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Authors, please fill out the brief questionnaire below.   

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: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (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____2,3,5,6______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___High-quality materials: NPs, ligands, solvents etc._We carefully monitor each material_____

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 develop macroscopic nanoparticle-ligand monolayer films.  This is accomplished by using a single ‘one-pot’ self-assembly technique.  (Intro)

First metallic nanoparticles are rapidly functionalized with ligands in a water-tetrahydrofuran, or THF, solvent. (P1)
Editors, as this point is narrated, please show the left-most image in “Schematic overview.pptx.”  It can be animated by having the little red lines assemble on the yellow spheres as shown for some of the spheres.

Next, the ligand capped nanoparticles phase separate to the air-solvent interface. (P2)
Editors, as this point is narrated, please show the middle image in “Schematic overview.pptx.”  It can be animated by having the assembled spheres rise up to the top of the liquid.

Finally the nanoparticles are transported onto template-free substrates using surface tension gradients, self-assembling into macroscopic nanoparticle-ligand monolayer films. (P3)
Editors, as this point is narrated, please show the right-most image in “Schematic overview.pptx.”  It can be animated by having the assembled spheres move up the side of the vial from the top of the liquid.

Ultimately, this procedure provides a simple, robust and scalable technique to functionalize and self-assemble macroscopic nanoparticle-ligand monolayer films onto template-free substrates. 
Editors, Fig3_mod can be shown here.

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).   

[image: ]


