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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) ____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)__No____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: CNT arrays growth, CNT oxidation by UV/ozone treatment, CNT oxidation by oxygen plasma treatment, CNT reduction by vacuum annealing treatment.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  CNT arrays growth is the most difficult aspect because a slight deviation from the protocol results in a totally different type of CNT, to which the rest of the procedure may or may not be applicable. A success can be ensured by following the CNT growth protocol exactly as written.
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 produce carbon nanotube arrays with tunable wetting properties. (Intro)

This is accomplished by first growing vertically aligned carbon nanotube arrays using a common thermal chemical vapor deposition method. (P1, the C2H4 and H2 blow through the inside of the pink walls … and the uprights start smaller and grow taller to become the height shown. Please make the “2”s and “4” as subscripts as shown in the previous sentence.)
The second step is to turn the as-grown carbon nanotube arrays superhydrophobic by exposing them to a vacuum annealing treatment. (P2, add the pink side walls and the text. Label this “Hydrophobic.” The nanotubes (the comb-like thing) comes out and a blue drop of water floats down and sits on top of the points. Show one of the point expanded as indicated by the red arrow.)
Next, these CNT arrays can be turned hydrophilic by exposing them to UV/ozone or oxygen plasma treatment. (P3, the box and text around the comb turn into P3 structure. Label this “Hydrophilic.” The outside comb from P2 turns into the comb from P3, the drop of water slides down, and the expanded nanotube takes the shape shown in P3.)
The final step is to repeat the UV/ozone or oxygen plasma treatment if the arrays are not hydrophilic enough, or to repeat the vacuum annealing treatment to make them hydrophobic again. (P4. Duplicate the P3 image. Label the top one “Hydrophobic,” the P3 image becomes the upper P4 image (have the bead of water contract and pull up to sit on top of the comb). Label the bottom one “Hydrophilic”  and have the P3 image become the lower P4 image.)
Ultimately, water immersion is used to show qualitatively the change in wetting properties of the carbon nanotube arrays.   Samples are further characterized by contact angle goniometry, and x-ray spectroscopy. (P5. The first sentence goes with the last part of the P4 images. Then replace all the P4 images with all of P5, show the purple wavy arrow, then the blue circle appears and moves off as shown by the blue arrow.)
Use 50378_Aria_overview.ai
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)

Authors: Please check the following.  It has been edited for length.
1.1. Author name Indrat: The main advantage of this technique over existing methods, like wet chemical oxidation and fluorocarbon coating, is that it is highly reversible, safer, and more practical to be scaled up to an industrial level. The technique is simple, does not involve oxidizing agents or acids, and does not threaten the structure of the carbon nanotube arrays.
1.2. Author name ________: This method can help answer key questions in the _________ field, such as _________________.  

1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.
1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.7. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   

1.8. **Author name Indrat: Demonstrating the procedure will be Brad Lyon a grad student  from my laboratory {added}. 

1.8.1. Interview style: Author saying the above {added}.
1.8.2. The named student looks up from workbench and acknowledges the camera {added}.
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. Carbon Nanotube Array Growth
2.1. As a first step, prepare a silicon wafer with at least one polished side to serve as a substrate. It should have an oxide layer on the polished side, here about 300 nm.  Other details, such as crystal size, doping, and resistivity, are unimportant. Complete the preparation by depositing a 10 nm buffer layer of highly purified aluminum oxide, and then a 1 nm thick, highly purified iron catalyst layer on the polished side. (TEXT: See text protocol for details of the deposition process.)  
2.1.1. WIDE: Talent approaches bench, picks up wafer to display it

2.1.2. LAB MEDIA: Image of wafer showing oxide layer

2.1.3. LAB MEDIA: Image of wafer showing aluminum oxide and iron layers
2.2. Once the silicon is prepared, cut the wafer into multiple smaller chips of about 1 cm by 1 cm. Load several of these chips into a 1 inch diameter quartz tube furnace.

