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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) Y 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 2.4, 2.5, 2.6, 3.1, 3.2, 3.3.
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 using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.4 and 2.5 (thoroughly mixing by ultrasonication), step 2.6 (fractionation of successfully functionalized particles).
E.  Will the filming need to take place in multiple locations? (Y/N) YES__ If yes, how far apart are the locations? About 500 ft. (two buildings are neighboring and connected to each other by a bridge, a few minutes on foot).


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. 
*Note to the Authors: The interview statements have been edited to conform to the specified length restrictions.

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to fabricate and characterize carbon nanotube-based nanoparticles containing a thermo-responsive encapsulation layer in aqueous solutions. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Changwoo Do: This method can help answer key questions in the nanostructure engineering field, such as how to fabricate stimuli-responsive nanoparticles and investigate in-situ changes in their nanoscale structure induced by external stimuli. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.2. Youngkyu Han: Though this method can provide insight into self-assembly based fabrication of “smart” nano-building-blocks, it can also be applied to other systems consisting of different kinds of carbonaceous nanoparticles and block copolymers. 
1.3. Changwoo Do: Visual demonstration of this method is critical. The characterization method of nanoparticle structures, particularly via SANS experiments, is difficult to learn, because it is complicated and requires knowledge. 


Protocol (read by voice talent at JoVE):

