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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N. 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. There are steps 3.4 and 4.4, which will show the software usage to measure the terminal velocity, but these are only the two steps. The steps are simplistic without much detail.  

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.2, 3.3, 3.4, 4.2,4.3, 4.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The experimentalist needs to be most cautious while performing steps 4.2 and 4.3. Precaution needs to be taken the particle is very gently dropped into the cell and the cell is rotated very slowly. The particle needs to be in the middle of the cell so that the effect of orthogonal walls on settling velocity is minimal.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to measure the terminal settling velocities of spherical particles in unbounded and bounded surfactant-based viscoelastic fluids of varying rheology. (Intro) 

This is accomplished by preparing surfactant-based viscoelastic fluids of different concentrations to obtain a wide range of rheological properties. (P1)
The second step is to measure the settling velocities of particles in unbounded fluids in beakers of diameter much larger than the particle, over a wide range of fluid rheological particles. (P2)
Next, the settling velocity of the particles is measured in the presence of parallel walls in a parallel plate experimental cell made of Plexiglas. (P3)
The final step is to measure the rheological properties of the fluids using a rheometer. The properties are correlated with the settling velocities of particles. (P4)
Ultimately, the experiment helps in measuring the settling velocities in unbounded and bounded viscoelastic surfactant fluids as a function of their rheological properties. The data can be the basis for quantifying the influence of fluid elasticity on settling velocities. (P5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Mukul Sharma: Visual demonstration of this method is necessary to ensure that the experiments can be reproduced in the lab. The accuracy of experimental results is critical for a wide variety of applications ranging from pharmaceutical manufacturing, wastewater treatment, space propellant re-injection to semiconductor processing.
1.2. Sahil Malhotra: Accurate experimental results for particle settling in viscoelastic fluids can further form the basis for validating numerical simulations that calculate the effect of elasticity on drag on particles. (Comment: This shot might have been referred to as 1.1 by mistake on the slate. Sahil Malhotra is the younger student and Mukul Sharma is the professor. That should help in proper identification from the videos.).
Protocol (read by voice talent at JoVE):
2. Preparation of the Fluids
2.1. As a first step, prepare the two-component, optically transparent, viscoelastic fluids that will be used in this experiment.  One component is an anionic surfactant, sodium xylene suflonate (TEXT: sodium xylene suflonate). The other component is a cationic surfactant, N,N,N trimethyl-1-octadecamonium chloride (TEXT: N,N,N trimethyl-1-octadecamonium chloride). Use distilled water to vary the surfactant concentrations and span a range of viscosities.

2.1.1. WIDE:  Talent approaching workbench with materials ready for use

2.1.2. MED over the shoulder:  Talent moving the anionic surfactant closer to mixing vessel.  Ideally the surfactant container would be well marked.

2.1.3. MED over the shoulder: Talent moving the cationic surfactant closer to mixing vessel. Ideally the second surfactant container would be well marked, or at least different in appearance from the first.

2.1.4. MED over the shoulder: Talent getting distilled water and pouring quantity into the vessel

2.2. Begin by adding the anionic surfactant to the required amount of distilled water.  (TEXT: Total volumes vary with experiment: 1.5–2 liters for unbounded fluid, 0.5 liters for bounded fluid) After mixing, add the cationic surfactant to this mixture and mix for an additional 2-3 minutes. Once a mixture is prepared, allow it to rest for 2 to 6 hours to release air bubbles. 
2.2.1. MED: Talent adding ionic surfactant to distilled water taking a specified quantity of anionic surfactant in a syringe and adding it to distilled water while being stirred.
2.2.2. MED: Talent positioning fluid in mixer, then starting mixer 
2.2.3. MED: Talent stopping mixer and adding second surfactant, then starting mixer again taking a specified quantity of cationic surfactant in a syringe and adding it to mixture while being stirred. (Comment: This shot might have been labeled as 2.2.2 on the slate).
2.2.4. MED: Talent removing fluid from mixer, then putting it aside and leaving
3. Measurement of Settling Velocities in Unbounded Fluids
3.1. For the measurement, obtain glass spheres with diameters ranging from 1 to 5 millimeters.  Use a high resolution microscope to measure the diameters of the spheres and ensure that they are smooth and near-perfect.

3.1.1. MED: Talent at bench placing samples of spheres onto a surface for viewing

3.1.2. CU: Sphere samples

3.2. To minimize the effect of the confining walls on the settling velocities of the beads, deposit the viscoelastic fluid in a glass container with a diameter at least 25 times the diameter of the spheres to be used.  Record the room temperature and the fluid temperature with a lab thermometer.  Mount a meter stick along the side of the container.

