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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N___ 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____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Step_2.1, 2.6, 3.2, 4.1, 6.1.__________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The CVD synthesis step 2.6 is the most difficult aspect. The as-synthesized material on the quartz slide forms a fragile film that may easily be pulverized. Use a one-sided razor blade to peel off the film along the quartz slide, use force gently and consistently to avoid forming too much powder. Transfer the film to a vial with tweezers while using an antistatic gun to remove static charges. Keep respirator on all the time and collect the material in a non-airflow environment.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to _______(insert goal here)___________________ . (Intro)
This is accomplished by first ________(insert 1st step)___________________________. (P1)
The second step is to _____(insert 2nd step)_____________________. (P2)
Next, the  _______(insert 3rd step)_______________________ . (P3)
The final step is _____(insert 4th step)_________________________. (P4)
Ultimately, _(insert method used to assay - e.g. immunofluorescence microscopy)_is used to show _( insert type of results e.g. changes in protein localization)________ _____. (P5)
Conceptual Narrative:
The overall goal of the following experiment is to synthesize individual hydrophilic graphitic nanocups isolated from nitrogen-doped carbon nanotubes and functionalize them with gold nanoparticles as cork stoppers. (Intro)
This is achieved first by chemical vapor deposition to synthesize nitrogen-doped carbon nanotubes consisting of stacked nanocups  __. (C1)
As a second step, _the stacked nanocups are treated with strong-acid oxidation and probe-tip sonication, which effectively isolates the individual nanocups out of their stacks __________ . (C2, the upper image emerges from the middle of the furnace in C1. The lower left stack of nanocups comes out of the red boxed area, the words appear and the stack of nanocups breaks up into individual nanocups as shown on the lower right. )  

Next, __ gold nanoparticles are synthesized by sodium citrate reduction of chloroauric acid in the presence of isolated nanocups____in order to  cork the nanocups at their opening_________. (C3, one of the nanocups from C2 is left on screen, the gold stopper appears and moves into position as a cork)
Results are obtained that show _gold nanoparticles effectively corking the opening of the nanocups _ based on_transmission electron microscopy and UV-Vis spectroscopy characterization__ __. (C4)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Only one statement should be chosen and completed per author who will be on camera.
1. Author name Yong Zhao: We first had the idea of separating and corking the carbon nanotube cups, when we analyzed the transmission electron microscopy images of nitrogen-doped carbon nanotubes and noticed that they are comprised of individual cup-shaped segments. 

1.2. Author name Yifan Tang: This method can help answer key questions in the nanoscience and nanotechnology field, such as synthesis and properties of nanostructures with controlled shape and functionalities.  

1.3. Author name Alexander Star: The implications of this technique extend toward the fabrication of nanoscale containers and drug delivery carriers, because the nanocups have a unique shape and more versatile functionalities compared to other nanomaterials.  

Protocol (read by voice talent at JoVE): 
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. CVD Synthesis of Nitrogen-Doped Carbon Nanotube Cups (NCNCs)

2.1. To begin synthesis, place a 1 inch by 12 inch quartz plate inside a three-foot long, 1 inch inner diameter quartz tube. Then seal the quartz tube using steel caps with built-in gas and liquid injection connections. Place the quartz tube in a Lindberg/Blue tube.

2.1.1. MED: Talent at bench working with materials, starting to insert plate into tube. (Take 1)
2.1.2. MED: Talent with inserted in tube, sealing tube with caps. (Take 1)
2.1.3. MED: Talent placing tube in Lindberg/Blue. (Take 1)
2.2. Next, make a solution of liquid precursor containing ferrocene, acetonitrile, and xylenes. (TEXT: 0.75 wt% ferrocene, 10 wt% acetonitrile, 89.25 wt% xylenes)  Draw about 5 mL of liquid precursor into a gas tight syringe.  Place the syringe on a syringe pump and connect it to the inlet of the quartz tube.

2.2.1. MED: Talent completing mixture of solution (Take 1)
2.2.2. MED/CU: Syringe drawing out 5 mL (Take 1 or 2)
2.2.3. CU/MED: Syringe being connected to a syringe pump and the tube inlet (Take 1 or 2)
2.3. At this point, assemble the CVD system by connecting all gas inlets and outlets.  Flow 845 standard cubic centimeters per minute of argon through the system for 20 minutes to purge the system and check for leaks. (TEXT: 845 sccm argon for 20 minutes to purge)  After purging is complete, start a flow of molecular hydrogen at 37.5 standard cubic centimeters per minute, and adjust the argon to flow at 127 standard cubic centimeters per minute. (TEXT: 37.5 sccm molecular hydrogen and  127 sccm argon for deposition)

2.3.1. MED: Talent checking the various connections of the CVD system (Take 1)
2.3.2. MED: Talent starting argon flow and manipulating controls for flow rate (Take 1)
2.3.3. MED: Talent turning on hydrogen flow and adjusting flow rates (Take 1)
2.4. Turn on the furnace and set its temperature to 800 ºC. Once it is stable at that temperature,  set the injection rate of the syringe pump to 9 mL/h for 6 minutes. After 6 minutes, set the injection rate to 1 mL/h for the growth of nitrogen-doped carbon nanotube cups. (TEXT on two lines [with second line aligned with with 9 on first]: Injection rates: 9 mL/h for 6 minutes;  1 mL/h for 90 minutes.)

