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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 4.2, 4.3, 4.4, 4.5, 4.8, 4.12.
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.) Step 4.5
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________


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 procedure is to reliably measure the sharp Raman resonances of one- dimensional systems as a function of sample temperature. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. David Smith: This method can help answer key questions in the field of nanowires such as energies of the vibrational and optical excitations and the nature and quality of samples. 
1.2. Jeremy Sloan: The main advantage of this technique is that it allows the direct association of vibrational modes and electronic transition states of nanowires in samples, which contain more than one structure. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** David Smith: Demonstrating the procedure for filling of nanotubes will be Professor Jeremy Sloan of Warwick University, and Joe Spencer, a grad student in my lab will be demonstrating the Raman experiments.
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Sample Preparation: Melt filling of SWNTs with Mercury Telluride and Other Materials
2.1. To begin this procedure, preheat approximately 50 milligrams of single-walled carbon nanotubes to 450 degrees Celsius in dry air [2.1.1-WIDE].  
2.1.1. Talent approaches oven with nanotube sample and places it inside.
2.2. In an argon glove box [2.2.1-WIDE], grind approximately 20 milligrams of the preheated nanotubes with an equal volume of the filling material for more than 20 minutes using an agate mortar and pestle [2.2.2-MED-over the shoulder], applying force to produce an intimate mixture [2.2.3-CU-TXT]. 
2.2.1. Establishing shot of talent at glove box
2.2.2. *Film as written
2.2.3. Nanotube powder and filling material in mortar as talent mixes and grinds them with pestle, TEXT: Mercury telluride is filling material in this experiment.
2.3. While in the glove box, transfer the entire amount of the mixture to a silica quartz ampoule sealed at one end and open at the other [2.3.1-MED-over the shoulder-TXT].
2.3.1.  *Film as written, TEXT: 8-10 mm internal diameter, 6-10 cm long silica quartz ampoule. 
2.4. Temporarily seal the open end of the ampoule with plastic film for transfer to a vacuum line [2.4.1-MED]. After removing the ampoule from the glove box [2.4.2-WIDE], secure it to the vacuum line and remove the film [2.4.3-MED-over the shoulder].
2.4.1. *Film as written
2.4.2. Talent approaches fume hood containing vacuum line with ampoule in hand.
2.4.3. *Film as written
3. Evacuation and Filling Step 
3.1. Next, seal the ampoule containing the nanotube mixture under moderate vacuum [3.1.1-CU-TXT]. 
3.1.1. Sealed ampoule as talent shows it to the camera, TEXT: Typically ≈0.1 Pa. 
3.2. In a muffle furnace [3.2.1-WIDE], heat the sealed ampoule at a ramp rate of approximately 5 degrees Celsius per minute to approximately 100 degrees Celsius greater than the melting point of the filling material [3.2.2-MED-TXT]. 
3.2.1. Establishing shot of talent at muffle furnace
3.2.2. Talent places the sealed ampoule in the furnace, TEXT: Use thermal cycling at ± 100 C for 12 hr periods for 48 hr. 
3.3. After removing the cooled ampoule from the furnace, break it open for further use [3.3.1-MED-over the shoulder]. 
3.3.1. *Film as written
4. Initial Set-up and Optimization of Raman System 
4.1. After preparing the sample for Raman spectroscopy, set the incident wavelength to the desired value using a tunable laser source… [4.1.1-WIDE] as per the manufacturer’s protocol [4.1.2-MED]. 
4.1.1. Establishing shot of talent at laser
4.1.2. Talent sets wavelength on laser.
4.2. Rotate the Volume Bragg Grating, or VBG around the vertical axis to reduce the transmission of the laser through the VBG [4.2.1-CU]. Then, fine tune using the VBG mirror mount [4.2.2-MED-over the shoulder].  
4.2.1. VBG in mount as talent manually rotates it by hand.
4.2.2. *Film as written
4.3. Position the mirror into the Bragg reflected beam and retroreflect the beam back onto the VBG [4.3.1-MED]. Adjust the mirror to suppress transmission of the retroreflected beam through the VBG [4.3.2-CU]. 
4.3.1. *Film as written
4.3.2. Laser throughput scattering off a card as talent adjusts mirror.
4.4. Following this, measure the laser power transmitted through iris one [4.4.1-MED]. Then, fine adjust the VBG and retroreflecting mirror to maximize the transmission of laser power [4.4.2-MED/CU-TXT].
4.4.1. *Film as written
4.4.2. *Film as written, TEXT: Alternatively, adjust the GTI on a Ti:Sa laser to maximize output power
4.5. Adjust the post-filter mirrors to return the laser beam to the predefined path by repositioning the reflections from the relevant beam splitters… [4.5.1-MED-over the shoulder] onto the two beam observation cameras [4.5.2-SCREEN].
4.5.1. Talent adjusts labeled post-filter mirrors, with labels in frame if possible.
4.5.2. *To be submitted by Author
4.6. David Smith: If the laser is not positioned on the same sample point, it can cause a greater than 50 percent variation in signal due to a change of sampling area and how the light is coupled into the spectrometer. 
4.6.1. Talent speaks toward the camera, interview style.
4.7. Measure the laser photon energy by indirectly scattering into the spectrometer [4.7.1-SCREEN]. 
4.7.1. *To be submitted by Author
4.8. Adjust the half wave plate… [4.8.1-MED] to set the power incident upon the objective to approximately 1 milliwatt [4.8.2-CU].
4.8.1. Talent adjusts half wave plate in the set up.
4.8.2. Show readout on power meter.
4.9. Using the imaging optics, check the sample image… [4.9.1-MED] and ensure the laser spot is in the desired location with no stigmation [4.9.2-CU-TXT]. Adjust the sample position so that the laser spot is focused on a clean area of silicon [4.9.3-MED-over the shoulder]. 
4.9.1. Talent adds optics to the setup and views the laser spot on the computer screen.
4.9.2. Laser throughput scattering on a card as talent adjusts the focus of the sample position, TEXT: Adjust focus of sample if stigmation observed.
4.9.3. *Film as written
4.10. At this point, set the spectrometer to the zeroth order [4.10.1-MED]. Use the observation camera built into the spectrometer to view the image of the input slit on the first stage of the spectrometer [4.10.2-SCREEN].
4.10.1. *Film as written
4.10.2. *To be submitted by Author
4.11. Set up the spectrometer software as per the manufacturer’s protocol to collect Raman scattering from the silicon Raman peak [4.11.1-MED-over the shoulder-TXT]. Take repeated Raman spectra with one-second exposures to begin focusing [4.11.2-MED].
4.11.1. Talent at computer operates software, TEXT: Silicon Raman peak: 520 cm-1.
4.11.2. Talent focuses sample to obtain Raman spectra.
4.12. Following this, set the power to 10 milliwatts [4.12.1-MED/CU]. Then, adjust the Z-focus of the sample until a well-defined silicon peak at 520 inverse centimeters is observed [4.12.2-SCREEN]. 
4.12.1. *Film as written 
4.12.2. *To be submitted by Author
4.13. Maximize this signal by adjusting the input half-wave plate, the input lens and the Z-focus of the sample [4.13.1-MED]. Set the desired temperature to 4 Kelvin and allow the system to equilibrate for approximately 40 minutes [5.1.1-MED-over the shoulder-TXT].
4.13.1. [combined with 4.12.1] Talent adjusts one or more of the components to maximize the signal.
5.1.1	[moved] Talent sets temperature on cryostat and uses half-wave plate to change power, TEXT: Raman system is now optimized.
5. Measurement of Single Raman Spectrum
5.1. Then, move the sample position to an area of interest [5.1.2-SCREEN]. 
5.1.1. [moved] Talent sets temperature on cryostat and uses half-wave plate to change power, TEXT: Raman system is now optimized.
5.1.2. *To be submitted by Author
5.2. Acquire Raman spectra with a charge-coupled device focusing on one-second exposures as per the manufacturer’s protocol [5.2.1-SCREEN]. 
5.2.1. *To be submitted by Author
5.3. Adjust the Z-focus position of the sample using stage controllers to maximize the reflected power at the power meter [5.3.1-MED]. 
5.3.1. *Film as written
5.4. Finally, acquire a Raman spectrum using suitable exposure time to get a sufficient signal [5.4.1-MED-over the shoulder-TXT].
5.4.1. [bookmark: _GoBack]Talent sets up software for long exposure Raman spectra, TEXT: >1000 counts absolute.

