours if it is performed properly.
5.2. George Larsen: While attempting this procedure, it’s important to remember to use clean laboratory glassware in order to ensure reproducible results.
5.3. George Larsen: Following this procedure, other methods like electron microscopy, UV-vis, and DLS can be performed in order to determine if any laser induced damages occurred. 
5.4. Rob Lascola: Take appropriate precautions when working with open laser beams, such as aligning the system with minimal laser power, checking for and blocking stray reflections, enclosing the laser where possible and wearing appropriate laser safety glasses when necessary.
5.5. Simona Hunyadi Murph: After watching this video, you should have a good understanding of how to produce cheap nanoparticles in large quantities and how to generate heat wirelessly and “on demand” for real world applications. 


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.
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