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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 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.

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.) 
4.1, 4.2, 5.1, 5.2, 5.3

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 5.1 is the most difficult procedure because it must be done quickly but with great precision. To ensure success I try pipetting out water from a Pasteur pipet as quickly as possible, while still ensuring that the liquid comes out of the pipette as a drop and not a stream.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 fabricate millimeter-sized, microporous polymer beads with concave morphologies. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Matthew Nee: This method generates new materials with high surface area to volume ratios. Such materials can be used for chemical separations, substrates for catalysis, or next-generation energy devices [1.1.1 – MED]. 
1.1.1. Matthew speaks toward the camera, interview style.

1.2. Matthew Nee: The main advantage of this technique is that it uses salt concentration to change the morphology of the beads produced by adjusting the emulsion properties [1.2.1 – MED].   
1.2.1. Matthew speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. John Bertram: Generally, individuals new to this method will struggle because maintaining a stable emulsion requires careful temperature control, especially during sonication [1.3.1 – MED].
1.3.1. Bertram speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Preparation of Emulsion
2.1. To begin, mass an appropriate amount of salt to produce 10 milliliters of 0.03-Molar solution [2.1.1 – MED]. 
2.1.1. Talent weighs out salt at the scale.  TEXT Overlay:  see text for salt solutions  
2.2. Weigh 1.02 grams of vinyl-terminated polydimethylsiloxane (pronounced as “pol-ee dahy-meth-uh l si-lok-seyn”), or PDMS, by slowly pouring it over a stir rod and into a 20 milliliter, sealable glass vial resting on a zeroed scale [2.2.1 – CU]. 
2.2.1. 20 mL, sealable glass vial on zeroed scale as talent slowly pours the vinyl-terminated polydimethylsiloxane into the vial up to 1.02 grams.
2.3. Then, pipette 1.02 milliliters of n-Heptane to the vial [2.3.1 – MED-over the shoulder].  Add 2 drops of non-ionic surfactant to the vial followed by 0.3 milliliters of salt solution and 0.45 milliliters of deionized-water [2.3.2 – CU].
2.3.1. Talent pipettes 1.02 mL of n-Heptane to the vial.
2.3.2. Vial as talent adds 2 drops of non-ionic surfactant to the vial, 0.3 mL of salt solution and 0.45 mL of deionized water. 
2.4. After sealing the glass vial by screwing the lid on tightly, shake vigorously for 60 seconds to initiate the emulsion before beginning sonication [2.4.1 – MED].
2.4.1. Talent finishes screwing on the lid and shakes the vial vigorously.
2.5. To construct a water-bath sonicator apparatus, fill the sonicator with water up to the minimum fill line [2.5.1 – MED-over the shoulder].  Add 250 milliliters of tap water to a 400-milliliter beaker.  Fill the 400-milliter beaker with ice so that the water level is just at the rim [2.5.2 – CU].
2.5.1. Talent fills the sonicator with water to the minimum fill line.
2.5.2. 400 mL beaker as talent adds 250 milliliters of tap water and then fills with ice so that the water is to the rim.
2.6. Place this beaker inside the water-bath sonicator.  Check the fill-line on the sonicator and adjust if needed [2.6.1 – MED-over the shoulder].  Then, place a ring stand directly beside the water-bath sonicator [2.6.2 – MED].
2.6.1. Talent places the beaker inside the water-bath sonicator and adjusts the fill line on the sonicator.
2.6.2. Talent places the ring stand directly beside the water-bath sonicator.
2.7. Using  two  ring  stand  clamps,  position  them  so  that  one  arm  is  extended  out, perpendicular to the ring stand [2.7.1 – CU], and the other one is extended towards the water bath, pointing downwards into the beaker filled with ice water [2.7.2 – MED].
2.7.1. Ring stand clamps as talent positions one so that the arm is extended out, perpendicular to the ring stand.
2.7.2. Talent positions the other ring stand clamp so that it is extended toward the water bath and pointing downwards into the beaker filled with ice water.  