2.2.1. CU: Talent showing a cut wafer 
2.2.2. CU: Wafer chips prepared for placement in oven

2.2.3. MED: Talent picking up chips, loading them into tube furnace, and closing/preparing oven for use

2.3. Start a constant flow of argon gas at 400 standard cubic centimeters per minute, or 400 sccm. (TEXT: standard cubic centimeters per minute: sccm) with a pressure of 600 Torr through the furnace.  Then set the temperature of the furnace to 750º C. (TEXT Argon at 400 sccm, 600 Torr. Temperature set to 750º C)

2.3.1. MED: Talent at controls, starting and monitoring argon gas flow

2.3.2. MED: Talent setting temperature and leaving the area 

2.4. When the growth temperature of 750º C is reached, ideally in 15–30 minutes, adjust the flow of argon gas to 200 sccm and introduce molecular hydrogen gas at 285 sccm. Keep the pressure at 600 Torr.  Continue this pretreatment process for 5 minutes. (TEXT one two lines:  (line 1) argon: 200 sccm, hydrogen: 285 sccm; pressure 600 Torr  (line 2) Temperature 750º C. Maintain for 5 minutes.)

2.4.1. WIDE: Talent returning to gas controls

2.4.2. MED: Talent making adjustments

2.5. With pretreatment completed, start the growth process by stopping the flow of argon, changing the flow rate of hydrogen to 210 sccm, and starting the flow of ethylene gas at 490 sccm into the chamber.  The pressure should remain at 600 Torr.  Run the growth process for up to one hour while maintaining a temperature of 750º C.  The length of the carbon nanotube arrays is determined by the growth time. (TEXT: (line 1) hydrogen: 210 sccm, ethylene: 490 sccm; pressure 600 Torr  (line 2) Temperature 750º C; Maintain up to 1 hour)

2.5.1. MED: Talent at controls stopping flow of argon and adjusting hydrogen and ethylene gas flows. 

2.5.2. MED: Talent checks temperature and departs.

2.6. When the growth process has ended, stop the flow of hydrogen and ethylene gas.  Restart the flow of argon gas at 400 sccm and 600 Torr. (TEXT on two lines: (line 1) argon: 400 sccm, pressure 600 Torr until furnace is at room temperature) Turn off the furnace. Once the furnace is at room temperature, stop the argon gas flow and unload the samples.

2.6.1. WIDE: Talent returns to controls and stops flow of hydrogen and ethylene gas.

2.6.2.a.  MED: Talent restarts flow of argon gas 
2.6.2.b.  CU: Talent turns off the furnace 
2.6.3.a.  CU: Talent checks temperature

2.6.3.b.  MED: Talent stops argon flow 
2.6.3.c.  MED: Talent unloads samples

2.6.4.   CU: Carbon nanotube array samples
3. UV/Ozone Induced Oxygen Adsorption
3.1. To increase hydrophilicity, use UV induced oxygen adsorption.  Place several samples of carbon nanotube arrays under a commercial UV/ozone cleaner with wavelengths of 185 nm and 254 nm.  The samples should be 5–20 cm from the lamp.

3.1.1. MED: Talent preparing samples and placing them in a UV/ozone cleaner
3.1.2. CU: Samples in place in a UV/ozone cleaner, demonstrating optimal placement

3.2. Expose the arrays to UV radiation in air at standard room temperature and pressure.  The total exposure time will vary with the experimental set-up and the desired wettability. (TEXT: See text protocol for guidance on exposure time) Once exposure is complete, turn off the UV source and retrieve the samples for testing.  If the treated samples are determined not to be hydrophilic enough, re-expose them to the UV/ozone treatment.

3.2.1. MED: Talent finishing preparations, starting exposure, leaving area

3.2.2. WIDE: Talent returning, turning off lamp, retrieving samples, and storing/preparing them for later use
4. Oxygen adsorption by oxygen plasma treatments
4.1. To achieve more hydrophilic samples using oxygen plasma treatment, place several samples of carbon nanotube arrays in the chamber of an isotropic oxygen plasma cleaner.  Set the oxygen flow rate to 150 sccm and the chamber pressure to 500 mTorr.  Set the RF power to 50 Watts. (TEXT: oxygen: 150 sccm, pressure 500 mTorr.  RF power 50 Watts) Expose the arrays to oxygen plasma for several minutes.  

4.1.1. MED: Talent preparing samples for placement in plasma cleaner, then placing them in cleaner
4.1.1.a. MED: Talent preparing samples for placement in plasma cleaner 
4.1.1.b. MED: Talent placing samples in cleaner 
4.1.2. CU: Samples in plasma cleaner

4.1.3. MED: Talent shutting cleaner, setting flow rate, pressure, then RF power. Talent starting exposure and leaving.

4.2. Again, the total exposure time will depend on the samples and the desired degree of wettability.  Care should be taken since oxygen plasma can destroy the arrays.  Repeat the treatment on the arrays if they are not hydrophilic enough.

