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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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

2.1-2.4
2.6-2.7
3.3
3.7, 3.8, 3.10 
__________________________________________

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 to be filmed by their protocol numbers. (Please do not list an entire section.) ______3.7 and 3.8 __

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 obtain freestanding nanomembranes of conjugated microporous polymers (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Manual Tsotsalas: This method can help answer key questions in the conjugated microporous polymer field, such as how to prepare thin films and freestanding membranes of usually insoluble materials [1.1.1 – MED].
1.1.1. Manual speaks toward camera, interview style. 
1.2. Peter Lindemann: The main advantage of this technique is that it allows the preparation and transfer of uniform membranes with ultra-low and homogeneous thickness by performing a stepwise synthesis on sacrificial supports [1.2.1 – MED].   
1.2.1. Peter speaks toward camera, interview style. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Manual Tsotsalas: Though this method can be applied for membrane separation, it can also be useful for other applications, such as organic electronics or heterogeneous catalysis [1.3.1 – MED].
1.3.1. Manual speaks toward camera, interview style. 
1.4. Peter Lindemann: Visual demonstration of this method is critical as the transfer of the ultra-thin membranes is difficult to learn, because precise handling is required to avoid rupture or folding of the membranes [1.4.1 – MED].   
1.4.1. Peter speaks toward camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Manual Tsotsalas: Demonstrating the procedure will be Yannick Träutlein, a technician, from our laboratory [1.5.1 – MED]/[1.5.2 – MED]. 

