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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_______ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.2, 2.3, 4.2, 4.3, 5.1, 5.4____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 4.2. Any trapped air inside the tubing should not be allowed in a column experiments so we need to make sure that the trapped air from the tube is removed before packing of the column.
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ 







1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to demonstrate a method for surface modification of multiwall carbon nanotubes along with laboratory-scale column experiments for transport, retention, and remobilization of the surface-modified carbon nanotubes. 

Functionalization of commercially available carbon nanotubes is achieved by adding carbocyclic- and hydroxyl-functional groups to the nanoparticle surfaces. (P1: Begin with just the top nanotube. With word “commercially”, animate in text ‘hydrophobic surface’, and with word “achieved” add in text of “Functionalization using H2SO4 and HNO3.” With words “hydroxyl-functional” add the COOH and OH groups onto the nanotube [as in the 2nd nanotube after the arrow], and with words “nanoparticle surfaces” add in text “hydrophilic surface.”)

As a second step, a stable solution of carbon nanotubes is prepared for flow-through column experiments. (P2: Begin with only first beaker. With words “carbon nanotubes”, animate in text “Sonication”, and with words “flow through” replace first beaker with second, blackened beaker.)  Figure P2 is revised.

Next, column experiments are performed using acid-washed silica sand and functionalized carbon nanotubes. After the sand is carefully packed into the column, the stable solution of nanotubes is injected, followed by injection of the background solution and then deionized water. (P3: Start with the column, and exclude all text, tubing and arrows as well as the pump/solutions/fraction collector. With the words “after the sand”, animate in text “Silica Sand” over column briefly. With words “the column, the stable”, adding in solutions and their text and pump/lines. With word “injected” show movement of solution from MWCNT beaker to column top [possibly with arrows]. With words “followed by” add in fraction collector/text, and animate movement of background solution beaker along tubes of system [possibly with arrows from beaker along tubing].)

The results show that the functionalization process has a large impact on the overall retention of multiwall carbon nanotubes in the selected sand types. (P4: Begin with just axis/labels/legend. Animate in the “tracer” data points, followed by the “fully functionalized” data points and finally the “less functionalized” data points.)

*Note to the Authors: The narrative was edited to match the text with the graphic overview.

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).   




B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. PRABHAKAR SHARMA: The demonstration of this method provides a guideline for surface modification of carbon nanotubes and an understanding of the impact of physical and chemical parameters on the transport and retention of these nanoparticles in soil pores.  Take 3 is good (not looking  into camera) and take 4 is good (looking  into camera). We recommend take 4
1.2. FRITJOF FAGELUND: Visual demonstration of this method is important because some of the procedures, such as the nanoparticle functionalization, may otherwise be difficult to reproduce. A systematic approach using well-controlled experiments is essential to understand and differentiate between different effects on nanoparticle transport behavior. Take 1 is good (not looking  into the camera and take 2 is also good (looking into camera). We recommend take 2
1.3. PRABHAKAR SHARMA: Part of the experimental procedure is being performed by a student in the laboratory, MARYEH HEDAYATI. 
1.3.1. Interview style: Author saying the above  End of take 1 is good
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. Take 2 is better
*Note to the Authors: The text was edited for length per our guidelines (~3 lines of text).


