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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   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? 2.5–2.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.3, 3.3
E.  Will the filming need to take place in multiple locations? N
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 x-ray free electron laser, powder diffraction experiment is to probe the electron dynamics induced in nanocrystals of C60 via interaction with intense, femtosecond x-ray pulses. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rebecca Ryan: This method can help answer whether the use of x-ray pulses of extremely short duration, which deliver intense x-ray bursts, affect samples in ways that deviate from conventional x-ray crystallography.
1.2. Brian Abbey: Though this method provides insight into the transient electronic structure of C60, it could also be applied to other samples, including protein crystals.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Connie Darmanin: Generally, individuals new to this method will struggle because XFEL science is a relatively new field – the protocols for which are still being developed and tested.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) N/A
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A
Protocol (read by voice talent at JoVE):
2. C60 Powder Sample Preparation
2.1. The experiment depends on the correct preparation of the C-60 sample. [1-WIDE] Have the necessary materials ready in a biosafety cabinet. [2-MED] These materials include a source of 5 g of C-60 powder and mortar and pestle. [3-CU]
2.1.1. Talent arriving at the biosafety cabinet where preparation will be done
2.1.2. Talent with the needed materials ready in the biosafety cabinet. Possibly over the shoulder
2.1.3. A labeled container of C60 powder and a mortar and pestle
2.2. In addition, prepare a sample holder for the experiment. [1-MED] This aluminum frame sample holder has 48 approximately 2 millimeter by 12 millimeter cells and has a thickness of 1 micrometer. [2-CU-TXT] Complete the sample holder by adhering a 10 micron thick adhesive polyimide film to cover one side of the frame. [3-CU] With the polyimide film in place, the cells now form wells for the C-60 powder.
2.2.1. Talent moving sample holder into position to work with it
2.2.2. Detail of the sample holder [TEXT: Overall dimensions: 60 mm x 25 mm x 1 µm] 
2.2.3. Sample holder as film is being applied to one of its sides
2.2.4. The sample holder being displayed to show the adhered film and ending with the film side down
2.3. Once the sample is holder ready, begin working with the C-60. [1-MED] Transfer a small batch of about 100 micrograms to the mortar. [2-CU] The powder level should not exceed the height of the rounded edge of the pestle. [3-CU] Crush the powder to produce fine nanoparticles. [4-MED]
2.3.1. Talent turning attention from sample holder to powder
2.3.2. Powder being transferred to the mortar
2.3.3. Detail of powder in mortar to demonstrate its level. If the pestle doesn’t obscure everything and can be shown to make a comparison, please include it
2.3.4. Talent crushing the powder
2.4. Rebecca Ryan: Crystals that are too large diffract too many x-rays and saturate the detector. Check that crystals do not show any visible light reflections, as this is a sign that the crystals have not been crushed finely enough.
2.4.1. Interview style: Talent saying the above
2.5. Use a small spatula to remove the crushed C-60 powder from the mortar. [1-CU] Then spread the powder as thinly as possible across the cells of the sample holder and onto the adhesive backing of the polyimide film. [2-CU] Repeat crushing the powder and applying it to the cells until they are all filled. [3-MED]
2.5.1. Talent removing powder from the mortar
2.5.2. Detail of the prepared sample holder as powder is deposited onto it
2.5.3. Talent spreading powder onto sample holder or crushing powder with mortar and pestle
2.6. Next, get a second adhesive backed polyimide film that can cover the entire sample holder. [1-MED-TXT] Apply the adhesive side directly onto the powder in the sample holder.  [2-CU] Then pull the film off to create a uniform monolayer in the sample holder. [3-CU] Apply new polyimide sheets in the same manner until no more powder comes off. [4-MED]
