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C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. _1.2; 2.2.1; 3.7; 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 the step by its protocol number.__2.2.1 – 

**The viscous fluorinated liquid washes away soot, damaging the surface. One needs to coat several surfaces to get 40 to 50% that will work.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to fabricate a field-dewetting device capable of transporting droplets with bioanalytes without additives. (Intro)

This is accomplished by first coating a conductive substrate with candle soot. The substrate will serve as the bottom electrode of the device. (P1)
(Video editor: Please create an animation along the lines of the first three slides of “Graphics – Figures and Sequences to be animated.pptx.”  The substrate (orange rectangle) is, roughly, a two dimensional surface.  Ideally the animation would show that the candle is held below the surface, not on its edge.)
The second step is to protect the soot layer by applying liquid fluoropolymers. (P2)
(Video editor: Please use something like slide 4 of the above powerpoint file.  The fluid is dropped on one end of the surface and allowed to spread via gravity)
Next, fabricate the top electrodes of the device. Then place the top and bottom electrodes into the electronics of the experiment. (P3)   

(Video editor: Please start with only the left hand image from slide 5 in the powerpoint file [not the computer].  During the second sentence, add the orange bar below it, as in slide 6, followed by the computer with something to indicate connection)
The final step is to place a sample between the electrodes to test the device. (P4)
(Video editor: Please add the blue ball first seen in slide 6.)
Ultimately, results can be obtained that shows that field-dewetting devices can support continued droplet transfer in response to each electric pulse, for at least 700 pulses. (P5)
(Video editor: Please animate the blue ball and the colors along the top as in slides 7–13)
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).   
(Video editor: Images are in “Graphics – Figures and Sequences to be animated.pptx”)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sergio L. S. Freire: Demonstrating the procedures will be Selina Dao and Mike Wutkowski, undergraduate researchers from my laboratory.
1.2. Michael Wutkowski: The main advantages of this technique over existing methods, like electrowetting, is that the electric field does not lead to wetting, and there is no need of extra additives for droplet transport.   

1.3. Selina Dao: The implications of this technique extend toward the development of fully automated lab-on-a-chip platforms that work regardless of droplet chemistry.
Protocol (read by voice talent at JoVE):
2. Coating of a Conductive Substrate with Candle Soot
2.1. The first step is to prepare the conductive substrate for the ground electrode.  For this purpose, a copper sheet has been cut into rectangles.  The rectangles are 75 mm by 43 mm with a thickness of 0.5 mm.
2.1.1. WIDE: Talent at or approaching bench with copper sheet and cut out rectangles on it.  Talent starting to reach rectangles of copper sheeting.  Action should take place near tap (see 2.2.4)

2.1.2. MED: Talent picking up one or two rectangles and placing them in open hand to show. 

2.1.3. CU: Rectangle(s) in hand of talent to show size
2.2. Ready a container of copper etchant to clean the substrates. This video will follow the protocol using only one substrate.  Immerse the substrate in the etchant for about 30 seconds. 
2.2.1. MED: Talent moving etchant into position for use.  Rectangles can still be in hand or can be put nearby as etchant is moved.

2.2.2. MED: Talent picking up a single rectangle/substrate and starting to put it in etchant

2.2.3. CU: Etchant as talent immerses substrate
2.3. After immersion, recover the substrate and wash it by running tap water over it. Dry it with paper and before proceeding. Place it horizontally on a support that allows access to its downward facing surface.  For this video,  a mounted open ring is used.
2.3.1. MED: Talent recovering substrate and washing

2.3.2. MED: Talent finishing washing, then drying substrate as talent approaches open ring support and places substrate on it  (Video editor: This goes with the second and third sentences)

2.3.3. CU: The open ring support with the substrate on it
2.4. Have a mixture of liquid fluoropolymer (TEXT: Teflon-AF 1600 dissolved in fluorinert FC-40) and a dropper for its application ready.  Obtain a paraffin candle to provide the soot that will be applied.  Light it and continue by sweeping the candle under the copper substrate.  Maintain the top of the flame approximately 1 cm below the bottom of the substrate.  Continue sweeping the candle for 30–45 seconds, taking care not to touch the soot surface.
2.4.1. MED: Talent at ring support with substrate, bringing the mixture close.  