4.2.1. WIDE: Talent returning to plasma cleaner

4.2.2. MED: Talent stopping exposure, opening cleaner, and retrieving samples
5. Oxygen Desorption by Vacuum Annealing
5.1. Begin oxygen desorption with a vacuum oven that has reached 250º C under vacuum.(TEXT: Oven at 250 ºC under vacuum)  Fill the oven with nitrogen gas until it reaches ambient pressure. Then, maintain the nitrogen flow while placing several array samples in the oven.  Next, turn off the nitrogen flow, close the oven door, and evacuate the oven. The oven should be kept at a pressure of 2.5 Torr or less.  

5.1.1. WIDE: Talent at oven checking the temperature, then starting nitrogen 
5.1.1.a. CU: Talent at oven checking the temperature

5.1.1.b. WIDE: Talent starting nitrogen flow

5.1.2. MED: Talent preparing samples and placing them into vacuum oven

5.1.3. MED: Talent turning off nitrogen, closing door, and starting vacuum pumps

5.1.4. WIDE: Talent checking pressure, then walking away

5.2. Keep the arrays in this environment for several hours–potentially more than a day–as dictated by the samples and the wettability to be achieved.  When the treatment is done, fill the oven with nitrogen gas until the oven pressure has reached the ambient pressure. Then, remove the samples from the oven.  Re-expose the arrays to another round of vacuum annealing if they are not hydrophobic enough.

5.2.1. WIDE: Talent returning to oven, starting flow of nitrogen

5.2.1.a. CU: Talent monitoring pressure gauge {added shot, to be used as insert in 5.2.1}

5.2.2. MED: Talent removing samples from oven
5.2.3. CU: Samples {added shot}
6. Results: Variation of Wetting Behavior of Carbon Nanotube Arrays with Oxygen Adsorption and Desorption
6.1. This image of two carbon nanotube arrays fully submerged in water demonstrates their different wetting properties.  On the left is a highly hydrophilic array showing its naturally black surface.  On the right is a superhydrophobic array that appears reflective due to a thin air film on its surface.

6.1.1. LAB MEDIA: Dry oxidation and vacuum annealing – Fig-7.tif (Video editor:  Please circle/highlight arrays when they are mentioned)
6.2. The oxygen to carbon atomic ratio is a measure of the degree of oxidation of the carbon nanotube array.  A plot of this ratio as a function of the static contact angle for water shows the oxygen to carbon ratio decreases as the static contact angle increases.  The shaded region at right corresponds to superhydrophobic behavior and is associated with very limited oxygen on the surface. 

6.2.1. LAB MEDIA: Dry oxidation and vacuum annealing – Fig-8a.tif (Video editor: Highlight the shaded region on the right when voiced)

6.3. The oxygen to carbon atomic ratio is calculated from x-ray photoelectron spectroscopy data for the oxygen 1s and carbon 1s peaks. This plot shows the deconvolution of the spectrum of a mildly hydrophilic array.  The behavior of water in contact with this array is shown in the inset.  

6.3.1. LAB MEDIA: Dry oxidation and vacuum annealing – Fig-8b.tif

6.4. Compare this with the spectrum of the highly hydrophilic array shown at right.  Note the relative intensities of the oxygen containing bonds to the carbon bonds. Greater wetting is possible in the highly hydrophilic array, as seen in the inset.  

6.4.1. LAB MEDIA: Dry oxidation and vacuum annealing – Fig-8b.tif and Dry oxidation and vacuum annealing – Fig-8c.tif (Video editor:  Shrink previous image and move it to the left to accommodate new image.

6.5. Finally, compare the spectrum of the mildly hydrophilic array on the left with that of the superhydrophobic array at right.  The presence of oxygen in the array is greatly reduced and the inset shows that water on its surface beads.  

6.5.1. LAB MEDIA: Dry oxidation and vacuum annealing – Fig-8b.tif and Dry oxidation and vacuum annealing – Fig-8d.tif
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
7. 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.
7.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

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

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

7.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).
7.5. Author name Indrat: After watching this video, you should have a good understanding of how to turn carbon nanotube arrays superhydrophobic by exposing them to a vacuum annealing treatment, and how to make them hydrophilic using UV/ozone or oxygen plasma treatment. 
7.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ 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, 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, as well as an introduction to your videographer, closer to your filming date.
 2012, Journal of Visualized Experiments


