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Author Questionnaire: 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (No)  
Can you record movies/images using your own microscope camera? (Yes) 

2. Does your protocol include software usage? (Yes)
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? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.  
Steps 2.6, 2.13, 2.15, 3.4, 3.6, and 3.8.
4. 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.  
Step 2.6. To ensure success, one must then focus on steps 2.4 and 2.5 which are aimed to increase the accuracy of the data.
5. Will the filming need to take place in multiple locations? (No)
If yes, how far apart are the locations? 


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. Jaeyub Chung: These protocols can be incorporated into tension measurement protocols.  For example, they can be used to measure equilibrium interfacial tension between water and oil phases.

What is the main advantage of this technique?

1.2. Jaeyub Chung: Each of the two protocols in this video can be used to obtain robust and reliable equilibrium surface tension values. These values can be established after testing their stability against area perturbations. 





Section - Protocol
2. Surface Tensiometry using the Emerging Bubble Method 
2.1. To begin, prepare the tensiometer and sample as described in the text protocol. [1] Then, select an inverted stainless-steel needle based on the estimated surface tension values and place it at the tip of the dispensing device.[2]   
2.1.1. WIDE: Talent prepares sample next to tensiometer
2.1.2. Talent picks up a needle and places it at the tip of the dispensing device
2.2. Next, load 40 milliliters of liquid sample into a quartz cell.  [1] Place the cell on top of the sample platform.[2]
2.2.1. Talent adds 40 mL to a quartz cell
2.2.2. Talent places the cell on top of the platform
2.3. Adjust the height of the inverted needle such that the tip of the needle is at least 20 millimeters below the surface of the liquid sample. Then bring the tip up to the liquid-air interface. [1] 
2.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
2.4. Inject 1 milliliter of air through the submerged inverted needle to remove impurities that could possibly be present on the tip of the syringe and to improve the surface chemical purity of the air-liquid interface.[1]
2.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
2.5. Then, experimentally determine the initial bubble volume. [1-TXT]
2.5.1. MED Over the Shoulder: Talent works at computer. TEXT: See text protocol for details
2.6. Dispense the computed initial bubble volume to form a bubble at the tip of the inverted syringe. Make sure that the bubble is in hydrostatic equilibrium, which means that the surface tension forces balance the gravity and buoyancy forces.[1]
2.6.1. SCREEN: To be provided by the authors – Screen capture video as talent dispenses the initial bubble volume at the tip of the syringe. Authors, please upload this screen capture to your project page. 
2.7. Measure the dynamic surface tension, based on the shape of the produced air bubble at the tip of the needle tip. Every second, calculate the surface tension based on the axisymmetric drop shape analysis method of the Laplace-Young equation. [1-TXT] 
2.7.1. SCREEN: To be provided by the authors – Screen capture video as talent measures the DST and the surface tension is calculated. Authors, please upload this screen capture to your project page. TEXT: *Data may be collected less frequently if desired - Video Editor: Show the text overlay starting with the last sentence
2.8. Compare the actual shape of the bubble with the calculated shape. If the two shapes overlap, then the equilibrium Laplace-Young equation is valid. This inference is completely valid when the bubble stops moving and the surface tension stops changing.[1]  
2.8.1. SCREEN: To be provided by the authors – Screen capture video as talent compares the bubble to the calculated shape and shows a good match. Authors, please upload this screen capture to your project page. 
2.9. Measure the surface tension as a function of time until the first steady-state surface tension is achieved.[1] 
2.9.1. LABMEDIA: Figure 1 – Video Editor: Remove everything to the right of SST1 on the graph.
2.10. Jaeyub Chung: The steady-state surface tension is defined as a plateau value beyond which the surface tension changes by less than 1 milli-Newton per meter, or by less than 5%, in several consecutive dynamic surface tension measurements.[1]
2.10.1. INTERVIEW: Author says the above statement interview style 
2.11. When steady-state surface tension is achieved, record the bubble volume and the surface area.[1]
2.11.1. SCREEN: To be provided by the authors – Screen capture video as talent records the described data. Authors, please upload this screen capture to your project page. 
2.12. Then, decrease the bubble volume by removing 1 microliter of air, and record the new bubble volume, and area.[1]
2.12.1. SCREEN: To be provided by the authors – Screen capture video as talent removes 1 microliter of air. Authors, please upload this screen capture to your project page. 
