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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 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 and use the step numbers in this document.) __________2.4, 2.5, 3.1, 4.2, 5.2, 5.3_________________________________

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 and use the step numbers in this document.) __________5.2_________________

E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __It will be in the same building. The experimental part will be in the lab (1st floor) and interview part will be in each author’s office (2nd floor). There is an elevator. Walking takes one minute._________________________________________________

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 experimental procedure is to grow single crystalline bismuth nanowires in a scalable manner, through thermal evaporation in a high vacuum. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mingzhao Liu: This method can be used to synthesize high quality bismuth nanowires in high yields.  The material has been of great interest in the field of thermoelectricity studies [1.1.1 – MED].
1.1.1. Mingzhao Liu speaks toward camera, interview style. 
1.2. Mingzhao Liu: The main advantage of this technique is that it involves no catalysts or seeds, and that the synthetic procedure is taken place in a vacuum, which guarantees the formation of bismuth nanowires of high purity [1.2.1 – MED]
1.2.1. Mingzhao Liu speaks toward camera, interview style. .   
1.3. Chang-Yong Nam: This method provides insight into how nanoscale porosity induces spontaneous bismuth nanowire growth, but it should also be applicable to other systems with low melting points, such as indium and tin [1.3.1 – MED].
1.3.1. Chang-Yong Nam speaks toward camera, interview style. .   
Protocol (read by voice talent at JoVE):
Editors, please use a zoom bubble to highlight actions being performed on the screen capture movies.
2. Preparation of vapor deposition system and growth substrates
2.1. To begin, vent the deposition chamber to atmospheric pressure and open the chamber [2.1.1 – Title Card].  
2.2. The venting is done by pressing the “Start PC Venting” button on the control software interface [2.2.1 – MED-over the shoulder], which automatically starts a sequence that vents the chamber to atmospheric pressure [2.2.2 - SCREEN]. 
2.2.1. Talent at computer control software interface preparing to vent chamber.
2.2.2. 53396_Liu_SCREEN_2.2.2 – Screen capture movie of the control software interface as talent clicks on the “Start PC Venting” button and a sequence to vent the chamber is automatically started. 
2.3. On reaching the atmospheric pressure, open the chamber by pulling the front accessing door [2.3.1 – MED].  
2.3.1. Talent opens the chamber.
2.4. Then, mount a tungsten evaporation boat between a pair of thermal evaporation electrodes [2.4.1 – CU].  Place 1 gram of bismuth pellets into the evaporation boat [2.4.2 – ECU].  Mount a vanadium (pronounced as “vuh-ney-dee-uh m”) sputtering target to the magnetron sputtering source [2.4.3 – MED-over the shoulder - TXT].
2.4.1. Tungsten evaporation boat as talent mounts between a pair of thermal evaporation electrodes.  
2.4.2. Tungsten evaporation boat as talent places 1 gram of bismuth pellets into the evaporation boat. 
2.4.3. Film as written.  TEXT Overlay: see text for system without sputtering source
2.5. Next, connect the mini-banana connectors of the closed loop temperature controller to the electrical feedthrough of the deposition system [2.5.1 – CU].
2.5.1. Deposition system as talent connects two mini-banana connectors for heating/cooling power and two mini-banana connectors for temperature probe of the closed loop temperature controller to the electrical feedthrough
2.6. To clean the growth substrates by oxygen plasma, place the growth substrates into a plasma cleaner [2.6.1 – MED-over the shoulder] and pump the chamber, by pressing the “vac on” button, to its base pressure of 10 milliTorr [2.6.2 – CU]
2.6.1. Talent places the growth substrates into a plasma cleaner.
2.6.2. Control interface as talent presses the “VAC ON” button to 10 mTorr.
2.7. Open the oxygen gas valve and introduce oxygen gas to the chamber by pressing the “gas on” button on the front panel [2.7.1 – MED-over the shoulder].  Adjust the flow rate by pressing the “INCA” and “DECA” (pronounced as “I-N-C-A and D-E-C-A”) buttons for gas flow rate control to maintain a chamber pressure of about 100 milliTorr [2.7.2 - CU].
2.7.1. Talent opens the oxygen gas valve and introduces the oxygen by pressing the “GAS ON” button on the front panel.
2.7.2. Control interface as talent clicks the INCA and DECA buttons to control the gas flow.
2.8. Next, set the plasma power at 20 Watts by pressing the “INCA” and “DECA” buttons for power control and ignite the plasma by pressing the “RF on” button [2.8.1 – MED-over the shoulder].
