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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No. However, there will be video from the hydrate visualization cell.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  yes

3. Filming location: Will the filming need to take place in multiple locations?   no


Introduction

1. Introductory Interview Statements

[bookmark: _Hlk28591455][bookmark: _Hlk28954045]Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.

1.1. Liat Rosenfeld: The protocol is especially applicable in studying the effect of surfactant inhibitors on hydrate crystals. It provides information on both the type of the crystal and the mechanism for inhibition [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.


Introduction of Demonstrator on Camera

1.2. Liat Rosenfeld: Demonstrating the procedure will be Kevin Dann and Hoi Yan Ko, graduate students from my laboratory [1][2].   
1.2.1. INTERVIEW: Author saying the above. 
1.2.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.


Protocol
2. Hydrate Formation on Water Droplet in Cyclopentane
2.1. Attach a 19-gauge needle to a 1-milliliter glass syringe [1]. Rinse the needle and syringe three times with deionized water [2], and then fill the syringe with deionized water [3].
2.1.1. Talent attaches needle to syringe.
2.1.2. Talent rinses needle and syringe three times.
2.1.3. Talent fills syringe with deionized water.
2.2. Next, fill the hydrate visualization cell with 25 milliliters of cyclopentane [1]. Using the syringe, insert a droplet of deionized water at the bottom of the hydrate visualization cell. This water droplet is the seed hydrate [2]. 
2.2.1. Talent fills hydrate visualization cell with 25 milliliters of cyclopentane.
2.2.2. [bookmark: _Ref32250635]Talent uses syringe to place a droplet of deionized water at the bottom of the hydrate visualization cell. Videographer: Please obtain multiple reusable takes; this shot can be reused for 3.4.1. This is one of the most important steps for viewers to see.
2.3. Then, place the temperature sensor inside the hydrate visualization cell, close to the bottom of the cell [1]. To prevent evaporation of the cyclopentane, put the acrylic cover on the cell and screw the cover in place [2].
2.3.1. Talent places the temperature sensor inside the hydrate visualization cell. Videographer: This is one of the most important steps for viewers to see.
2.3.2. Talent puts the cover on the hydrate visualization cell and screws the cover in place.
2.4. Adjust the lights and the camera to focus on the seed hydrate [1].
2.4.1. Talent adjusts the lights and the camera to focus on the seed hydrate. 
2.5. Using the temperature control device [1], set the temperature of the Peltier plate to negative 5 degrees Celsius [2].
2.5.1. Talent working at the temperature control device. Videographer: This is one of the most important steps for viewers to see.
2.5.2. [bookmark: _Hlk32240132][bookmark: _GoBack]SCREEN: 60391_Step 1.9.png. Video editor: emphasize the number -5 in the upper left part of the screen. Author NOTE: New screen capture was uploaded
2.6. Monitor the values reported from the temperature sensor. When the temperature reaches negative 5 degrees Celsius [1], make sure the seed hydrate at the bottom of the hydrate visualization chamber turns to ice [2].
2.6.1. SCREEN: 60391_Step 1.10.png. NOTE: New screen capture was uploaded
2.6.2. LAB MEDIA: Seed hydrate at the bottom of the hydrate visualization cell turns to ice. Videographer/video editor: This footage will be provided by authors. NOTE: Media was uploaded
2.7. Set the temperature of the Peltier plate to 2 degrees Celsius in increments of 0.5 degrees Celsius [1].
2.7.1. SCREEN: 60391_Step 1.12.png. Videographer: This is one of the most important steps for viewers to see. NOTE: New screen capture was uploaded
2.8. When the temperature reaches 2 degrees Celsius, fill the plumbing with water using the syringe [1]. Then, lower the brass hook into the cyclopentane, and allow it to equilibrate for 5 minutes [2].
2.8.1. Talent fills the plumbing with water using the syringe.
2.8.2. Talent lowers brass hook into the cyclopentane.  Videographer: This is one of the most important steps for viewers to see.
2.9. Using the software for the pressure transducer [1], press the Start button to start the digital transducer recordings [2]. 
2.9.1. Talent at computer that controls pressure transducer.
2.9.2. SCREEN: 60391_Step 1.15.png. NOTE: New screen capture was uploaded
2.10. Connect the syringe to the syringe pump [1]. Set the syringe pump to inject a volume of 2 microliters and activate it [2]. The syringe will plunge the water into the cyclopentane bath to form a submerged water droplet [3].
2.10.1. Talent connects syringe to syringe pump.
2.10.2. Talent sets syringe pump to 2 microliters and activate it.
2.10.3. Syringe plunging water into the cyclopentane bath. NOTE: Shot both in CU and screen capture
2.11. Use a needle tip to remove a small piece of the seed hydrate [1]. Bring the needle tip with the piece of seed hydrate into brief contact with the water droplet to initiate the formation of the hydrate [2]. 
2.11.1. LAB MEDIA: Needle tip removing a small piece of the seed hydrate. Videographer/video editor: This footage will be provided by authors. NOTE: This was shot in ECU
2.11.2. LAB MEDIA: Needle tip with the piece of seed hydrate coming into brief contact with the water droplet. Videographer/video editor: This footage will be provided by authors. NOTE: Shot this as 2.11.2 screen
2.12. Press Start recording on the camera capture software [1]. Record images of the crystallization process at 1 hertz [2]. 
2.12.1. SCREEN: 60391_Step 1.20.png. NOTE: New screen capture was uploaded
2.12.2. LAB MEDIA: Crystallization process. Videographer/video editor: This footage will be provided by authors. NOTE: Media was uploaded
3. Hydrate Formation on Water Surfactant Droplet in Cyclopentane
3.1. To find the critical micelle concentration, begin by preparing standard solutions as described in the manuscript [1].
3.1.1. Talent with labeled containers for all the concentrations of standard solutions, dissolving surfactant in water.

