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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.3, 3.1, 3.4, 4.1, 4.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.3
E.  Will the filming need to take place in multiple locations? 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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. James Scott: This method can help answer key questions in the microfluid dynamics field, such as the effects of nano-structures on a surface to the thin-film profile and wicking velocity.
1.2. Chance Brewer: The main advantage of this technique is that it provides a method of fabricating various wicking pillar arrays in a cost and time efficient manner.

B. Optional Interview Statements: N/A
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Shawn Putnam: Demonstrating the procedure will be Thomas Germain, a graduate student from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named person looks up from workbench or desk or microscope and acknowledges the camera.

D. Ethics title card: N/A

Protocol: (read by voice talent at JoVE)   
2. The Stamping Device and Placing the Plastic to be Stamped for Molding
2.1. To start, prepare the stamping device for the protocol. [1-WIDE] The essential details of this stamping device are in this schematic. [2-LM] A backing plate to support the mold is mounted on an x-y stage. [3-LM] To stamp the plastic, a theta-z stage moves a micro-sized bit. [4-LM] A laser heats the plastic mold at the bit tip. [5-LM]
2.1.1. Talent at the stamping device
2.1.2. LAB MEDIA: “JOVE_Figure 1.png” 
2.1.3. LAB MEDIA: “JOVE_Figure 1.png” (Video editor: Please call attention to the grey symbol at the left of the image)
2.1.4. LAB MEDIA: “JOVE_Figure 1.png” (Video editor: Please call attention to the symbol labeled “Stamping Bit” at the right of the image)
2.1.5. LAB MEDIA: “JOVE_Figure 1.png” (Video editor: Please call attention to the black symbol labeled “Heating Laser” at the top of the image)
2.2. Here are the backing plate and the support for the stamping bit on their respective stages. [1-CU] A video camera provides a view of the stamping from a vantage to the side of the stamping bit. [2-CU]
2.2.1. The backing plate and the stamping bit with its support. Ideally the backing plate would be on the left to match a lab supplied image. Please consult the authors the best way to show these elements
2.2.2. Another view of the equipment in the previous shot that includes the camera
2.3. Get the backing plate from the device along with a stamping mold. [1-MED] The mold is an acrylic disk, 1 inch in diameter and one-eight inch thick. [2-CU] Secure the stamping mold to the backing plate for use in the device. [3-CU-TXT]
2.3.1. Talent working with the backing plate and a mold
2.3.2. Detail of the stamping mold consistent with the previous shot
2.3.3. Detail of the stamping mold secured to the backing plate
2.4. Next, manually translate the stamping bit out of the way to avoid damaging it. [1-MED] Then, secure the backing plate with the mold to the motorized x,y stamping stage. [2-CU] With the computer controls, move the plastic mold to be aligned and centered with the axis of the stamping bit.  [3-CU] Now, manually translate the stamping bit until it is almost in contact with the plastic mold. [4-CU]
2.4.1. Talent translating the stamping bit out of the way Talent turning off the stepper motors before translating the stamping bit
2.4.1.1. Talent translating the stamping bit out of the way.
2.4.2. The backing plate with the mold on the motorized stage, in position for stamping
2.4.2.1. Talent turning the stepper motors back on to use the computer to move the bit back toward the plastic mold.
2.4.3. The stamping bit being moved close to the plastic mold. 
2.4.4. The backing plane with the mold as they are moving to align with the stamping bit. Ideally the extent of the motion would be appreciable (Video editor: If necessary, alter the frame rate)
2.4.5. The stamping bit being moved close to the plastic mold (step moved to 2.4.3) 