2.13. Continue measuring the dynamic surface tension and the areas until the dynamic surface tension reaches the second steady-state surface tension. [1]
2.13.1. LABMEDIA: Figure 1 – Video Editor: Remove everything to the right of “SST2” on the graph. Highlight “SST2”
2.14. Next, expand the bubble volume by injecting 1 microliter of air so that the volume and area are similar to the initial values. [1] Continue measuring the dynamic surface tension values until a third steady-state surface tension is reached. [2]
2.14.1. SCREEN: To be provided by the authors – Screen capture video as talent increases the size of the air bubble. Authors, please upload this screen capture to your project page. 
2.14.2. LABMEDIA: Figure 1 – Video Editor: remove the dotted line and “EST” label from Figure 1 and highlight “SST3”
2.15. Jaeyub Chung: If the three steady-state surface tension values differ from each other by less than 1 milli-Newton per meter, or by less than 5%, [1] then define their average as the equilibrium surface tension. [2]
2.15.1. INTERVIEW: Author says the above statement interview style 
2.15.2. LABMEDIA: Figure 1 – Video Editor: Highlight “EST”
3. Surface Tensiometry using the Spinning Bubble Method 
3.1. Place a filled sample holder inside of the spinning chamber of the spinning tensiometer and then spin the tube at 500 rpms. [1] This should prevent the injected bubble from migrating upward or attaching to the tube wall.[2]
3.1.1. Talent places sample holder into the chamber and spins it at 500 RPM
3.1.2. Close-up of the sample spinning
3.2. Next, load 2 microliters of air into the syringe. [1] Insert the needle of the syringe through the polymeric septum sealing the top of the spinning tube and inject a 2 microliter air bubble into the spinning tube.[2]
3.2.1. Talent loads syringe with air
3.2.2a. [Added Shot]: Talent adjust the tilting angle of the measuring chamber. (Author Comment: We modified step 3.2. during the filming to make the protocol more comprehensive to readers. Step 3.2.2 was added for filming.) (Editor: I’m not sure how this, or the original 3.2.2, is slated. I’m also unsure of exactly what should be said during this shot, and feel that the authors may want to provide additional VO for this shot)
3.2.2. Talent inserts the needle and injects air into the tube
3.3. Increase the rotation frequency of the sample holder so that the bubble inside the glass tube is deformed. [1] Continue to speed it up until the ratio of the horizontal bubble’s length to its radius at the middle of the bubble is 8 or greater. [2]
3.3.1. Closeup as the speed of rotation is increased
3.3.2. SCREEN: To be provided by the authors – Screen capture video as talent as the bubble’s length grows. Authors, please upload this screen capture to your project page. 
3.4. Then, adjust the tilt angle of the measuring chamber to position the sample tube horizontally. [1]  This will prevent bubble movement and to help achieve gyrostatic equilibrium for an axisymmetric shape assumed in the Laplace-Young equation and algorithm used.[2]
3.4.1. Close-up as the tilt angle is adjusted as described
3.4.2. SCREEN: To be provided by the authors – Screen capture video as talent adjusts the tilt angle to horizontal. Authors, please upload this screen capture to your project page. 
3.5. Now, measure and record the dynamic surface tension values at 1 second intervals. Continue at a fixed rotation frequency until it reaches a steady-state value.  Also, record the bubble volume and area.[1]
3.5.1. SCREEN: To be provided by the authors – Screen capture video as talent takes measurements as described. Authors, please upload this screen capture to your project page. 
3.6. Once recorded, alter the rotation frequency to a second rotation frequency to vary the surface area.  Measure the dynamic surface tension at a fixed rotation frequency once it reaches a second steady-state value at the new frequency.[1]
3.6.1. SCREEN: To be provided by the authors – Screen capture video as talent changes the frequency and takes measurements. Authors, please upload this screen capture to your project page. 
3.7.  At this point, also record the new bubble volume and area.[1] 
3.7.1. SCREEN: To be provided by the authors – Screen capture video as talent measures the volume and area. Authors, please upload this screen capture to your project page. 
3.8. Next, change the rotation frequency so that it is close to the original value. Measure the dynamic surface tension values at this fixed rotation frequency until the third steady-state value is reached.[1]
3.8.1. SCREEN: To be provided by the authors – Screen capture video as talent changes the frequency back near the original value and measures the surface tension values. Authors, please upload this screen capture to your project page. 
3.9. Again, record the new bubble volume and area.[1]
3.9.1. SCREEN: To be provided by the authors – Screen capture video as talent measures the volume and area. Authors, please upload this screen capture to your project page. 
3.10. Jaeyub Chung: When the three steady-state surface tension values differ from each other by less than 1 milli-Newton per meter, [1]calculate their average as the equilibrium surface tension.[2]
3.10.1. INTERVIEW: Author says the above statement interview style
3.10.2. LABMEDIA: Figure 2