2.6.1. Talent preparing polyimide film [TEXT: 10 µm thick]
2.6.2. Detail of the sample holder as the film is applied to it
2.6.3. Detail of the sample holder as the most recently placed adhesive film is removed. 
2.6.4. Talent applying and removing another polyimide sheet
2.7. When done, the C-60 monolayer should appear evenly spread out across individual cells. [1-CU]  Seal the sample holder in a plastic container for transport. [2-CU]
2.7.1. Detail of the sample holder to demonstrate the appearance of the powder 
2.7.2. The sample holder with powder being placed in a container 
3. Scans at the Linac Coherent Light Source, Coherent X-ray Imaging Beamline
3.1. This drawing provides an overview of the experiment at the Linac Coherent Light Source at Stanford. [1-LM] The sample is mounted 79 cm in front of and parallel to the Cornell-SLAC Pixel Array Detector in an experiment chamber at 10-7 Torr. [2-LM] A 32 femtosecond, 10 kiloelectron volt pulse with the smallest practical focal spot size is directed perpendicular to the sample. [3-LM]
3.1.1. LAB MEDIA: 56296_Piname_Figure7.pptx
3.1.2. LAB MEDIA: 56296_Piname_Figure7.pptx (Video editor: Please highlight/point to the grey symbol at the center labeled “Sample holder” during this shot. Also, in some way suggest the distance between that symbol and the blue symbol labeled CSPAD is 79 mm.)
3.1.3. LAB MEDIA: 56296_Piname_Figure7.pptx (Video editor: Please highlight/point to the blue cone shaped symbol labeled “Focused XFEL beam” at the left of the image during this shot.)
3.2. Viewing the sample holder on the beam side, program the raster scan procedure to start at the top left corner of a sample cell window. [1-LM] Then scan horizontally in steps of 600 micrometers until reaching the cell boundary. [2-LM] Move down 600 micrometers and scan left to right again. [3-LM] After one last scan, end at the lower right corner of the sample cell window. [4-LM]
3.2.1. LAB MEDIA: 56296_Piname_Figure8.pptx (Video editor: Please use the hatched symbol with 12 rectangles on the right hand side of the image [or a rendition of it] by itself. Highlight the rectangle in its top left corner.)
3.2.2. LAB MEDIA: 56296_Piname_Figure8.pptx (Video editor: Please transition to a single rectangle while suggesting it is the highlighted rectangle from 3.2.1. This shot and the next two will create something similar to the image on the lefthand side of the file referred to. In the new rectangle, please animate the drawing of a line from left to right in its top right corner.  End the line, skip a space horizontally, then draw a similar line. Repeat to the end of the rectangle. It should ultimately be similar to the lefthand image in the file, except there should only be one set of lines across the top, and the lines should not have arrow heads.)
3.2.3. LAB MEDIA: 56296_Piname_Figure8.pptx (Video editor: Create a second set of lines in the same manner as the first. This set should be about the same distance below the first set as the individual lines are long)
3.2.4. LAB MEDIA: 56296_Piname_Figure8.pptx (Video editor: Create a third set of lines in the same manner as the first two. It should be about the same distance below the second set as the individual lines are long.)
3.3. Perform a scan with 90% of the incident X-rays attenuated and a 1 Hertz pulse frequency. [1-LM] View the images to check for possible detector saturation, as in this case. Saturation indicates the need for more attenuation before the detector. [2-LM] Address attenuation issues so there is no detector saturation. [3-LM] The experiment can then proceed using another sample holder cell. [4-LM][TEXT: See text protocol]
3.3.1. LAB MEDIA: continued from 3.2 (Video editor: Please show the sequence of 3.2.2–3.2.3 as one animation)
3.3.2. LAB MEDIA: 52696_Piname_Figure9.tif 
3.3.3. LAB MEDIA: 52696_Piname_Figure9.tif, unsaturated_frame_example.tif (Video editor: Please add unsaturated_frame_example.tif to the right of the image in 3.3.2)
3.3.4. LAB MEDIA: 56296_Piname_Figure8.pptx (Video editor: Please recreate the image in shot 3.2.1 and show the highlighting moving from the rectangle in the top left to the one immediately to its right.)
