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Questionnaire:

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

Can you record movies/images using your own microscope camera? Y  

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: The microscope is at Strasbourg I don’t believe that is necessary.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y 

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.)
They will see how to calculate the 2D chemical maps and prepare the chemical tilt series for volume computation. Then it will be showed how to reconstruct the volume and how to visualize the 3D chemical maps. 
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 filming will be on the screen of the computer.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? 
The microscope is in Strasbourg and we will film in Lyon. (Filming of microscope portion not needed)
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 protocol is to obtain, visualize, and quantify the 3D chemical maps obtained by energy filtered electron tomography. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Lucian Roiban: This method can help answer key questions in the materials science, chemistry, and catalysis fields, such as how the components of a given material are mixed at nanometric scale. 
1.2. Lucian Roiban: The main advantage of this technique is that it provides information concerning the chemical distribution in the bulk and at the surface of the sample.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
Authors: If another author is available to speak the below statements, please vary the person on camera as much as possible.
1.3. _____________: Energy filtered imaging can provide three-dimensional chemical maps of materials at a nanometric scale. It can also separate chemical elements that are very difficult to distinguish using other imaging techniques.
1.4. _____________: The experimental protocol described here shows the means of obtaining 3D chemical maps to understand the chemical distribution and morphology of a material.
1.5. _____________: The 3D chemical maps can only be generated for samples that are not beam sensitive, since the recording of filtered images requires long exposure times to a relatively intense electron beam. 
Protocol: (read by voice talent at JoVE) 
2. Alignment and Reconstruction of the Tilt Series 

2.1. To begin, prepare a sample such as silica alumina or titania alumina as described in the accompanying text protocol.  [1-MED] 
2.1.1. Talent opens sample box containing a few samples.
2.2. Next, use an electron microscope to record energy filtered tilt series.  These images will be used to calculate each chemical map of the search chemical element. [1-MED-TXT] Open the three filtered tilt series consisting of two pre-edge series and one post-edge series in ImageJ for analysis. [2-MED Over the Shoulder]
2.2.1. Talent holds up flash drive and inserts it into computer. (TEXT: See accompanying text protocol for details on TEM imaging)  
2.2.2. Talent opens ImageJ and the described images
2.3. Now, open the specialized EFTEM-Tomo-J (pronounced: EFTEM TomoJ_) plugin and click on “plus”. Then click on “Image or Stack” to select the tilt series. [1-SCREEN]
2.3.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_2_3_1.mov/mp4 to your upload page.
2.4. In the table that appears, enter the energy at which the tilt series was recorded as the “Energy shift”.  Also, enter the “Slit width” and the “Exposure time” of each filtered image. [1-SCREEN]
2.4.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_2_4_1.mov/mp4 to your upload page.
2.5. Check all three-tilt series under “Mapping” and ensure that they will be used for computing the chemical maps using the power law.  Then, click on “Next”. [1-SCREEN] 
2.5.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_2_5_1.mov/mp4 to your upload page.
2.6. Chose the first image as the reference image and then click “Apply” followed by ”Next”.  At this point, a preview image of the proposed alignment appears. Visually verify that the 3 images recorded at the same tilt angle are well superimposed showing no shift between the images. [1-SCREEN]
2.6.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_2_6_1.mov/mp4 to your upload page.
2.7. Lucian Roiban: "This protocol was performed on the version 0.9 of the EFTEM-TomoJ plugin. At this moment, the filtered images recorded at the same tilt angle are aligned.”[1-INT]
2.7.1. Author says the above statement interview style.

2.8. Next, select the EFTEM-Tomo-J window, the images corresponding to the “Background”, and to the chemical “Edge”. Then, select the model of the signal extraction as “Power” and click on “Create map”.  [1-SCREEN]
2.8.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_2_8_1.mov/mp4 to your upload page.
2.9. Save the tilt series of the chemical map and then repeat this process for all of the other chemical tilt series. [1-SCREEN]
2.9.1. Screen capture video as talent saves the series and then opens a new set of images.  Author: Please submit this video as 56671_Ersen_2_9_1.mov/mp4 to your upload page.
3. Quantification of Drift

3.1. Roiban Lucian: “The sample can spend several seconds at every tilt angle while all the energy filtered images are recorded. During this time, the sample naturally drifts a small amount.” [1-INT]
3.1.1. Author says the above statement interview style.