1.5.1. Manual speaks toward camera, interview style. 
1.5.2. Yannick looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Synthesis of conjugated microporous polymer (CMP) thin films through sequential addition
2.1. Prepare the apparatus for CMP fabrication [2.1.1 – Title Card].
2.1.1. Title Card  
2.2. Use a 500 milliliter one neck round bottom flask and add 300 milliliters of tetrahydrofuran, or THF [2.2.1 – MED].
2.2.1. Talent adds 130 300 mL of THF to a 250 500 mL one neck round bottom flask.
2.3. Put a prepared substrate coated with alkyne (pronounced as “al-kahyn”) terminated self-assembled monolayer, or SAM, in the sample compartment [2.3.1 – MED-over the shoulder].  Use a sample holder, so that the substrate is standing upright [2.3.2 – CU].
2.3.1. Talent uses the sample holder to place the prepared substrate into place.  Continue action in next shot.  TEXT Overlay:  see text for substrate preparation Talent put the prepared substrate in the sample holder.
2.3.2. Talent uses the sample holder to place the prepared substrate into place.  
2.4. Connect the apparatus to the Schlenk line via the junction on top of the reflux cooler [2.4.1 – MED-over the shoulder].  Evacuate and ventilate the apparatus with inert gas 3 times [2.4.2 – MED].
2.4.1. Talent connects the apparatus to the Schlenk line via the junction on top of the reflux cooler. Talent puts a reflux cooler connected to a Schlenk line on top of the apparatus.
2.4.2. Talent evacuates and ventilates the apparatus with inert gas.
2.4.3. Added Shot: Talents turns on the heater.
2.5. Then, let THF out from the sample compartment over the outlet at the bottom of the sample compartment and close the outlet [2.5.1 – CU].
2.5.1. Bottom of sample compartment as talent lets out the THF over the outlet at the bottom and then closes the outlet.
2.6. Next, add 1 milliliter of a prepared TPM-azide solution and 0.5 milliliters of a copper catalyst solution to the sample compartment via the screw cap with septum [2.6.1 – MED-over the shoulder].  Use a syringe with a hollow needle to transfer the solutions sequentially from the Schlenk flask to the reaction apparatus [2.6.2 – CU]. 
2.6.1. Talent adds 1 milliliter of a prepared TPM-azide solution and 0.5 milliliters of a copper catalyst solution to the sample compartment via the screw cap with septum.  TEXT Overlay:  see text for preparation of tetraphenylmethane (TPM) – azide solution and copper-catalyst solution
2.6.2. Syringe as talent transfers the solution from the Schlenk flask to the reaction apparatus.
2.7. After waiting approximately 30 minutes, let out the reaction solution over the outlet at the bottom of the sample compartment [2.7.1 – MED-over the shoulder].  Close the outlet and collect the condensed THF for rinsing the sample.  Wait approximately 30 minutes more [2.7.2 – CU].
2.7.1. Talent lets out the reaction solution over the outlet at the bottom of the sample compartment. Talent closes the outlet and collects the condensed THF for rinsing the sample.
2.7.2. Sample compartment as talent closes the outlet and collects the condensed THF for rinsing the sample. {combined with 2.7.1}
2.8. Then, let out the rinsing solution over the outlet at the bottom of the sample compartment and close the outlet [2.8.1 – MED].
2.8.1. Talent lets out the rinsing solution over the outlet at the bottom of the sample compartment and closes the outlet.
2.9. Again, give 1 milliliter of the prepared TPM-alkyne solution and 0.5 milliliters of the copper catalyst solution to the sample compartment via the screw cap with septum [2.9.1 – CU].  Transfer the solutions sequentially from the Schlenk flask to the reaction apparatus using a syringe with a hollow needle [2.9.2 – MED-over the shoulder].
2.9.1. Sample compartment as talent adds 1 milliliter of the prepared TPM-alkyne solution and 0.5 milliliters of the copper catalyst solution to the sample compartment via the screw cap with septum.
2.9.2. Talent uses a syringe with a hollow needle to transfer the copper catalyst solution sequentially from the Schlenk flask to the reaction apparatus.
2.10. After waiting approximately 30 minutes, let out the reaction solution over the outlet at the bottom of the sample compartment [2.10.1 – CU].  Close the outlet and collect the condensed THF for rinsing the sample [2.10.2 – MED-over the shoulder].
2.10.1. Bottom of the sample compartment as talent lets the reaction solution over the outlet.
2.10.2. Talent closes the outlet and collects the condensed THF for rinsing the sample.  
2.11. After waiting for an additional 30 minutes, repeat the sequential addition until the desired amount of layers is reached; one layer is approximately 1 nanometer thick [2.11.1 – MED].
2.11.1. Talent repeats the sequential addition.
2.12. As a final step, take out the CMP-coated mica substrate [2.12.1 – CU], rinse it with THF and ethanol, and then dry it under a nitrogen stream [2.12.2 – MED].
2.12.1. CMP-coated mica substrate as talent removes it from the compartment.
2.12.2. Talent rinses the compartment sample with THF and ethanol from a labeled container and dries the sample under nitrogen stream.
3. Transfer of CMP Nanomembranes
3.1. Set a spin coater to a ramp time of 10 seconds from 0 to 4000 rpm, a holding time of 40 seconds, and a ramp time of 10 seconds from 4000 to 0 rpm [3.1.1 – MED-over the shoulder].
3.1.1. Talent sets a the spin coater to the desired values.
3.2. Place the CMP coated mica substrate on the spin coater and put a PMMA solution on the wafer until it is completely covered.  Start the spin coater [3.2.1 – CU].
3.2.1. Talent places the CMP coated mica substrate on the spin coater and put the PMMA solution on the wafer until completely covered.  Then talent starts the spin coater.  TEXT Overlay:  see text for Poly(methyl methacrylate) (PMMA) solution preparation
3.3. Cut off 1 millimeter from each edge of the coated mica substrate, using a scissor to cut the edges [3.3.1 – MED-over the shoulder].
3.3.1. Coated mica substrate as talent cuts off 1mm from each edge of the coated mica substrate using a scissor.  
3.4. Then, fill a 150 milliliter crystallizing dish with an iodine, potassium iodide solution and fill a 100 milliliter crystallizing dish with a potassium iodide solution [3.4.1 – MED].
3.4.1. Talent fills a 150 milliliter crystallizing dish with an iodine, potassium iodide solution and fills a 100 milliliter crystallizing dish with a potassium iodide solution.  Use labeled containers.  TEXT Overlay:  see text for preparation of I2/KI H2O and KI/H2O solutions
3.5. Put the PMMA coated CMP gold on the mica substrate, with mica in contact with the solution, on top of the iodine, potassium iodide solution.  Be careful that it does not sink [3.5.1 – CU or ECU].  Wait at least 5 minutes [3.5.2 – MED-over the shoulder].
3.5.1. PMMA coated CMP gold on mica substrate as talent places on the I2/KI H2O solution, with the mica in contact to the solution.
3.5.2. Talent starts a timer to count down from 5 minutes.
3.6. Then, transfer the PMMA coated CMP gold mica substrate from the iodine, potassium iodide solution to the top of the potassium iodide solution, with mica in contact with the solution.  Once again, be careful that it does not sink and wait at least 5 minutes [3.6.1 – CU or ECU].
3.6.1. PMMA coated CMP gold on mica substrate as talent transfers it from the I2/KI H2O solution to the KI/H2O solution, with the mica in contact to the solution.
3.7. Next, fill a 250 milliliter crystallizing dish with distilled water [3.7.1 – MED].  Strip off the PMMA/CMP/gold film from the mica by slightly immersing the substrate, beginning from one edge, in the distilled water.  Hold the substrate so that the mica is pointing to the water [3.7.2 – CU or ECU].
3.7.1. Talent fills a 250 mL crystallizing dish with distilled water.
3.7.2. Mica as talent strips off the PMMA/CMP/gold film from the mica by slightly immersing the substrate, beginning from one edge, in distilled water and holding the substrate so that the mica is pointing to the water
3.8. Dip-coat the PMMA/CMP/gold on the silicon wafer by approaching the swimming PMMA/CMP/gold membrane slowly with the wafer until it touches the edge of the membrane [3.8.1 – CU or ECU].  Pull out the silicon wafer slowly, once the Silicon-wafer is in contact with the PMMA/CMP/gold membrane [3.8.2 – MED-over the shoulder]. 
3.8.1. Swimming PMMA/CMP/gold membrane as the PMMA/CMP/gold on the silicon wafer approaches it and touches it.
3.8.2. Talent pulls out the silicon wafer slowly once it is in contact with the membrane.
3.9. Then, strip the PMMA/CMP/gold film off of the silicon wafer by slightly immersing the substrate, beginning from one edge, in the iodine, potassium iodide solution and waiting 15 minutes [3.9.1 – CU or ECU].
3.9.1. Silicon wafer as talent slightly immerses the substrate, beginning from one edge, in the iodine, potassium iodide solution.
3.10. After the gold is completely etched, transfer the PMMA/CMP membrane to water via the silicon wafer and wait an additional 15 minutes [3.10.1 – MED-over the shoulder].  Repeat this step 3 times to wash the membrane with water [3.10.2 – MED]. 
3.10.1. Talent transfers the PMMA/CMP membrane to water via the silicon wafer.
3.10.2. Talent transfers the PMMA/CMP membrane to a new water dish via the silicon wafer.  TEXT Overlay:  Repeat 3X
3.11. Then, transfer the washed PMMA/CMP membrane to a gold coated silicon wafer as before [3.11.1 – CU].  Let the PMMA/CMP substrate dry in air for at least 2 hours [3.11.2 – MED-over the shoulder].
3.11.1. Talent transfers the PMMA/CMP membrane to a gold coated silicon wafer.
3.11.2. Talent leaves the substrate to air-dry.
3.12. To dissolve the PMMA, put the PMMA/CMP substrate in acetone and wait 30 minutes [3.12.1 – CU].  Take out the substrate and rinse it with acetone [3.12.2 – MED-over the shoulder].
3.12.1. Talent places the substrate in acetone.
3.12.2. Talent rinses the substrate with acetone.
3.13. After repeating this step 3 times, let the CMP substrate dry for at least 2 hours [3.13.1 – CU].
3.13.1. Substrate as talent leaves to dry.
4. Results: Analysis of Freestanding Conjugated Microporous Polymer Nanomembranes
4.1. The membranes are characterized by infrared reflection absorption spectroscopy, or IRRAS.  Shown here is an IRRA-spectrum from a CMP-membrane transferred to a gold wafer [4.1.1 – LM].  
4.1.1. 53324_Tsotsalas_Figure 4

