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[bookmark: BackToTop]A.  Will you require JoVE to record microscopy through an eyepiece, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]If yes, we will need you to use screen recording software to capture those steps. If you use a Mac, you can use QuickTime X to record those steps. Please see the Screen Capture Footage Instructions section for more information.
C.  Of the steps to be filmed, which steps of your protocol will viewers benefit most from seeing? Please list 4-6 individual steps by the numbers in this script.
Steps 2.4, 2.5, 2.8, 2.10, 2.11, 3.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 steps by the numbers in this script.
Steps 2.5, 2.11
E.  Will the filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE)

The overall goal of this procedure is to measure the simultaneous impedance (im-peed-nns /ɪmˈpid əns/), rheology (ree-awl-uh-jee /riˈɒl ə ʤi/), and neutron scattering from a conductive carbon black suspension as it undergoes deformation in response to an applied shear field. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Jeffrey J. Richards: This method can help answer key questions in the soft matter and applied materials fields about the intrinsic link between material microstructure and macroscopic properties such as conductivity and rheology.
1.2. Paul D. Butler: The main advantage of this technique is that the measurements are performed simultaneously, allowing the entire time evolution of the mechanical, structural and electrical response to be reconstructed and compared.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.3. Paul D. Butler: The implications of this technique extend toward the development of advanced conductive materials for electrochemical and optoelectronic applications.  
1.4. Jeffery R. Krzywon: Visual demonstration of this method is critical owing to the complex nature of the experimental protocol.
1.5. Cedric V. L. Gagnon: NIST professionals will assist in some key aspects of the experiment.

