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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  

Can you record movies/images using your own microscope camera? (Y/N)___Yes______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)  

The steps that will benefit viewers the most are 3.2, 3.4, 2.6, 2.7, 2.8, and 2.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
The hardest steps will be 3.2 and 3.4- the steps where the liquid droplet is encapsulated between the graphene sheets. As stated in the text, the success of liquid cells is roughly 25 to 50% depending on the day. The good news is that the procedure is quick, so we will prepare enough grids before the video shooting such that we can keep trying if we fail to make a good pocket on the first attempt.
E.  Will the filming need to take place in multiple locations? (Y/N) _Yes______ If yes, how far apart are the locations? ________50 feet- the room next door________________________________
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to encapsulate small pockets of liquid between graphene sheets for imaging nanomaterials using transmission electron microscopy, or TEM. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Matthew Hauwiller: This method can help answer key questions in the nanomaterials field, such as growth and etching mechanisms of nanocrystals with the high spatial resolution of electron microscopy [1-MED]. 
1.1.1. Matthew speaks towards the camera, interview style.
1.2. Matthew Hauwiller: The main advantage of this technique is the ability for research groups to perform liquid cell TEM experiments using their existing holders with low startup costs and high spatial resolution [1-MED].   
1.2.1. Matthew speaks towards the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Justin Ondry: Generally, individuals new to this method will struggle because handling the graphene coated TEM grids is delicate and requires practice to master [1-MED].
1.3.1. Justin speaks towards the camera, interview style.
Authors, the optional statements are limited to one per author not speaking in the required statements, so I moved Justin’s other statement to the conclusion.  It fits well there.
Protocol: (read by voice talent at JoVE)
2. Making Graphene-Coated TEM Grids