2. Preparation of Poloxamer 407/SWNT Aqueous Suspensions 
2.1. To begin this procedure [2.1.1-WIDE], add 0.175 grams of poloxamer 407 powder in 70 grams of deuterium oxide [2.1.2-MED-over the shoulder-TXT]. Then, completely dissolve the polymer in solution using a magnetic stirrer for 30 min to 1 hr [2.1.3-MED-TXT].
2.1.1. Talent approaches lab bench or fume hood with reagents in hand (or with reagents previously placed on bench or in hood).
2.1.2. *Film as written, TEXT: 0.175 g poloxamer 407, 70 g D2O.
2.1.3. MED shot (to show dissolving polymers in solution on a magnetic stirrer for 30 min to 1 hr), TXT: For 30 min to 1hr.
2.2. Separately add 0.01 grams of single-walled carbon nanotube powder to two 50-milliliter conical centrifuge tubes [2.2.1-MED-TXT]. Then, add 31.6 milliliters of the poloxamer 407 solution to each tube [2.2.2-CU], [2.2.3-CU].  
2.2.1. *Film as written, TEXT: Label as tube 1 and 2. 
2.2.2. *Film as written 
2.2.3. CU shot to show the dispersion quality before sonication.
2.3. Following this, mix the suspension in each tube by vortex-mixing for 5 to 10 minutes [2.3.1-MED-over the shoulder]. When finished, place tube 1 in a water bath and secure it using a clamp stand [2.3.2-MED]. 
2.3.1. *Film as written
2.3.2. *Film as written
2.4. Dip the tip of an ultrasonicator into the suspension of tube 1 [2.4.1-MED-over the shoulder]. Increase the sonication power gradually from 0 percent [2.4.2-MED]…until the carbon nanotubes deposited at the bottom of the tube start shattering and spreading due to the ultrasound propagated from the ultrasonicator tip [2.4.3-CU], [2.4.4-CU]. 
2.4.1. [2.4.1 to 2.4.3 combined] *Film as written
2.4.2. *Film as written
2.4.3. Show tube with nanotubes shattering and spreading. 
2.4.4. CU shot of ultrasonication to visualize what happens to the quality of dispersion.
2.5. Treat the suspension with ultrasound for 60 minutes at 20 degrees Celsius [2.5.1-CU], while keeping the suspension temperature below 25 degrees Celsius using a water bath as a temperature reservoir [2.5.2-MED-over the shoulder-TXT].  
2.5.1. Show temperature reading as talent adjusts/checks the temperature. And replace water only if temperature goes too high.
2.5.2. Show talent replacing the water in the water bath with fresh water, Exit shot. TEXT: Repeat previous steps for tube 2. 
2.6. Next, centrifuge the crude suspensions in both tubes at 9800 × g for 2 hours at 20 degrees Celsius [2.6.1-MED-TXT]. After centrifugation, separately transfer 15 milliliters of each supernatant from the top of the solution to a new tube [2.6.2-MED-over the shoulder].
2.6.1. Show talent placing tubes in centrifuge and turning it on, TEXT: 9800 x g, 2 hr, 20 °C.
2.6.2. *Film as written
2.7. Dissolve 0.015 grams of 5-methylsalicylic acid, or 5MS (pronounced five M-S) in the supernatant from tube 2 [2.7.1-MED], and label this mixture as Sample 2 [2.7.2-CU]. Label the tube containing the supernatant from tube 1 as Sample 1 [2.7.3-MED-over the shoulder].  
2.7.1. *Film as written
2.7.2. *Film as written
2.7.3. *Film as written
3. Extended Q-Range Small-Angle Neutron Scattering (EQ-SANS) Measurements
3.1. Load 0.3 milliliters of each sample into an amorphous quartz banjo cell [3.1.1-CU]. Place lids on the two cells and seal them by wrapping tape securely around the lids [3.1.2-MED].
3.1.1. *Film as written 
3.1.2. *Film as written 
3.2. Following this, place one of the sealed cells between spacers for an aluminum cell holder [3.2.1-MED-over the shoulder], and assemble the aluminum banjo cell holder [3.2.2-MED-TXT].
3.2.1. *Film as written 
3.2.2. [combined with 3.2.1] *Film as written, TEXT: Assemble 2nd cell in same manner. Macro shot has been taken for 2nd cell.
3.3. Load the assembled cells into different sample positions of the EQ-SANS (pronounced E-Q sans) sample paddle [3.3.1-MED-over the shoulder]. Make a list of the sample positions of the paddle on the sample list form [3.3.2-CU-TXT]. 
3.3.1. *Film as written
3.3.2. Show sample list form, TEXT: See text protocol for measurements and analysis.
3.4. [bookmark: _GoBack]Start the measurement by loading and executing the experiment script in the PyDAS control window [3.4.1-MED].
3.4.1. MED shot has been taken.
4. Real-space Observation Using Atomic Force Microscopy (AFM)
4.1. For AFM measurements, mix 0.1 milliliters of the solution from the Sample 1 tube with 1.9 milliliters of de-ionized water [4.1.1-MED-over the shoulder-TXT].
4.1.1. *Film as written, TEXT: 0.1 ml Sample 1, 1.9 ml DI H2O.
4.2. Next, place a clean silicon wafer on a spin coater [4.2.1-MED-TXT]. Fix the wafer position using a vacuum chuck [4.2.2-CU]. 
4.2.1. *Film as written, TEXT: 12 mm × 12 mm wafer.
4.2.2. Show wafer on spin coater as talent turns vacuum on. (Vacuum on/off motion has been taken together for 4.4.1 with CU)
4.3. Set the rotation speed and the running time to 1500 revolutions per minute and 60 seconds, respectively [4.3.1-MED-over the shoulder-TXT]. Wet the exposed surface of the wafer with the diluted sample [4.3.2-CU]. Then, start spin coating  [4.3.3-MED].
4.3.1. *Film as written, TEXT: 1500 RPM, 60 s.
4.3.2. *Film as written
4.3.3. *Film as written
4.4. When finished, turn off the vacuum pump [4.4.1-MED-over the shoulder] and remove the coated wafer from the spin coater [4.4.2-CU].
4.4.1. *Film as written
4.4.2. *Film as written
4.5. At this point, attach the spin-coated wafer on an iron disk using a double-sided adhesive carbon tape [4.5.1-MED].
4.5.1. *Film as written
4.6. Move the disk closer to the edge of the exposed area of a scanner [4.6.1-MED-over the shoulder]. Then, slide the disk toward the center until the bottom surface completely covers the top of the scanner [4.6.2-CU].
4.6.1. *Film as written
4.6.2. *Film as written
4.7. Following this, mount the scanning probe microscope, or SPM head on the scanner [4.7.1-MED], and plug in the cable [4.7.2-MED-over the shoulder].
4.7.1. *Film as written
4.7.2. *Film as written
4.8. Open the instrument-supplied control software on the computer [4.8.1-MED], and select the tapping mode in the ‘System Configuration’ window [4.8.2-SCREEN].	
4.8.1. Talent approaches computer and clicks on the software icon.
4.8.2. *To be submitted by Author (4.8.2_SCREEN (software).avi)
4.9. Next, place the cantilever tip at the center of the monitor window [4.9.1-SCREEN]…by adjusting the coarse and fine knobs of the optical microscope and by moving the x- and y- optical stages [4.9.2-MED].
4.9.1. *To be submitted by Author (4.9.1_SCREEN (tip alignment).avi)
4.9.2. Talent adjusts knobs on the microscope and moves optical stages.
4.10. Align the laser by adjusting the laser alignment knobs on the SPM head [4.10.1-MED]. Roughly locate the red laser dot to the cantilever [4.10.2-MED-over the shoulder], and move the dot to the middle of the cantilever tip by tracing the dot shown in the monitor [4.10.3-SCREEN].  
4.10.1. *Film as written
4.10.2. Talent at computer locates the red laser dot on the monitor.
4.10.3. *To be submitted by Author (4.10.3_SCREEN (laser alignment).avi)
4.11. After laser alignment, align the detector using the photodetector knobs [4.11.1-MED-over the shoulder]. Roughly adjust the knobs to turn off 4 red LED lights on the SPM head [4.11.2-CU]. Then, finely adjust the knobs until the pink reflection image is located at the center of the laser alignment window and the quadrant photodiode signal sum is greater than at least 2 volts [4.11.3-SCREEN-TXT]. 
4.11.1. *Film as written
4.11.2. SPM head as the LED lights turn off.
4.11.3. *To be submitted by Author, TEXT: 2.1-2.4 V. (4.11.3_SCREEN (detector alignment).avi) 
4.12. Tune the cantilever using AutoTune in the Cantilever Tuning window [4.12.1-SCREEN]. Then, run AutoTune in a frequency range of 0 to 1000 kilohertz [4.12.2-SCREEN]. 
4.12.1. *To be submitted by Author (4.12.1and2_SCREEN (autotune).avi)
4.12.2. [combined with 4.12.1] *To be submitted by Author
4.13. Following this, bring the wafer surface into the focus of the microscope by adjusting the focus knobs [4.13.1-SCREEN]. 
4.13.1. *To be submitted by Author (4.13.1_SCREEN (wafer surface).avi)
4.14. Once the wafer surface is in focus, click the engage button on the toolbar [4.14.1-MED-over the shoulder]. Select a scan size, a sampling number, and a scan rate in the popup window [4.14.2-SCREEN].
4.14.1. Talent at computer clicks on the engage button. (4.14.1 take was in fact for AutoTune which is 4.12.  Actual 4.14.1 (engage) was taken as 4.14.1-b)
4.14.2. *To be submitted by Author, (4.14.2_SCREEN (engage).avi)
4.15. Start scanning [4.15.1-MED-over the shoulder]. Gradually adjust the proportional gain, the integral gain, and the vertical deflection values if the contrast between the particles and the substrate background is too low to clearly recognize particle shapes and boundaries from the scanned image [4.15.2-SCREEN].  
4.15.1. Talent clicks on appropriate button in computer software.
4.15.2. *To be submitted by Author (4.15.2_SCREEN (scanning).avi  about 10 min, needs to be shortened properly)
4.16. Finally, disengage the probe after measurement [4.16.1-MED]. 
4.16.1. *Film as written