[bookmark: Protocol]Protocol (read by voice talent at JoVE)
2. Dielectric Cell Assembly and Rheometer Alignment
2.1. Before beginning the procedure, ensure that the neutron beam and rheometer (ree-om-ih-tur /riˈɒm ɪ tər/) are both off, the transducer (trans-dew-ser /trænsˈdu sər/) is locked, and the motor bearing lock is installed. [1-WIDE-TXT]
2.1.1. Talent checks the rheometer and the components in the oven, and then closes the oven. (TEXT: See text protocol for rheometer mounting instructions.)
2.2. Clean the dielectric (dye-ill-ek-trick /ˌdaɪ ɪˈlɛk trɪk/) cup and bob assemblies with a detergent solution. [1-MED] Thoroughly rinse the assemblies with deionized water and allow the assemblies to air-dry. [2-MED]
2.2.1. Talent washing the dielectric cup and bob assemblies with detergent.
2.2.2. Talent rinses the dielectric bob assembly with DIH2O and then places it next to the already-rinsed dielectric cup assembly to air-dry.
2.3. Unlock the transducer and remove the motor bearing lock. Turn on the rheometer and start the control software. [1-MED] Unlock the transducer and remove the motor bearing lock. [2-MED-Over shoulder]
2.3.1. Talent starts the rheometer. {Comment: Move Step 2.3.1 after step 2.3.2}
2.3.2. Talent opens the oven, unlocks the transducer, and removes the motor bearing lock.
2.4. Mount the dielectric geometry and bob assembly on the upper and lower tool mounts of the rheometer, respectively. [1-CU] Use a 3-mm Allen key to loosen the dielectric geometry set screws. Mount the cup assembly on the dielectric geometry. [2-CU]
2.4.1. Talent mounts the dielectric geometry on the upper lower tool mount and the dielectric bob assembly on the lower upper tool mount.
2.4.2. Talent loosens the set screws with the Allen key and then places the cup assembly on the dielectric geometry.
2.5. Then, in the rheometer control software, zero the gap and apply 10 N of normal force. [1-SCREEN] Under this axial compression, tighten the set screws to secure the cup assembly to the geometry. [2-CU] Then, set the gap to the measurement gap width. [3-MED-Over shoulder]
2.5.1. *To be provided by authors: Screen capture footage of using the sample geometry drop-down menu to zero the gap, and then using the axial force drop-down menu to apply 10 N normal force.
2.5.2. Talent tightens the set screws.
2.5.3. Talent sets the gap to the measurement gap width in the rheometer control software.
2.6. Close the oven door and verify that the oven fully encloses the dielectric cell assembly [1-MED-Over shoulder] with sufficient vertical clearance above and below the geometry to allow a full revolution without contacting the oven walls. [2-SCREEN/MED]
2.6.1. Talent closes the oven door and inspects the dielectric cell assembly through the viewing port.
2.6.2. *To be provided by authors: Screen capture footage of the dielectric cell assembly in place, with sufficient clearance. (If a camera is not installed in the oven, please get a MED shot of the dielectric cell assembly through the oven viewing port.)
2.7. Open the oven and remove the dielectric assemblies. [1-MED-Over shoulder] Secure the wire baffle around the dielectric geometry shaft. [2-CU] Thread the geometry shaft through the slip ring and join the dielectric cup and slip ring connectors. [3-CU]
2.7.1. *Film as written.
2.7.2. Talent fits the wire baffle onto the dielectric geometry shaft. {Comment: This shot was not filmed}
2.7.3. Talent threads the geometry shaft through the slip ring and connects the dielectric cup and slip ring connectors.
2.8. While holding the slip ring concentric with the shaft above the flange, secure the slip ring adapters on top of the flange. [1-CU] Gently slide the slip ring down to fit over the adapters. [2-MED]
2.8.1. Talent moves the slip ring to the correct position and holds it there, and then mounts the adapters by fitting the adapter knobs into the holes above the flange.
2.8.2. Talent slides the slip ring over the adapters.
2.9. Next, mount the rheometer alignment tool on the lower tool head. [1-MED] Install the truncated snout and set the sample aperture to 1 mm by 8 mm. [2-MED-Over shoulder] In the rheometer control software, set the geometry displacement angle to 0.49 radians. [3-SCREEN]
2.9.1. Talent mounts the alignment tool on the lower tool head.
2.9.2. Talent installs the truncated snout and the sample aperture.
2.9.3. *To be provided by authors: Screen capture footage of using the motor control drop-down menu to set the geometry displacement angle to 0.49 rad.
2.10. Then, in the SANS (sahnz /sɑ:nz/) control software, verify that all neutron guides have been removed. [1-SCREEN] Open the oven door to view the beam alignment laser. [2-MED]
2.10.1. *To be provided by authors: Screen capture footage of the SANS software showing that the neutron guides have been removed.
2.10.2. Talent opens the oven door to show the alignment laser.
2.11. Use the SANS software to adjust the height and angle of the sample stage [1-SCREEN] until the laser beam is directed along the oven center line and through the sample aperture without intersecting the aperture walls. [2-MED]
2.11.1. *To be provided by authors: Screen capture footage of adjusting the table height and rotation in the SANS software.
2.11.2. The path of the correctly aligned laser in the oven.
3. Preparation and Execution of the Dielectric RheoSANS Experiment
3.1. After rheometer alignment, remove the alignment tool and perform a series of SANS measurements to calibrate the instrument. [1-MED-Over shoulder] Then, use the rheometer LCD screen to set the gap to 100 mm. [2-MED-Over shoulder]
3.1.1. Talent, at the control computer, performing a representative calibration step.
3.1.2. Talent sets the gap to 100 mm on the LCD screen.
3.2. Mount the dielectric cell with the bob assembly on the upper tool head and the cup, geometry, and slip ring assembly on the lower tool head. [1-CU] Use the instrument software to zero the gap. [2-MED-Over shoulder]
3.2.1. Talent mounts the dielectric cell in one piece in the described orientation.
3.2.2. Talent, at the instrument computer, zeroes the gap.
3.3. Next, mount the carbon brush assembly on the brush adapter. [1-MED-Over shoulder] Line up the carbon brushes with the grooves on the slip ring, and then secure the adapter to the rheometer with screws. [2-CU]
3.3.1. Talent screws the brush assembly onto the adapter.
3.3.2. Talent aligns the brushes with the slip ring screws and starts screwing in the carbon brush adapter to the rheometer.
3.4. Connect the carbon brush assembly to the top bus bar and the dielectric bob assembly to the bottom bus bar. [1-MED] Check the connections of the shielded BNC cables to the bus bars and the LCR meter. [2-MED]
3.4.1. *Film as written.
3.4.2. Talent checks the BNC cable connections.
3.5. Connect the SANS and ‘Trigger’ BNC cables to the DAQ (dack /dæk/) card. Connect the rheometer to the DAQ card. [1-MED] Verify that the LCR meter and the rheometer are successfully communicating with the computer. [2-MED-Over shoulder]
3.5.1. Talent connects the “TO SANS”, “FROM SANS”, “TRIGGER”, and “TO RHEOMETER” cables to the labeled connectors. The labels should be visible, if possible.
3.5.2. Talent checks the rheometer and LCR meter readings.
3.6. Before loading the sample, verify that the gap is set to 100 mm. [1-MED-Over shoulder] Then, load 4 mL of a carbon black dispersion in propylene (pro-puh-lean /ˈproʊ pəˌlin/) carbonate into the dielectric cup assembly, minimizing the amount of sample left on the cup wall. [2-CU]
3.6.1. Talent checks that the gap is 100 mm on the LCD screen.
3.6.2. Talent loads the carbon black dispersion into the dielectric cup assembly, ensuring that as little sample sticks to the cup wall as possible.
3.7. Lower the geometry to 40 mm. [1-MED-Over shoulder] Then, in the rheometer control software, set the motor velocity to 1 rad/s. [2-SCREEN]
3.7.1. Talent sets the gap to 40 mm on the LCD screen.
3.7.2. *To be provided by authors: Screen capture footage of using the motor control settings to set the motor velocity to 1 rad/s.
3.8. Lower the dielectric bob assembly to achieve a gap width of 0.15 mm, [1-MED] and then set the motor velocity to 0 rad/s. [2-SCREEN] Check that the sample level has reached the Couette (koo-et /kuˈɛt/) wall, but is not overly fulloverfilled. [3-CU]
3.8.1. Talent uses the slew function on the rheometer to lower the dielectric bob assembly.
3.8.2. *To be provided by authors: Screen capture footage of the motor velocity being set back to 0 rad/s.
3.8.3. The sample in the dielectric cup assembly.
3.9. [bookmark: _GoBack]Fill the inner dielectric bob assembly with the chosen solvent for the experiment. [1-MED] Place this the solvent trap on the rim of the dielectric cup assembly. [2-MED]
3.9.1. Talent fills the inner dielectric bob assembly with solvent.
3.9.2. Talent places the bob assemblysolvent trap on the rim of the dielectric cup assembly.
3.10. Next, configure the virtual instrument file for the desired experimental conditions. [1-SCREEN] Set the appropriate run times and procedures for the SANS instrument and the rheometer. [2-MED-Over shoulder] Click ‘Parameters Set’ to execute the experiment. [3-MED-Over shoulder-TXT]
3.10.1. *To be provided by authors: Screen capture footage of using the cursor to indicate the groups of fields for the rheological parameters, showing the ‘Discrete Values’ pane, and using the cursor to indicate the group of fields from MS step 8.1.5.
3.10.2. Talent configures the SANS software and ensures that the SANS is waiting to receive a signal from the DAQ card.
3.10.3. Talent clicks “Parameters Set" in the configuration GUI to start the experiment. (TEXT: See text protocol for more information about individual experiment setup and execution.)
[bookmark: ScreenCaptureFootageInstructions]SCREEN CAPTURE FOOTAGE INSTRUCTIONS
Authors: If a shot is listed as [#-SCREEN], you will need to make a movie file of the described actions using screen capture software installed on the computer or run from a USB drive. Software options include Rylstim Screen Recorder, CamStudio, Snagit, or Quicktime X.

