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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N_____  
Can you record movies/images using your own microscope camera? (Y/N)__Y____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 
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. (Please do not list entire sections.) 
Steps 4.2, 4.3, 4.4, 4.5, 6.3, 6.4 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) Step 4.4. We ensure that all elements are laid flat, especially the PDMS template and the PDMS mold, in our case using a sodalime plate and a small quartz plate as the rigid supports.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y__ If yes, how far apart are the locations? __________ Within the same space laboratory, but different benches_____

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 microfabrication protocol is to produce plastic microfluidic devices, compatible with Fourier Transform Infrared micro spectroscopy, in a simple and cost effective way. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gianluca Grenci: This method can help advance the understanding of cellular biochemistry. It provides a simplified access to live cell Infrared micro spectroscopy, a label-free and non-damaging technique capable of retrieving biochemical maps of live cells.
1.2. Gianluca Grenci: The main advantage of this technique is that it reduces the need to access a microfabrication facility, and it uses plastic material as the main component of the final device.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. **Gianluca Grenci: Demonstrating the procedure will be Mona Suryana, a research assistant from our laboratory.
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)

2. Preparation of Polydimethylsiloxane Secondary Mold
2.1. To begin this procedure, prepare the silicon primary mold, as outlined in the text protocol [1-MED/WIDE]. Next, mix the PDMS elastomer and the curing agent at a 10-to-1 ratio [2-MED-over the shoulder-TXT]. The total amount mixed is such that the resulting PDMS is approximately 1 to 1.5 mm in thickness [3-MED/CU].
2.1.1. Establishing shot – the talent approaches the lab bench with the silicon primary mold in hand.
2.1.2. Talent adds the PDMS and curing agent to the same vessel, TEXT: PDMS: Polydimethylsiloxane
2.1.3. Talent mixes the PDMS and curing agent with a stirring rod. Alternatively, a close up shot of the finished mixture would do.
2.2. After thorough mixing, transfer the mixture to a vacuum jar [1-MED-over the shoulder]. Lower the pressure until it is between 1 and 10 mbar [2-MED]. Wait for 15 minutes, or until there are no visible bubbles, to degas the mixture [3-CU/MED].
2.2.1. Talent transfers the mixture to a vacuum jar.
2.2.2. Talent adjusts the pressure for the vacuum jar.
2.2.3. Close up shot of the vacuum jar, showing that there are no visible bubbles.
2.3. Pour the degassed PDMS onto the prepared silicon mold [1-MED-over the shoulder]. Transfer the mold to the vacuum jar, and lower the pressure for 15 minutes to degas the mixture once again [2-MED-TXT]. Then, transfer the mold to a hot plate or oven [3-MED-over the shoulder].
2.3.1. Talent pours the degassed PDMS onto the prepared silicon mold.
2.3.2. Talent transfers the mold to the vacuum jar and begins to adjust the pressure, TEXT: Pressure: 1 – 10 mbar
2.3.3. Talent transfers the mold to a hot plate.
2.4. Heat the mold at 70 °C for 2 hours to cure the mixture [1-CU/MED]. Remove the cured PDMS from the heat and let it cool to room temperature [2-MED]. Use a razor blade to cut the PDMS along the edges of the silicon mold [3-MED-over the shoulder].
2.4.1. Close up shot of the mold while it is heating. Alternatively, the talent can set the heat to 70 °C, and then set a timer for 2 hours.
2.4.2. Talent removes the cured PDMS from the heat, and sets it down on the lab bench to cool.
2.4.3. Talent, using a razorblade, cuts the PDMS along the edges of the silicon mold.
2.5. Using a pair of tweezers, pinch one corner and carefully peel the PDMS replica off the silicon mold [1-MED/CU]. Next, transfer the PDMS mold to a plasma cleaner [2-MED/WIDE]. Set the chamber pressure between 1 and 10 mbar, and treat the PDMS mold with oxygen plasma at 60 W for 30 s [3-MED-over the shoulder-TXT] with 20 sccm of oxygen flow. [4]
2.5.1. Talent, using a pair of tweezers, carefully peels the PDMS off the silicon mold. If the shot can be filmed as a CU on the replica as it is slowly peeled off, please do that.
