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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)___N_____ 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.

Note: Although there are no step-by-step instructions, it may be helpful to use screen recording software for the goniometer.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ______2.3, 2.5, 2.9, 4.2, 5.2, 5.4____________________________________

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 to be filmed by their protocol numbers. (Please do not list an entire section.) ______3.3 - 3.4 and 5.2. We use a stereoscope to align the wire above the PMMA piece. Alignment of the capillary is difficult in step 5.2. ________________

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 demonstrate the manipulation of liquid metal under the influence of electrochemical potentials.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Dickey: This method tunes the interfacial tension of liquid metal over an enormous range while elucidating the role of oxides on interfacial tension [1.1.1 – MED].
1.1.1. Michael speaks toward camera, interview style.

1.2. Collin Eaker: The main appeal of this technique is that it’s simple, it’s reversible, and it only requires very modest potentials [1.2.1 – MED].   

1.2.1. Collin speaks toward camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rashed Khan: This technique has been utilized to make electronic devices that are reconfigurable and composed almost entirely of soft materials [1.3.1 – MED].
1.3.1. Rashed speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):

2. Manipulation of the interfacial tension of liquid metal in electrolyte
2.1. To perform oxidation, pour an aqueous electrolyte into a petri dish [2.1.1 – MED - TXT].  Use a volume that will fill the dish to a depth of approximately 1 to 3 millimeters [2.1.2 – CU].  
2.1.1. Talent pours the aqueous electrolyte into a petri dish from a labeled container.  TEXT Overlay:  use acidic or basic electrolyte at >0.1 M
2.1.2. [combined with 2.1.1] Petri dish as talent fills it to a depth of 1-3 mm
2.2. Use a syringe to place a drop of a gallium-based alloy in the electrolyte [2.2.1 – MED].  Here, eutectic (“pronounced as “yoo-tek-tik”) gallium indium is used [2.2.2 – ECU - TXT].
2.2.1. Talent motions to place a drop of gallium-based alloy in the electrolyte but does not put the drop there.  Continue action in the next shot.
2.2.2. [combined with 2.2.1] End of syringe and electrolyte as talent expels the drop of eutectic gallium indium in the electrolyte.  TEXT Overlay: drop = 10-500 μL 
2.3. Place a copper wire with a diameter less than that of the drop into the liquid metal to establish the working electrode [2.3.1 – MED].  In acid or base, the liquid metal will wet the copper and thereby form an excellent electrical contact [2.3.2 – CU].
2.3.1. Talent prepares/motions to place the copper wire into the liquid metal.  Continue action in next shot.
2.3.2. [combined with 2.3.1] Liquid metal as talent places the copper wire there.
2.4. Place a conducting counter-electrode in the solution, but not in contact with the liquid metal.  If the counter-electrode has a resistance of less than 1 Ohm, its dimensions are irrelevant [2.4.1 – MED-over the shoulder].
2.4.1. Talent places a conducting counter-electrode in the solution, but not in contact with the liquid metal. Take 2
2.5. Next, connect the wires to a voltage source and apply a positive potential to the liquid metal [2.5.1 – MED].  For small shape deformation, apply positive voltages less than 1 Volt.  For larger shape deformation, apply greater than 1 Volt [2.5.2 – MED-over the shoulder - TXT].
2.5.1. Talent connects the wires to a voltage source.
2.5.2. [combined with 2.5.1] Voltage source as talent applies the voltage.  TEXT Overlay: small shape deformation = < 1V, large shape deformation = > 1V      
2.6. To perform reduction, dispense a drop of the liquid metal from a syringe into an empty petri dish [2.6.1 – CU – TXT].
2.6.1. Syringe needle as talent dispenses liquid metal into an empty petri dish.  TEXT Overlay: drop = 10-500 μL + flattening (audio slated)
2.7. Then, pour a neutral aqueous electrolyte into the petri dish to a level that submerges the metal [2.7.1 – MED-over the shoulder – TXT]. 