2.8.1. Control interface as talent sets the plasma power at 20 Watts by pressing the “INCA” and “DECA” buttons for power control and ignites the plasma by pressing the “RF ON” button
2.9. Wait for 5 minutes before turning off the plasma by pressing the “RF on” button [2.9.1 – MED].  Then, vent the chamber by pressing the “bleed” button before retrieving the substrates [2.9.2 – CU]. 
2.9.1. Talent presses the “RF ON” button.
2.9.2. Control interface as talent presses the “BLEED” button.
2.10.1
Added unloading of the substrate
3. Substrate loading and deposition system pumping
3.1. To load substrate, first mount the substrate temperature control assembly to the substrate holder [3.1.1 – MED-over the shoulder].  Use spring clips to mount the growth substrates on top of the Peltier cooler/heater assembly [3.1.2 – CU].
3.1.1. Talent mounts the substrate temperature control assembly to the substrate holder.
3.1.2. Peltier cooler/heater assembly as talent uses spring clips to mount the growth substrates on top.
3.2. Then, mount the fully assembled substrate holder into the vapor deposition chamber, with the substrates facing the deposition sources [3.2.1 – MED-over the shoulder].  Connect the electrical feedthroughs to the Peltier cooler/heater assembly [3.2.2 – CU].
3.2.1. Film as written.
3.2.2. Electrical feedthroughs as talent connects to the Peltier cooler/heater.
3.3. Close the substrate shutter to avoid unintentional deposition to the substrate [3.3.1 – MED].
3.3.1. Film as written.
3.4. Next, start pumping down the deposition chamber [3.4.1 – MED-over the shoulder].  The pumping is done by pressing the “Start PC Pumping” button on the control software interface, which automatically starts a sequence that pumps the chamber to its base pressure [3.4.2 – SCREEN - TXT].
3.4.1. Talent works at the computer to prepare to start pumping down the deposition chamber (action to be continued in next shot).
3.4.2. 53396_Liu_SCREEN_3.4.2 – Screen capture movie of the control software interface as talent presses the “Start PC Pumping” button on the control software interface.  TEXT Overlay (as “base pressure” is narrated): ≤ 10-6 Torr
4. The deposition of vanadium underlayer
4.1. To deposit vanadium with a magnetron sputtering source, start argon flow in the sputtering source.  Set the flow rate to between 40 and 50 standard cubic centimeters per minute [4.1.1 – MED-over the shoulder-TXT].  Adjust the turbomolecular pump's revolution rate for a chamber pressure of 2.5 to 3 milliTorr [4.1.2 – SCREEN-TXT].
4.1.1. Talent starts the argon flow in the sputtering source and sets the flow rate to 40-50 SCCM.  TEXT Overlay:  40-50 SCCM
4.1.2. 53396_Liu_SCREEN_4.1.2 – Screen capture movie of the control software interface as talent adjusts the turbomolecular pump’s revolution rate for a chamber pressure of 2.5-3 mTorr.  TEXT Overlay: 2.5-3 mTorr
4.2. While the chamber is gradually reaching its steady state pressure, set the thickness calibration factors to the quartz crystal microbalance, or QCM.  For vanadium, the density is 5.96 grams per cubic centimeter and the Z-factor is 0.530 [4.2.1 – SCREEN-TXT].
4.2.1. 53396_Liu_SCREEN_4.2.1 – Screen capture movie of the control software interface as talent sets the thickness calibration factors to the QCM (density = 5.96 g and Z-factor = 0.530).  TEXT Overlay:  V: density = 5.96 g, Z-factor = 0.530
4.3. Turn on the DC sputtering source and set the power at 200 to 250 Watts.  Without opening the substrate shutter, keep the source running for 2 minutes [4.3.1 – SCREEN-TXT]. 
4.3.1. 53396_Liu_SCREEN_4.3.1 – Screen capture movie of the control software interface as talent turns on the DC sputtering source and sets the power at 200-250 Watts.  TEXT Overlay:  keep source running for 2 min
4.4. Open the substrate shutter to start vanadium deposition.  In the meantime, reset the accumulated thickness of the QCM to zero [4.4.1 – SCREEN].
4.4.1. 53396_Liu_SCREEN_4.4.1 – Screen capture movie of the control software interface as talent opens the substrate shutter to start vanadium deposition.  Then talent resets the accumulated thickness of the QCM to zero
4.5. Continue deposition until an apparent thickness of 20 nanometers is accumulated, per QCM reading.  Then, close the substrate shutter [4.5.1 – SCREEN].
4.5.1. 53396_Liu_SCREEN_4.5.1 – Screen capture movie of the control software interface showing an apparent thickness of 20 nm is accumulated per QCM reading.  Then talent closes the substrate shutter.
4.6. Gradually decrease the sputter power to zero.  Then, turn the source off.  Shut off the argon flow.  Finally, return the turbomolecular pump to its full power [4.6.1 – SCREEN].
