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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Y________  
Can you record movies/images using your own microscope camera? (Y/N)__Y_______   
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document.  2.3, 2.7, 3.4, 4.10  
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 using the step numbers listed in this document. (Please do not list entire sections.) _____On step 2.7, it can be challenging to remove the OA cast from the petri dish. Separate the sides of the dish from the OA first to ensure success. On step 4.10, it can be tricky to get the fluids to go where you want them to in the micromodel. Be sure to perform the cutting and clamping at the same time. This step might be best shown with multiple camera angles 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N 

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 rapidly produce a microfluidic device with customizable geometry for its use in oil recovery studies. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Dr. Sibani Lisa Biswal: This method can help answer key questions in the fields of multiphase fluid flow and transport in porous media. By visualizing the complex processes that oftentimes take place in these microfluidic reservoirs, we can develop smarter oil recovery methods. 
1.2. Yongchao Zeng: The main advantage of this technique is that it allows us to rapidly gather data on different enhanced oil recovery schemes in a safe and cost effective way.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)    
1.3. Eric Vavra: Though this method can provide insight into enhanced oil recovery mechanisms, it can also be applied to other systems, such as CO2 sequestration and aquifer remediation.  

 
Protocol: (read by voice talent at JoVE) 
 
2. Optical Adhesive Device Fabrication
2.1. To begin, design a photomask consisting of a rectangular channel filled with an array of posts using CAD (pronounce as one word that rhymes with glad) software.  [1-MED Over the Shoulder-LM] Expose this pattern on a silicon wafer coated with 20 μm of photoresist  [2-MED] and use this master to create a PDMS (pronounce as the individual letters) mold as described in the accompanying text protocol.[3-CU]
2.1.1. Talent uses software to design photomask at a computer. (Videographer: Leave the top right corner of the shot available for an inlay.) (Video Editors: Inlay Figure 1b Photomask for NOA81 into the video with the words “rectangular channel filled with an array of posts”)
2.1.2. Talent opens a petri dish containing the silicon wafer and lifts it towards the camera.
2.1.3. Talent peals the PDMS mold off of the master.
2.2. Place the clean PDMS mold, pattern-side up, in the bottom of a dust-free 150 mm plastic Petri dish. [1-CU] Allow the PDMS to adhere to the plastic for 10 seconds and then, protect the surface of the PDMS with clear plastic tape. The procedure may be paused at this point. [2-CU]
2.2.1. *Film as written [Shots 2.2.1 and 2.2.2 combined]
2.2.2. Talent applies light pressure around the PDMS to aid in adhesion and then places tape on top of the PDMS.
2.3. Next, remove the tape from the patterned surface and pour optical adhesive into the dish to a depth of approximately 0.9 cm above the top surface of the mold…[1-CU] Use a cotton swab to gently remove any bubbles that form.[2-CU]
2.3.1. Talent removes tape and pours optical adhesive onto the mold
2.3.2. Talent pops bubbles with a cotton swab
2.4. Now, cure the optical adhesive using a UV light curing system as described in the accompanying text protocol.[1-CU-TXT]
2.4.1. Talent places plate under UV light and turns it on. (TEXT: Caution: Wear appropriate protection when working with UV light.)
2.5. Next, use a box cutter to carefully break the optical adhesive out of the mold…[1-CU] Then, use a sturdy pair of scissors to remove excess optical adhesive from the edge of the design.[2-CU]
2.5.1. *Film as written
2.5.2. *Film as written
2.6. Slowly peel the PDMS mold away from the optical adhesive puck…[1-CU] With a 1 mm biopsy punch, create an inlet… an outlet… and drain holes in the device.[2-CU]
2.6.1. Talent peels the mold away and sets the device on the surface used for punching the device holes.
2.6.2. Talent punches the holes in the order listed. 
2.7. Finally, use clear tape to protect the patterned portions of the optical adhesive and PDMS surfaces.[1-MED]
2.7.1. Talent places tape on the device surface.
3. Substrate Preparation
3.1. Place a new glass slide onto a spin coater and dispense 1 mL of optical adhesive onto the slide. [1-CU] Spin-coat the slide in two steps.  First, spin it at 500 rpm for 5 seconds, and then increase the rpm to 4,000 and spin it for 20 seconds. [2-MED]
3.1.1. Talent sets slide onto the device and adds 1 mL of optical adhesive. [Shots 3.1.1 and 3.1.2 combined]
3.1.2. Talent spins it as described.
3.2. Quickly transfer the substrate to the UV light treatment, and partially cure the thin optical adhesive layer under the UV light for 30 seconds.[1-MED]
3.2.1. *Film as written
3.3. Next, place the optical adhesive cast, patterned side up, and the substrate, coated-side up, in an oxygen plasma cleaner. [1-MED] Pull a vacuum to 540 mTorr and then plasma treat the surface for 20 seconds. [2-MED]
3.3.1. *Film as written
3.3.2. Talent turns the checks pressure gauge and then turns on the plasma.
3.4. When finished, remove the pieces and firmly press the two treated surfaces together until all undesired air pockets have been minimized or removed.[1-CU]
3.4.1. *Film as written
3.5. Then, place the device back under the UV light and fully cure it for 20 min.[1-MED]	
3.5.1. Talent places the device under the UV light and turns on the UV.
3.6. Next, place the device on a hot plate heated to 50°C for 18 hours.[1-MED]	
3.6.1. Talent checks the temperature of the hot plate and places the device on a hot plate.
3.7. When finished, insert 6-inch long segments of 0.58 mm ID low density polyethylene tubing into each of the ports on the device. [1-CU] Then, add a quick-set epoxy to secure the tubing into place.[2-CU]
3.7.1. *Film as written
3.7.2. Talent briefly stirs the epoxy and then adds it to around one of the inserted tubes.
4. Oil Displacement Experiment
4.1. Use tape to secure the microfluidic device on an inverted microscope that is equipped with a high-speed camera. [1-MED]
4.2. Select a 4X objective and focus on an area of interest. [1-MED Over the Shoulder] Here the inlet region of the device is shown. [2-SCREEN]
4.2.1. Talent turns to the 4x objective and looks through the microscope.
4.2.2. Screen capture video as the talent focuses on the inlet region. (Authors: Please submit this screen capture video as 56592_Biswal_4_2_2.mov/mp4)
4.3. Then, load 3 mL of crude or model oil into a 10 mL glass syringe equipped with a 23 gauge industrial dispensing tip. [1-CU] Secure the syringe to the syringe pump holder and set the appropriate diameter value on the syringe pump settings. [2-CU]
4.3.1. *Film as written
4.3.2. *Film as written
4.4. Next, load 1 mL of the displacing fluid into a 3 mL plastic syringe equipped with a 23 gauge industrial dispensing tip. [1-CU] Secure the syringe in the syringe pump holder and again, set the appropriate diameter value on the syringe pump settings.[2-CU]
4.4.1. *Film as written
4.4.2. *Film as written
4.5. Connect the displacing fluid to the inlet of the device by inserting the needle tip into the tubing. Then, connect the oil-filled syringe to its port.  [1-CU]
4.5.1. Talent connects the displacing fluid to the inlet, then the oil.
4.6. [bookmark: _GoBack]Begin flowing the oil into the outlet port of the device at 2 mL/h while simultaneously flowing the displacing fluid into the inlet port at 0.8 mL/h. The optional foam generator will be used for this demonstration. [1-ECU-TXT]
4.6.1. Close-up showing the fluids flowing into the device as described. TEXT: For details on foam generator, see text protocol. [Shots 4.6.1 and 4.7.1 combined]
4.7. Collect the effluent into a 20 mL glass vial until the two fluids both flow out the drain port. [1-CU] The displacing fluid should not enter the porous media, but should instead go directly out the drain until the camera is in place and the filming has begun.[2-SCREEN]
4.7.1. Device drains into the collection vial until both fluids are flowing into the vial.
4.7.2. Screen capture video showing what’s going on in the device during this step via the microscope view. (Author: Please submit this screen capture video as 56592_Biswal_4_7_2.mov/mp4)
4.8. Begin filming the area of interest on the porous media device at a frame rate that is fast enough to capture the desired phenomena. [1-SCREEN-TXT]
4.8.1. Screen capture of the above step where talent sets the frame rate and begins recording.  (Author: Please submit this screen capture video as 56592_Biswal_4_8_1.mov/mp4)(TEXT: Typical frame rate: 50 fps)
4.9. Additionally, capture a still image of the 100% oil-saturated area. [1-SCREEN-TXT]
4.9.1. Screen capture of the above step where talent takes an image in the ROI.  (Author: Please submit this screen capture video as 56592_Biswal_4_9_1.mov/mp4) (TEXT: *See accompanying text protocol for information on image analysis)
4.10. Then, swiftly and simultaneously cut the tubing that is flowing in the oil while clamping the drain tube with a 5 cm binder clamp. [1-CU]
4.10.1. *Film as written
4.11. Allow the displacing fluid to invade the device until either the oil displacement reaches steady-state or the camera runs out of memory. [1-SCREEN]
4.11.1. Screen capture video showing what happens via the microscope after the tubes are cut/clamped. (Author: Please submit this screen capture video as 56592_Biswal_4_11_1.mov/mp4)
 