2.7.1. Talent pours the aqueous electrolyte into the petri dish from a labeled container.  TEXT Overlay: e.g. 1 M NaF or 1 M NaCl
2.8. Place a copper wire into the liquid metal to act as a working electrode [2.8.1 – ECU], and place a conducting wire into the electrolyte to act as the counter-electrode [2.8.2 – CU].
2.8.1. Liquid metal as talent places the copper wire there.
2.8.2. [combined with 2.8.1] Petri dish as talent places a conducting wire into the electrolyte.
2.9. Connect the wires to a voltage source and apply a negative potential to the liquid metal [2.9.1 – MED-over the shoulder].  Apply approximately minus 1 Volt to remove the surface oxide and cause the metal to dewet from the substrate [2.9.2 – CU].  The metal should dewet first on the side closest to the counter-electrode [2.9.3 – ECU]. 
2.9.1. Talent connects the wires to a voltage source.
2.9.2. Voltage source as talent applies ~ -1V.
2.9.3. Metal as it is dewetted (first on the side closest to the counter-electrode).  
2.10. Apply more negative potentials to remove the oxide layer completely [2.10.1 – MED-over the shoulder - TXT].  Avoid applying excessively large negative voltages to prevent hydrogen bubbles from appearing on the liquid metal due to reduction of the electrolyte [2.10.2 – ECU or CU].
2.10.1. Talent applies negative potentials on voltage source. TEXT Overlay: <-1 V
2.10.2. Liquid metal.  If possible, show with hydrogen bubbles to show what this looks like.  If not, just show the liquid metal as the negative potential is applied.
3. Surface tension measurement via sessile droplet
3.1 and 3.2 both occur in the laser cutter, in the same shot. Technically, 3.2 (direct path) will precede 3.1 (1 square millimeter hole).
3.1. Using a laser cutter or milling tool, cut a 1 square millimeter hole through the center of a piece of polymethylmethacrylate, or PMMA [3.1.1 – MED-over the shoulder - TXT].  This piece will serve as a substrate for the liquid metal [3.1.2 – ECU].  
3.1.1. Talent begins to cut a 1 square millimeter hole through the center of a piece of PMMA.  Continue action in next shot.  TEXT Overlay: ~ 1 mm thick
3.1.2. PMMA as talent continues to cut a 1 square mm hole through the center.
3.2. With the same tool, cut a direct path from the center to the edge of the back side of the PMMA.  Do not cut the path all the way through the thickness of the PMMA; only cut about halfway through [3.2.1 – CU].
3.2.1. PMMA as talent cuts a direct path from the center to the edge of the back side of the PMMA halfway through.
3.3. Using the path as a guide, run an insulated copper wire with only the tip exposed to the center of the PMMA [3.3.1 – MED-over the shoulder].  Position the wire so that it is protruding over the PMMA surface [3.3.2 – CU].
3.3.1. Talent runs an insulated copper wire with only the tip exposed to the center of the PMMA.
3.3.2. PMMA/Wire as talent positions it so that it is protruding slightly over the PMMA surface.  
3.4. Seal the wire in place with a leakproof adhesive [3.4.2 – MED-over the shoulder SCOPE].  Cut the wire just above the surface of the PMMA, but do not let it extend too far or it will disturb the shape of the drop [3.4.1 – ECU SCOPE].  
3.4.1. Wire as talent extends it just beyond the surface of the PMMA to contact the droplet.
3.4.2. Film as written.
3.5. Tape the PMMA piece down into a transparent container through which a clear image can be obtained [3.5.1 – CU].  Place the container in a contact angle goniometer (“pronounced as goh-nee-om-i-ter”) so that the surface profile of the drop is clearly visible [3.8.1 – CU].  Fill the container with 1 Molar sodium hydroxide [3.5.2 – MED-over the shoulder].  
3.5.1. PMMA as talent tapes it down into a transparent container.
3.8.1
[moved] Container as talent places it in a contact angle goniometer so that the surface profile of the drop is clearly visible.
3.5.2. Talent fills the container with 1M NaOH from a labeled container.
3.6. Then, place a 25 to 50 microliter drop of liquid metal on the protruding copper wire.  This wire will serve as the working electrode and will wet the droplet [3.6.1 - ECU].
3.6.1. Protruding copper wire as talent places a 25 to 50 microliter drop of liquid metal there.