4.6.1. 53396_Liu_SCREEN_4.6.1 – Screen capture movie of the control software interface as talent gradually decreases the sputter power to zero, turns the source off, shuts off the argon flow, and returns the turbomolecular pump to its full power. 
5. The deposition of bismuth nanowires.
5.1. Mingzhao Liu:  It is very important that the substrate temperature is maintained precisely and stably, as the width and length of the nanowires are strongly tailored by the temperature [5.1.1 – MED].
5.1.1. Mingzhao Liu speaks toward camera, interview style. 
5.2. For bismuth deposition at temperatures above or below room temperature, set the desired value to the temperature controller.  Wait until the desired temperature is reached [5.2.1 – MED-over the shoulder].
5.2.1. Talent sets the desired value to the temperature controller.
5.3. Set the thickness calibration factors to the QCM.  For bismuth, the density is 9.78 grams per cubic centimeter and the Z-factor is 0.790 [5.3.1 – SCREEN-TXT].
5.3.1. 53396_Liu_SCREEN_5.3.1 – Screen capture movie of the control software interface as talent sets the thickness calibration factors to the QCM (density = 9.78 and Z-factor = 0.790).  TEXT Overlay:  Bi:  density = 9.78, Z-factor = 0.790
5.4. Turn on the thermal evaporation power supply to the bismuth source.  Then, slowly increase heating power to the tungsten boat until the deposition rate of 2 Angstroms per second is achieved, per QCM reading [5.4.1 – SCREEN]. 
5.4.1. 53396_Liu_SCREEN_5.4.1 – Screen capture movie of the control software interface as talent turns on the thermal evaporation power supply to the bismuth source.  Then talent slowly increases the heating power to the tungsten boat until the deposition rate of 2 Angstroms per second is achieved.
5.5. Reset the accumulated thickness of the QCM to zero. In the meantime, open the substrate shutter to start bismuth deposition [5.5.1 – SCREEN].  Continue deposition until an apparent thickness of 50 nanometers is accumulated.  Then, close the substrate shutter [5.5.2 – SCREEN].
5.5.1. 53396_Liu_SCREEN_5.5.1 – Screen capture movie of the control software interface as talent opens the substrate shutter to start bismuth deposition.  Then talent resets the accumulated thickness of the QCM to zero.
5.5.2. 53396_Liu_SCREEN_5.5.2 – Screen capture movie of the control software interface showing a thickness of 50 nm.  Talent then closes the substrate shutter.
5.6. Gradually decrease the thermal evaporation power to zero.  Turn the source off.  Turn off the power supply to the thermal electric cooler/heater [5.6.1 – MED-over the shoulder].
5.6.1. Talent gradually decreases the thermal evaporation power to zero.  Then talent turns the source off, turns the power supply to the thermal electric cooler/heater off.
5.7. Vent the deposition chamber to atmospheric pressure and open the chamber [5.7.1 – MED].  Finally, retrieve the substrate holder and collect the bismuth nanowire covered substrates [5.7.2 – CU].
5.7.1. Talent vents the deposition chamber to atmospheric pressure and opens the chamber.
5.7.2. Substrate holder as talent retrieves and collects the bismuth nanowire covered substrates.
6. Results: Characterization of the growth of bismuth nanowires 
6.1. The cross-sectional scanning electron microscopy, or SEM, images of vanadium underlayers formed by magnetron sputtering [6.1.1 – LM] and thermal evaporation methods are presented here [6.1.2 – LM].
6.1.1. 53396_Liu_Figure 2 – Authors, please provide a separate version of this figure without the a and b labels.  Editors, please zoom into the left panel of this image.
6.1.2. 53396_Liu_Figure 2.  Editors, staying zoomed in, please slide over to the right panel of this image.
6.2. Here, SEM images are presented for bismuth nanowires formed at different substrate temperatures [6.2.1 – LM].  
6.2.1. 53396_Liu_Figure 3 – Authors, please provide a separate version of this figure without the a-e labels.  
6.3. The crystal structure of the bismuth nanowires is determined through transmission electron microscopy [6.3.1 – LM], selective area electron diffraction [6.3.2 – LM], and X-ray diffraction studies [6.3.3 – LM]. 
6.3.1. 53396_Liu_Figure 4A-C – Authors, please provide a separate version of this figure with only panels a-c lined up adjacently and without the a-c labels.  Editors, please zoom into the left panel of this image.
6.3.2. 53396_Liu_Figure 4A-C.  Editors, staying zoomed in, please slide over to the middle panel of this image.
6.3.3. 53396_Liu_Figure 4A-C.  Editors, staying zoomed in, please slide over to the right panel of this image.
6.4. Elemental analysis by energy dispersive X-ray spectroscopy indicates that the bismuth nanowires are not alloyed with the vanadium underlayer [6.4.1 – LM].
6.4.1. 53396_Liu_Figure 4D – Authors, please provide a separate version of this figure with panel d only and without the d label.  
7. Conclusion (said by authors on camera)

