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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 
Y
Can you record movies/images using your own microscope camera? (Y/N) 
N
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.
Optical Microscope type Leica S6D including a Leica 10450528 0.5x attachment.
2. Does your protocol include software usage? (Y/N) 
Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.
2.3, 2.4, 4.3, 4.4, 4.6
4. 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. 
The most difficult step is the TEM grid removal described in 4.6. The graphene-supported microwell liquid cell itself is designed to optimize for this process. Thus, it contains of three independent window areas, which enhances the yield significantly. Furthermore each area has a rectangular shape with a high aspect ratio. The transfer process is performed by starting with the small rectangle side facing the operator. By doing so, the danger of shear force-induced membrane fracture can be reduced. Furthermore, the operator mitigates hand vibrations by placing it onto the table and pushes the tweezer as far as possible between grid and cell before lifting the grid. It is feasible to perform this operation whilst using an optical microscope.
5. Will the filming need to take place in multiple locations? (Y/N)
N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Dr.-Ing. Andreas Hutzler: Liquid Cell Electron Microscopy is a powerful technique that can be used to investigate nanofeatures in situ in liquid media at high resolution and provides unique real-time insights into dynamic processes at the nano scale.

What is the main advantage of this technique?

1.2. Birk Fritsch, M.Sc.:The graphene-supported microwell liquid cell combines the advantages of graphene and Si-technology-based cell architectures and allows for correlation with analytical methods such as EDX spectroscopy on site.
	
OPTIONAL Interview Statements: 

Are there any specific areas of research that this method could provide insight into? 

1.3. Prof. Dr. Erdmann Spiecker: This technique enables us to directly follow materials processes in liquids while they happen. This “in situ” observation is in the very core of our research training group “In situ Microscopy with Electrons, X-rays and Scanning probes” funded by the German Research Foundation.


Introduction of Demonstrator:  

1.4. Prof. Dr. Erdmann Spiecker : Demonstrating the procedure will be Dipl.-Chem. Robert Branscheid, a staff scientist from my laboratory. 

1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.