3.2. In order to quantify this drift, first open the zero loss aligned tilt series. [1-SCREEN]
3.2.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_3_2_1.mov/mp4 to your upload page.
3.3. Then, open the chemical maps aligned tilt series. Go to “Edit”… ”Color”… and select “Merge Channels”. Select the file corresponding to zero loss for the red color, the first chemical element for green. [1-SCREEN]
3.3.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_3_3_1.mov/mp4 to your upload page.
3.4. Uncheck “Create Composite” and check “Keep Source Image”. At this point, a stack is created at each tilt angles for all the recorded images. [1-SCREEN]
3.4.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_3_4_1.mov/mp4 to your upload page.
3.5. Next, go to “Plugins” and select “Align RGB plans”.  Here, red is the reference image. Select green and using the arrows, overlap it over the red one. Then, select blue and overlap it over the red image as well. Once in position, click on “next” and repeat this process for all of the other angles. [1-SCREEN]
3.5.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_3_5_1.mov/mp4 to your upload page.
3.6. Go to “Image”… down to “Color”… and select “Split Channels” to split the RGB stack into tow stacks.  Red corresponds to zero loss, and green corresponds to the chemical maps with the drift corrected. Finally, be sure to save the tilt series. [1-SCREEN]
3.6.1. SCREEN to be provided by the authors
3.7. Then, repeat the actions for the second chemical element, and remeber to save the file.
3.7.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_3_6_1.mov/mp4 to your upload page.
4. 3-D Chemical Mapping

4.1. For 3D chemical mapping, again sit at a computer and open ImageJ.[1-MED Over the Shoulder]  Open the “Tomoj” plugin by going to “Plugins” and selecting “Tomoj”.  This will select the load angle form file. [2-SCREEN]
4.1.1. Talent sits at computer and opens ImageJ

4.1.2. Screen capture video as talent opens the plugin and the load angle form file is selected.  Author: Please submit this video as 56671_Ersen_4_1_2.mov/mp4 to your upload page.
4.2. Because all the tilt series are already aligned, navigate directly to “Reconstruction” and calculate the volumes of zero-loss, as well as the chemical volumes, using a reconstruction algorithm. [1-SCREEN-TXT]
4.2.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_4_2_1.mov/mp4 to your upload page. (TEXT: Reconstruction Algorithms: WBT - weighted back projection, ART  - algebraic reconstruction, SIRT - simultaneous iterative reconstruction, OS-ART - Ordered-subset simultaneous algebraic reconstruction) 
4.3. Lucian Roiban: ”It is recommended to use an iterative algorithm for the reconstruction of the chemical volumes. Also, using this software, it is possible to reconstruct the volumes using the GPU.”[1-INT]
4.3.1. Talent says the above statement interview style.
4.4. Once all volumes are computed, use the “Merge Channels” option to apply different colors to the obtained volumes and overlap them in a single volume, to obtain the 3D chemical map. [1-SCREEN]
4.4.1. Screen capture video as talent performs the above step in the order listed.  Author: Please submit this video as 56671_Ersen_4_4_1.mov/mp4 to your upload page.
4.5. Finally, follow along in the accompanying text protocol for additional details on 3D modeling and quantification of the chemical information, surface area, and pore size distribution. (Authors: Please check this final statement) [1-MED Over the Shoulder]
4.5.1. Talent at computer working on one of the described items.

5. Results: Reconstructed Models of Titania/Alumina Samples Provide Insight into Catalytic Applications
5.1. EF-TEM tomography was used here to analyze 3 different samples of titania alumina catalyst supports with different component ratios. It was found that titania at a high concentrations forms clusters that are embedded in the alumina. 
5.1.1. Figure 1a-c (Video Editor: Label Figure 1a “50% alumina / 50% titania”, Figure 1b “70% alumina / 30% titania”, and Figure 1c “90% alumina / 10% titania” Also, add a legend to show: Green = titania, Red = alumina, Blue = vacuum)
5.2. These models show the chemical distribution of titania and alumina on the surface of the samples. It was found that independent of the proportion of titania and alumina in the sample, the surface of the sample is covered with titania in a proportion of about 30%. 
5.2.1. Figure 1e-g (Video Editor: Label Figure 1e “50% alumina / 50% titania”, Figure 1f “70% alumina / 30% titania”, and Figure 1g “90% alumina / 10% titania” Also, add a legend to show: Blue = titania, Red = alumina) 

5.3. Alumina has a high specificity to the surface and the goal is to have titania supported by alumina. After modeling It was found that the sample containing 10% titania, has a layer that is only about 10 nm thick on the surface.  This variance could play a role in the sample’s catalytic applications.
5.3.1. Figure 1e-g (Video Editor: Label Figure 1e “50% alumina / 50% titania”, Figure 1f “70% alumina / 30% titania”, and Figure 1g “90% alumina / 10% titania” Also, add a legend to show: Blue = titania, Red = alumina.   With the 2nd sentence. Highlight Figure 1f.)

6. Conclusion (said by authors on camera) 
6.1. Lucian Roiban: It is important to mention the energy filtered electron tomography is a time consuming technique.
6.2. Lucian Roiban: While attempting this procedure, remember that the energy filtered imaging is sensitive to the diffraction contrast, but also the thickness of the sample and its resistance to the electron beam must be verified.

6.3. ____________: After its development, this technique paved the way for researchers in the field of material science to understand the influence of morphological and chemical parameters over the proprieties of that material. 
6.4. _____________: We hope that after following this protocol, the new users of electron tomography, will have a good understanding of the steps to follow and on the difficulties encounter to reconstruct a volume, segment the model, and quantify its parameters. 
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 are included in the email accompanying the finalized script.
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