Protocol (read by voice talent at JoVE):
2. Functionalization of Multiwall Carbon Nanotubes (MWCNT)
2.1. Inside a fume hood with appropriate personal protective equipment, transfer 24 ml of concentrated sulfuric acid and 8 ml of nitric acid to a beaker. On aluminum foil, weigh out 32 mg of untreated multiwall carbon nanotubes and add them to the acid solution.
2.1.1. MED Over the Shoulder: Talent (in full PPE) measures acids into beaker Extra take using CU
2.1.2. CU: Talent takes an aluminum boat with pre-weighed nanotubes and adds them to the beaker. 
2.2. Sonicate the nanotube and acid mixture for 2 hours at room temperature. Then, heat and stir the solution for 5 hours at 90 degrees C.
2.2.1. MED: Talent places nanotube beaker inside and starts sonicator. TEXT: Sonicate for 2 hr Extra take using CU
2.2.2. MED: Talent removes sonicated beaker and places beaker on hotplate or sandbath with a thermometer/temperature gauge clearly visible. (TEXT: 5 hr at 90 °C)  Take 1: cut first part, sonicator should be on when shot starts. Add take 2 CU of magnatic stirrer and also add take 3 extra CU
2.3. Filter about ¼ of the nanotube suspension through a 0.2 m pore diameter PTFE filter membrane with the aid of a vacuum. Bring the pH of the mixture to above 5 by adding boiling water during the filtration process. Then repeat with a fresh filter until all of the material is filtered.
2.3.1. CU: Talent pours suspension through filter. adds some boiling water then some of the nanotube suspension, turns on vacuum and adds more boiling water. Remove take 1 of 2.3.1,  Instead use take 2 MED shot, and take 3 CU
2.3.2. MED: Talent adds boiling water to filter and then measures pH of filtrate with litmus paper or pH probe. Extra take 2 CU
2.3.3. MED: Talent obtains a fresh filter. Take 2: CU of filter with nanoparticles
2.4. Collect the filter membranes and place them in a desiccator under vacuum for about 24 hours. After the membranes are completely dried, scrape the nanotubes from the membranes and collect the resulting powder for future experiments. 
2.4.1. WIDE: Talent walks membranes over to dessicator and places them inside (TEXT: Dry for 24 hr) Use take 2 with safety glass. Take 3 has CU for a close look at the dessicator.
2.4.2. MED Over the Shoulder/CU: Talent scrapes off nanotubes into a container MED and CU in same Take 1
3. Preparation of Porous Media for Transport Experiments
3.1. To prepare the porous medium, first take 8 ml of 37% hydrochloric acid and add it to 1 L of deionized water to make a 0.1 M solution. 
3.1.1. MED: In a hood with all PPE, talent pours acid into liter of water. Take 1 CU for close look of 8 mL HCL and Take 2 MED for wider shot
3.2. In three portions, mix approximately 1 kilogram of sand into the acid solution. Allow the mixture to sit for 30 minutes. Then, decant the acidic solution and rinse the sand with deionized water a minimum of eight times.
3.2.1. MED Over the shoulder: Talent adds sand to solution in hood in 1-2 portions, with other portion(s) nearby in view. (TEXT: Allow to sit for 30 min) In Take 2 CU, use second part with beaker standing on bench
3.2.2. MED: Talent pours off liquid and starts to rinse the sand with water
3.3. Next, add 700 ml of deionized water followed by 40 ml of 30% hydrogen peroxide to the flask of sand. Shake the flask twice to mix the solution with the sand.
3.3.1. MED Over the Shoulder: Talent pours water and hydrogen peroxide into flask.
3.3.2. MED: Talent picks up flask and shakes
3.4. Add an additional 40 ml of 30% hydrogen peroxide to the flask three more times, mixing after each addition. Stir the mixture every 10 minutes for a total of 40 minutes. 
3.4.1. CU: Talent another aliquot of hydrogen peroxide and mixes flask.
3.4.2. MED: Talent checks a timer and stirs the mixture.
3.5. Decant the solution and rinse the sand with deionized water at least 8 times. Dry the sand in an oven at 105 degrees for 24 hours, and then allow it to cool at room temperature for 2 hours.
3.5.1. MED: Talent pours off solution, washes with water. (TEXT: Wash 8 times)
3.5.2. WIDE: Talent places flask into oven.
3.5.3. MED: Talent places sand on a benchtop to cool.
4. Column and Sample Preparation
4.1. Before wet-packing the column, prepare the background solution with sodium chloride, and adjust the pH with 0.1 M hydrochloric acid and 0.1 M sodium hydroxide.
4.1.1. CU: Bench level, shot begins empty. Flask of label “NaCl DI water” comes into shot, followed by flask labeled “NaCl”, “0.1M HCl” and finally beaker labeled “0.1M NaOH” (TEXT: Background Solution: 2 mM NaCl, pH 5) Take 2 was obtained with long time gap in between each flask to allow fading in the flasks
4.1.2. [added] CU: Flask with the final product labelled Background solution.
Note to the Authors: Please make sure that the background solution composition is correct here.
4.2. Obtain a glass column of 2.5 cm in diameter and 15 cm in length with 0.2 mm steel mesh filters at both ends. Flush and fill the tubing first with tracer up to the valve, and then with DI water removing trapped air from the tubing (TEXT: Caution! Make sure to remove all the trapped air from tubing). 