2.4.1. MED over the shoulder: Talent at furnace controls monitoring temperature reading of 800º C (Take 1)
2.4.2. MED over the shoulder: Talent setting and starting syringe pump (Take 1)
2.4.3. MED: Talent monitoring experiment (Take 1)
2.5. After 90 minutes of growth, turn off the syringe pump and hydrogen gas flow, and shut down the furnace.  Keep argon flowing to maintain an inert atmosphere until the furnace cools to room temperature.  When the system is at room temperature, disconnect all gas inlets and outlets and the injection system.

2.5.1. MED: Talent stopping syringe pump, hydrogen gas flow, and furnace (Done in 3 shots: Take 1, furnace off; Take 1.1, pump off; Take 1.2, H2 gas off.)
2.5.2. MED: Talent completing disconnection of gas inlets and outlets and extracting tube (Use Shot 2.6.1 Take 1)
2.6. Under a fume hood, or with respiratory protection, disassemble the CVD system and take the quartz plate out.  Use a one-sided razor blade to carefully peel the Nitrogen-Doped Carbon Nanotube Cups (TEXT: Nitrogen-Doped Carbon Nanotube Cups–NCNCs) film from the plate. Transfer the film using tweezers and an antistatic gun for dispersal in ethanol.

2.6.1. MED: Talent at fume hood or with respiratory protection taking off end caps and removing the quartz plate. (Take 2)
2.6.2. MED: Talent with razor blade peeling plate (Take 1)
2.6.3. CU/ECU: Razor blade peeling film off plate (Take 1)
2.6.4. CU: Transfer of film to a vial with ethanol (Take 2)
3. Oxidation of As-Synthesized NCNCs by a Mixture of Acids 

3.1. For the oxidation process, first, take precautions to safely handle highly corrosive fluids.  Transfer about 10 mg of as-synthesized NCNCs to a 200 mL round-bottom flask.  Add 7.5 mL of concentrated nitric acid to the flask.  Briefly sonicate the mixture in a water bath for better dispersion.

3.1.1.  MED: Talent, appropriately attired to handle corrosive fluids, at bench transferring NCNCs to a flask (Take 1)
3.1.2.  MED: Talent adding nitric acid to flask (Take 1)
3.1.3.  MED: Talent briefly sonicating mixture. (Take 2)
3.2. Next, slowly add 22.5 mL of concentrated sulfuric acid. (TEXT: CAUTION: The strong acid mixture is highly corrosive.)  With the reaction mixture in a water bath at room temperature, sonicate it for 4 hours.
(TEXT: Sonicate for 4 hours at room temperature)

3.2.1. MED: Talent slowly adding sulfuric acid (Take 1)
3.2.2. MED: Talent placing mixture in water bath (Already in water bath)
3.2.3. MED/CU: Talent starting sonication
(Take 1)
3.3. Then, dilute the reaction mixture with 100 mL of water (TEXT: CAUTION: This dilution process is highly exothermal) and place the mixture in an ice bath. After the mixture is cooled down to room temperature, use a water aspirator to filter the mixture through a polytetrafluoroethylene,  or PTFE, (TEXT:  polytetrafluoroethylene – PTFE) membrane with a pore size of 220 nm.

3.3.1. MED: Talent adding water. (Take 1)
3.3.2. MED: Talent moving mixture to an ice bath. (Take 1)
3.3.3. CU: Talent using water aspirator and PTFE to filter mixture (Take 1)
3.4. Wash the material on the filter membrane with 200 mL of 0.01 molar sodium hydroxide to remove any acidic residual byproducts.  Then wash the material with 200 mL of 0.01 M hydrogen chloride solution.  Next, wash the material with water until the filtrate has a neutral pH.

3.4.1. MED: Talent washing material on membrane with sodium hydroxide (Take 1)
3.4.2. MED: Talent washing material with hydrogen chloride (Take 1)
3.4.3. MED: Talent washing material with water(Take 1) 
3.4.4. Monitoring pH (Take 2)
3.5. Finally, put the oxidized NCNCs in 50 mL of water.  Sonicate the mixture to disperse the material, typically about 5 minutes. The resulting suspension can be stored at room temperature for further experiments. 