2.1. To begin, cut out a roughly 2 square-centimeter piece of premade graphene-on-copper which fits around 6 to 8 TEM grids [1-MED-over the shoulder-TXT].
2.1.1. Talent cuts a roughly 2 square-centimeter piece of premade graphene-on-copper.  TEXT Overlay: See Table of Materials in text
2.2. After cleaning the graphene as detailed in the text protocol, smooth out the graphene-on-copper piece to remove any macroscopic wrinkles [1-MED].  To do so, take two clean glass slides and place a folded wipe on the bottom glass slide [2-CU].
2.2.1. Talent retrieves the cleaned graphene and prepares to smooth it out.
2.2.2. Glass slides as talent places a folded wipe on the bottom glass slide. 
2.3. On top of the wipe, place the graphene-on-copper piece [1-ECU].  Finally, place the second glass slide on top [2-CU].
2.3.1. Graphene-on-copper piece as talent places it onto the wipe.
2.3.2. Second glass slide as talent places it on top.
2.4. Press down on the top slide, gradually smoothing out any wrinkles in the graphene-on-copper piece [1-ECU].
2.4.1. Graphene-on-copper piece as talent presses down on the top slide, gradually smoothing out any wrinkles.  
2.5. Reduce the number of folds in the tissue and repeat the pressing process [1-MED-over the shoulder].  Continue the process until a final pressing between the two glass slides with no tissue wipe [2-MED].
2.5.1. Talent reduces the number of folds in the tissue and motions to continue the pressing.
2.5.2. Talent presses between the two glass slides with no tissue wipe.
2.6. Lay down the TEM grids on the graphene-on-copper piece by first placing the holey amorphous carbon support foil-TEM grids down on the graphene with the amorphous carbon in contact with the graphene [1-ECU].
2.6.1. TEM grids as talent lays them down on the graphene-on-copper piece by first placing the holey amorphous carbon support foil-TEM grids down on the graphene with the amorphous carbon in contact with the graphene.
2.7. Place a couple droplets of isopropanol on the grids [1-CU].  Let the grids dry for over two hours to make sure the grids are properly bonded.  This drying process brings the holey amorphous carbon into better contact with the graphene [2-MED-over the shoulder].
2.7.1. Grids as talent places a couple of droplets of isopropanol on the grids.
2.7.2. Talent starts a timer next to the grids to count down from two hours.
2.8. Next etch the copper using a sodium persulfate solution [1-MED-TXT].  Using tweezers, carefully place the graphene-on-copper piece on the sodium persulfate solution with the copper side down.  Let the piece float on the top of the sodium persulfate solution [2-ECU].
2.8.1. Talent transfers the sodium persulfate solution from a labeled container to a petri dish.  TEXT Overlay: 1 g of Na₂S₂O₈ in 10 mL of DI H2O
2.8.2. Graphene-on-copper piece as talent uses tweezers to carefully place it onto the solution, copper side down.
2.9. Keep the solution with graphene-coated grids sitting overnight [1-MED].  Note that the solution will become blue as the copper etches, and there will be no visible copper behind the graphene sheet when etching has finished [2-ECU].
2.9.1. Talent leaves the solution to sit overnight.
2.9.2. Grid as talent removes it from the blue solution and inspects it to see there is no visible copper behind the graphene sheet.
2.10. Wash the grids to clean off the sodium persulfate by removing the floating grids from the solution and placing them on top of clean, deionized water in a second Petri dish [1-MED-over the shoulder].
2.10.1. Talent transfers the grids to a clean, deionized water in a second Petri dish. 
2.11. Repeat this process 3 times to remove all sodium persulfate residue from the graphene-coated grids [1-MED].
2.11.1. Talent transfers the grids to a Petri dish of deionized water.
2.12. Pick up the grids with tweezers, place the grids graphene-side up on a filter paper, and let them dry [1-ECU].
2.12.1. Grids as talent places them graphene-side up on a filter paper.
3. Making Liquid Cell Pockets
3.1. Take two graphene-coated TEM grids and place them graphene side up on a glass slide [1-MED-over the shoulder].  Using a small surgical scalpel blade, cut off the edge of one of the graphene-coated TEM grids, approximately one-fourth to on-eighth of the area of the grid [2-ECU].
3.1.1. Talent places two graphene-coated TEM grids, graphene side up, on a glass slide.
3.1.2. Graphene-coated TEM grids as talent uses a small surgical scalpel blade to cut off the edge.
3.2. Next, place approximately 0.5 microliters of a droplet of solution to be encapsulated on the non-cut graphene-coated TEM grid [1-MED-TXT].  Use tweezers to hold the edge of the TEM grid down while placing the droplet so that the capillary forces do not pick up the TEM grid [2-CU].
3.2.1. Talent pipettes the 0.5 microliters of a droplet of solution to be encapsulated. Use labeled containers.  TEXT Overlay: See text for making the solution to be encapsulated
3.2.2. Grid as talent holds the edge of it down while placing the droplet so that the capillary forces do not pick up the TEM grid.
3.3. Matthew Hauwiller: It is critical to place the droplet in the center of the grid, preferably as small a droplet as possible.  If the graphene coated grids are correctly made, the droplet will hold its bead-like shape on the hydrophobic graphene surface [1-MED].
3.3.1. Matthew speaks towards the camera, interview style.
3.4. Quickly and carefully place the graphene-coated TEM grid with the cut corner on top of the droplet; the goal is to have the second grid come to rest on top of the first grid with no liquid getting squeezed out [1-ECU].  Wait 5 minutes to let graphene liquid cell pockets form [2-MED-over the shoulder].
3.4.1. Graphene-coated TEM grid with the cut corner as talent places on top of the droplet so that the second grid comes to rest on top of the first grid with no liquid getting squeezed out.
3.4.2. Talent starts a timer to count down from 5 minutes.
3.5. Matthew Hauwiller: Setting the top grid on top of the liquid droplet requires careful hand control.  It usually works best to set one edge of the top grid down first, and then slowly remove the tweezers [1-MED].
3.5.1. Matthew speaks towards the camera, interview style.
4. Loading and Imaging Graphene Liquid Cell
4.1. Place the graphene liquid cell in a traditional TEM single tilt holder [1-ECU].  Load the TEM holder into the TEM column [2-CU].
4.1.1. Graphene liquid cell as talent places in a traditional TEM single tilt holder.
4.1.2. TEM column as talent loads the TEM holder there.
4.2. After preparing the TEM as described in the text protocol, begin searching for nanoparticles in liquid pockets while keeping the dose rate low [1-MED-over the shoulder-TXT].
4.2.1. Talent searches for nanoparticles in liquid pockets while keeping the dose rate low.  TEXT Overlay: Usually around 20 e-/Å2s
4.3. When a nanoparticle is found in a liquid pocket, fine tune the focus on the nanoparticle while maintaining a low dose rate [1-CU].  Use the calibration curve to set the condenser lens current for the desired dose rate [2-LM].
4.3.1. TEM computer screen as talent fine tunes the focus on the nanoparticle while maintaining a low dose rate.  
4.3.2. 57665_Alivisatos_5D.tif 
4.4. Begin collecting a time series of TEM images with metadata of dose rate and time stamps embedded in the image file [1-LM-TXT].
4.4.1. 57665_AuRodEtching_2.avi.  TEXT Overlay: See text for image analysis
5. Results: Etching Trajectories of Metallic Nanocrystals 
5.1. The TEM video of the nanocrystal etching can be broken down into each of the individual frames [1-LM].
5.1.1. 57665_Figure1.tif – Editors, consider zooming into the left most panel and scrolling across Figure 1 from left to right.
5.2. For each frame, the nanocrystal can be outlined using image analysis software [1-LM].
5.2.1. 57665_Figure2.tiff – Editors, consider trace-highlighting the outline of the nanocrystal.
5.3. From the outline, the major… and minor axes of the nanorod can be determined [1-LM].

5.3.1. 57665_Figure3.tiff – Editors, consider trace-highlighting the longer horizontal line as “major” is narrated and the shorter vertical line as “minor” is narrated.
5.4. The 2-dimensional outline can be cut along the major axis.  Each of these new outlines of half of the nanorod can be used to reconstruct the 3-dimensional shape by rotating the outline around the major axis [1-LM].
5.4.1. 57665_Figure4.tiff

6. Conclusion (said by authors on camera)
6.1. Matthew Hauwiller: After watching this video, you should have a good understanding of how to fabricate graphene liquid cells for imaging nanomaterials systems using electron microscopy [1-MED].
6.1.1. Matthew speaks towards the camera, interview style.

6.2. Justin Ondry: Though this method can provide insight into nanomaterials, it can also be applied to other systems, such as soft materials or biological samples in their native liquid environment [1-MED].
6.2.1. Justin speaks towards the 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.  

LAB MEDIA:

57665_AuRodEtching_2.avi- Video of nanoparticle etching Step 4.4.1
57665_Alivisatos_5D.tiff-Step 4.3.2
57665_Figure1.tiff-Results
57665_Figure2.tiff-Results

57665_Figure3.tiff-Results

57665_Figure4.tiff-Results

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 are included in the email accompanying the finalized script.
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