Section - Protocol
Author NOTE: there was no equipment for filming through the microscope provided. Thus, we decided to use a digital camera mounted on our microscope and the videographer filmed the screen as well.
2. Transfer of Graphene onto TEM Grids
2.1. To begin, transfer the graphene onto TEM grids, first wetting the tissue supporting the 6 to 8 layers of CVD-graphene on PMMA. [1] Take care that the water is not directly applied to the PMMA membrane. [2]
2.1.1. Talent at bench, brings sample in contact with water
2.1.2. ECU: Talent wets tissue
2.2. Fully immerse the PMMA-coated graphene in a Petri dish filled with DI water and then use filter paper to scoop up the graphene layer. [1] Take care that the graphene site of the graphene-PMMA stack stays on top during the whole procedure.[2] 
2.2.1. Talent submerges the PMMA-coated graphene and then scoops it out with filter paper
2.2.2. ECU: Talent points to the graphene side (which faces the filter paper) using a pair of tweezers
2.3. Cut the graphene layer into pieces that are large enough to cover all of the fabricated wells. [1-TXT] Then, re-immerse the cut pieces into the Petri dish. [2]
2.3.1. ECU: Talent cuts the graphene layer TEXT: Final size: 4 mm2
2.3.2. Talent places the pieces back into the DI water
2.4. Next, using a pair of anti-capillary tweezers, pick up a TEM grid coated with a support layer of holey carbon. [1] Carefully dive the grid into the water and catch the graphene floating on the surface. [2]
2.4.1. Talent picks up a TEM grid with tweezers
2.4.2. Talent fishes the graphene out of the water
2.5. Let the sheets dry for a few hours.  Then, remove the PMMA protection layer by transferring it into an acetone bath for 30 minutes. [1] 
2.5.1. Talent transfers the sample into the acetone bath
2.6. Following the acetone bath, immediately immersing the sample in ethanol [1.a] and DI water without drying the sample in between solutions. Use a flat vessel to easily remove the specimen afterwards. [1.b]
2.6.1. Talent transfers the sample from acetone, to ethanol (2.6.1.a), and finally DI water (2.6.1.b). NOTE: This was split into 2 shots, a and b.
2.7. When finished, remove the sample from the DI water and dry it afterwards for 30 minutes at ambient conditions. [1]
2.7.1. Talent removes the sample from the Petri dish and sets it aside to dry
3. Graphene-supported Microwell Liquid Cell Loading 
3.1. Create a liquid cell template with micropatterned microwells by following along in the text protocol. [1-TXT]
3.1.1. Talent holds a cell template up. TEXT: See text protocol for details Videographer NOTE: No slate
3.2. Rinse the fabricated liquid cell template with acetone, followed by ethanol. [1] Then, apply an ambient 20 percent oxygen, 80 percent nitrogen plasma for 5 minutes to enhance the wettability of the membrane. [2]
3.2.1. Talent rinses the sample
3.2.2. Talent loads sample into plasma cleaner. Videographer NOTE: Device was defective.
3.3. Dispense 0.5 microliters of the specimen solution onto the template or the graphene layer. Ensure a smooth working procedure to minimize changes in concentration due to evaporation. [1]
3.3.1. ECU: Talent adds 0.5 microliters of specimen onto the template Videographer NOTE: No slate
3.4. Next, place the TEM grid onto the micro-patterned silicon nitride layer with the graphene facing the template. [1] Carefully press the graphene-coated TEM grid onto the template, making sure not to destroy the bottom silicon nitride membrane. [2]
3.4.1. [bookmark: _GoBack]Talent places the TEM grid onto the silicon nitride layer with the graphene facing the template NOTE: 3.4.1 – 3.5.3 was filmed in one take  Videographer NOTE: No slate/unrecognizable tail-slate
3.5. Remove excess solution with a tissue to accelerate the cell drying and mitigate concentration changes. [1] After approximately 2 to 3 minutes, observe a contrast change as the graphene-silicon nitride van-der-Waals interactions seals the liquid cell. [2] [3]
3.5.1. Talent blots the sample with a tissue NOTE: 3.4.1 – 3.5.3 was filmed in one take
3.5.2. ECU: Video of sample right after blotting
3.5.3. ECU: Video of sample 3 minutes later - Video Editor: Combine steps 3.4.2 and 3.4.3 as a split screen and label them “0 Min after blotting” and “3 Min after blotting” respectively. 
3.6. Then, place the sample under an optical microscope [1] and use a pair of tweezers to carefully remove the TEM grid by pushing the tip between the grid and the graphene-supported microwell liquid cell frame. [2] 
3.6.1. Talent places sample on the stage and looks into the optics Videographer NOTE: No slate
3.6.2. ECU: Talent uses tweezers to begin removing the grid underneath an optical microscope - Videographer: This is an essential step, take it from a few angles to best show the procedure taking place.
3.7. To reduce shear force damage, start from the grid site parallel to the smaller window edge. [1]
3.7.1. ECU: Close-up shot as talent grabs the grid as described - Videographer: This is an essential step, take it from a few angles to best show the procedure taking place.
3.8. Ensure that at least one membrane [1] of the graphene-supported microwell liquid cells are still intact. [2]
3.8.1. Talent looks into the objective 
3.8.2. LABMEDIA: Figure 4c
4. TEM Imaging and Video Analysis
4.1. Using a standard TEM holder, load the sample into the holder. [1] Directly after its preparation, load the holder and sample into the scanning transmission electron microscope.[2] 
4.1.1. Talent loads sample into a single tilt TEM holder
4.1.2. Talent inserts holder into TEM 
4.2. Birk Fritsch, M.Sc.: Image the sample appropriately with regards to both the sample and microscope characteristics. Use a low dose to minimize beam-induced artifacts and a short exposure time to avoid movement-related blurring. For long-term experiments, block the beam to reduce radiation damage. [1] 
4.2.1. INTERVIEW: Author says the above statement interview style
4.3. After acquiring images, use a suitable image processing platform to extract features of interest. [1] For particle tracking and analysis, use the open source ImageJ-distribution FIJI. [2]
4.3.1. MED Over the Shoulder: Talent opens FIJI at computer
4.3.2. SCREEN: To be provided by the authors – Screen capture video as talent loads ImageJ and imports an image Authors, please upload this screen capture to your project page. 
4.4. After loading an image and converting it to a binary image, utilize the Analyze Particles function to gain precise information regarding the projected area and the particle’s barycenter for every particle in each frame. [1] 
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent starts with a binary image, runs “analyze particles” and displays output Authors, please upload this screen capture to your project page. 
4.5. Invert the original image so the particles appear as bright spots. Then, connect the particles between the frames with the help of the plugin TrackMate. By default, TrackMate searches for bright particles on a dark background. [1]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent inverts the image and then runs TrackMate Authors, please upload this screen capture to your project page. 
4.6. Finally, combine the results of TrackMate and Analyze Particles with a suitable script utilizing the Python-based open source ecosystem SciPy. [1]
4.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed Authors, please upload this screen capture to your project page. 