3.5.1. MED: Talent putting material in water. (Take 1)
3.5.2. MED: Talent sonicating the mixture. (Take 1, sonicating the solution, Take 1.1, Take the beaker out)
3.5.3. CU: Container of material to be stored. (Take 1)
4. Physical Separation of NCNCs by Probe-Tip Sonication

4.1. To separate the NCNCs, transfer the suspension of oxidized material in water to a 100 mL plastic cup placed in an ice bath.  Fill the centrifuge tube with water to the 50 mL mark.  Equip a probe-tip sonicator with a quarter-inch diameter titanium microtip and set it at 60% maximum magnitude.

4.1.1. MED: Talent transferring material to the cup
4.1.2. CU: Cup being filled with sample solution to 50mL mark.

4.1.3. MED: Talent preparing probe-tip sonicator (Take 3)
4.2. Submerge the microtip to the center of the solution.  Process for 12 hours with a 30 second on/off interval.  Change the ice every 30 minutes to prevent overheating. (TEXT: Sonicate for 12 hours with change of ice every 30 minutes)

4.2.1. CU: Micro-tip being placed at center of solution in tube. (Take 2)
4.2.2. MED: Talent starting sonicator (Take 1)
4.2.3. CU: Sonication (Take 1)
4.3. After 12 hours, stop the sonication.  Filter the NCNC suspension through a 220 nm pore size PTFE filter membrane to remove any large particles.  Again, the resultant NCNC samples can be stored at room temperature for further applications.

4.3.1. MED: Talent stopping sonication (Take 1)
4.3.2. CU: Suspension being filtered through PTFE (Take 1)
4.3.3. MED: Talent preparing the suspension for storage. (Take 1)
5. Quantitative Analysis of Amine Functional Groups on NCNCs by Kaiser Test

5.1. Analysis begins with the preparation of two reagents, A and B.  Reagent A contains phenol, ethanol, pyridine and hydrindantin in water.  Reagent B is ninhydrin dissolved in ethanol. (TEXT: See manuscript for preparation of reagents)
5.1.1. MED: Talent at bench preparing reagents (Take 1)
5.1.2. CU: Reagents A and B (clearly labeled), side by side (Take 1)
5.2. Fill small test tubes with 600 µL of EtOH. Add 400 µL NCNC solution or 400 µL water as controls to each of the tubes.  Add 100 µL of reagent A and 25 µL of reagent B to the tubes. 

5.2.1. MED: Talent filling test tubes (Take 1, add 600 µL EtOH)
5.2.2. CU: Talent dispersing NCNCs in a tube (Take 1, add 400 µL NCNC solution, or water as control)
5.2.3. CU: Talent adding reagent A to a single tube, then reagent B (Take 1)
5.3. Seal the test tubes with parafilms and heat them in a 100º C oil bath for 10 minutes.  Filter the sample through a syringe filter to remove solid particles and collect the filtrate solution.

5.3.1. MED: Talent with tubes sealed with parafilms, placing them in an oil bath (Take 1)
5.3.2. CU: Talent using syringe filter to collect filtrate solution (Take 1)
5.4. For the analysis, take visible spectra of the filtrates with and without NCNCs and employ colorimetry.  Record the absorbance of the peak centered at 570 nm for use with the Beer-Lambert law to calculate the amine loadings. 

5.4.1. MED: Talent measuring spectra (Take 2)
5.4.2. LAB MEDIA: “Kaiser test visible spectra.tif”
6. Functionalization of NCNCs with Gold Nanoparticles

6.1. To introduce gold particles into the NCNCs, begin with 4 mL of aqueous suspension containing separated NCNCs with concentration 0.01 mg/mL.  Sonicate the suspension in  a water bath sonicator for 5 minutes.  During the the last minute of sonication, add 1 mL of 1 mg/mL aqueous solution chloroauric acid.  

6.1.1. MED: Talent measuring out 4 mL of suspension (Take 1)
6.1.2. MED: Talent starting sonication of suspension (Take 1)
6.1.3. CU/MED: Acid being added (Take 1)
6.2. Once done, place the solution on a stirring hot plate at 70º C. Add 250 µL of 1% by weight trisodium citrate aqueous solution dropwise. Vigorously stir the reaction mixture on the hot plate for 2 hours. (TEXT: Heat and stir for 2 hours)

6.2.1. MED: Talent moving solution to hot plate and starting stirring (Take 1)
6.2.2. MED/CU: Talent adding solution dropwise (Take 1)
6.2.3. CU: Mixture being stirred vigorously (show temperature, if possible) (Take 1)
6.3. Next, centrifuge the reaction mixture at 3400 rpm for 15 minutes.  Then, remove the supernatant to leave the precipitate containing the NCNCs functionalized with gold nanoparticles. Disperse the precipitate in 4 mL of water and centrifuge again.  