2.8. Attach another clamp to the ring stand with a thermometer down in the 400-milliliter beaker so that the temperature can be monitored throughout the sonication [2.8.1 – MED-over the shoulder].
2.8.1. Talent attaches another clamp to the ring stand with a thermometer down in the 400 mL beaker.
2.9. To perform the emulsification procedure, place the emulsion-containing vial so that it is fully submerged in the 400-milliliter beaker by securing it into the clamp protruding down into the beaker [2.9.1 – CU].
2.9.1. Emulsion-containing vial as talent places it in so that it is fully submerged in the 400-mL beaker by securing it into the clamp protruding down into the beaker.
2.10. John Bertram: Temperature control of the emulsion prior to cross-linking is extremely important throughout sonication.  If a low temperature is not maintained the emulsion will separate and clumps of the mixture will be present [2.10.1 – MED].
2.10.1. John speaks toward camera, interview style. 
2.11. Turn on the sonicator and set the sonication time for 7 minutes [2.11.1 – MED-over the shoulder].  Because the emulsion is very heat sensitive, ensure that the temperature inside the beaker is between 0 and 5 degrees Celsius throughout the sonication [2.11.2 – CU].  Start sonication once the temperature inside the beaker is desirable [2.11.3 – MED].  
2.11.1. *Film as written
2.11.2. Beaker as talent takes the temperature with a thermometer.
2.11.3. Talent starts the sonication.
2.12. After 7 minutes of sonication, remove the vial and gently shake or swirl for 1 minute, holding the top of the vial to eliminate any clumps that might form in the emulsion [2.12.1 – CU].
2.12.1. Vial as talent gently swirls it, holding the top of the vial to eliminate any clumps that might form in the emulsion. 
2.13. Dispose the contents of the beaker [2.13.1 – MED-over the shoulder].  Then, refill it with 250 milliliters of water and add ice to fill within 1 centimeter of the top of the beaker [2.13.2 – CU].
2.13.1. Talent disposes the contents of the beaker.
2.13.2. Beaker as talent refills with 250 mL of water and adds ice to fill to within 1 cm of the top of the beaker.
2.14. Repeat the sonication steps for a total of eight, 7-minute sonication periods, or until the sonication appears to be homogenous and no clumps are present.  Store the emulsion at room temperature [2.14.1 – MED].
2.14.1. Talent repeats the sonication.
3. Setup for Addition of the Triethoxysilane/Surfactant Solution
3.1. Pipette 5.4 milliliters of triethoxysilane (pronounced as “tri e-thok-see sil-eyn”) into a test tube and place the tube in a test tube rack under the hood for later use [3.1.1 – MED-over the shoulder].
3.1.1. Talent pipettes 5.4 mL of triethoxysilane into a test tube and places the tube in a test tube rack under the hood.  Use labeled containers.
3.2. Working under the hood, place a ring stand with an attached clamp extended directly over the opening of a 400-milliliter beaker filled with ice water.  This will be the ice-bath for the addition of triethoxysilane [3.2.1 - CU].
3.2.1. Ring stand with clamp attached as talent places it next to the 400-mL beaker filled with ice water and adjusts the clamp so that it is extended directly over the opening of the beaker.
3.3. Then, fill an 800-milliliter beaker with approximately 700 milliliters of tap water and place it on a hot plate on the other side of the ring stand [3.3.1 – MED-over the shoulder].
3.3.1. Talent fills an 800-milliliter beaker with approximately 700 milliliters of tap water and places it on a hot plate on the other side of the ring stand.
3.4. Attach a clamp with a thermometer to the ring stand so the temperature of the water inside the 800-milliliter beaker can be monitored; maintain a temperature of 75 to 85 degrees Celsius inside the 800-millliter beaker [3.4.1 – CU].