5. Results: Functionalization of SWNTs with Poloxamer 407 and Characterization by EQ-SANS
5.1. By changing the temperature or by adding 5MS additives, the SANS scattering intensities of the functionalized single-walled carbon nanotube suspension show a shift to higher q in the intermediate q-region and the development of a peak at high q [5.1.1-LM]. The changes due to temperature-control and 5MS addition originate from the structural change of the poloxamer 407-encapsulation layer on the carbon nanotubes [5.1.2-LM].  
5.1.1. Fig5_corr2_tiff.tif: Highlight area of each plot (A and B) between 0.02 and 0.05 on the x-axis when “a shift to higher q in the intermediate q-region” is mentioned. Highlight area of each plot around 0.11 on the x-axis when “the development of a peak at high q” is mentioned.
5.1.2. Fig5_corr2_tiff.tif 
5.2. The poloxamer-carbon nanotube nanorod with a core-shell cylinder structure undergoes a structural transformation from encapsulation by spherical micelles of poloxamer 407 at room temperature to encapsulation by a compact cylindrical layer of poloxamer 407 at higher temperature [5.2.1-LM]. During this structural change, the spherical poloxamer 407 micelle with a radius of gyration of 45 angstroms becomes a set of single-chain blobs that surround the carbon nanotube core more compactly with a radius of gyration of 30 angstroms [5.2.2-LM]. 
5.2.1. Fig6_corr2_tiff.tif: Show all images (A-D) if possible. If not possible, show C first followed by D.
5.2.2. Fig6_corr2_tiff.tif: Show C and D. When “radius of gyration of 45 angstroms” and “radius of gyration of 30 angstroms” are mentioned, make “Rg = 45Å” and “Rg ~ 30Å” appear, respectively.
5.3. Although AFM images only show a dried morphology of the poloxamer carbon nanotube nanorods without water, they provide evidence of de-bundling and dispersion of carbon nanotubes as well the length distribution of the nanorods [5.3.1-LM]. 
5.3.1. Fig7_tiff.tif: Show both A and B.

