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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y 
Can you record movies/images using your own microscope camera? Y
2. Does your protocol include software usage? 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.
3. Which steps from the protocol section below are the most important for viewers to see? 4.3–4.6
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.7
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements:

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Yelong Zheng: This method can help answer key questions in the field of bionics and fluid mechanics, such as the super-hydrophobic structure of lotus leaves and the droplet coalescence process.
1.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


What is the main advantage of this technique?

1.2. Yelong Zheng: The main advantage of this technique is that a force on the scale of sub-microNewtons can be measured, with a resolution on the scale of nano-Newtons.
1.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


OPTIONAL Interview Statements: 

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.3. Lele Zhang: This method could provide insight into the contact process of droplets and super-hydrophobic structures, and it can also be applied to other fields of micro force measurement.
1.3.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


How would you expect an individual who has never performed this technique to struggle? 

1.4. Shuya Zhuang: Individuals who have never performed this technique will struggle because the distance between droplets and super-hydrophobic substrates is difficult to control accurately.
1.4.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator: N/A

Ethics title card: N/A


Section - Protocol
2. Elements of the Interaction Force Measurement System
2.1. Prepare the measurement system on an appropriate lab bench. [1-TXT] At the center of the system is the silicon cantilever, which is suspended over a nanopositioning z-stage. [2] The 5 millimeter long cantilever is mounted at the end of a holder. A high-speed camera is in place with a line of sight perpendicular to the cantilever. [3-TXT][4]
2.1.1. WIDE: Talent at bench with the measurement system [TEXT: See text protocol for assembly instructions.]
2.1.2. MED: An overview of the setup with authors calling attention to the cantilever and the measurement stage (in that order)
2.1.3. CU/ECU: As much detail as possible of the region with the cantilever and the camera. If possible, the region where the cantilever is and the camera should be pointed out by the authors (in that order). Videographer: This could be two shots. [TEXT: Cantilever width 0.5 mm]
2.1.4. ECU: The cantilever  (Authors: Please consult with the videographer about this shot. If you would like to include it, it may be better for you to provide it with your camera. If you use your camera, please upload the image to your project site.)Videographer: I don’t know if this shot will be possible. 
Video editor: If the cantilever shot is available, it could be used with the first sentence of 2.1.3 or alongside the shot already listed for 2.1.3.
2.2. The nanopositioning z-stage has a support that holds an electrode at this point. [1] Finally, a laser and a position sensitive detector are arranged to measure the cantilever deflection. [2]
2.2.1. CU/ECU: The nanopositioning stage to show it and demonstrate the support on it
2.2.2. MED: Overview of the entire setup with the laser and PSD  being pointed out in the order listed
3. Calibration of the Optical Lever
3.1. After measuring the capacitance gradient, use a computer controlled DC power supply to calibrate the optical lever. [1-TXT] This schematic provides an overview of the setup for calibration. [2] A plate electrode is on the nanopositioning z-stage. It is 100 micrometers below the cantilever with an overlap length of one half millimeter. [3] The cantilever and electrode form a capacitor, with the positive pole of the DC power supply connected with the cantilever and the negative pole with the plate electrode. [4]
3.1.1. MED: Talent preparing the DC power supply to calibrate the optical lever [TEXT: See text protocol for measuring capacitance gradient.]
3.1.2. LAB MEDIA: “Figure 2A.pdf” 
3.1.3. LAB MEDIA: “Figure 2A.pdf” Video editor: Please call attention to the symbol labeled “Electrode” during this shot
3.1.4. LAB MEDIA: “Figure 2A.pdf” Video editor: Please call attention to the region where the symbol labeled “Cantilever” is above the symbol labeled “Electrode” (including the portions of those symbols and the space between them) during “The cantilever and electrode form a capacitor”. Refocus the attention to the symbol labeled “DC” and the line going from it to the symbol labeled “Cantilever” during “...the positive pole...cantilever”. Then, move attention to the symbol labeled “DC” and the line going from it to the symbol labeled “plate electrode” during the remainder of the sentence.
3.2. Next, adjust the relative positions of the laser, the position sensitive detector, and the cantilever. [1-TXT] Arrange them so the laser beam is reflected by the cantilever to the detector. [2] At the computer, set the data acquisition rate of the detector output voltage to 1 kiloHertz. [3-TXT] 
3.2.1. MED: Talent adjusting any one or more of the laser, PSD, and cantilever 
3.2.2. CU: Demonstrate the laser beam spot as it moves on the surface of the detector and comes to a stop at an appropriate spot
3.2.3. MED: Talent working at the computer  [TEXT: Data acquisition rate: 1 kHz]
3.3. In the DC power supply control software, set the start voltage to 0 Volts. Set the end voltage to 125 Volts. Have the voltage increase in 25 Volt increments. Hold each voltage value for 5 seconds. As the voltage is varied, monitor the voltage output of the position sensitive detector. [1]