4. Peak Analysis
4.1. For peak analysis, start with a 2-dimensional powder diffraction image file. [1-WIDE-TXT] (Voice talent: FIT2D is pronounced “fit two d”) Open the FIT2D software and agree to the terms of use. [2-SCREEN] On the next screen enter the diffraction image dimensions. Click on “x-dimension” and set the value, 1800 pixels in this experiment. Then click on “y-dimension” and set its value, also 1800 pixels. Continue by moving to and clicking on “OK”. [3-SCREEN]
4.1.1. Talent at the computer, opening the software [TEXT: See text protocol for preliminary steps and FIT2D software]
4.1.1. *To be provided by authors SCREEN: Authors: Please start with the FIT2D program open. After a few seconds with no activity, move the cursor to the “I accept” option and click on it. Editor, please cover the short VO from the deleted shot above with this SCREEN 56296-Screen1.avi
4.1.2.  *To be provided by authors SCREEN: Authors: Start with the cursor as it was left in the previous shot. After a pause of about two seconds, move it to the “x-dimension” box and click. Enter the value and pause. Then move to click the “y-dimension” box. Enter the value and pause. Finish by moving the cursor to “OK”, then clicking. 56296-Screen2.avi
4.2. On the next screen, select “Powder diffraction 2-D”. Move on to select “Input” to load the file. Choose the diffraction image file from the list. [1-SCREEN] Select “OK” on the next screen and the screen after that. Then move the cursor to choose “Beam Centre” from the menu. [2-SCREEN]
4.2.1. *To be provided by authors SCREEN: Authors: Start with the cursor in the position it was in after the previous shot. After a two second pause, move to select “Powder….” Pause on the new screen, then move to select “Input”. Pause for a second before selecting the file. 56296-Screen3.avi
4.2.2. *To be provided by authors SCREEN: Authors: After a second or two pause, move to “OK” and click it. Next, pause over “OK” then click it. [I believe this is correct] Pause for a second, then move the cursor to “Beam Centre”. Pause before clicking it. 56296-Screen4.avi
4.3. Select the ‘Circle coordinates’ option and within the ‘Input Concentric Coordinates’ bar select the ‘Two click’ option. Now on the diffraction image, work on the innermost diffraction ring. Click one point on the ring and then click the centre of this ring portion seen in the spy-glass. Repeat for three more points on the innermost diffraction ring, ensuring the four points selected are at approximately equal intervals on the ring.  When done, press ‘Click here to finish’ to determine the center of the diffraction pattern. [1-SCREEN]
4.3.1. *To be provided by authors SCREEN: Authors: After a pause of a second or so, move the cursor to start selecting the four points. Once the four points are selected, pause, then move the cursor to “Continue”. After a pause, select “Continue”. 56296-Screen5.avi
4.4. Click “Integrate” to perform azimuthal integration of the image. At this point, the physical geometry parameters from the experiment are required: pixel size; sample-detector distance; x-ray wavelength. [1-SCREEN] When these values are entered, press “Continue” to generate a 1-dimensional powder diffraction pattern. [2-SCREEN]
4.4.1. *To be provided by authors SCREEN: Authors: Start with the cursor where it was after the last shot. After a second or two pause, move to “Integrate”, pause, then click on it. In the new screen, pause, then use the cursor to point out the fields that need to be filled. Pause for a second or two, then fill them. (Video editor: My guess is it will be best to end this shot before the fields are filled and continue with the next shot) 56296-Screen6.avi
4.4.2. *To be provided by authors SCREEN: Authors: Start with the necessary fields filled and a pause before moving to “Continue”. Pause before selecting “Continue”. 56296-Screen7.avi
4.5. The software will generate a plot of intensity versus 2 theta scattering angle. Go to the menu items and select “Output”. From the output options choose ‘chiplot’. Enter a name for the file before saving it. After saving the file, close the program. [1-SCREEN] [2-MED]
4.5.1. *To be provided by authors SCREEN: Authors: Start with the completed plot on the screen. Pause for a few seconds before moving the cursor to the menu and selecting “Output”. (Voice talent: The “chi” in “chiplot” is pronounced like the “ky” in “sky”) After a pause, choose “chiplot”. Pause again before moving the cursor to the name field and entering a name. 5296-Screen8.avi
4.5.2. Talent at computer, closing program
5. Results: Evidence of Forbidden Reflections in FCC Nanocrystals of C60 Subjected to X-ray Free Electron Laser Pulses
5.1. Here are 1-dimensional data from x-ray free electron datasets. [1-LM] A 10% flux dataset is in green, and a 100% flux dataset is in red. [2-LM] For comparison there is a synchrotron dataset in purple. [3-LM] 
5.1.1. LAB MEDIA: 56296_Piname_Figure3A.tif
5.1.2. LAB MEDIA: 56296_Piname_Figure3A.tif (Video editor: Please point to the green line during “A 10%...green”, and the red line during “...a 100%...red”. It is probably easiest to point to the entries in the key to associate the datasets with the colors used in the plot.)