3. Stamping the Plastic Sample for PDMS Molding
3.1. Use the computerized stamping control program and monitor the bit. [1-WIDE] Translate the stamping bit in small increments until the tip is in contact with the plastic. After contact, translate the stamping bit away from the sample. [2-LM]
3.1.1. Talent at computer to control bit positioning
3.1.2. [bookmark: __DdeLink__1881_2357297128]LAB MEDIA: 58546_Putnam_bitzero (Authors: Please provide video [via the upload site] from your imaging system of the bit being translated to be in contact with the mold and then moved back. Keep in mind it might be played at a different rate. Use the file name 58546_Putnam_bitzero) (Video editor: The play back rate can be altered)
3.2. Chance Brewer: Always ensure the plastic mold is normal to the bit, or else the pillars will not have uniform height once the PDMS mold is created. Non-uniform pillar heights could affect the hemiwicking through the fluid.
3.2.1. Interview style: Person saying the above
3.3. Next, assign parameters for creating the pattern, including pixel length, cavity depth, and initial position. [1-MED-TXT] Continue by uploading a prepared patterning map. The shade of grey indicates the desired cavity depth, black being the deepest. [2-LM]  Start the stamping process. The software will move the bit to the proper locations using the pixel length. The bit will stamp a cavity according to the set parameters. [3-LM]
3.3.1. Talent working at computer [TEXT: See text protocol for the list of parameters]
3.3.2. LAB MEDIA: 58546_Putnam_BitMap.tif
3.3.3. LAB MEDIA: 58546_Putnam_stamp (Authors: Please provide video [via the upload site] from your imaging system of the bit being moved into position, the mold being stamped, and the bit being translated to the next position. Keep in mind it may be played back at a different frame rate. Use the file name 58546_Putnam_stamp.) (Video editor: It would be nice to show at least the bit creating the cavity and then being pulled out. The play back rate can be altered)
3.4. Once the cavities have been created, remove the stamped plastic mold. [1-MED] Here is the stamped mold immediately after the stamping process. [2-CU] The mold is complete after its surface is polished with 9000 grit, wet/dry sandpaper, as with this example. [3-CU]
3.4.1. Talent removing mold Turn off the stepper motors (Similar to 2.4.1)
3.4.2. Talent manually move the stamping bit away from the acrylic mold
3.4.3. Talent removing the mold
3.4.4. The mold immediately after it has been removed from the stamper
3.4.4. The polished mold. If this shot can be done in a similar way to 3.3.2 and still demonstrate that the surface has been polished, please do so 
4. Creating the PDMS (polydimethylsiloxane) Molding
4.1. Move on to use the mold to create a molding. [1-WIDE] In a beaker, put PDMS elastomer and curing agent in a 10 to 1 ratio. Then, mix them together thoroughly for 3 minutes. [2-MED-TXT] After mixing, place the beaker in an evacuated chamber to release any trapped air bubbles. [3-MED-TXT] Before proceeding, ensure the mixture does not have any bubbles. [4-CU] 
4.1.1. Talent at bench with scale and materials for creating a molding
4.1.2. Talent adding elastomer and curing agent, then starting mixing. This might be two shots [TEXT: elastomer: 2 g; curing agent: 0.2 g]
4.1.3. Talent placing container into chamber [TEXT: Repeat as often as necessary.] 
4.1.4. Detail of bubble-free mixture in container 
4.2. Next, place the stamped plastic mold into a walled container. [1-MED] Ideally, the container would not be much larger than the outer diameter of the mold. [2-CU] Start pouring the PDMS mixture into the center of the stamped area and spiral outward to distribute it equally. [3-CU]
4.2.1. Talent placing mold into container
4.2.2. Detail of the mold in the container to demonstrate relative size
4.2.3. Demonstrate pouring motion. If possible, show the mold being covered
4.3. Place the container in an evacuated chamber to release air bubbles. [1-MED] When done, transfer the container to a hot plate to heat at 100º C for 15 minutes. [2-MED] After that, heat it at 65º for 25 minutes. [3-CU-TXT]
4.3.1. Talent placing the container in the chamber
4.3.2. Talent placing the container on a hot plate
4.3.3. The container on the hot plate. If the temperature control knob can be shown as it is adjusted from 100 ºC to 65 ºC, please do [TEXT: 100 ºC, 15 min; 65 ºC, 25 min]
4.4. Remove the container from heat and allow the PDMS to cool. [1-MED] Wait 20 minutes for cooling and curing before cutting the molding from the container wall. [2-MED] Remove the PDMS from the mold and store the plastic in a covered container. [3-CU]
4.4.1. Talent moving container off of hot plate
4.4.2. Talent getting container, then starting to release plastic from the container
4.4.3. The PDMS molding in a container 
5. Results: PDMS Pillar Array Patterns for Hemiwicking, with and without Al Deposition 
5.1. This bitmap defines a rectangular wicking structure. [1-LM] Each pixel represents a square with a 100 micrometer side length. [2-LM] The uniformly black pixels mean each pillar in the PDMS will have the same height, set to 100 micrometers. [3-LM]
5.1.1. LAB MEDIA: 58546_Putnam_BitMap.tif
5.1.2. LAB MEDIA: 58546_Putnam_BitMap.tif (Video editor: Please call attention to an individual square, white or black)
5.1.3. LAB MEDIA: 58546_Putnam_BitMap.tif
5.2. This is a top view of the pillars in the PDMS created with the bitmap. [1-LM] This side view from an edge demonstrates the consistent height of the wicking structure. [2-LM] 
5.2.1. LAB MEDIA: 58546_Putnam_Figure 3b.tif
5.2.2. LAB MEDIA: 58546_Putnam_Figure 3c.tif
5.3. Here are side and top views of a PDMS structure with an approximately 70 micrometer thick layer of deposited aluminum. [1-LM-TXT] With the application of ethanol to the surface, these same structure show evidence of the fluid along the base of the pillars. [2-LM]
5.3.1. LAB MEDIA: 58546_Putnam_Figure 4a.tif, 58546_Putnam_Figure 4b.tif [TEXT: See text protocol for deposition steps] (Video editor: Please have these images arranged with “4a” on top and “4b” on bottom)
5.3.2. LAB MEDIA: 58546_Putnam_Figure 4a.tif, 58546_Putnam_Figure 4b.tif, 58546_Putnam_Figure 4c.tif, 58546_Putnam_Figure 4d.tif (Video editor: Please arrange “4c” above “4d” and put this group to the right of the group shown in 5.3.1. Refer to “JOVE_Figure 4.png”)

6. Conclusion (said by authors on camera)
6.1. Chance Brewer: Though this method can provide insight into hemiwicking dynamics, it can also be applied to other systems such as heat pipes and nanoscale heat transfer.
6.2. James Scott: Following this procedure, other methods like interferometry can be performed in order to answer additional questions like how the curvature of the meniscus is determined by the wicking structures and how that affects the heat flux in the region.
6.3. James Scott: After its development, this technique paved the way for researchers in the field of microscale heat transfer to explore the role of the shape of the thin-film region on the heat flux that occurs in the region.
6.4. James Scott: Don't forget that working with lasers can be extremely hazardous and  that laser safety glasses should always be worn while the stamping process is performed. 
   

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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