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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.


☒ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 0


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Ran Tao: Orthogonal Superposition Rheology is an advanced technique in which a small-amplitude oscillatory shear is superimposed orthogonal to a primary shear flow and allows measurement of the structural dynamics of complex fluids under non-linear flow conditions [1].

1.1.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Aaron Forster: The structural dynamics of the two flow fields are directly related to the microstructural changes induced by the primary non-linear flow, allowing the elucidation of structure-property-processing relationships in complex fluids [1].

1.2.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Ran Tao: OSP rheology requires a deeper understanding of the measurement than other routine rheological techniques. Our detailed calibration methodology uses Newtonian viscosity standards to obtain the correct end-effect factors [1].  

1.3.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.4. Aaron Forster: A step-by-step visual demonstration is critical to support the growing interest from academic and industrial users who want to apply this technique for their own research [1].

1.4.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Protocol
2. Rheometer Setup
2.1. [bookmark: _Hlk53506448]Before installing the geometry, enable the Orthogonal Superposition feature in the rheometer software [1] and install a lower platinum resistance-thermometer on the test station for temperature measurement and an environmental control device [2].
2.1.1. LAB MEDIA: To be provided by Authors: Talent enabling feature, with monitor visible in frame	Comment by Bridget Colvin: Authors: Unless this screenshot is essential to the protocol, we typically open each section with a WIDE shot as an introduction to the section.
2.1.2. LAB MEDIA: To be provided by Authors: Talent installing platinum resistance-thermometer 
2.2. After lifting the stage to maximum height, install the double wall concentric cylinder geometry [1] and assemble the inner and outer cylinders to complete the double-wall cup configuration [2].
2.2.1. LAB MEDIA: To be provided by Authors: Shot of stage lifted to maximum height, then Talent installing geometry
2.2.2. LAB MEDIA: To be provided by Authors: Talent assembling cylinder(s)
2.3. Insert the cup into the environmental control device [1] and align the geometry [2].
2.3.1. LAB MEDIA: To be provided by Authors: Talent inserting cup
2.3.2. LAB MEDIA: To be provided by Authors: Talent aligning geometry
2.4. Press the lower geometry cup downward to compress the spring-loaded platinum resistance thermometer while using a torque screwdriver to tighten the thumbscrew [1].
2.4.1. LAB MEDIA: To be provided by Authors: Talent pressing cup/tightening thumbscrew
2.5. Disable the motor power [1] and use a finger to spin the geometry to confirm that the cup rotates freely [2].
2.5.1. LAB MEDIA: To be provided by Authors: Talent disabling motor power
2.5.2. LAB MEDIA: To be provided by Authors: Geometry being spun 
2.6. [bookmark: _Hlk53429065][bookmark: _Hlk53430805]Install the upper geometry bob onto the transducer shaft [1] and click the Tare Transducer button in the transducer control panel of the rheometer software to tare the normal force and torque [2-TXT]. 
2.6.1. LAB MEDIA: To be provided by Authors: Talent installing bob
2.6.2. LAB MEDIA: To be provided by Authors: Talent clicking button, with monitor visible in frame/force and torque being tared TEXT: Calibrate upper tool mass as necessary
2.7. [bookmark: _Hlk53430853]Then click the Zero Fixture button to zero the gap between the upper and lower geometries [1].
2.7.1. SCREEN: 2.6-zero fixture button: 00:04-00:52 Video Editor: please speed up 
3. Test Material Loading
3.1. To load the test material, lift the stage to provide enough workspace to load the test material into the cup [1] and carefully load the test material into the cup [2].
3.1.1. LAB MEDIA: To be provided by Authors: Talent lifting stage
3.1.2. LAB MEDIA: To be provided by Authors: Talent loading material into cup
3.2. Lower the upper geometry carefully into the fluid to reach the geometry gap set point of 8 millimeters [1]. When the bob end contacts the fluid, reduce the downward velocity of the bob [2].
3.2.1. LAB MEDIA: To be provided by Authors: Geometry being lowered 
3.2.2. LAB MEDIA: To be provided by Authors: Bob contacting fluid, then velocity being reduced 
3.3. Lift the bob vertically to a position at which the wetted fluid contact line can be visually inspected [1].