3.7. Connect all of the electrodes to a potentiostat [3.7.2 – MED]. Next, place a platinum mesh counter-electrode and a saturated silver/silver chloride reference electrode in the solution [3.7.1 – MED-over the shoulder]. 
3.7.1. Talent places a platinum mesh counter-electrode and a saturated silver/silver chloride reference electrode in the solution.
3.7.2. Talent connects the electrodes to a potentiostat.
3.8. [moved] Place the container in a contact angle goniometer (“pronounced as goh-nee-om-i-ter”) so that the surface profile of the drop is clearly visible [3.8.1 – CU].
3.8.1. [moved] Container as talent places it in a contact angle goniometer so that the surface profile of the drop is clearly visible.  
3.9. Use the potentiostat to control the voltage with respect to the reference electrode, and use the goniometer to measure the shape and thereby the interfacial tension of the drop [3.9.1 – MED-over the shoulder].  Ensure that the goniometer is capable of measuring sessile (pronounced as “ses-ahyl”) drop interfacial tension [3.9.2 – CU].
3.9.1. Talent uses a potentiostat to control the voltage while using the goniometer to measure the shape of the drop.
3.9.2. Goniometer as talent uses it to measure the sessile drop interfacial tension.
4. Capillary Injection
4.1. Fill a glass capillary with a solution of 1 Molar sodium hydroxide.  The capillary diameter should be approximately 1 millimeter [4.1.1 – MED].
4.1.1. Talent fills a glass capillary with a solution of 1M NaOH. 
4.2. Place one end of the capillary flush against a drop of liquid metal [4.2.1 – ECU].  Align the capillary so that it is parallel with the surface of the table.  Avoid air gaps between the liquid metal drop and electrolyte-filled capillary [4.2.2 – CU].  Using a wipe, dab off any excess electrolyte that may have leaked during assembly [4.2.3 – MED-over the shoulder].
4.2.1. Capillary as talent places one end flush against a drop of liquid metal.
4.2.2. Capillary as talent aligns so that it is parallel with the surface of the table, avoiding air gaps between the liquid metal drop and electrolyte-filled capillary.
4.2.3. Talent uses a wipe to dab off any excess electrolyte that may have leaked during assembly.
4.3. Place a copper wire in the liquid metal and a conductive counter-electrode in the open end of the capillary so that it contacts the solution [4.3.1 – CU].
4.3.1. Petri dish as talent places a copper wire in the liquid metal and a conductive counter-electrode in the open end of the capillary to that it contacts the solution.
4.4. Connect the wires to a voltage source and apply a positive potential to the liquid metal [4.4.1 – MED-over the shoulder].  The liquid metal should begin filling the capillary [4.4.2 – CU].
4.4.1. Talent connects the wires to a voltage source and applies a positive potential to the liquid metal.
4.4.2. Liquid metal as it begins filling the capillary.
5. Capillary Withdrawal
5.1. Utilize soft lithographic and replica molding techniques to fabricate microfluidic channels composed of polydimethylsiloxane, or PDMS [5.1.1 – Title Card].
5.1.1. Title Card.  
5.2. Fabricate channels that are approximately 100 to 1000 microns wide, 100 microns tall, and 25 to 65 millimeters long [5.2.1 – ECU].
5.2.1. Pan PDMS microfluidic channels.  Scope A.S., many takes
5.3. Inject liquid metal either manually or using a syringe pump to fill the channel completely [5.3.1 – CU or ECU].
5.3.1. Microfluidic channel as talent injects the liquid metal to fill the channel completely.  
5.4. Using a cotton swab that has been dipped in 1 Molar sodium hydroxide or 1 Molar hydrogen chloride, remove excess amounts of liquid metal from the inlet of the channel, so that the metal remains flush with the top surface of the PDMS [5.4.1 – MED CU].
5.4.1. Talent uses a dipped cotton swab to remove excess amounts of liquid metal from the inlet of the channel. 
5.5. Submerge one end of the channel in electrolyte, and place the anode such that it touches the electrolyte but not the metal [5.5.1 – CU or ECU].
5.5.1. Microfluidic channel as talent submerges one end in electrolyte and places the anode such that it touches the electrolyte but not the metal. A.S.
