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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  _3.3, 3.4, 4.3, 5.2, 5.5, 6.5_

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Maintaining an adequate electrical connection between the working electrode and membrane throughout the process. To help this, thorough cleaning and drying of the membrane after each step is required. The membranes are also extremely fragile and must be manipulated with care.
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 synthesize solution suspendable plasmonic gold nanotubes with tunable dimensions and infrared absorbances. (Intro)
This is accomplished by first electrodepositing base metals within the pores of AAO membranes, which serve as sacrificial substrates to support the gold nanotubes. (P1)
The second step is electropolymerize a hydrophobic polymer core, which serves as a core for the gold nanotube to deposit around. (P2)
Next, the  gold shell is electrodeposited around the hydrophobic polymer core . (P3)
The final step is to etch the sacrificial polymer core, base metals and membrane, releasing the gold nanotubes into solution. (P4)
Gold nanotubes exhibit tunable plasmonic absorbances in the infrared, which may be applied in a variety of fields, including biosensing, photovoltaics or optics. (P5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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)

1.1. Author name Paul: The main advantage of this technique over existing methods, like galvanic replacement reactions or electroless plating, is that we are able to synthesize non-porous, solution suspendable gold nanotubes with strong absorbances in the visible and infrared regions. Using our procedure we can control the length and diameter, allowing us to tune the infrared absorbance.   

1.2. Author name Tyler: The implications of this technique extend toward optical biosensing using the sensitivity of plasmonic absorbance to refractive index of the local medium around the nanoparticle.
1.3. Author name Colin: Though this method can provide insight into how hollow plasmonic nanostructures can increase the sensitivity to change in refractive index. Gold nanotubes with tunable IR absorbance can also be applied as substrates for microfluidics or permselective transport, in photothermal therapy, or as sensitizers in photovoltaic cells. Visual demonstration of this method is critical as the synthesis and application of plasmonic nanoparticles using AAO membranes is highly multidisciplinary, involving custom equipment and a range of techniques that are not adequately described using written instructions. 
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. Forming the Silver Working Electrode 
2.1. In order to begin this procedure, secure the anodic aluminum oxide, or AAO, membrane substrate top side up on a glass plate using a 2-sided adhesive.  It is important to minimize the membrane area in contact with the adhesive, as it will clog the pores. This step works on AAO membranes of any diameter, provided they fit onto the evaporation stage, and for pore sizes smaller than 250nm. (Authors: What size AAO membrane is used?)
2.2. Next, place the glass plate into the substrate holder of a metal evaporator, close the chamber, and evacuate to below 1.0 E-6 Torr. 

2.3. Using a resistive source, evaporate silver pellets onto the substrate at a rate of 0.8 Å/s until a layer thickness of 100 nm is reached, then increase the evaporation rate to 1.5 Å/s until a final thickness of 250 nm is reached.

2.4. Finally, release the AAO membranes by wiping the adhesive layer with a cotton swab wetted with dichloromethane to dissolve the adhesive.   

3. Electrodepositing Copper and Nickel 

3.1. Begin copper and nickel deposition by making a custom two-piece open-face Teflon electrochemical cell.  The cell, as described by Banholzer et al., is designed to hold the AAO membranes in contact with a conductive foil that serves as the working electrode. (TEXT: Banholzer et al. Nature Protocols 4, (6) 838–848 (2009))
3.2. Then, clean the Teflon cell by rinsing each for 10 seconds 3 times with acetone, ethanol, then 18.2 MΩ deionized water and allow it to dry in the ambient laboratory air. (Authors: How long is each wash step for and how many times in each solvent?)
3.3. Next, place the membrane silver-side down onto a piece of smooth aluminum foil placed in the Teflon electrochemical cell and seal the working electrode area with a Viton O-ring. Then, add 3.0 mL of copper plating solution to the Teflon cell. (TEXT: 0.95 M CuSO4(5H2O), 0.21 M H2SO4) 

3.4. Connect a platinum counter electrode, aqueous reference electrode, and the aluminum foil working electrode to a potentiostat using a conventional 3 electrode set-up. Apply a potential of -90 mV vs. Ag/AgCl (Authors: How should this be spoken by the voice talent?)(Read as “versus the silver-silver chloride redox couple”) for 15 minutes. Following copper deposition the membrane will appear purple.