2.4.2. MED: Talent getting paraffin candle and lighting it, then starting to sweep the candle under the substrate

2.4.3. CU or ECU: Candle flame under substrate, showing detail of positioning

2.4.4. MED: Talent sweeping candle under substrate
2.5. After coating the substrate with soot, remove and extinguish the candle. Immediately use tweezers to grasp the substrate and rotate it to expose the soot covered side.  While it is still warm, use a dropper to deposit droplets of the liquid fluoropolymer on the edges to localize the disturbance of the soot layer.  Once drops have been applied, tilt the substrate so that it is almost vertical.  Then, deposit more droplets and let them roll over the entire soot surface, spreading as much as possible.
2.5.1. MED: Talent completing sweeps with candle, extinguishing it and putting it aside

2.5.2. MED: Talent getting tweezers and bringing them close to grasp substrate and rotate it

2.5.3. CU: Soot covered side of substrate held with tweezers, then drops being added to one edge.  After a brief pause, substrate being tilted to almost vertical, continuing to show soot and droplet covered side.  After another pause, additional droplets being added and spreading across surface Videographer:  If showing the above in one shot is not practical, please shoot the first sentence and use shots 2.4.4 and 2.4.5
2.5.4. MED: Talent with level substrate with drops on it, then tilting substrate to almost vertical

2.5.5. CU: Almost vertical substrate showing fluid moving across it. Then, more drops being added and allowed to roll over surface
2.6. Continue by taking the substrate to a chemical hood containing a hot plate held at 160 ºC.  In the hood, place the substrate, soot side facing up, on a hot plate to bake for 15 minutes.  After 15 minutes, take the substrate off the hot plate and let it sit overnight at room temperature before using it as a bottom electrode. (TEXT: The hood is not necessary once the substrate is at room temperature)  The substrate can be stored indefinitely. 
2.6.1. WIDE: Talent, sample in hand, going from bench to a hood. At minimum, show arrival at hood

2.6.2. MED over the shoulder: Talent placing substrate on hotplate (Video editor: Please transition to the next shot to show the passage of time)

2.6.3. MED: Talent taking substrate off hot pad and putting aside to sit overnight (Video editor: This goes with the last two lines)
3. Fabrication of the Top Electrodes and Connection to the Electronic Interface
3.1. When the ground electrode is ready for use, the next step is to prepare the top electrodes. This video uses electrodes fabricated following a protocol from the literature. (TEXT: See manuscript reference 12, Abdelgawad, et al). The electrode design was printed on a thin copper laminate, etched, and cleaned to get to this point. Each of the 10 electrodes is 2 mm wide and 0.3 mm in width.  (TEXT: Electrodes: 2 mm long, 0.3 mm wide, 0.3 mm separation)
3.1.1. WIDE: Talent at bench, arranging materials for next steps (electrode laminate, glass slide, PFA, tape)

3.1.2. MED: Talent positioning electrode laminate to inspect it, inspecting it 

3.1.3. ECU: Electrode laminate on bench/in hands of talent (consistent with previous shot), showing as much detail as possible  (Video editor: If it is more useful, please substitute “52091 Freire_Figure 1.tif”  If using the ECU, can the labels found on the lab media be added?)
3.2. The electrodes will be mounted on a glass slide that is 75 mm by 25 mm and about 1 mm thick.  Apply double sided tape to one end of the slide, and avoid introducing air pockets.  Then, carefully attach the laminate to the slide so the electrodes are close to the edge.  
3.2.1. MED: Talent turning attention from laminate to bringing slide into position to work with it

3.2.2. CU: Slide showing dimensions, then a double sided tape being placed on one end.  After a pause, the laminate being affixed to the tape (Video editor: This goes with the second through fourth lines)
3.3. Next, cut a piece of perfluoralkoxy film about the width of the slide.  Place the film over the electrodes to prevent accidental short-circuits. Attach it with tape. The electrodes can now be used with the electronic interface.
3.3.1. MED: Talent rising from completing attaching laminate, then getting pefluorakoxy film