5.6. At the other end of the channel, contact a separate electrode to the metal surface so that liquid metal itself acts as a cathode [5.6.1 – MED-over the shoulder].
5.6.1. Talent contacts a separate electrode to the metal surface. A.S.
5.7. Connect these wires to a voltage source and complete the electric circuit [5.7.1 – MED].  For a three electrode system, place the reference electrode such that it barely submerges into the drop of electrolyte [5.7.2 - CU].
5.7 to 5.9 audio slating
5.7.1. Talent connects the wires to a voltage source and completes the electric circuit.
5.7.2. Reference electrode as talent barely submerges it into the drop of the electrolyte. 
5.8. Before applying a reducing voltage, mount a video camera on a tripod or in a microscope to record the experiments [5.8.1 – MED].
5.8.1. Talent mounts a video camera to record the experiments.  
5.9. Use the autofocus mode to get everything in focus.  Utilize the manual focus to have better control over depth of field, white balance, and ISO [5.9.1 – CU].  As necessary, use a higher F stop, a shutter speed of one one-hundredth of a second, auto white balance and auto ISO [5.9.2 – MED-over the shoulder - TXT]. 
5.9.1. Camera as talent focuses in autofocus and then switches to manual focus.
5.9.2. Talent sets the camera parameters.  TEXT Overlay:  F stop of 11 or higher
5.10. Start recording the experiment [5.10.1 – MED].  Apply approximately minus 1 Volt to withdraw the liquid metal from the microchannels [5.10.2 – CU].  Turn the voltage off to cause the metal to stop moving in neutral electrolyte [5.10.3 – MED-over the shoulder]. 
5.10.1. Talent starts recording the experiment.
5.10.2. Microchannnels as the liquid metal is withdrawn upon application of -1Volt. Split sample
5.10.3. Talent turns the voltage off. timed
6. Results: Response of Liquid Metal to Electrical Potential 
6.1. Shown here is a goniometer video of the liquid metal spreading under the influence of the electrochemical potential.  A decrease in height signifies a more oxidative potential.  The interfacial tension can be determined from the curvature of the droplet [6.1.1 – LM]. 
6.1.1. 53567_Dickey_Movie1.avi. Editors, if there is any problem with this video, Visual_2 from “JoVE SI_SW” can be used in replacement.
6.2. The region to the left of the dotted line, where the oxide layer is absent, shows typical electrocapillary behavior [6.2.1 – LM].  However, when the oxide layer is present, the interfacial tension shows a precipitous decline, further decreasing as larger voltages are applied [6.2.2 – LM]. 
6.2.1. 53567_Dickey_Figure1b.tif.  Editors, please dim the right side of the figure and highlight the left side of the figure where it says “No Oxide.”
6.2.2. 53567_Dickey_Figure1b.tif.  Editors, please dim the left side of the figure and highlight the right side of the figure where it says “Oxide.”
6.3. Applying a reducing potential to the metal removes the oxide and causes it to withdraw from microchannels.  This graph shows the velocity profile of the capillary withdrawal at a constant voltage [6.3.1 – LM].  
6.3.1. 53567_Dickey_Figure3e.tif
6.4. As the liquid metal is replaced with electrolyte, the electrical resistance in the microchannel increases, causing a drop in the velocity over time [6.4.1 – LM].
6.4.1. 53567_Dickey_Figure3e.tif.  Editors, please highlight the plot from the left to the right.
7. Conclusion (said by authors on camera)

7.1. Collin Eaker:  Once mastered, this technique can be done in a matter of minutes, and should allow scientists and engineers to further study this unique phenomenon [7.1.1 – MED].
7.1.1. Talent speaks to the 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.  

53567_Dickey_Movie1.avi – Goniometer video of EGaIn drop under oxidative potential

53567_Dickey_Figure1b.tif – Graph of interfacial tension as a function of potential for liquid metal – Authors, please upload a separate version of figure 1b without the (b) label.
53567_Dickey_Figure3e.tif – Graph of velocity as a function of time for capillary withdrawal experiment – Authors, please upload a separate version of figure 3e without the (e) label. 

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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