4.2.1. MED: Talent secures column to equipment, with mesh filter at bottom
4.2.2. CU: Talent flushes tubing with tracer first then DI water.
4.2.3. [added] CU: Talent changes the valve from tracer to DI water.
4.2.4. [added] CU: Water dripping out from outlet to a beaker
4.3. Next calibrate the peristaltic pump to a flow rate of 2 ml per minute. Start the pump to fill the column from the bottom with the background solution. As the water level rises, add about 12 grams of sand at a time for a total of 124 grams.  
4.3.1. MED Over the shoulder: Talent programs the pump. TEXT: For this pump, 1.03 pump speed means 2 ml/min Take 2 CU of pump valve
4.3.2. CU: Talent switches on pump, camera follows tubing up to column and shows water level rising in the column. Take 2 CU for water level in the column
4.3.3. MED: Once column is partially full, Talent begins to add sand in small quantities (TEXT: CAUTION: Do not allow the sand level to rise above the water level.)
4.4. Cap the column with the mesh filter when filling is complete.
4.4.1. CU: Talent adds the last sand and caps the column with filter
4.5. Switch the 3-way valve to the tracer solution. Then inject the solution for 4.32 pore volumes and collect outflow samples at 2 minute intervals, corresponding to 4 ml per sample. Then switch the valve to deionized water for another 4.32 pore volumes.
4.5.1. CU WIDE: Talent switches valve to tracer and switches on the fraction collector (TEXT: Tracer Test: 20 mg/L Brilliant Blue or any food color)
4.5.2. CU: Talent collects a sample from the outflow TEXT: collect one sample every 2 minutes
4.5.3. CU: Talent switches valve to water MED: Shot of tracer filled tubes and then switch off.  Cut out fist part when pump was not running, Take 2 for CU TEXT: Tracer for 4.32 pore volumes, then DI water for 4.32 pore volumes (instead of ”pore volumes” you may choose to write just ”PVs”)
5. MWCNT Transport Experiment and Sample Analysis
5.1. To prepare for the transport experiment, add 15 mg of functionalized nanotubes to a beaker containing 200 ml of the background solution, and sonicate the mixture with an ultrasonic homogenizer probe for 15 min. Then add an additional 800 ml of solution and mix. 
5.1.1. MED Over the Shoulder: Talent adds nanotubes to beaker of solution
5.1.2. CU: Talent places probe in solution to sonicate TEXT: Sonicate for 15 min
5.1.3. [added] MED: Talent takes out the sonicated solution from sonicator
5.1.4. CU: Talent pours sonicated solution into sonicated beaker with background solution- TEXT: Concentration: 15 mg/L
5.2. Flow background solution through the sand packed column, then begin phase 1 of the experiment by switching the 3-way valve to the nanotube solution. Inject the solution and collect the outflow samples at 2 minute intervals for 4.32 pore volumes. 
5.2.1. [added] MED: Talent shows the flow of background solution.
5.2.2. CU: Talent switches valve and switches on the fraction collector. (TEXT (on screen for all shots): Phase 1: Mobility of nanotubes varies retention Retention depends on mobility of nanotubes)
5.2.3. Shot of samples collected in test tube racks (get multiple usable shots for later use).
5.3. Next, flow the background solution for another 4.32 pore volumes, continuing to collect samples every 2 minutes. 
5.3.1. CU: Shot of background solution source. (TEXT (on screen for all shots): Phase 2: Outflow samples reach background concentration)
5.3.2. Use 5.2.2 Shots of tubes similar to 5.2.3
5.4. For the final stage of the experiment, change the injection tube to deionized water and flow for another 4.32 pore volumes, again collecting samples every 2 minutes. Stop the pump at the end of this phase.
5.4.1. CU: Talent switches tube to DI water (TEXT (on screen for all shots): Phase 3: Retained nanotubes re-mobilize and are elute)
5.4.2. CU: Shot of sample collection by Talent
5.4.3. MED: Talent stops pump
5.5. Prepare a UV/Vis spectrophotometer for sample analysis. Scan all of the collected tracer solution samples at the appropriate wave length, here: 333 nanometers, and all of the nanotube solution samples at 400 nanometers. Plot the data as absorbance against time.
5.5.1. MED Over the Shoulder: Talent turns on the instrument
5.5.2. MED Over the Shoulder/CU: Talent sets UV wavelength to 230 333 nm for tracer.
5.5.3. [added] MED: Talent scans the tracer samples using spectrophotometer
5.5.4. [added] MED Over the Shoulder/CU: Talent sets UV wavelength to 400 nm for carbon nanotubes.
5.5.5. [added] MED: Talent scans the carbon nanotubes samples using spectrophotometer
5.5.6. LAB MEDIA: To be provided by authors figure for absorbance vs time as obtained from spectrophotometer
Note to the Authors: To best convey the data analysis, a plot of crude “absorbance against time” should be provided, and labeled by the step (5.5.3).
6. Results: Transport of Surface-Modified Carbon Nanotubes Through a Soil Column