3.4.1. Clamp with thermometer as talent attaches to the ring stand and into the beaker to monitor the temperature.  
3.5. Produce the surfactant solution by dissolving 0.5 grams of sodium dodecyl sulfate in 375 milliliters of water [3.5.1 – MED].  Add approximately 10 milliliters of surfactant solution to a clean, empty test tube [3.5.2 – MED-over the shoulder].
3.5.1. *Film as written. 
3.5.2. Test tube as talent adds ~10 mL of the surfactant solution there.
3.6. Attach another clamp to the ring stand with the surfactant test tube secured such that its liquid level is below the surface of the water inside the 800-milliliter beaker.  Allow 10 minutes for thermal equilibration [3.6.1 – CU].
3.6.1. Clamp as talent attaches to the ring stand with the surfactant test tube secured such that its liquid level is below the surface of the water inside the 800-mL beaker.
4. Cross-linking through the Addition of Triethoxysilane 
4.1. Place the emulsion vial in the clamp over the ice-water beaker inside the hood [4.1.1 – CU].  Position the PDMS mixture in the clamp so that the vial contents are below the surface of the water [4.1.2 – MED-over the shoulder].  The addition of triethoxysilane causes an exothermic reaction, so the emulsion must be kept cold in order to maintain its structure [4.1.3 – CU].
4.1.1. Emulsion vial as talent places it into the clamp over the ice-water beaker.
4.1.2. Talent motions to adjust the clamp so that the vial contents are below the surface of the water.  Continue action in next shot.
4.1.3. Vial as talent brings it down below the surface of the water.
4.2. Slowly pour the test tube containing triethoxysilane into the glass vial in a continuous stream over a period of approximately 10 seconds [4.2.1 – MED].  The addition of triethoxysilane initiates an exothermic reaction and the release of caustic hydrogen chloride gas.  DO NOT STIR the contents while adding the triethoxysilane [4.2.2 – CU].
4.2.1. Talent motions to pour the test tube containing triethoxysilane into the glass vial.  Continue action in next shot.
4.2.2. Vial as talent slowly pours the test tube containing triethoxysilane into the glass vial over a period of 10 seconds and gas evolves.    
4.3. After adding triethoxysilane completely, gently stir the contents with a glass stir rod while wearing a heat protective glove [4.3.1 – MED-over the shoulder].  Wait for 2 minutes or until gas stops evolving from the vial [4.3.2 – CU].
4.3.1. Talent stirs the contents of the vial with a glass stir rod while wearing a heat protective glove.
4.3.2. Vial as gas is evolved toward the end of the 2 minute waiting period to show that the bubbling is coming to a stop.
4.4. Following cross-linking there is no phase separation visible in the sample.  If clumps are present, seal the vial and shake rigorously for 20 seconds while holding the vial by the lid [4.4.1 – MED].
4.4.1. Talent seals the vial and shakes rigorously for 20 seconds.
5. Bead Production and Cleaning
5.1. John Bertram: When pipetting the cross-linked emulsion, the liquid must hit the surfactant solution as a drop, otherwise a bead won’t form.  Even so, it is crucial that the pipetting be done quickly to prevent the emulsion from congealing inside the pipet [5.1.1 – MED].
5.1.1. John speaks toward camera, interview style.
5.2. Use a clean, glass Pasteur pipette to draw the cross-linked emulsion from the glass vial [5.2.1 – MED-over the shoulder].  Add the cross-linked emulsion drop-wise to the surfactant solution into the test tube, taking as little time as possible in between drops [5.2.2 – CU].
5.2.1. Talent uses a Pasteur pipette to draw the cross-linked emulsion from the glass vial.
5.2.2. Surfactant solution/pipette as talent adds the cross-linked emulsion drop-wise to the surfactant solution.
5.3. While wearing heat protective gloves, take the test tube out of the clamp and pour its entire contents into the filtration apparatus under the hood [5.3.1 – MED].  After filtering for 5 minutes, remove the filter paper from the filter [5.3.2 – CU].
5.3.1. Talent takes the test tube out of the clamp and pours its entire contents into the filtration apparatus under the hood.