5.1.3. LAB MEDIA: 56296_Piname_Figure3A.tif (Video editor: Please point to the purple line in a manner consistent with 5.1.2)
5.2. When viewed closely, the synchrotron and 10% flux x-ray free electron laser datasets show similar structure and largely coincide. [1-LM] However, the 100% x-ray free electron laser data shows additional peaks. [2-LM]
5.2.1. LAB MEDIA: 56296_Piname_Figure3A.tif, 56296_Piname_Figure3B.tif, “56296_Piname_Figure3C (1).tif” (Video editor: Please refer to 56296fig3large.jpg. Panel A of that figure corresponds to 56296_Piname_Figure3A.tif, but two regions are enclosed with a grey dashed line. The region on the left roughly corresponds to 56296_Piname_Figure3B.tif and that on the right to “56296_Piname_Figure3C (1).tif”. Please visually associate the new figures [added after 5.1.3] with the appropriate part of the original figure.)
5.2.2. LAB MEDIA: 56296_Piname_Figure3B.tif, “56296_Piname_Figure3C (1).tif” (Video editor:  Please point out at least one example from each plot of a peak in the red curve that does not coincide with the other curves. For example, in “3B” the on at about 12 on the horizontal scale, and in “3C” the one at about 23.)
5.3. The data motivates a model of the change to the electron structure of the C-60 molecules due to interaction with the pulse. [1-LM] In this image, blue spheres represent C-60 molecules and the red tips indicate the direction of ordered dipoles. [2-LM] Induced electric dipole moments lead to an alignment of neighboring dipoles and, ultimately, additional phase contributions to the scattering amplitude. [3-LM]
5.3.1. LAB MEDIA: 56296fig4.jpg 
5.3.2. LAB MEDIA: 56296fig4.jpg (Video editor: Please point to one of the blue spheres during “blue spheres….molecules” and label it C60. During “red tips...dipoles”, point to the red tip on the same blue sphere and label it “dipole direction”)
5.3.3. LAB MEDIA: 56296fig4.jpg 
5.4. Here are data and output from models over a range of scattering angles where the 100% flux x-ray free electron laser data show additional peaks. [1-LM] Again, the synchrotron data and the 10% flux data agree and are consistent with the FCC model. [2-LM] The 100% flux x-ray free electron laser data differs from these, but is accurately reproduced by the model created to explain it. [3-LM]
5.4.1. LAB MEDIA: 56296fig6.jpg
5.4.2. LAB MEDIA: 56296fig6.jpg (Video editor: Please highlight or point to the top three curves)
5.4.3. LAB MEDIA: 56296fig6.jpg (Video editor: Please highlight or point to the bottom two curves)
6. Conclusion (said by authors on camera)
6.1. Rebecca Ryan: Once mastered, this technique can be carried out in a single 12 hour shift at the LCLS. This includes everything from sample preparation, to testing and refining detector attenuation and sample positioning for runs at two x-ray fluxes.
6.2. Rebecca Ryan: While attempting this procedure, it is important to check detector saturation throughout all experiment runs. Be sure to view real-time detector images and halt a run if the detector becomes saturated. 
6.3. Connie Darmanin: Following this procedure, other methods like mass spectroscopy can be performed on the irradiated samples, however the samples are utterly obliterated during the XFEL runs.
6.4. Connie Darmanin: After its development, this technique paved the way for researchers in the field of x-ray science to explore the effects of intense x-ray light sources on crystal samples using the principles of x-ray crystallography.
6.5. Rebecca Ryan: Don't forget that working with nanomaterials can be extremely hazardous and precautions such as the use of biosafety cabinets and fumigated hoods should always be taken while preparing C60 samples.
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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