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jake Fontana: The main advantage of this technique over other interfacial assembly methods is the rapid and efficient nanoparticle functionalization and self-assembly into macroscopic monolayer films.
1.1.1. MED:  Jake speaks toward camera, interview style.
1.2. Jawad Naciri:  Though this method can provide insights into the organic-inorganic interface at the nanoscale it can also be applied to a wide variety of applications, such as metamaterials, photovoltaics, and molecular sensors.
1.2.1. MED:  Jawad speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Self-assembled ligand-nanoparticle monolayers
2.1. To begin, concentrate commercially available 15 nm gold nanospheres by placing 15 ml of the dilute nanosphere water suspension into an ultra-centrifugal filter.  Then, centrifuge the unit at 4,500g for 2 minutes or until only a few microliters remain in the filter chamber.
2.1.1. MED:  Talent places 15 ml of the dilute nanosphere water suspension into an ultra-centrifugal filter.  TEXT overlay:  100K nominal molecular weight limit
2.1.2. MED-over the shoulder:  Talent places the unit into the centrifuge and starts the run.
2.2. Re-suspend the nanosphere in 1.5 ml of deionized, or DI, water or such that the nanoparticle concentration is approximately 10 to the thirteenth particles per milliliter.  The suspension is stable for several hours once re-suspended in DI water.
2.2.1. MED:  Talent uses a pipette to withdraw 1.5 ml of DI water from a labeled container.
2.2.2. [combined with 2.2.1] CU:  Tube with concentrated nanospheres as talent re-suspends in 1.5 ml of deionized water.
2.3. To verify the number density and confirm the nanoparticles have not aggregated, first pipette 150 microliters of the suspension into a cuvette.  Also dilute the concentrated nanoparticle suspension with 1.35 ml of DI water. 
2.3.1. MED:  Talent pipettes 150 microliters of the suspension into a cuvette.
2.3.2. CU:  Tube of the concentrated nanoparticle suspension as talent dilutes with 1.35 ml of DI water. 
2.4. Next, place the cuvette into an ultraviolet-visible spectrometer and measure the absorbance spectrum of the prepared suspension as well as that of the original suspension. 
2.4.1. MED-over the shoulder:  Talent measures the UV-VIS spectrum of the prepared solution.
2.5. Compare the peak position and full width at half maximum to ensure aggregation has not occurred.  The magnitude of the absorbance peaks for both samples should be approximately the same, thus ensuring the concentrated sample is denser by a factor of 10. 
2.5.1. CU:  Spectrometer screen as talent compares the peak position and full width at half maximum showing that they are about the same.  
2.6. In a separate clean 20 ml borosilicate glass vial add 1 ml of tetrahydrofuran.  
2.6.1. MED:  Talent pipettes 1 ml of THF into a separate clean 20 ml borosilicate glass vial.
2.7. Next, add thiol-alkane ligands to the THF and shake the solution to mix uniformly.  Enough ligand should be added to cover at least the entire surface area of the suspended nanoparticles; excess ligand increases the speed and efficiency of the reaction.
2.7.1. CU:  Vial with THF as talent adds thiol-alkane ligands.
2.7.2. MED:  Talent shakes the solution to mix uniformly.
2.8. In a fume hood, place 1 ml from the vial containing the gold nanospheres into the vial of THF-ligands.  Quickly screw on the lid and shake the vial vigorously for 15 seconds.  Remove the lid and set the vial down in the fume hood.  
2.8.1. [all 3 shots taken together] CU:  Vial with THF-ligands as talent adds 1 ml from the vial containing the gold nanospheres.
2.8.2. MED:  Talent quickly screws on the lid and shakes vigorously.
2.8.3. MED-over the shoulder:  Talent removes the lid and sets the vial down in the fume hood. [+ VFR take (time lapse) t2]
2.9. Talent:  Depending on the ligands used, domains of gold nanoparticle films quickly form at the air-liquid interface.  The films will then begin to translate up the sides of the vial.  Nearly all the nanoparticles are capped with thiol-ligand, removed from the suspension, and transported to the sides of the vial within an hour.
2.9.1. MED:  Talent looks up from hood and speaks toward camera, interview style.
2.9.2. LAB MEDIA:  Schematic Overview.pptx.  Editors, please use this file to make an animation out of the 3 steps and show this while the talent narrates this point.
3. Transferring the monolayers onto removable substrates
3.1. To transfer the films onto removable glass substrates, cut the substrates into an area of 12.5 by 25.4 mm using a scribing pen or wheel.
3.1.1. MED-over the shoulder:  Talent cuts the glass substrates into an area of 12.5 x 25.4 mm using a scribing pen or wheel.  Match action in next shot.
3.1.2. [combined with 3.1.1] CU:  Glass as talent cuts the substrates into an area of 12.5 x 25.4 mm using a scribing pen or wheel.
3.2. For glass substrates, clean using an acetone rinse… followed by an isopropyl alcohol rinse… and finally a DI water rinse before allowing the substrates to dry.  See the text protocol for preparation of silicon wafers.
3.2.1. MED:  Talent rinses the substrates with acetone, isopropyl alcohol, and DI water.  Use labeled containers.
3.3. Next, insert the substrate into the previously prepared vial of nanospheres and ligands.  Screw on the lid and shake.  
3.3.1. [all 3.4 shots combined with this] CU:  Vial of nanospheres and ligands as talent inserts the substrate, screws on the lid and shakes.
3.4. After shaking, remove the lid.  Using tweezers, position the substrate nearly vertical against the vial wall.
3.4.1. MED-over the shoulder:  Talent finishes shaking and then removes the lid.
3.4.2. ECU:  Substrate in vial as talent positions it nearly vertical against the vial wall.
3.5. Then, use a pipette to coat the reaction mixture onto the substrate.  The reaction stops when all the organic solvent has evaporated or all the nanoparticles have been removed from the suspension.