6. Conclusion (said by authors on camera)
6.1. Changwoo Do: This procedure can be applied to different combinations of nanoparticles and block copolymers to fabricate various stimuli-responsive nanobuilding blocks.
6.2. Youngkyu Han: Following this procedure, other methods like cryo-TEM or molecular dynamics simulation can be performed in order to answer questions such as the real-space structure of polymer layers in solution state and the detailed underlying physics related to the structural change.
6.3. Changwoo Do: I hope that this video has demonstrated that small angle neutron scattering is a very useful technique for in-situ nanostructure characterization of solution samples. We also hope to see more scientists visit SNS for various neutron scattering experiments.


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.  

4.8 – 4.8.2_SCREEN (software).avi – 1280 x 720 video clip (x264, 1.67 MB, 23 sec)
4.9 – 4.9.1_SCREEN (tip alignment).avi – 1280 x 720 video clip (x264, 2.28 MB, 21 sec)
4.10 – 4.10.3_SCREEN (laser alignment).avi – 1280 x 720 video clip (x264, 1.22 MB, 13 sec)
4.11 – 4.11.3_SCREEN (detector alignment).avi – 1280 x 720 video clip (x264, 1.40 MB, 35 sec)
4.12 – 4.12.1and2_SCREEN (autotune).avi – 1280 x 720 video clip (x264, 1.67 MB, 23 sec)
4.13 – 4.13.1_SCREEN (wafer surface).avi – 1280 x 720 video clip (x264, 1.07 MB, 11 sec)
4.14 – 4.14.2_SCREEN (engage).avi – 1280 x 720 video clip (x264, 2.99 MB, 53 sec)
4.15 – 4.15.2_SCREEN (scanning).avi – 1280 x 720 video clip (x264, 45.6 MB, 876 sec)


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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