Make one file per [#-SCREEN] containing only the requested actions. Do not bundle several action sequences into one large file. Include the shot number in the file name (see Provided Media for file naming conventions). Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16872038
4. Results: RheoSANS Measurements of Conductive Carbon Black in Propylene Carbonate
4.1. A conductive carbon black suspension was evaluated by RheoSANS. (ree-oh-sahnz /ˈri oʊˌsɑ:nz/) Rheology, dielectric data, and neutron scattering were measured continuously [1-LM] as the shear rate decreased logarithmically in steps, holding at each step for a specified time interval. [2-LM]
4.1.1. Figure 6.tif: During “Rheology”, highlight the green trace in the graph and “Applied Shear Rate” in the x-axis title. During “dielectric data”, highlight the blue and red traces in the graph with solid markers. During “neutron scattering”, highlight the blue and red traces with outlined (white-filled) markers.
4.1.2. Figure 6.tif: Place a left-pointing arrow under the x-axis title.
4.2. The steady-state rheological, (ree-uh-logical /ˌri əˈlɒʤ ɪ kəl/) dielectric, and SANS data were processed and analyzed at each shear rate step. [1-LM] A period of decreasing conductivity and effective volume fraction with increasing shear rate was attributed to yielding of the macroscopic gel. [2-LM]
4.2.1. Figure 5 (from Figure 5a.jpg and Figure 5b.jpg)
4.2.2. Figure 6a no SQ.jpg: Highlight the green section of the graph (section II).
4.3. A subsequent period of increasing conductivity and decreasing effective volume fraction with increasing shear rate was attributed to shear thickening caused by hydrodynamic forces drawing aggregated particles together. [1-LM] Microstructural transitions at higher shear rates were represented with two-dimensional plots. [2-LM]
4.3.1. Figure 6a no SQ.jpg: Highlight the orange section of the graph (section III).
4.3.2. Figure 6.tif
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Paul D. Butler: Dielectric RheoSANS provides a flexible platform capable of interrogation of non-equilibrium behavior of soft matter systems using a wide variety of potential experimental protocols. This instrument is available for broad use by the scientific community at the NCNR.
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16872038

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

Back to Screen Capture

General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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