2.5.2. Talent approaches a plasma cleaner with the PDMS mold in hand, and places it inside.
2.5.3. Talent adjusts all the power and time settings, as mentioned above, and begins to treat the PDMS with oxygen plasma. TEXT: SCCM: Standard cubic centimeters per minute
2.5.4. Added shot: Talent adjust gas settings and begins to treat the PDMS with oxygen plasma. TEXT: SCCM: Standard cubic centimeters per minute
2.6. After this, place the mold in a vacuum jar and add approximately 50 μL of silane [1-MED]. Leave the jar in the vacuum state for 2 h [2-CU-TXT].
2.6.1. Talent places the mold in the vacuum jar, and then adds silane. If the voiceover is too short of the action, just film the talent adding the silane and have the mold be already in the vacuum jar in the shot.
2.6.2. Close up shot of the jar in the vacuum state, TEXT: Pressure: 1 – 10 mbar
3. Preparation of PDMS Templates
3.1. To begin, design or acquire acrylic templates as outlined in the text protocol [1-MED/WIDE] and prepare PDMS elastomer and curing agent [2-MED-over the shoulder-TXT] as shown at the beginning of this procedure. [1-TXT] [3-CU/MED]. Author comment: 3.1 is the same procedure already filmed for 2.1, therefore it was not repeated here.
3.1.1. Talent approaches the lab bench with the acrylic templates in hand, and places them onto the bench. Use shot 2.1.2. TEXT: Prepare enough to entirely submerge the templates
3.1.2. Talent adds both PDMS and curing agent to a vessel. 
3.1.3. Close up shot of the mixture, in a vacuum jar, after there are no bubbles.
3.2. Pour the degassed PDMS mixture on the acrylic templates [1-MED-over the shoulder] until the top-most surface is submerged about 1 mm below the liquid surface [2-CU]. Then, transfer the submerged templates to a vacuum jar [3-MED]. Degas the PDMS using the same process as before [4-MED-over the shoulder-TXT].
3.2.1. Talent pours the degassed PDMS mixture on the template. The template should be in a petri dish during this.
3.2.2. Close up shot of the mixture as it covers the template (as the template is 1 mm below the surface). Alternatively, this shot can be eliminated and the previous MED-over the shoulder can be continued throughout the VO.
3.2.3. Talent transfers the submerged templates to a vacuum jar.
3.2.4. Talent adjusts the pressure on the vacuum jar, TEXT: 1 – 10 mbar, 15 min or until no bubbles
3.3. Then, transfer the submerged templates to a hot plate or an oven [1-MED]. Heat at 60 °C for 2 hours to cure the mixture [2-MED-over the shoulder]. Remove the cured PDMS from the heat source, and let it cool to room temperature [3-MED].
3.3.1. Talent transfers the submerged templates to an hot plate oven.
3.3.2. Talent sets the heat on the hot plate oven.
3.3.3. Talent removes the cured PDMS from the hot plate oven, and sets it down on the lab bench to cool.
3.4. Using a razor blade, cut the PDMS along the edges of the acrylic templates [1-MED-over the shoulder]. Next, use a pair of tweezers to pinch one corner and carefully peel the PDMS off [2-MED].
3.4.1. Talent uses a razor blade to cut the PDMS along the edges of the acrylic templates.
3.4.2. Talent uses a pair of tweezers to carefully peel the PDMS off the template.
3.5. After this, prepare the second PDMS replica, as outlined in the text protocol.
3.5.1. Talent sets down/adjusts the template for the second PDMS replica. Use shot 3.2.1.
4. Fabrication of the Patterned Half of the Microfluidic Device
4.1. To begin fabricating the patterned half of the device, treat a calcium fluoride window with oxygen plasma [1-MED/WIDE] at 60 W for 30 s… [4.1.1.a] with 20 sccm of oxygen flow. [4.1.1.b] Carefully place the first PDMS template – the one with the small pillars – onto a flat surface [2-MED-over the shoulder].
4.1.1. Talent places a calcium fluoride window in the plasma cleaner 
4.1.1.a. Added shot: Use 2.5.3. Talent adjusts power and time settings 
4.1.1.b. Added step: Use 2.5.4. Talent adjust gas settings and begins to treat the PDMS with oxygen plasma and adjusts the settings to treat the window with oxygen plasma at 60 W for 30 s with 20 sccm of oxygen flow Editor: Try to use both shots 4.1.1.a and 4.1.1.b for a few seconds.
4.1.2. Talent places the first PDMS template – the one with the small pillars – onto a flat surface.
4.2. Then, place the treated calcium fluoride window in the center of the template [1-CU]. Press gently to ensure the window is fully in contact with the PDMS [2-MED-over the shoulder].