3.3.1. SCREEN: To be provided by the authors. (Authors: Please provide video that begins with the interface showing both the detector output and the voltage controls, with the voltage control window on top. Be sure viewers can see what is important. The experiment can be running. Point out where the minimum voltage has been set to 0V. Then, point out where the maximum voltage has been set to 125V. Next, point out where the voltage increment is set to 25V. Finally point out where the time to hold the values is set 5 seconds. After a pause, point out the window with the PSD output. Upload this file  to your project site.)
3.4. After this sequence of measurements, perform an analogous sequence starting with the voltage at 125 Volts and decreasing to 0 Volts in increments of 25 Volts. [1] Use the data from five complete measurements to create a plot in which the slope is the constant of proportionality between the interaction force and the position sensitive detector output voltage. [2-TXT] 
3.4.1. SCREEN: To be provided by the authors. (Authors: As in shot 3.3.1, begin with the interface showing the detector output and voltage controls. Have the appropriate values entered for this part of the experiment. Call attention to the values that are different that in shot 3.3.1. Upload this video to your project site.)
3.4.2. LAB MEDIA: “Figure 5.pdf” [TEXT: See text protocol Introduction for details.]
4. Measurement of the Interaction Force between Droplets and Super-hydrophobic Substrates
4.1. To prepare for the measurements, disconnect the DC power supply from the plate and cantilever. [1] Next, work with the nanopositioning z-stage. [2] Identify the electrode on its plate support and remove both by unscrewing the support from the stage. [3] In their place, screw a new plate support to the z-stage before continuing. [4]
4.1.1. WIDE: Talent disconnecting the DC power supply
4.1.2. MED: Talent getting into position to work with the z-stage items
4.1.3. CU: The plate electrode and support being pointed out and removed from the z-stage 
4.1.4. CU: The new plate support being added to the z-stage 
4.2. Ensure the high-speed camera’s line of sight is perpendicular to the cantilever. [1][2] Next, get a super-hydrophobic structure for the plate support. [3]  Use a structure with a contact angle of almost 180º to suspend a water droplet from the cantilever. [4-TXT]  For the experiment, affix this structure to the plate support on the z-stage. [5]
4.2.1. MED: Talent checking the camera
4.2.2. LAB MEDIA: Authors: If you can provide an informative image of the camera’s view when it is in position, please do. Upload this file to your project site.) Video editor: If this image is available, it might be used alongside 4.2.1
4.2.3. MED: Talent getting super-hydrophobic structure and getting into position to put it on the z-stage
4.2.4. CU/ECU: Example of a super-hydrophobic structure, ideally consistent with how talent is holding the structure in the previous shot [TEXT: Super-hydrophobic structure made of PDMS]
4.2.5. CU/ECU: The structure in place on the nanopositioning stage 
4.3. With a micropipette, place a 2 microliter droplet of water on the super-hydrophobic structure. [1] Now, begin working with the nanopositioning stage software. [2] 
4.3.1. CU: The structure as a droplet is placed on it
4.3.2. MED: Talent at the computer, working with the positioning software
4.4. In this software, go to the speed dialog box and set the speed to 10 micrometers per second. Click the Forward button to start the droplet moving upward. Click Stop when the droplet contacts the free end of the cantilever. After 1 or 2 seconds, manually move the z-stage away from the cantilever. A hemispherical droplet of water should remain suspended from the lower surface of the cantilever. [1]
4.4.1. SCREEN: To be provided by the authors. (Authors: Please provide video with both the view from the camera and the relevant controls for the positioning software visible. Start with the speed already in the dialog box and point out its value. After a pause, begin the actions as described starting in the second sentence and continuing through the last sentence. Be sure to have an image of the droplet on the cantilever. Upload this video to your project site.)
4.5. To continue, remove the super-hydrophobic structure from the plate support and get a super-hydrophobic substrate to replace it. [1] This substrate consists of a copper grid with sprayed-on nanoparticles. The substrate is glued onto a cylinder. [2-TXT] This substrate has a grid fraction of 46.18%. [3] Place this substrate on the plate support. [5]
4.5.1. MED: Talent removing structure from support and moving a new substrate into position near the z-stage 
4.5.2. CU/ECU: The new substrate [TEXT: See text protocol for details on the substrate.]
4.5.3. ECU: Detail of the substrate 
4.5.4. CU: Second structure in position on the plate support
4.6. Adjust the position of the super-hydrophobic substrate... [1] so it is 100 micrometers from the hemispherical droplet on the cantilever. [2] With the detector, laser, and camera on, return to work with the nanopositioning control software. [3]
4.6.1. CU/MED: The substrate being moved upward
4.6.2. LAB MEDIA: Authors: It may be best for you to provide still image or a video  using your camera to demonstrate the relative positions of the substrate, droplet and cantilever. If it is a still image, the substrate should be in its final position. Upload this file to your project site.
4.6.3. MED: Talent getting into position to work with the computer [TEXT: Position sensitive detector sampling rate: 100 kHz]
4.7. In the speed dialog box, set the speed to 10 micrometers per second. Click the Forward button to start the substrate moving upward. Click Stop when the substrate and droplet make contact. Click the Back button to move the super-hydrophobic substrate downward. Click the Stop button when the substrate and droplet are separated. 
4.7.1. SCREEN: To be provided by the authors. (Authors: Please provide video with both the view from the camera and the relevant controls for the positioning software visible. Start with the speed already in the dialog box and point out its value. After a pause, begin the actions as described starting in the second sentence and continuing through the last sentence. Upload this video to your project site.)