5. Visualization of Foam Dynamics in Oil-saturated Model Porous Media
5.1. Typical results from an oil-saturated micromodel are shown here. In the fracture region, the foam diverts into the matrixes of lower permeability as expected.[1-LM]
5.1.1. Figure 5 (Video Editor: Do not show sub-figures A-F at this point)
5.2. The foam is generated through 2 main mechanisms which can be described as pinch-off and lamella division.[1-LM]
5.2.1. Figures 5, 5a, and 5f (Video Editor: Highlight the region of the main Figure 5 showing where 5a/f comes from when highlighted.  Highlight Figure 5a with the words “pinch-off” and label example as “Pinch-Off”  and Figure 5f with the words “lamella division” and label example as “Lamella Division”. Also, add a legend stating: Green = Bubble of Interest)
5.3. Foam destruction can be easily identified in the forms of coalescence… capillary suction…and diffusion coarsening.[1-LM]
5.3.1. Figures 5, 5b, 5c, and 5e (Video Editor: Put Figure 5 on the left half of the screen. Highlight the region of the main Figure 5 showing where 5b/c/e comes from when and show 5b/c/e on the right when mentioned.  Show/highlight Figure 5b with the word “coalescence” and label example as “Coalescence” (see example below), Show/highlight Figure 5c with the words “capillary suction” and label example as “Capillary Suction”, and Show/highlight Figure 5e with the words “diffusion coarsening” and label example as “Diffusion Coarsening”. Also, add a legend stating: Green = Bubble of Interest)
 (
Coalescence
)               Green = Bubble of Interest


6. Conclusion (said by authors on camera) 
6.1. Dr. Sibani Lisa Biswal: Following this procedure, other methods like alkali flooding, surfactant flooding, polymer flooding, or other enhanced oil recovery and aquifer remediation methods may be completed.  
6.2. Dr. Sibani Lisa Biswal: Another area of current interest is the capture of carbon dioxide and its sequestration in reservoirs.  These microfluidic devices may offer new insights to understand the mechanisms by which carbon dioxide is trapped in porous media.   
   

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.  

Insert your media filenames here.


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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