4.2.1. Close up shot as the talent places the treated calcium fluoride window in the center of the template. Alternatively, film this action as a MED shot if it cannot be filmed as a CU.
4.2.2. Talent gently presses the window.
4.3. Next, place a UV-transparent plate on the backside of the PDMS mold, aligned with the location of the central chamber [1-MED]. Press gently to ensure it is fully in contact with the PDMS [2-CU].
4.3.1. Talent places a UV-transparent plate on the backside of the PDMS mold, aligned with the location of the central chamber.
4.3.2. Close up shot of the talent gently pressing the plate to ensure it is fully in contact with the PDMS.
4.4. Place the mold onto the PDMS template… [1-MED-over the shoulder] with the fluidic pattern facedown and with the fluidic chamber aligned to the center of the window [2].
4.4.1. Talent places the mold onto the PDMS template with the fluidic pattern facedown and with the fluidic chamber aligned to the center of the window.
4.4.2. Added shot: Talent makes sure the mold is aligned correctly Author comment: this is an added shot in CU to show the alignment is properly achieved.
4.5. Then, gradually dispense drops of NOA (pronounced “Noah”) at the inlet of the PDMS template [1-MED-TXT]. Allow the NOA to slowly fill the cavity [2-CU]. After the cavity is completely filled, cure the NOA by exposing the mold to UV light [3-MED-over the shoulder].
4.5.1. Talent slowly dispenses drops of NOA at the inlet of the PDMS template, TEXT: NOA: Norland optical adhesive 73
4.5.2. Shot of the NOA slowly filling the cavity.
4.5.3. Talent adjusts the template, and then turns on a UV light.
4.6. Carefully remove the UV-transparent plate from the mold [1-MED]. Gently peel the PDMS mold from the top of the NOA layer [2-MED-over the shoulder]. After this, remove the NOA layer [3-MED].
4.6.1. Talent carefully removes the UV-transparent plate from the mold.
4.6.2. Talent uses tweezers to gently peel the PDMS mold from the top of the NOA layer.
4.6.3. Talent uses tweezers to remove the NOA layer.
5. Fabrication of the Flat Half of the Microfluidic Device
5.1. To begin fabricating the flat half of the device, treat a calcium fluoride window with oxygen plasma at 60 W for 30 s with 20 sccm of oxygen flow [1-MED-over the shoulder] [1]. Carefully place the second PDMS template – the one without the small pillars – onto a flat surface [2-MED].
5.1.1. Editor: Use shots 4.1.1., 2.5.3. and 2.5.4. one after another, if possible, if not, use just 4.1.1. Talent places a calcium fluoride window in the plasma cleaner, and adjusts the settings to treat the window with oxygen plasma at 60 W for 30 s with 20 sccm of oxygen flow. 
5.1.2. Talent carefully places the second PDMS template – the one without the small pillars – onto a flat surface.
5.2. Place the treated calcium fluoride window in the center of the template [1-MED-over the shoulder]. Press gently to ensure the window is fully in contact with the PDMS [2-CU/MED].
5.2.1. Talent places the treated calcium fluoride window in the center of the template.
5.2.2. Talent presses gently on the window to ensure the window is fully in contact with the PDMS.
5.3. Next, acquire a 1 mm thick sheet of PDMS that is 5 cm by 3.5 cm [1-MED]. Place this sheet on top of the calcium fluoride window, aligned with the center of the template [2-MED-over the shoulder]. Press gently to ensure the sheet is fully in contact with the window [3-MED].
5.3.1. Talent sets down a 1 mm thick sheet of PDMS that is 5 cm by 3.5 cm onto the lab bench.
5.3.2. Talent places this sheet on top of the calcium fluoride window, aligned with the center of the template.
5.3.3. Talent presses gently on the sheet to ensure that it’s fully in contact with the window.
5.4. Gradually dispense drops of NOA at the inlet of the PDMS template [1-MED-over the shoulder]. Allow the NOA to slowly fill the cavity [2-CU]. After the cavity is completely filled, cure the NOA by exposing the mold to UV light [3-MED].
5.4.1. Talent slowly dispenses drops of NOA at the inlet of the PDMS template/
5.4.2. Close up shot of the NOA slowly filling the cavity.
5.4.3. Talent adjusts the template on the bench, and then turns on a UV light source.
5.5. Peel off the PDMS layer [1-MED-over the shoulder]. Then, carefully remove the cured NOA layer from the PDMS template [2-MED].