Section – Results
5. Results: Measured Interaction Forces between Droplets and Super-hydrophobic Substrates as a Function of Time
5.1. There are different scenarios represented in these plots of interaction force versus time. [1] First, focus on the data in the black curve, which is for the substrate with grid fraction 46.18%. [2] Initially, the substrate and the droplet are far from contact. At this point, the force is zero. [3] As the distance between the substrate and the droplet decreases, a repulsive force arises. This is reflected by the increase in the force. [4]
5.1.1. LAB MEDIA: “Figure 6.pdf” Video editor: Please call attention to the vertical axis during “interaction force” and to the horizontal axis during “time”.
5.1.2. LAB MEDIA: “Figure 6.pdf” Video editor: Please call attention to the black curve in the body of the figure and the key.
5.1.3. LAB MEDIA: “Figure 6.pdf” Video editor: During the first sentence, please call attention to the schematic representation above the curve at the point labeled “A”. During the second sentence, call attention to black curve having the value zero until the point labeled “A”
5.1.4. LAB MEDIA: “Figure 6.pdf” Video editor: Please call attention to the region of the black curve between the points labeled “A” and “B”
5.2. Once the substrate and droplet come into contact, the force between the two becomes attractive, leading to a decrease in the curve as the droplet gradually wets the substrate through capillary action. [1] Eventually, the cantilever oscillates around an equilibrium position. [2]
5.2.1. LAB MEDIA: “Figure 6.pdf” Video editor: Please call attention to the black curve in the region between the points labeled “B” and “C”
5.2.2. LAB MEDIA: “Figure 6.pdf” Video editor: Please call attention to the black curve after the point labeled “C”
5.3. When other, higher grid fractions are used, the magnitude of the force between the droplet and the substrate decreases. [1]
5.3.1. LAB MEDIA: “Figure 6.pdf”  Video editor: Please call attention to the two other curves in the image



Section - Conclusion
6. Conclusion Interview Statements: 
What is most important thing to remember when attempting this procedure? 
6.1. Shuya Zhuang: While attempting this procedure, it’s important to remember that the relative position between laser, PSD and cantilever can’t be changed, which can ensure the accuracy of measurement results. (Step: 4.6)
6.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.2. Lele Zhang: After its development, this technique paved the way for researchers in the field of adhesion force measurement to explore the force during droplets in contact with the substrate in air.
6.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
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