3.5.1. CU:  Vial as talent uses a pipette to coat the reaction mixture onto the substrate.
4. Monolayer analysis
4.1. Estimate the packing efficiency of the nanospheres in the monolayer by observing the transmission and reflective properties of the film.  
4.1.1. Title Card
4.2. Illuminate the monolayer on glass substrates from behind with a white-light source.  
4.2.1. MED-over the shoulder:  Talent illuminates the monolayer on glass substrates from behind with a white-light source. [t2]
4.3. A uniform colored film should be observed for high-density nanoparticle monolayer films in transmission… and a gold-like reflection observed in reflection.
4.3.1. CU:  Glass substrate as talent illuminates from behind showing that a uniform colored film exists. [mis-slated 4.2.1 t1, use end of 4.2.1, t2] 
4.3.2. [combined with previous CU shot, not possible to do MED with lighting] MED-over the shoulder:  Talent reflects the light off a substrate showing that a gold-like reflection exists.
4.4. Next, use a spectrometer to quantify the macroscopic absorbance spectrum from the monolayers as before.  Normalize the absorbance spectrum with a clean glass slide.  
4.4.1. MED:  Talent approaches the spectrometer with the substrate and a clean glass slide.
4.4.2. MED-over the shoulder:  Talent normalizes the absorbance spectrum with a clean glass slide.
4.5. Then, mount the monolayer film on a glass substrate in the beam path of the spectrometer… and collect the absorbance spectrum.  
4.5.1. CU:  Glass substrate in the beam path as talent mounts a monolayer film.
4.5.2. [contains 4.6.1] MED-over the shoulder:  Talent collects the absorbance spectrum of the substrate.
4.6. The absorbance peak should be significantly red-shifted, several hundred nanometers depending on the ligand used.  If the absorbance peak is very broad or not well-defined, then the monolayer films are probably of poor quality.
4.6.1. CU:  Spectrometer screen showing that the absorbance peak is red-shifted and a good shape.
5. Efficient phase transfer technique for organic soluble nanoparticles
5.1. To use the technique as an efficient means to functionalize the nanoparticles with thiol-ligands, decant the remaining solution from the bottom of the vial after the reaction is complete.  Then, dry the material in the vial under nitrogen.
5.1.1. MED:  Talent decants the remaining solution from the bottom of the vial after reaction completion.
5.1.2. MED-over the shoulder:  Vial as talent blows nitrogen gas over the remaining material.
5.2. Add an organic solvent to re-suspend the nanoparticles with nearly 100% particle phase transfer and recovery.
5.2.1. CU:  Vial as talent adds organic solvent to re-suspend the nanoparticles.
5.3. Ensure the nanoparticles have not aggregated upon re-suspension into the organic solvent as before.  If the absorbance peak is broad relative to the original suspension, sonicate the sample for 15 minutes to help re-disperse the nanoparticles.
5.3.1. [use 2.4.1 or 2.5.1] MED:  Talent checks the absorbance spectrum of the resuspended nanoparticles.
5.3.2. CU:  Sample as it is sonicated.
6. Results: Analysis of functionalized and self-assembled macroscopic nanoparticle-ligand monolayer films
6.1. A thiol-alkane capped 15 nm gold nanosphere monolayer film on a glass substrate is observed partially reflecting light, signifying the high volume fraction of nanospheres… and transmitting light, demonstrating the preservation of the plasmon resonances, uniformity, and optical clarity.  
6.1.1. LAB MEDIA:  Figure 2.  Editors, please bring in an arrow pointing down onto the glass on the right side as the first part of the sentence is narrated and then do the same for the left side as the last part of the sentence is narrated.
6.2. Shown here are false-colored scanning electron microscopy images of a thiol-alkane capped 15nm gold nanosphere monolayer film on a silicon wafer substrate.  
6.2.1. LAB MEDIA:  Fig3-mod 
6.3. The edge of the film demonstrates that the films are monolayers and the nanospheres pack into amorphous domains at microscopic length scales.  
6.3.1. LAB MEDIA:  Fig3-mod.  Editors, please zoom into the left panel as this point is narrated.
6.4. At nanoscopic length scales the films contain hexagonally close-packed domains as demonstrated by the Fourier transform of the image.
6.4.1. LAB MEDIA:  Fig3-mod.  Editors, staying zoomed in, please slide over to the right panel as this point is narrated.  Then as “Fourier transform of the image” is narrated, please zoom in further to the inset.
6.5. Shown here is the normalized experimental absorbance from a monolayer film consisting of thiol-alkane capped 15 nm gold nanospheres on a glass substrate… a suspension of 15nm gold nanospheres in water… and phase transferred into chloroform. 
6.5.1. LAB MEDIA:  Figure 4.  Editors, as “thiol-alkane capped 15 nm gold nanospheres on a glass substrate” is narrated, please highlight the red curve.  Then as “and a suspension of 15nm gold nanospheres in water” is narrated, please highlight the blue curve.  Finally as “phase transferred into chloroform” is narrated, please highlight the green curve.

Note to authors – I ended up removing figure 1 from the results section since a similar image was used twice already in the script.

7. Conclusion (said by authors on camera)
7.1. Jake Fontana:  Once mastered, this technique can be done in less than an hour if it is performed properly.
7.1.1. MED:  Jake speaks toward camera, interview style.
7.2. Jawad Naciri:  After watching this video, you should have a good understanding of how to efficiently functionalize and self-assemble metallic nanoparticles into macroscopic monolayer films.
7.2.1. MED:  Jawad speaks toward camera, interview style.

       

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.

Schematic overview.pptx
Figure 2
Fig3-mod

Figure 4

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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