5.5.1. Talent uses a pair of tweezers to peel off the PDMS layer.
5.5.2. Talent uses a pair of tweezers to carefully remove the cured NOA layer from the PDMS template.
6. Bonding the Two Halves to Fabricate the Microfluidic Device
6.1. Place one half of the device on top of the other with the calcium fluoride windows aligned [1-MED]. Gently press at the corners of the NOA layers, fixing the position of the two halves [2-MED-over the shoulder].
6.1.1. Talent places one half of the device on top of the other with the calcium fluoride windows aligned.
6.1.2. Talent gently presses at the corners of the NOA layers.
6.2. Next, acquire PDMS discs and rectangles, as outlined in the text protocol [1-MED].
6.2.1. Talent sets down PDMS discs and rectangles onto the lab bench.
6.3. Place the PDMS discs in the corresponding openings of the device [1-CU/MED]. Next, place the PDMS rectangles with precut openings onto each side [2-MED-over the shoulder].
6.3.1. The talent places one or two of the discs into corresponding openings on the device. Film this as close up to the placing of the disc as possible.
6.3.2. Talent places the PDMS rectangles onto each side of the device.
6.4. Transfer the entire assembly to the vacuum press, sandwiching it between two plates [1-MED/WIDE].
6.4.1. Talent transfers the entire assembly to the vacuum press, sandwiching it between two plates.
6.5. Then, seal the plastic bag [1-MED-over the shoulder]. Turn on the vacuum pump to evacuate the assembly, and allow it to run for at least 10 min [2-MED].
6.5.1. Talent seals the plastic bag.
6.5.2. Talent turns on the vacuum pump, and then sets a timer for 10 min.
6.6. Using a broad-band mercury vapor lamp at 270 W, expose the evacuated assembly to UV light for 15 min [1-MED-over the shoulder]. After this, turn off the vacuum pump and let the assembly slowly vent to atmospheric pressure before removing the final device from the assembly [2-MED].
6.6.1. Talent adjusts the broad-band mercury vapor lamp, and then turns it on to expose the evacuated assembly to UV light.
6.6.2. Talent turns off the vacuum pump and lets the assembly slowly vent to atmospheric pressure.

7. Results: Transparency of the Completed Plastic Microfluidic Device 
7.1. In this procedure, a plastic microfluidic device with view-ports transparent to visible and infrared light is fabricated [1-LM]. Transmittance spectra are then acquired to compare a brand new calcium fluoride window, one-half of the fabricated device, and the complete device [2-LM].
7.1.1. 55884_Grenci_Figure6.tif
7.1.2. 55884_Grenci_Figure6.tif: Highlight each data set as it is mentioned in the VO.
7.2. As can be seen, all three exhibit a transmittance over 80% up to mid infrared, indicating a high degree of transparency in this range [1-LM]. While the spectrum for the full device exhibits an interference pattern – caused by the air gap between the two windows – these spectra demonstrate that the fabrication process does not alter the transparency of calcium fluoride windows up through the mid infrared range [2-LM].
7.2.1. 55884_Grenci_Figure6.tif: Show a box around all three data sets for the section of the plot before they drop off (from Wavenumber 7000 cm-1 to about 1250 cm-1, more or less). Show text saying “80% transmittance” during “…transmittance over 80% up to mid infrared, indicating a high degree of transparency in this range.”
7.2.2. 55884_Grenci_Figure6.tif: Highlight the data set for the full device (the yellow line) where it gets wavy, which is the interference pattern during “While the spectrum for the full device exhibits an interference pattern – caused by the air gap between the two windows…”. Show the box from 7.2.1 again, with text saying “Transparency not affected” during “…these spectra demonstrate that the fabrication process does not alter the transparency of calcium fluoride windows up through the mid infrared range”.


8. Conclusion (said by authors on camera)
8.1. Mona Suryana: Once mastered, this technique can be done in 1 hour if it is performed properly and the required templates and molds are ready.
8.2. Gianluca GrenciSivakumar Maniam: After watching this video, you should have a good understanding of how to produce plastic microfluidic devices, compatible with Fourier Transform Infrared Microspectroscopy, using replica molding with PDMS and capillarity filling process with UV-curable resins. 
8.3. Jegan V. Shanmugarajah: Don't forget that working with silane and UV light can be extremely hazardous. Hence, always conduct procedure-based risk assessments and wear appropriate personal protective equipment while performing this procedure.   


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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