4.2. Typical bands from the vibrations of the aromatic backbone are at 1605, 1515 and 1412 inverse centimeters [4.2.1 – LM].  
4.2.1. 53324_Tsotsalas_Figure 4.  Editors, please highlight each of the labels and corresponding arrows as narrated.
4.3. Unreacted alkyne and azide groups can be observed by characteristic bands at 2125 and 1227 inverse centimeters [4.3.1 – LM]. 
4.3.1. ModifiedFigure 4- Authors please upload the IRRA-Spectra with unreacted groups labeled with arrows.  Editors, please highlight each of the labels and corresponding arrows as narrated.
4.4. Shown here is a scanning electron microscopy image.  The freestanding membrane is clearly visible [4.4.1 – LM].

4.4.1. 53324_Tsotsalas_Figure 5
5. Conclusion (said by authors on camera)

5.1. Yannick Träutlein: Once mastered, this transfer technique can be done in less than one hour if it is performed properly. {comment: the shot was filmed in two steps and split here} While attempting this procedure, it’s important to remember to cut the edges of the mica substrate after spin coating [5.1.1 – MED].
5.1.1. Yannick speaks toward camera, interview style. 
5.1.1b Yannick speaks toward camera, second part of the text (after splitted here), interview style. {comment: This shot was added}
5.2. Peter Lindemann: Following this procedure, other methods like postsynthetic modification or photopatterning can be performed in order to optimize the surface chemistry of the nanomembranes for the desired application [5.2.1 – MED].
5.2.1. Peter speaks toward camera, interview style.
5.3. Manuel Tsotsalas:  After its development, this technique can help researchers in the field of conjugated microporous polymers to transfer the promising bulk properties of the materials into real devices [5.3.1 – MED].
5.3.1. Manual speaks toward camera, interview style.
5.4. Peter Lindemann: Don't forget that working with azides can be extremely hazardous and precautions such as working in the fume hood and wearing protective clothing should always be taken while performing this procedure [5.4.1 – MED].   

5.4.1. Peter speaks toward camera, interview style. 
5.5. Manuel Tsotsalas: After watching this video, you should have a good understanding of how to prepare CMP thin films using the layer by layer technique and how to convert them into freestanding nanomembranes [5.5.1 – MED].

5.5.1. Manual 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.  

Insert your media filenames here.
53324_Tsotsalas_Figure 4

53324_Tsotsalas_ModifiedFigure 4 - Authors please upload the IRRA-Spectra with unreacted groups labeled with arrows.  
53324_Tsotsalas_Figure 5

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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