3.5. Once finished, disconnect and remove the reference and auxiliary electrodes while keeping the two piece cell and AAO membrane intact, then rinse the cell 3 x 10 seconds with 18.2 mΩ deionized water.(Authors: How long should it rinse in running water?) Let the cell soak for 30 minutes in 5 mL 18.2 MΩ deionized water to remove excess copper plating solution from within the pores. 

3.6. Next, empty the cell and add 3.0 mL of commercial nickel plating solution and reconnect the counter reference, and working electrodes. Apply a potential of -900 mV vs. Ag/AgCl for 20 minutes. During nickel deposition the template will slowly turn black.

3.7. Disconnect and remove the reference and auxiliary electrodes keeping the two-piece cell and AAO membrane assembly intact. 

3.8. Rinse the cell 3 x 10 seconds with 18.2 MΩ deionized water, then let it soak in the water for 30 minutes to remove excess plating solution from the pores. Allow the cell to thoroughly dry in the ambient laboratory air overnight.

4. Electropolymerizing the Core and Electrodepositing the Gold Shell

4.1. Bring the in-tact Teflon cell assembly into an inert atmosphere glove box equipped with external connections to a potentiostat. 

4.2. Next, prepare a solution of 30 mM 3-hexylthiophene in 3.0 mL of 46% boron trifluoride in diethyl ether and add it to the Teflon electrochemical cell.Then, connect the counter electrode,  working electrode and Ag/AgNO3 acetonitrile reference electrode to a potentiostat.  

4.3. Apply a potential of +1500 mV vs. Ag/AgNO3 for 10 minutes. Currents on the order of 0.1 mA after 10 minutes indicate a successful deposition.  The membrane should appear dark purple and glossy after electro-polymerization. 
4.3.1. LABMEDIA: Chronoamperogram (show blue line only)

4.4. Once completed, disconnect and remove the reference and auxiliary electrodes keeping the two-piece cell and AAO membrane and foil intact.  Rinse the cell with 5 mL of acetonitrile in the glove box to remove excess boron trifluoride.

4.5. Then, remove the cell from the glove box and rinse with 5 mL of ethanol then soak in fresh ethanol for 20 minutes.  Rinse the cell again with 5 mL of 18.2 MΩ deionized water and soak in fresh water for 20 minutes. Allow the cell to dry in ambient laboratory air.

4.6. Begin gold shell deposition by adding 3.0 mL of commercial gold plating solution (TEXT: Orotemp 24 RTU, Technic inc.) to the Teflon cell.  Mix the solution gently with a pipette for 2 minutes to allow the gold plating solution infiltrate the pores completely and induce hydrophobic collapse of the polymer core. 

4.7. Then, connect the working electrode, counter electrode, and aqueous reference electrode to a potentiostat and apply -920 mV vs. Ag/AgCl __ min/hrs (Authors: Please fill in the blank).   The length of the gold nanotube is determined by the deposition time and can range from 5 min and 5 hours. An initial current of around  0.5 mA indicates a successful deposition.

4.7.1. LABMEDIA: Chronoamperogram (show red line only)

4.8. Following deposition, rinse the cell under a stream of 18.2 MΩ deionized water and allow it to dry. 

5. Removing Sacrificial Material and Isolating the Gold Nanotubes

5.1. Remove the membrane from the Teflon cell assembly, and dissolve the silver, copper and nickel with a few drops of concentrated Nitric acid on the silver coated side. (TEXT: Nitric Acid > 68%) Then, remove the acid and rinse the membranes 3 times for 10 seconds with 18.2 MΩ deionized water. (Authors: How long is the rinse step?)
5.2. Next, etch the polymer core by immersing the membrane overnight in a 3:1 v/v solution of sulfuric acid and 30% hydrogen peroxide (TEXT: Caution! This solution is a strong oxidizer and should be handled with care). After this step, the membrane should appear purple and translucent.