3.3.2. CU: Slide with electrode laminate on it, then film being placed on electrodes and attached with tape. (Video editor: This goes with lines two and three)
3.3.3. MED: Talent completing work on slide
3.4. Take both the top and bottom electrodes to the experimental setup to complete the field-dewetting device. (TEXT: See manuscript for details of the electronic interface.) In the experimental setup, the bottom electrode is electrically grounded. Above it, the top electrodes are connected to relays via an adjustable height connector.(TEXT: Height range 01.–0.5 mm)  Control the microfluidics device with a computer program that moves a droplet between adjacent electrodes. 

3.4.1. WIDE: Talent arriving at the experiment, starting to inspect the electrode 

3.4.2. CU: The electrodes, with bottom electrode being pointed out in some way.  Then top electrode and connecter being pointed out  (Video editor: This goes with the second and third lines)

3.4.3. MED or WIDE: Talent turning to computer to prepare for experiment
4. Droplet Visualization and Handling
4.1. In this experiment, the motion of droplets in the microfluidics device will be visualized. Use a 24–96 magnification assembly combined with a CCD camera.  Connect a video recorder to the camera using S-video.

4.1.1. WIDE: Talent leaving computer to work with the camera

4.1.2. MED: Talent completing setup of the camera, then making/checking connection to computer

4.2. At this point, obtain a sample for the experiment, in this case, C. elegans in medium. Pipette a 4µL droplet. Place the droplet on the soot-coated bottom electrode so it is in the center of the top electrodes.  Then adjust the position of the top electrodes so they are about 0.3 mm above the droplet.

4.2.1. MED: Talent getting sample to work with, then pipetting a droplet and preparing to deposit it on electrode

4.2.2. CU: Electrodes as pipette approaches and deposits sample, then pipette removed from view

4.2.3. MED: Talent adjusting height Videographer: 4.2.2–3 and 4.2.4 are redundant to provide options to the editor.  
4.2.4. MED over the shoulder: Talent depositing sample on bottom electrode, placing pipette out of view, then adjusting height   (Video editor: Please select either 4.2.2–3 or 4.2.4 to go with the last two sentences)
4.3. With the electronic interface and the high voltage (TEXT: Voltage ~500 VRMS) on, adjust the height of the top electrode until the droplet starts moving.  Do not let the electrode touch the droplet.  Once droplet motion is stable, start recording with the camera until the droplet does not move in response to 5 to 10 pulses.

4.3.1. ECU: Videographer, if possible, please capture the start of the motion of the droplet from the vantage point of the camera in the experiment  (Video editor: If this is viable, please use for the first two sentences)

4.3.2. MED or WIDE: Talent adjusting equipment and observing droplet until stable motion is achieved  Videographer: This is to provide an option for the editor (Video editor: This is an alternate to 4.3.1)

4.3.3. WIDE: Talent starting camera and monitoring the experiment
5. Results: Transfer of C-elegans in Medium on a Field-dewetting Device
5.1. This video shows the successful transfer of C-elegans in medium between the electrodes of a field-dewetting device.

5.1.1. LAB MEDIA: “52091 Freire - Movie C-elegans.qt”

5.2. Previous work with fluorescently tagged bovine serum albumin, or BSA, helps demonstrate the interaction between samples and the substrate.  At left, the BSA sits on a soot-coated surface. In contrast, at right, on a surface using only a fluorinated liquid, the BSA sample shows a strong surface interaction.

5.2.1. LAB MEDIA: “52091 Freire_Figure 4 Panel 1.tif”, “52091 Freire_Figure 4 Panel 3.tif “ (Video editor: Please show these side-by-side, '1' on the left, during the first sentence. Highlight the left image during the second sentence, then the right image during the third.) 
6. Conclusion (said by authors on camera)
6.1. Selina Dao: After watching this video, you should have a good understanding of how to fabricate field-dewetting devices.

6.2. Michael Wutkowski: Don't forget to follow laboratory safety guidelines. 
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.  

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.
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