6.3.1. MED over the shoulder: Talent placing reaction mixture in centrifuge, and starting operation (Take 1)
6.3.2. CU: Supernatant being removed (Take 1)
6.3.3. CU: Water being added

6.3.4. MED over the shoulder: Talent placing mixture in centrifuge (REUSE 6.3.1 if no continuity issues (mixture color, etc)

7. Results: Images of Nitrogen-Doped Carbon Nanotubes  

7.1. Transmission electron microscopy shows the fibril structure of the nitrogen doped nanotubes, their typical length of several microns, and their diameters of 20–30 nm. Higher resolution images show the nanotube cups that stack on top of each other.  

7.1.1. LAB MEDIA: Figures 1C, then 1D (Video editor: Show Figure 1C alone, then both Figures 1C and 1D side by side as last sentence begins)

7.2. Here the transmission electron microscopy images show NCNCs after acid oxidation.  The oxidation process has cut the fibers into sections of 1µm in length but with the graphitic cups still stacked.  After probe-tip sonication and filtration, the NCNCs appear as individual cups less than 200 nm in length.  

7.2.1. LAB MEDIA: Figure 2A, then 2B (Video editor: Show Figure 2A alone, then both Figures 2A and 2B side by side as last sentence begins)

7.3. The oxidation process results in a change in the zeta potential of the NCNCs from positive....to negative, as shown on the left.  The plot on the right shows, according to the Kaiser test, the inherent amine groups of NCNCs were not affected.  

7.3.1. LAB MEDIA: Figures 3B, 3C (Video editor: Highlight [horizontal bar, circle, arrow] the top end of the “as-synthesized” data on “positive”; highlight the bottom ends of the other two when “negative” is said)

7.4. As seen on the left, when the NCNCs were functionalized with gold nanoparticles, almost all of the NCNCs acquired one.  Many of the gold nanoparticles formed corks to the cups, as shown at the right. 

7.4.1. LAB MEDIA: Figures 4A, 4B (Video editor: Have arrows coming from text “gold nanoparticles” point to a single gold nanoparticle (a dark spot) in the left and right picture.  

7.5. Here the inset photograph shows the color difference after centrifugation between the free gold nanoparticles from the supernatant on the left, and the gold nanoparticles on the NCNCs on the right.  The more purple color corresponds to a red shift of the gold surface plasmon resonance band in the visible spectrum seen in the data. 

7.5.1. LAB MEDIA: Figure 4C (Video editor: Have arrows labeled “supernatant” and “precipitate” point to the vials when voiced.  Use same labels (?) to highlight the data curves.  Use a two headed arrow perpendicular to the vertical lines associated with the peak positions to point out the difference between the location of the peaks labeled 524 nm and 540 nm.  Something else may be necessary to call attention to it.)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
8. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
8.1. Author name _Yong Zhao_______: Once mastered, this technique can be done in ____one day________ (hours/min) if it is performed properly.

8.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.

8.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

8.4. Author name __Alexander Star_: After its development, this technique paved the way for researchers in the field of nanoscience and specifically nanomedicine_________ to explore __applications of these functional nanocarriers for targeted therapeutics and controlled drug release___

8.5. Author name _________: After watching this video, you should have a good understanding of how to __  .
8.6. Author name __Yifan Tang_______: Don't forget that working with __carbon nanomaterials___________(reagent, pathogen, instrumentation) can be  hazardous and precautions such as _respirators___________ should 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, 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.

5.4 – Kaiser test visible spectra.tif - Visible spectra of the Kaiser test results after Procedure 5.4.

7.1 – Figure 1B. tif - Photograph of the as-synthesized NCNC film peeled from the quartz substrate.

7.2 – Figure 1C.tif - TEM image of as-synthesized NCNCs at lower magnification. 

7.2 – Figure 1D.tif - High-resolution TEM image showing the tip of an individual as-synthesized NCNC.

7.3 – Figure 2A.tif - TEM image of oxidized NCNCs.

7.3 – Figure 2B.tif - TEM image of NCNCs after subsequent 12 hr probe-tip sonication and filtration. Inset shows an individual separated NCNC.

7.4 – Figure 3B.tif - Zeta potentials of as-synthesized, oxidized, and the final NCNC samples.

7.4 – Figure 3C.tif - Amine loadings on NCNCs after 12 hr sonication only and after both oxidation and 12 hr sonication.

7.5 – Figure 4A.tif - TEM image of NCNCs functionalized with GNPs by citrate reduction of HAuCl4.

7.5 – Figure 4B.tif - TEM image showing an individual nanocup corked with GNP.

7.5 – Figure 4C.tif - UV-Vis spectra of the reaction mixture, the supernatant solution and the precipitate of the GNP functionalization reaction. Inset: photograph of the supernatant (left) and the precipitate (right) solutions.

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, as well as an introduction to your videographer, closer to your filming date.
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