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1. Brief Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N__
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y___ 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? 
These step(s) in italics.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

These step(s) are underlined and in italics.
E.  Will the filming need to take place in multiple locations? (Y/N) __N__ 
1. Introduction 

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to provide a simple method to fabricate highly stretchable conductors for applications in stretchable electronics. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Chia-Wei Chang Shih-Pin Chen: This method can help answer key questions in developing stretchable electronics, such as the mechanical robustness of connecting conductors. 

1.2. Chia-Wei Chang Shih-Pin Chen: The main advantage of this technique is that it is a simple fabrication method and the amount of silver nanowires in the fabrication of the conductor can be greatly reduced.   

Protocol (read by voice talent at JoVE):

2. Preparing Silver Nano-composite Thin Films
2.1. To begin, prepare 10 mL of fresh [2.1.1-MED] aqueous silver nitrate solution with DEA at a one-to-one volume ratio. [2.1.2-MED]

2.1.1. Adds 1.85 g DEA to 3.15 mL water

2.1.2. Adds 0.15 g silver nitrate to 5 mL water, combines with DEA
2.1.3. Added shot : Prepare silver precursor ink 
2.2. Next, fabricate the stretchable conductive thin films.  First make the silver-nanowire ink by diluting 2 mL of 0.5 percent silver-nanowire in isopropanol into 18 mL of water.

2.2.1 Added shot: showing the Nanowire container
2.3. Sonicate this mixture for 30 seconds. [MED]
2.3.1. Setting the sonicator and running the sonication cycle

2.4. Next, use a pipette to transfer 16 mL of this mixture to an airbrush. [MED]

2.4.1. Film as written

2.5. Mount the loaded airbrush to a computer-controlled robot. [MED]

2.5.1. Film as written

2.6. Then, on the heated airbrushing stage, arrange eight glass rectangles to cover a 4-by-5 cm area. [CU/TEXT]

2.6.1. Arranging the glass on the heated stage, TEXT 1 cm x 2.5 cm

2.7. Use heat resistant tape to fix the slides in place. [CU]

2.7.1. Taping down the glass to the stage

2.8. Then, set the stage to 100 ºC … [CU]

2.8.1. Stage temp control being set 

2.9. … and set the airbrush to 3 bars. [CU]

2.9.1. Airbrush pressure control being set

2.10. Now, in the software control of the robot, [2.9.1-MED] select the brush motion command sequence under the “Command” column. [2.9.2-LM]

2.10.1. Talent engages the software control of the robot

2.10.2. To be provided by the authors, please provide a SCREEN CAPTURE showing the brush motion command sequence selection

2.11. Then, input the necessary parameters to complete the auto-spraying program and run the program.  Consult the text protocol for more details. [2.10.1-LM] [2.10.2-LM]

2.11.1. To be provided by the authors, please provide a SCREEN CAPTURE showing the input parameters being typed in to the program, then the program being run

2.11.2. Fig 1

2.12. After spray coating the glass, [2.11.1-CU] bake the silver nanowire thin films on a hot plate at 120 ºC for 10 minutes. [2.11.2-MED]

2.12.1. Sample being spray painted

2.12.2. Transferring sample to a hot plate and starting a 20 min timer

2.13. Once baked, cast 400 µL of the prepared silver precursor ink over the thin film.

2.13.1. Taking aliquot of solution prepared in 2.1, then ejecting/dripping it onto the film

2.14. Then, bake the films on a hot plate set to 100 ºC for 40 minutes. [MED]

2.14.1. Film as written

2.15. Later, carefully rinse the coatings under de-ionized water to remove the unreacted chemical residues. [CU]

2.15.1. Rinsing the coated films

2.16. Then, air-dry the coated films. [CU]

2.16.1. Setting up films to air-dry

2.17. The next step is to cast 200 µL of water-based PU emulsion [2.17.1-MED] over the silver nano-composite thin films. [2.17.2-CU]
2.17.1. Taking aliquot of PU emulsion
2.17.2. Ejecting emulsion onto films
2.18. Then, let the films air-dry for 10 hours so they are fully solidified. [MED]
2.18.1. Setting up the films to air dry, starting a timer to count out 10 hours
2.19. Once fully solidified, [2.19.1-MED] peel the samples off the glass using forceps and proceed with testing them. [2.19.2-CU]
2.19.1. Talent preparing to peel off samples
2.19.2. Peeling of some samples from slides
3. Characterizing Testing Silver Nano-composite Thin Films
3.1. First, execute a stretch test.  Begin by warming up a linear motorized stage. [WID]
3.1.1. Talent approaches the motorized stage, turns it on, then accesses the software control of the stage
3.2. Now, in the software control of the stage, set the number of the moving steps for the motor to 8000.  Then, click “X+” in the stage control software to move the mobile stage [3.2.1-LM] … until it touches the fixed stage. [3.2.2-ECU]
3.2.1. To be provided by authors, a SCREEN CAPTURE showing setting the moving steps and starting the stage
3.2.2. The stage moving until it contacts the fixed stage
3.3. When contact is made, click “SET 0” in the stage control software.  Then, click “X-” to move the mobile stage backward. [LM]
3.3.1. To be provided by authors, a SCREEN CAPTURE showing the above actions
3.4. Move the stage until there is a 1 cm gap between the two stages.  [ECU]
3.4.1. Mobile stage moving back 1 cm, use a ruler to show the distance it travels
3.5. Now, secure the sample across the gap with wired holders. [CU]
3.5.1. Film as written
3.6. This creates a testable one-by-one centimeter area. [LM]
3.6.1. Figure 2
3.7. Next, connect the alligator clips to the digital multimeter [3.7.1-MED] and record the resistance across the test area. [3.7.2-CU]
3.7.1. Connecting clips to meter
3.7.2. Resistance reading on meter after clips connected
3.8. Then, set the number of the moving steps of the motor to 800 and click “X-” to move the mobile stage [3.8.1-LM] one millimeter further away from the fixed stage to create a 10% strain on the sample. [3.8.2-ECU]
3.8.1. To be provided by authors, a SCREEN CAPTURE showing the above actions in the software