3.3.1. LAB MEDIA: To be provided by Authors: Bob being lifted vertically/shot of fluid contact line 
3.4. Carefully lift the bob to the previous loading position to allow enough workspace [1] and load an additional amount of test material into the cup as needed [2].
3.4.1. LAB MEDIA: To be provided by Authors: Talent lifting bob 
3.4.2. LAB MEDIA: To be provided by Authors: Talent loading material into cup 
3.5. Lower the upper geometry into the fluid [1] and use the Go to Geometry Gap button to set the cup the final geometry gap [2]. 
3.5.1. LAB MEDIA: To be provided by Authors: Talent lowering cup into fluid 
3.5.2. LAB MEDIA: To be provided by Authors: Cup being set to final geometry gap OR SCREEN: 3.5-gap setpoint: 00:04-00:17 Video Editor: please speed up
3.6. Repeat the adjustment until the wetted contact line on the bob is approximately 2 millimeters above the lower rim of the upper bob opening [1].
3.6.1. LAB MEDIA: To be provided by Authors: Shot of cup 2 mm above upper bob lower rim opening/cup being moved above upper bob lower rim opening 
3.7. Then move the bob to the geometry gap set point [1] and allow the test material to relax [2].
3.7.1. LAB MEDIA: To be provided by Authors: Talent lowering bob to set point 
3.7.2. LAB MEDIA: To be provided by Authors: Talent moving away from setup  
4. Viscosity Calibration Measurement and Verification
4.1. To verify that the correct geometry has been selected, open the orthogonal double wall concentric cylinder geometry [1]. 
4.1.1. LAB MEDIA: To be provided by Authors: Talent opening geometry, with monitor visible in frame
4.2. If the Orthogonal Superposition Rheology geometry is not listed, manually create a new geometry with the software [1], using the dimensions for the geometry as indicated in the Table [2]. 
4.2.1. SCREEN: 4.1.1-geometry setup: 00:01-00:08
4.2.2. LAB MEDIA: Table 2
4.3. Then specify the geometry constants, including the inertia and upper tool mass, and enter 1 for both the end-effect factor and orthogonal end-effect factor [1].
4.3.1. SCREEN: 4.1.1-geometry setup: 00:11-00:33 Video Editor: please speed up
4.4. To perform a steady shear rate sweep test, condition the sample at 25 degrees Celsius for 15 minutes [1].
4.4.1. LAB MEDIA: To be provided by Authors: Talent setting sample to 25 °C
4.5. [bookmark: _Hlk55297538]When the test material has reached thermal equilibrium, under the Procedure tab in the rheometer software, select Flow and Sweep. In the Environment Control window, set the test temperature to 25 degrees Celsius [1].
4.5.1. SCREEN: 4.2.-4.4: 00:39-00:48
4.6. Set the shear rate range from 0.01-100 seconds with data recording at 10 points per decade logarithmically and enable automatic steady-state determination. Then start the experiment [1].
4.6.1. SCREEN: 4.2.-4.4: 00:49-01:12 Video Editor: please speed up
4.7. To perform an orthogonal frequency sweep test, set the normal force transducer to Conditioning and Transducer mode [1] and condition the sample at 25 degrees Celsius for 15 minutes to ensure thermal equilibration [2].
4.7.1. SCREEN: 4.5-4.8: 00:04-00:25 Video Editor: please speed up
4.7.2. SCREEN: 4.5-4.8: 00:28-00:40
4.8. Select the Orthogonal Frequency Sweep test with the test temperature set to 25 degrees Celsius [1].
4.8.1. SCREEN: 4.5-4.8: 00:41-00:50
4.9. Specify the desired normal strain and enter 0 seconds for the shear rate in the rotational direction. Then specify the angular frequency range from 0.1 to 40 rads/second at 10 points per decade logarithmically and start the experiment [1].
4.9.1. SCREEN: 4.5-4.8: 00:51-01:38 Video Editor: please speed up
4.10. To verify that the corrections are valid using the calibrated end-effect factors obtained from the calibration experiments, enter the calibrated values for the end-effect factor and orthogonal end-effect factor under the geometry constants. The stress constants will be automatically updated [1-TXT].	Comment by Forster, Aaron M. (Fed): Prior to this, the user would perform the calculation of the end-effect correction factor via spreadsheet analysis. How would you suggest this step be visualized? Is that from Section 5?	Comment by Bridget Colvin: Authors: If you provide the screen capture file and the appropriate accompanying narrative text (and if it is only 1-2 steps), we can include the calibration information. Otherwise, we can refer viewers to the manuscript text as suggested with the new on screen text for this step.
4.10.1. SCREEN: 4.9-4.10: 00:04-00:18 Video Editor: can speed up TEXT: See text for end-effect correction factor calibration details
4.11. Then set up an orthogonal frequency sweep test as demonstrated using 1 second for the shear rate and start the experiment [1].
4.11.1. SCREEN: 4.9-4.10: 00:22-00:34 Video Editor: please speed up