[bookmark: _GoBack]Section – Results
4. Results:  Dynamic Surface Tension and Equilibrium Surface Tension of an Aqueous Triton X-100 Solution
4.1. Using the emerging bubble method, the steady-state surface tension values of a 5 milli-Molar solution of Triton X-100 were measured against air.  This concentration is above the critical micelle concentration for this surfactant in water.[1] 
4.1.1. LABMEDIA: Figure 3
4.2. The steady-state surface tension of 31.5 milli-Newtons per meter was obtained approximately 20 seconds after the bubble was formed.[1]
4.2.1.  LABMEDIA: Figure 3 - Video Editor: Highlight the graph from 0 to 25 seconds
4.3. After about 25 seconds, the surface area was compressed and the dynamic surface tension dropped to 31, and within 1 second, it increased back to 31.5, marking the steady-state surface tension number 2.[1] 
4.3.1. LABMEDIA: Figure 3 - Video Editor: Highlight the graph from 25 to 50 seconds.  Add an arrow pointing to the low data point (around 25 seconds) with the words “dropped to 31”.
4.4. After about 50 seconds, the surface area was expanded abruptly and the dynamic surface tension value changed little and hence, the steady-state surface tension number 3 was determined to be 31.5 milli-Newtons per meter as well. 
4.4.1. LABMEDIA: Figure 3 - Video Editor: Highlight the graph from 50 to 70 seconds.
4.5. The three SST values were all the same, therefore, the equilibrium surface tension was determined to be 31.5 milli-Newtons per meter.
4.5.1. LABMEDIA: Figure 3 - Video Editor: Add a horizontal red line across 31.5
4.6. Using the spinning bubble method, steady-state surface tension 1 was found to be 30.9 milli-Newtons per meter, [1] steady-state surface tension 2 was found to be 30.6, [2] and steady-state surface tension 3 and the equilibrium surface tension was found to be 30.8. [3]
4.6.1. LABMEDIA: Figure 4 - Video Editor: Highlight the region from 400 sec to 515 sec
4.6.2. LABMEDIA: Figure 4 - Video Editor: Highlight the region from 545 sec to 625 sec
4.6.3. LABMEDIA: Figure 4 - Video Editor: Highlight the region from 625 sec to end
4.7. The two methods had a 2.2 percent difference in the equilibrium surface tension values when measuring 5 milli-Molar Triton X-100.  This was probably due to certain systematic errors. [1]
4.7.1. LABMEDIA: Figures 3 and 4 - Video Editor: Put Figure 3 on the left with a horizontal red line across 31.5 and Figure 4 on the right with a horizontal line across 30.8





Section - Conclusion
5. Conclusion Interview Statements:  
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
5.1. Jaeyub Chung: The most important thing to remember for the emerging bubble method is to maintain conditions close to the gyrostatic and hydrostatic equilibriums.  For the spinning bubble method, be sure to apply the correct equation.  (Steps: 2.6 and 3.4)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Jaeyub Chung: The methods described in this video can also be applied to determine equilibrium interfacial tension values between water and oil phases.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Jaeyub Chung: These methods provide a more reliable way of calculating how much a surfactant adsorbs when in equilibrium at the air/water interface.  It can also be used to determine the extent of surfactant aggregation in solution, called “micellization”.  
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