5.3.2. Filter paper as talent removes it from the filter.
5.4. Transfer the filtered solids onto a watch glass and separate beads for overnight drying under the hood [5.4.1 – MED-over the shoulder].
5.4.1. Talent transfers the filtered solids onto a watch glass and separates the beads.  
5.5. To clean the beads, pour them into a clean filtering apparatus and use a plastic wash bottle filled with deionized water to rinse the beads gently, moving them around slightly to ensure all the beads are rinsed [5.5.1 – CU].
5.5.1. Added shot: MED: Talent pours dried beads into filtration apparatus.
5.5.2. Beads as talent uses a plastic wash bottle filled with deionized water to rinse the beads gently, moving them around slightly to ensure the beads are rinsed.
5.6. Let the beads dry for 1 hour by placing them on a watch glass under the hood [5.6.1 – MED-over the shoulder].  Use a wash bottle filled with hexanes to rinse the beads using the same method as was used for water [5.6.2 – CU].
5.6.1. Talent leaves the beads on a watch glass under the hood to dry.        
5.6.2. Beads as talent uses a labeled bottle of hexanes to rinse the beads.
5.7. After the beads are completely dry, place them in a small sealable glass vial and store at room temperature for future use [5.7.1 – MED].
5.7.1. Talent places the beads in a small sealable glass vial.
6. Mounting the Beads for Scanning Electron Microscopy (SEM) Analysis 
6.1. Place a strip of double-sided carbon conductive tape on top of the stub onto which the beads will be mounted [6.1.1 – MED-over the shoulder].  Using scissors, trim around the stub to ensure no tape hangs over the edges [6.1.2 – CU].
6.1.1. Talent places a strip of double-sided carbon conductive tape on top of the stub where the beads will be mounted.
6.1.2. Stub as talent uses scissors to trim around the stub to ensure no tape hangs over the edges.
6.2. Place a piece of filter paper under the stub on a flat surface [6.2.1 – MED].  Remove the top layer from the tape so that the adhesive underside is exposed [6.2.2 – MED-over the shoulder].
6.2.1. Talent places a piece of filter paper under the stub on a flat surface.
6.2.2. Talent removes the top layer from the tape to expose the adhesive underside.
6.3. Gently pour the beads over the stub.  Some beads will stick to the tape, but most will bounce off and land on the filter paper [6.3.1 – CU].  Pour the beads that stayed on the filter paper back into the vial [6.3.2 – MED-over the shoulder].  Repeat if necessary, washing any beads that become contaminated [6.3.3 – MED].
6.3.1. Stub/filter paper as talent gently pours the beads over the stub showing that some beads stick to the tape and some bounce off and land on filter paper.
6.3.2. Talent pours the beads from the filter paper back into the vial.
6.3.3. Talent repeats pouring of the beads from the vial over the stub.  
6.4. To ensure the beads are secure on the stub, use a bulb syringe and lightly blow very closely to the stub surface [6.4.1 – CU].  Pour more beads over the stub if only a few adhered to the tape [6.4.2 – MED].  Ensure that all beads are secure before placing the stub into the SEM chamber and evacuating it [6.4.3 – MED-over the shoulder].
6.4.1. Stub as talent uses a bulb syringe to lightly blow very close to the stub surface.
6.4.2. Talent pours more beads over the stub if only a few adhered to the tape.
6.4.3. Talent places the beads into the SEM chamber and evacuates it.
6.5. Once the samples have been mounted properly they are now ready to undergo scanning electron microscopy analysis as described in the text protocol [6.5.1 – WIDE].
6.5.1. Talent at the SEM preparing to perform SEM analysis.
7. Results: Scanning Electron Microscopy Images and Surface-Area-to-Volume Ratios of PDMS Beads 
7.1. Representative SEM images of beads arising from emulsions with different electrolyte conditions are shown here [7.1.1 – LM].
7.1.1. 53440_Nee_Figure 1 
7.2. Beads produced without the addition of any electrolyte to the aqueous layer are characterized by exclusively convex porosity [7.2.1 – LM]. 