7.1. Mingzhao Liu: Once mastered, this technique can be done in about five hours if it is performed properly [7.1.1 – MED].

7.1.1. Mingzhao Liu speaks toward camera, interview style. 

7.2. Mingzhao Liu: After watching this video, you should have a good understanding of how to scalably grow single crystalline bismuth nanowires, through thermal evaporation in a high vacuum [7.2.1 – MED].
7.2.1. Mingzhao Liu speaks toward camera, interview style. 
7.3. Mingzhao Liu: While attempting this procedure, it’s important to control the substrate temperature precisely as it can significantly affect the dimension of the nanowires.  A low base pressure is also critical to avoid the oxidation of deposited materials [7.3.1 – MED].
7.3.1. Mingzhao Liu speaks toward camera, interview style. 
7.4. Mingzhao Liu: After its development, this technique paved the way for researchers in the field of vapor phase synthesis of nanostructures to utilize surface energy as a driven force for high quality and high purity nanostructures [7.4.1 – MED].
7.4.1. Mingzhao Liu speaks toward camera, interview style. 
7.5. Mingzhao Liu: Don't forget that working with nanomaterials and vacuum equipment can be hazardous and proper personal protection equipment should be always worn while performing this procedure [7.5.1 – MED].      
7.5.1. Mingzhao Liu speaks toward camera, interview style. 

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.  
53396_Liu_Figure 2 – Authors, please provide a separate version of this figure without the a and b labels.  
53396_Liu_Figure 3 – Authors, please provide a separate version of this figure without the a-e labels.  
53396_Liu_Figure 4A-C – Authors, please provide a separate version of this figure with only panels a-c lined up adjacently and without the a-c labels.
53396_Liu_Figure 4D – Authors, please provide a separate version of this figure with panel d only and without the d label.  
SCREEN Capture Movies:
53396_Liu_SCREEN_2.2.2 – Screen capture movie of the control software interface as talent clicks on the “Start PC Venting” button and a sequence to vent the chamber is automatically started. 
53396_Liu_SCREEN_3.4.2 – Screen capture movie of the control software interface as talent presses the “Start PC Pumping” button on the control software interface.  
53396_Liu_SCREEN_4.1.1 – Screen capture movie of the control software interface as talent adjusts the turbomolecular pump’s revolution rate for a chamber pressure of 2.5-3 mTorr
53396_Liu_SCREEN_4.2.1 – Screen capture movie of the control software interface as talent sets the thickness calibration factors to the QCM (density = 5.96 g and Z-factor = 0.530).
53396_Liu_SCREEN_4.3.1 – Screen capture movie of the control software interface as talent turns on the DC sputtering source and sets the power at 200-250 Watts.
53396_Liu_SCREEN_4.4.1 – Screen capture movie of the control software interface as talent opens the substrate shutter to start vanadium deposition.  Then talent resets the accumulated thickness of the QCM to zero
53396_Liu_SCREEN_4.5.1 – Screen capture movie of the control software interface showing an apparent thickness of 20 nm is accumulated per QCM reading.  Then talent closes the substrate shutter.
53396_Liu_SCREEN_4.6.1 – Screen capture movie of the control software interface as talent gradually decreases the sputter power to zero, turns the source off, shuts off the argon flow, and returns the turbomolecular pump to its full power. 
53396_Liu_SCREEN_5.3.1 – Screen capture movie of the control software interface as talent sets the thickness calibration factors to the QCM (density = 9.78 and Z-factor = 0.790).
53396_Liu_SCREEN_5.4.1 – Screen capture movie of the control software interface as talent turns on the thermal evaporation power supply to the bismuth source.  Then talent slowly increases the heating power to the tungsten boat until the deposition rate of 2 Angstroms per second is achieved.
53396_Liu_SCREEN_5.5.1 – Screen capture movie of the control software interface as talent opens the substrate shutter to start bismuth deposition.  Then talent resets the accumulated thickness of the QCM to zero.
53396_Liu_SCREEN_5.5.2 – Screen capture movie of the control software interface showing a thickness of 50 nm.  Talent then closes the substrate shutter.
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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