5.3. The next day, remove the acid solution and rinse the membrane under a stream of 18.2 mΩ deionized water. Then, break the membrane into small pieces and place them into a 3.0 mL centrifuge vial.

5.4. Add 2 mL of an aqueous 3.0 M NaOH solution to the vial and agitate it in a heated mixer operating at 1000 rpm and 40 °C for 3 hours or until the membrane is dissolved. Once dissolved, centrifuge the mixture for 10 minutes at 21000 rcf.

5.5. Finally, remove the supernatant liquid and replace it with 18.2 MΩ deionized water. Repeat this cycle 3 times. The vial now contains gold nanotubes that can be suspended by gentle sonication. Upon sonication and suspension the solution should appear light purple. 

6. Optical Characterization of Gold Nanotubes

6.1. To measure the optical spectra, centrifuge the solution of gold nanotubes for 10 minutes at 21000 rcf, remove the supernatant liquid and replace it with D2O. Repeat this process 3 times. 

6.2. Then, sonicate the mixture for 30 seconds until the solution becomes clear, and transfer the solution into a 1 mL quartz cuvette. 

6.3. Obtain the extinction spectra from 200 nm to 2000 nm in a spectrophotometer, operating in dual beam mode and using a cuvette with D2O as the reference cell. Two absorbances should be present, corresponding to the transverse and longitudinal plasmon modes.

6.4. To measure the solid state spectra place the intact membrane on a glass slide and wet the membrane with D2O to increase transparency.

6.5. Attach the membrane secured to a glass slide and mount this in a thin film sample holder for a UV/vis/spectrophotometer. Operating in dual beam mode, obtain an extinction spectra from 200 nm to 1300 nm using a glass slide as the reference. (Authors: How is this step performed? I am not familiar with using a Spec to measure extinction spectra from a glass slide.)
7. Results: Gold Nanotube Length Characterization
7.1. The measurement of the extinction spectra from 500-800 nm shown here is reflective of the 55 nm diameter of the gold nanotubes that were formed.  The length can be varied based on deposition time and three different trials are shown here each representing a different deposition time.

7.1.1. LABMEDIA: Figure 4 (Begin by showing Figure 4a in the center of the screen. Then fade to show only Figure 4b with the start of the second sentence.)Figure 4 is the growth curve (referred to as figure 3 in this script), Figure 5 contains the described optical spectra
7.2. Scanning and transmission electron microscopy can also be used to measure the physical characteristics of the gold nanotubes.  Shown here is a scanning electron microscope image of the cross-section of a gold nanotube made using a 55 nm pore template.

7.2.1. LABMEDIA: Figure 5a (Authors: Please resubmit Figure 5a as a separate image with the text label removed) Will assume figure 6, as figure 5 does not pertain to electron microscopy

7.3. Transmission electron microscopy gives similarly high resolution when measuring physical dimensions such as diameter and length of various gold nanotubes.

7.3.1. LABMEDIA: Figure 5 b-d (Authors: Please resubmit Figure 5b-d as a separate image with the text labels removed) Will assume figure 6, as figure 5 does not pertain to electron microscopy, nor is there a figure 5 c-d

7.4. In this graph, 100 nanotubes were measured 7 different deposition times.  This resulted in a linear correlation of deposition time and length.

7.4.1. LABMEDIA: Figure 3 Figure 4
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 Colin: Following this procedure, the gold nanotube surfaces can be functionalized with DNA, antibodies, and their utility as biosensors can be investigated by measuring the shift in plasmon resonance induced by the binding of complementary DNA strands or antigens.

8.2. Author name Paul: This technique will allow researchers in the field of plasmonics and nanotechnology to further explore how shape can affect optical properties, and introduce sensors which can more accurately detect molecular binding events.

8.3. Author name Tyler: After watching this video, you should have a good understanding of how electrodeposit metals and polymers within the pores of AAO membranes to synthesize both composite or single component nanoparticles, as well as measure and tune their optical properties.

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.
Fig 6a.psd

Fig 6b.psd

Fig 6c.psd

Fig 6d.psd
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