6. Results: Characterization of Mercury Telluride Extreme Nanowires by Raman Spectroscopy
6.1. Several peaks are observed in the Raman spectra of the extreme nanowires, which can be attributed to vibrational excitations, including both one-phonon and multi-phonon Raman peaks [6.1.1-LM]. 
6.1.1. Figure2.png
6.2. A key indicator that specific Raman features are associated with nanowires rather than nanoparticles or lumps of the parent material is a characteristic polarization dependence like that shown here [6.2.1-LM]. The Raman scattering from an ensemble of randomly oriented one dimensional systems is preferentially polarized in the same direction as the exciting laser light with a contrast ratio of 3 to 1 and shows the characteristic figure eight shape [6.2.2-LM]. 
6.2.1. Figure3.jpg
6.2.2. Figure3.jpg: Highlight blue curve when “characteristic figure eight shape” is mentioned.
6.3. Representative measurements of the excitation intensity dependence of the Raman scattering intensity of mercury telluride extreme nanowires are shown here [6.3.1-LM]. The Raman intensity initially increases linearly before starting to show non-linear behavior with a tendency for the signal to saturate [6.3.2-LM]. 
6.3.1. Figure8.jpg
6.3.2. Figure8.jpg: Make red diagonal line appear on the plot.
6.4. As the temperature increases the spectral width broadens and the center shift of the mode softens [6.4.1-LM]. The drop-off in intensity as a function of temperature is predominantly due to a decrease in the coherent lifetime of the optical states responsible for the resonance with increasing temperature and is clear evidence that Raman scattering can provide information far beyond that possible with absorption measurements [6.4.2-LM]. 
6.4.1. Figure9.jpg: Show plots a) and b).
6.4.2. Figure9.jpg: Show plot c).

7. Conclusion (said by authors on camera)
7.1. David Smith: While attempting this procedure, it’s important to remember to monitor the repeatability of the process. Following this procedure systematically should allow a user to obtain repeat measurements at the same wavelength to within 10% of the Raman scattering intensity.


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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