Added step: To measure the surface tension of each surfactant solution using the stalagmometry method, program the pump to expel 1 milliliter of solution at a rate of 0.5 milliliters per minute. Place the syringe pump and syringe vertically [3] and release the drops into the air [2 and/or 4]. Count the number of drops and divide 1 milliliter by the number of drops to find the drop volume [5-TXT]. NOTE: Authors added a step and then renumbered the shots, I changed the numbers in the step according to their notes but please double check the footage.  
3.1.2. Talent positions syringe and syringe pump vertically. NOTE: change to 3.1.3
added shot: 3.1.4 Talent presses start on syringe pump
3.1.3. Talent programs the syringe pump and starts the pump NOTE: change to 3.1.2
3.1.4. CU/ECU: Falling drops. TEXT: Test each solution at least 3 times. NOTE: change to 3.1.5
3.2. For each solution, calculate the surface tension as described in the manuscript, and plot the surface tension as a function of surfactant concentration. The concentration where the surface tension curve flattens is the CMC, the critical micelle concentration [1].
3.2.1. LAB MEDIA: 60391_SurfaceTensionVSConcentration.pdf
3.3. Repeat the procedure used to measure hydrate formation on a water droplet, but use surfactant solutions of various concentrations [1].
3.3.1. [bookmark: _Ref32250594]Footage from 2.2.2.
4. Tracking Hydrate Growth
4.1. Use image processing software to open the first image in the sequence of the crystallization process [1]. 
4.1.1. SCREEN: 60391_Step 3.1.1.png.
4.2. Use the Length tool in the software to measure the diameter of the brass tube in the image [1]. Set the scale in the image based on the known diameter of the brass tube, one sixteenth of an inch [2].
4.2.1. SCREEN: 60391_Step 3.1.2.png.
4.2.2. SCREEN: 60391_Step 3.1.3.png.
4.3. Select 10 equally spaced images, which capture the process from nucleation to droplet conversion [1].
4.3.1. Talent at computer, selecting images.
4.4. For each image, use the software to manually detect the contour of the drop, and mark the contour in red [1]. Then, manually trace the contour of the hydrate, and fill the contour with black [2].
4.4.1. SCREEN: 60391_Step 3.1.6.png.
4.4.2. SCREEN: 60391_Step 3.1.7.png.
4.5. The camera only captures the 2D projection of the spherical droplet. Use mathematical modelling software to form a 3D reconstruction of the drop and the surface area covered by the hydrate [1].
4.5.1. SCREEN: 60391_Step 3.1.8.png.




Results 
5. Results: Crystal Formation and Interfacial Stress 
5.1. Using this experimental system, one can examine hydrate formation at the oil-water interface, and measure the interfacial stress associated with the crystallization process [1].
5.1.1. LAB MEDIA: Figure 6.
5.2. In pure water and low surfactant concentrations, the hydrate formed a planar shell morphology, growing at a constant rate from the two poles towards the equator [1]. As the hydrate grew, the same number of surfactant molecules occupied a smaller area, resulting in decreased interfacial stress over time [2].
5.2.1. LAB MEDIA: Figure 6. Video editor, show only Figure 6(a) and Figure 6(b). Emphasize Figure 6(a).
5.2.2. LAB MEDIA: Figure 6. Video editor, show only Figure 6(a) and Figure 6(b). Emphasize Figure 6(b).
5.3. In high surfactant concentrations, the hydrate grew as a conical crystal. When the crystal became large enough, a portion of the cone broke free from the droplet surface. This growth pattern happened over and over again in an oscillatory manner [1].
5.3.1. LAB MEDIA: Figure 6. Video editor, show only Figure 6(c) and Figure 6(d). Emphasize Figure 6(c)
5.4. After the conical crystal reached a critical size and detached from the droplet’s surface, the sudden increase in the available surface for surfactant molecules caused an increase in the interfacial stress. A crystal then started growing again, yielding an oscillatory pattern [1].
5.4.1. LAB MEDIA: Figure 6. Video editor, show only Figure 6(c) and Figure 6(d). Emphasize Figure 6(d).
5.5. Most surfactant solutions inhibited hydrate growth compared to pure water [1]. A high concentration of polyoxyethylenesorbitan tristearate (pronounce poly-oxy-ETH-uh-lean-SORE-buh-tan) was the most effective inhibitor [2].
5.5.1. LAB MEDIA: Figure 7.
5.5.2. LAB MEDIA: Figure 7. Video editor, emphasize the three bars on the right and the text below them.


Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements


6.1. [bookmark: _Hlk25067257]Liat Rosenfeld: This system can be used to study formation of crystals at interfaces.  A new question that can be explored is why some surfactants inhibit hydrate formation better than others [1].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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