Results
5. [bookmark: _Hlk27388131]Results: Representative Steady-Shear Sweep and Orthogonal Frequency Sweet Testing and Analysis

5.1. Here representative results from the viscosity calibration measurements on a 12.2 Pascal-second silicone viscosity standard are shown [1].

5.1.1. LAB MEDIA: Figures 5 and 6

5.2. The silicone liquid is a Newtonian fluid with an expected constant viscosity independent of the applied shear rate [1].

5.2.1. LAB MEDIA: Figure 5 Video Editor: please emphasize solid blue data line in Figure 5

5.3. The measured torque increases linearly as the shear rate increases and all of the data are above the low torque limit [1]. The uncorrected viscosity value is higher than the actual viscosity [2].

5.3.1. LAB MEDIA: Figure 5 Video Editor: please emphasize green data line in Figure 5
5.3.2. LAB MEDIA: Figure 5 Video Editor: please emphasize open box blue data line

5.4. These orthogonal frequency sweep tests [1] demonstrate different orthogonal strain amplitudes from 0.5-9.4% for the 12.2 Pascal-second viscosity standard [2].

5.4.1. LAB MEDIA: Figure 6 
5.4.2. LAB MEDIA: Figure 6 Video Editor: please emphasize green data lines

5.5. Similarly, without correction, the measured orthogonal complex viscosity overestimates the actual viscosity of 12.2 Pascal-second [1].

5.5.1. LAB MEDIA: Figure 6 Video Editor: please emphasize solid blue data line

5.6. Only the viscosity data with corresponding orthogonal force values [1] above the lower limit of the axial oscillation force for the transducer [2] are used to calculate the average viscosity for correction [3].

5.6.1. LAB MEDIA: Figure 6 Video Editor: please emphasize green data lines above green dashed line
5.6.2. LAB MEDIA: Figure 6 Video Editor: please emphasize green dashed line
5.6.3. LAB MEDIA: Figure 6 Video Editor: please emphasize blue shapes data lines

5.7. Here an orthogonal superposition measurement was performed under steady shear [1] and only the data with values greater than the instrument force resolution were plotted [2].

5.7.1. LAB MEDIA: Figure 7 Video Editor: please emphasize green and blue data lines
5.7.2. LAB MEDIA: Figure 7 

5.8. Since the correct end-effect factors were applied [1], the measured viscosities in both directions match the accepted oil viscosity value of 12.2 Pascal-seconds [2].

5.8.1. LAB MEDIA: Table 3 Video Editor: please emphasize both end-effect factor entries
5.8.2. LAB MEDIA: Figure 7 Video Editor: please emphasize blue data line





Conclusion
6. Conclusion Interview Statements
6.1. Ran Tao: As the loading process may require lengthy wait times for highly viscous liquids, careful loading of the test material and controlling of the instrument stage are important for avoiding air bubble entrapment [1].
6.1.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.5.) 
6.2. Aaron Forster: We recommend that users determine the end-effect correction factors for their own instruments and geometries, because the actual corrections are material-dependent [1].
6.2.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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