3.2.1. MED: Talent depositing/checking fluid in appropriate container

3.2.2. MED: Talent viewing and recording the room temperature

3.2.3. MED: Talent mounting/checking a meter tick placed along the side of the container

3.3. Use a high-resolution camera mounted on a tripod to record motion of the particle in the fluid. Gently immerse a glass sphere in the liquid and release it.  As it settles, record the process.
3.3.1. WIDE: Talent at camera, adjusting its position/focus and starting the video recording, then moving to container

3.3.2. MED: Talent immersing sphere in fluid, then releasing it

3.3.3. MED: Talent starting video recording 
3.3.4. LAB MEDIA: Initial part of recording of bead settling in fluid (Comment: Video file titled ‘3.3.4.MPEG’ has been uploaded on the website. Please use the portion of the clip between 0.08 and 0.13min, as that part shows a particle settling in the liquid. This is the video the authors shot in 2009.).
3.4. Once the recording is complete, use an image analysis program to track the position of the sphere at different times.  Plot the vertical position of the sphere as a function of time. Then, calculate the terminal settling velocity from the slope of the line. 

3.4.1. WIDE: Talent at computer, working with image analysis program

3.4.2. LAB MEDIA: Plot of vertical position of sphere as a function of time (Comment: Plot titled ‘3.4.2.tiff’ has been uploaded on the website)
3.4.3. LAB MEDIA: Plot of curve fit to find terminal settling velocity (Comment: Plot titled ‘3.4.3.tiff’ has been uploaded on the website)
3.5. Repeat the experiment under the same conditions, with the same sphere, at least three times.  (TEXT: Use the additional data to report settling velocity with error bars) Then repeat the steps for spheres of different diameters.  Use the data collected to plot the settling velocity versus sphere diameter as in this example. The error bars suggest the variability in the three measurements for each sphere. Note the settling velocity increases with the sphere diameter. 

3.5.1. WIDE: Talent going through steps of experiment: immersing particle, starting recording, observing experiment, retrieving bead, preparing for repeat   (Video editor: Use as much as is needed to cover the first two sentences)

3.5.2. LAB MEDIA: 1.tif  (Video editor: If there is some way to highlight/point out the error bars during the sentence “The error bars....sphere”, please do.)
4. Measurement of Settling Velocities for Fluids between Parallel Walls
4.1. For this measurement, construct a cell of smooth Plexiglas with walls that are perfectly parallel to each other, and access ports on the top and bottom.   This cell has a gap of 8 millimeters between the walls; the ratio of the gap and the horizontal length should be small. Seal one of the access ports and fill the cell with the viscoelastic fluid. 

4.1.1. MED: Talent with sample cell, showing parallel walls and access ports

4.1.2. CU:  Gap between walls, ideally an access port will be in frame, too

4.1.3. MED: Talent sealing one access port and filling cell with fluid

4.2. Record the room temperature and the fluid temperature using a laboratory thermometer. With the high resolution camera ready to record, place the cell on its side. Gently release a glass bead in the cell through a port and seal the port with a rubber stopper.  Allow the sphere to settle and reach the middle of the cell.

4.2.1. MED: Talent recording the room and fluid temperatures

4.2.2. MED: Talent checking camera, then placing cell on its side

4.2.3. MED: Talent releasing a glass bead and sealing port with rubber stopper

4.2.4. CU: Bead settling and reaching the middle of the cell (Comment: This shot was not performed. The cell was opaque at that part and it was not possible to visualize.)
4.3. Rotate the cell so that it is vertical and the sphere can settle.  Place a meter stick along the cell.  Record the sphere motion using the high-resolution video camera. Use the image analysis program to determine the settling velocity as before.

4.3.1. MED: Talent rotating cell to vertical 

4.3.2. MED: Talent checking/placing meter stick

4.3.3. MED: Talent starting recording of settling motion

4.3.4. LAB MEDIA: Plot of position of bead as a function of time and fit curve (Comment: Plot titled ‘4.3.4.tiff’ has been uploaded on the website)
5. Rheological Characterization of Fluids
5.1. To characterize the fluid, use a rheometer to measure its viscosity as a function of shear rate.  First, make sure the temperature of the cup is the same as the measured temperature during the experiment.  Then, vary the shear rate from 0.1/s to 800/s.  Take at least 10 measurements per decade. 

5.1.1. WIDE: Talent arriving at a rheometer and preparing mixture for testing

5.1.2. MED: Talent checking the temperature

5.1.3. MED: Talent starting measurements–capture at least 40 seconds of this

5.2. For the fluid and spheres in the settling experiments, calculate the surface averaged particle shear rate defined here.  V is the settling velocity and dp is the sphere diameter.  Next, define a power-law curve in the shear rate for the viscosity with K being the flow consistency index, and n being the flow behavior index.   Fit this curve to the viscosity versus shear rate plot for values near the calculated shear rate.  Plot the curves on a log-log plot and determine the parameters K and n.