6.1. To better understand nanotube transport and retention, experiments were performed with fully and less-functionalized multiwall carbon nanotubes. The maximum concentration of fully-functionalized nanotubes in the collected samples was higher, indicating that they were more mobile than less functionalized nanotubes.

6.1.1. LAB MEDIA Figure 3 (Video Editor: Highlight blue data points when “fully-functionalized nanotubes” is spoken and highlight red data points when “more mobile” is spoken)

6.2. Next, three grain sizes of quartz sand were assessed. Theoretically, as grain size decreases, maximum absorption capacity increases, which implies more deposition. In agreement with this, less nanotubes were eluted from finer grain sand than from the medium or course grain sand. 

6.2.1. LAB MEDIA Figure 5 (Video Editor: Highlight the green, “fine grain” data curve from 0 to ~4.5 pore volume)

6.3. Finally, three experiments were performed to investigate the effect of flow rate on nanotube retention. At lower velocities, nanotube concentrations increased slowly, and a steady concentration was not achieved in the outflow within 4.32 pore volumes. This is consistent with previous literature indicating that spherical nanoparticles are often less mobile in slower fluids.

6.3.1. LAB MEDIA Figure 6 (Video Editor: Highlight the Y axis (flow rate) with words “effect of flow rate” and X axis (time) with words “nanotube retention”. Highlight 5.15 and 1.17 m/d curves—from 0 to ~4.5 pore volume—for duration of second line.)
 
7. Conclusion (said by authors on camera)

7.1. FRITJOF FAGERLUND: After its development, this technique has allowed researchers to carefully investigate the different physical and chemical factors controlling the mobility of nanoparticles, such as carbon nanotubes, in soil and groundwater systems. Therefore their potential to spread in the environment under different conditions can be assessed. Take 4 is good (Not looking into the camera) and Take 5 is good (looking into the camera). We recommend take 5.

7.2. PRABHAKAR SHARMA: After watching this video, you should have a good understanding of how to perform surface modifications of multiwall carbon nanotubes. You have also seen how to perform a series of column experiments, investigating the transport, retention and remobilization of carbon nanotubes in saturated porous media.         Take 3 is good (Not looking into the camera) and Take 4 is good (looking into the camera). We recommend take 4.
*Note to the Authors: The text was edited for length per our guidelines (~3 lines of text).

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.


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.
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