7.2.1. 53440_Nee_Figure 1– Editors, please zoom into the top left image panel as this point is narrated.
7.3. The other bead surfaces shown are of beads produced by addition of electrolyte, resulting in different morphologies for each metal ion [7.3.1 – LM].
7.3.1. 53440_Nee_Figure 1– Editors, please zoom out to the full figure as this point is narrated.
7.4. Those produced with platinum chloride [7.4.1 – LM], zinc chloride [7.4.2 – LM], and sodium chloride [7.4.3 – LM] show different morphologies, including the substantial addition of concave pores due to microbubble formation, as indicated in the circled area [7.4.4 – LM].
7.4.1. 53440_Nee_Figure 1 – Editors, please highlight the top right panel.
7.4.2. 53440_Nee_Figure 1– Editors, please highlight the bottom left panel.
7.4.3. 53440_Nee_Figure 1– Editors, please highlight the bottom right panel.
7.4.4. 53440_Nee_Figure 1– Editors, please zoom into the red circled area as narrated.
7.5. Higher resolution images of beads produced with no electrolyte [7.5.1 – LM] and with zinc chloride are shown [7.5.2 – LM].  Without the addition of electrolyte, spherical substructures are generally larger and more closely packed than with the addition of zinc chloride, which contributes significantly to the increase in the surface-area-to-volume ratio [7.5.3 – LM].
7.5.1. 53440_Nee_Figure 2- Editors, please highlight the top panel as “no electrolyte” is narrated.
7.5.2. 53440_Nee_Figure 2- Editors, please highlight the bottom panel as “zinc chloride” is narrated.
7.5.3. 53440_Nee_Figure 2 
7.6. Brunauer-Emmett-Teller analysis of the beads found that the surface area to volume ratio of beads produced using zinc chloride was over 30 times that found without electrolyte, providing a drastic increase in the area available for surface interactions [7.6.1 – LM].
7.6.1. 53440_Nee_Table1 – Authors, please provide a version of table 1 without the first column for the video.  Editors, please highlight the “30.6” value in the third row of the last column as “was over 30 times that found without electrolyte” is narrated.
8. Conclusion (said by authors on camera)

8.1. Matthew Nee: Once mastered, this technique can be done in 90 minutes if it is performed properly.  After watching this video, you should have a good understanding of how to create high surface-area PDMS materials by adding a low concentration of a chloride salt into the primary emulsion [8.1.1 – MED].
8.1.1. Matthew speaks toward camera, interview style.
8.2. John Bertram: While attempting this procedure, it’s important to remember to maintain a low temperature during sonication, and ensure that the emulsion is clump-free throughout sonication, especially prior to cross-linking [8.2.1 – MED].
8.2.1. John speaks toward camera, interview style.
8.3. Matthew Nee: Following this procedure, other methods like BET analysis can be performed in order to answer additional questions like how the physical and chemical properties of this cross-linked material compare to a cured sample of pure polydimethylsiloxane [8.3.1 – MED].

8.3.1. Matthew speaks toward camera, interview style.
8.4. John Bertram: Don't forget that working with triethoxysilane can be extremely hazardous, and precautions such as keeping the sash on the hood down almost entirely upon the addition of triethoxysilane to the primary emulsion should always be taken while performing this procedure [8.4.1 – MED].   
8.4.1. John speaks toward camera, interview style.
8.5. Matthew Nee: After its development, this technique paved the way for researchers in the field of analytical and materials science to explore improved separation techniques and active layers for new energy technology materials, using a simple production method with a polymer [8.5.1 – MED].

8.5.1.    Matthew speaks toward camera, interview style.
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.  

53440_Nee_Figure 1 – SEM images of several beads.
53440_Nee_Figure 2 – Detailed SEM images of beads produced with and without electrolyte.

53440_Nee_Table1– Authors, please provide a version of table 1 without the first column for the video.  
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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