5.2.1. LAB MEDIA: Surface_Averaged_Shear_Rate_2.eps  (Video editor: Please highlight “V” and “dp” when voiced [second line])

5.2.2. LAB MEDIA: Power_Law_Equation_2.eps  (Video editor: Please keep the previous image on-screen and add this below it.  Ideally they would appear to be part of the same image [no boundary between them]. Highlight “K” and “n” when voiced.)

5.2.3. LAB MEDIA: 3.tif (Video editor:  Please display this starting with “Fit this curve..”)

5.3. Continue with the characterization by performing dynamic oscillatory-shear measurements over the range of frequencies 0.1 rad/s to 100 rad/s.  Measure the elastic modulus and the viscous modulus at 10 points per decade minimum.  Then, fit the ratio of the moduli to a Maxwell model to determine the relaxation time of the fluid. (TEXT: See manuscript for details) 
5.3.1. MED: Talent at rheometer preparing and starting dynamic oscillatory-shear measurements (Comment: Two takes were performed for this step, Take 1 and Take 2. These were taken from different camera angles. Please choose the one which looks better.)
5.3.2. LAB MEDIA: Figure4.tiff (Video editor: Please show with second sentence)

5.3.3. LAB MEDIA: 5.tif (Video editor:  Please keep the previous image on-screen, reduced in size, moved so it is not obscured.  Show the new image in the foreground.)
6. Determining the Influence of Elasticity on Unbounded Velocities
6.1. Begin investigating the influence of fluid elasticity by finding the settling viscosity in an unconfined inelastic fluid.  Do this by using K and n from the characterization studies....the fluid density....and the Reynolds number for a sphere falling in a power-law fluid. (TEXT: See manuscript for details)  Continue by calculating the “velocity ratio,” defined as the experimental settling velocity in an unbounded fluid over the settling velocity based on the power law viscosity using the K and n values.  

6.1.1. MED: Talent at computer working on elasticity calculations.  

6.1.2. LAB MEDIA: Equation11.tiff or Equation11.eps (Video editor:  Display with second line.  Please highlight both “K” and “n” simultaneously on “using K and n from the characterization studies”.  Highlight f on “the fluid density” and RePL on “the Reynolds number for a sphere falling in a power-law fluid”.)

6.1.3. LAB MEDIA: Velocity_Ratio.tiff or Velocity_Ratio.eps (Video editor: Please keep the previous image on screen and add this below it.  Ideally they would appear to be part of the same image [no boundary between them])

6.2. Plot the velocity ratio as a function of sphere diameter for different fluids. In this case, smaller spheres experience a drag reduction and larger spheres experience a drag enhancement.  

6.2.1. LAB MEDIA: 6.tif  (Video editor:  Please highlight (surround by a box encompassing both, for example) the two left-most points on “smaller spheres experience a drag reduction”.  Remove and highlight the right-most points on “larger spheres experience a drag enhancement”)
7. Quantifying the Retardation Effect of Parallel Walls on Settling Velocities
7.1. Determine the wall factor for a given diameter sphere by dividing the settling velocity in the presence of walls by the settling velocity in the unbounded fluid.   For a given fluid, plot the wall factors as a function of the sphere diameter to wall spacing ratio, r, as shown here.  These data show that wall factors decrease with increase in the value of r.  This suggests that wall retardation effects increase as sphere diameters becomes comparable to wall spacing.  Observe that the wall factor is not unique at a value of r, unlike Newtonian fluids, and is dependent on the wall spacing.
7.1.1. LAB MEDIA:  Wall_Factor.tiff

7.1.2. LAB MEDIA:  7.tif 
8. Conclusion (said by authors on camera)
8.1. Sahil Malhotra: While attempting this procedure, it’s important to remember to that the fluid rheology is a strong function of temperature. The temperature at which the experiment is performed should be accurately recorded and the rheology should be measured at the same temperature.
8.2. Mukul Sharma: It very important for the experimentalist to check the accuracy of the measurement technique by performing some preliminary experiments in unbounded Newtonian fluids e.g. Glycerol solutions and compare the experimental settling velocities with Stokes analytical solutions. Experimentalist should repeat the measurements three to four times to ensure reproducibility of the results. 
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, 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.

1. Surface_Averaged_Shear_Rate.tiff

2. Power_Law_Equation.tiff

3. Figure4.tiff

4. Equation11.tiff

5. Velocity_Ratio.tiff

6. Wall_Factor.tiff

7. Graphic.ppt

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, as well as an introduction to your videographer, closer to your filming date.
 2012, Journal of Visualized Experiments