3.8.2. The stage moving 1 mm

3.9. After producing a 10% strain, record the resistance. [MED]
3.9.1. Talent reading the multimeter after 10% strain applied and recording the measurement in log book
3.10. Repeat this step until the resistance increases significantly, [3.10.1-MED] which may require a strain of 150%.  Then, proceed with the next sample or the next test. [3.10.2-CU]

3.10.1. Talent adds more strain, reads multimeter, logs data in log sheet

3.10.2. Log sheet being filled in, data for 10% to 140% strain filled in, talent adding data for 150% strain

3.11. Next conduct a stability test.  Set up is like the stretch test, however, [3.11.1-MED] for this test connect the multimeter to a computer so the computer can record the data. [3.11.2-MED]
3.11.1. Setting up a new sample across the 1-cm stage gap
3.11.2. Connecting the multimeter to the computer, then accessing the stage-control computer
3.12. In the stage control software, key in the number of cycles and click on “Run 123” in the program panel to execute the stability test. [LM]
3.12.1. To be provided by authors, a SCREEN CAPTURE showing the above actions in the software

3.13. This moves the mobile stage in a reciprocating motion to stretch the sample with elongation cycles in triangular waveform. [ECU]
3.13.1. Film the stage moving while the stability test is being conducted
3.14. The final test is the LED lighting test.  Set up test material, as before, [3.11.1] and connect the wired holders in series with an LED and a power supply.  [3.14.1-MED]
3.14.1. Setting up the wired holders in series with LED and power supply
3.15. Now, increase the power supply from zero to nine volts.  [3.15.1-CU] This should light up the LED. [3.15.2-MED]
3.15.1. Power supply being cranked up from 0 V to 9 V
3.15.2. LED lights coming on
3.16. Then, in the software, create strain as done for the strain test until the LED becomes dim. [MED] Once a sample passes all these tests, it can be considered an effective conductor in the applications of stretchable electronics.
3.16.1. Talent accesses software and applies a strain to sample
3.17. After each 10% increase in strain, photograph the LED at a fixed exposure. [CU]
3.17.1. Photographing LED after 10% strain
3.18. Keep adding strain and taking photographs until the LED becomes dim. [CU]
3.18.1. Photographing dim LED after > 10% strain
4. Results: Morphology and Mechanical Tests of Silver Nanowire Thin Film 
4.1. The morphology of the silver-nanowire thin film after the chemical soldering process shows that the recovered silver-nanoparticles preferentially grow on the surface of silver-nanowire and wrap over the wire/wire junctions. [LM]
4.1.1. 53623_4.1.1.tif
4.2. Elongation strain was placed on unsoldered and soldered thin films containing different amounts of silver nanowire.  Both showed sheet resistance below 100 Ohms when strains below 120% were applied.  The composite stretchable conducting thin films showed great mechanical stability in this dynamic deformation process.
4.2.1. 53623_4.2.1.tif
4.3. When subjecting the thin film to elongation cycles in a triangular waveform at a fast strain rate, no obvious resistance changes were observed at strain amplitudes of 50%.  When the strain amplitude was 100%, the peak resistance increased with the pulsation cycles.  After the pulsation stopped, the resistance of the film returned to the original value.
4.3.1. 53623_4.3.1.tif
5. Conclusion (said by authors on camera)
5.1. Chia-Wei Chang: This method for developing highly stretchable conductors can produce conductors to serve as effective interconnects for next-generation, stretchable electronics. This method can produce highly stretchable conductors to serve as effective interconnects for next-generation, stretchable electronics.
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.  
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2.11.1– 53623_2.11.1.avi

3.2.1– 53623_3.2.1.avi

3.3.1–53623_3.3.1.avi

3.8.1–53623_3.8.1.avi

3.12.1–53623_3.12.1.avi

4.1.1– 53623_Liao_Figure4b.tif- SEM image of soldered silver nanowire thin film

4.2.1– 53623_Liao_Figure5.tif- result of stretch test

4.3.1– 53623_Liao_Figure6.tif- result of stability test
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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