Section – Results
5. Results:  Development of Nanoparticle Radii and Dendrite Dynamics
5.1. A successful encapsulation of the specimen solution can be verified during electron microscopy. This video shows the dissolution of an ensemble of nanoparticles and the growth of a dendritic structure. [1]
5.1.1. LABMEDIA: Supplementary Video 1.avi - Video Editor: Speed up to fit the length of the statement. 
5.2. In order to gain insights into particle growth and dissolution kinetics, it is important to investigate each particle individually rather than to analyze the development of average parameters. [1]
5.2.1. LABMEDIA: Figure 5a - Video Editor: Enlarge the time-stamp in each frame.  Point out the colored particles in each frame to make them stand out.
5.3. By estimating the growth exponent, alpha, of the equivalent radius variation of individual particles over time, information of the underlying reaction kinetics can be obtained. [1]
5.3.1. LABMEDIA: Figure 5b
5.4. Here, the distribution of alpha based on 73 dissolving particles is displayed. Only particles where an allometric model explains the radius decline to at least 50% are regarded. [1]
5.4.1. LABMEDIA: Figure 5c
5.5. At the end of the video, a dendrite structure emerges. Dendrite formation is another typical, well documented process in liquid cells.[1] To quantify dendrite growth, the structural outlines are analyzed. [2]
5.5.1. LABMEDIA: Figure 6a - Video Editor: Add an arrow pointing to the structure that appears in the bottom center of the 3 images, to the left of the scale bar. Alternatively, show the respective part of Supplementary Video 1.avi (0:06-end)
5.5.2. LABMEDIA: Figure 6a - Video Editor: Highlight the inset in the right most frame.
5.6. The evolution of the tip radius and the velocity over time reveals the expected hyperbolic relationship. Dendrite growth is caused by local supersaturation of gold-ions due to the aforementioned particle etching. [1]
5.6.1. LABMEDIA: Figure 6d
5.7. At this part in the video, it is clearly visible that particles are still dissolving whilst the oversaturated system relaxes into dendrite growth. This may be caused by local concentration variations in both the gold-ions and the oxidative species. [1] 
5.7.1. LABMEDIA: Supplementary Video 1.avi (0:00-0:10 on loop)


Section - Conclusion
6. Conclusion Interview Statements: 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Dr.-Ing. Andreas Hutzler: (Step: 3.3) The liquid loading itself is highly dependent on the specimen of interest, because the graphene adhesion and the required drying times may vary, if different specimen solutions are applied.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Birk Fritsch, M.Sc.: The graphene-supported microwell liquid cell architecture also allows for complementary in situ methods such as EELS and EDXS. In addition, SEM in transmission mode and tomography experiments have been successfully performed.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Prof. Dr. Erdmann Spiecker:  After the development of this technique, it became possible to unravel the growth mechanism of gold-silver core-shell nanoparticles down to atomic resolution. The results are in excellent agreement with plasmon resonance measurements acquired by our colleagues in the physics department who also participate in the research training group.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
6.4. Dr.-Ing. Andreas Hutzler: Although not shown here, the carrier frame production employs corrosives and toxic species. Please be careful during operation and take the required precautions.
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