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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of 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.
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.) Steps 2-3
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.) Everything will be prepared.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________


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 method is to gain knowledge of the crystal structure of micro- and nanocrystalline corrosion products to better understand production and decay reactions of heritage art objects and to allow for full quantitative analysis of mixtures. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Eggert: This method can help answer key questions in the field of conservation science, such as how the art object has been produced and why it is corroded. 
1.2. Dinnebier: The main advantage of this technique is that it does not require single crystals but only small amounts of microcrystalline powder. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: The interview statements have been edited and/or removed to conform to the specified number and length restrictions.
1.3. Dinnebier: Though this method can provide insight into conservation science, it can also be applied to materials science, inorganic chemistry and metallurgy. 
1.4. Fischer: We first had the idea for this method, when we investigated a degradation phenomenon which recently had been characterized as “glass induced metal corrosion”.
1.5. Dinnebier: Generally, individuals new to this method will struggle because of the complexity of the different steps and the fact that the procedure is far from being routine.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.6. Dinnebier: Demonstrating sample preparation and data collection will be Ms. Stefani, a chemical technical assistant from my laboratory.  
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Sample Preparation and Data Collection
2.1. Under a digital microscope [1-WIDE/MED], carefully pick less than 1 milligram of sample 1 from opaque blue-green cabochons on a historic clasp using a fine needle [2-MED-over the shoulder-TXT]. 
2.1.1. Establishing shot of talent at digital microscope.
2.1.2. Talent picks sample under microscope, show microscope screen in frame if possible, TEXT: See text protocol for sample 2 collection. Video Editor: Alternatively, Sample1a.jpg, Sample1b.jpg, and Sample1c.jpg can be used for this shot if resolution of microscope screen is poor quality. If only one image can be shown, show Sample1b.jpg. If only two images can be shown, show Sample1b.jpg and Sample1c.jpg.
2.1.3. The small efflorescent needles of sample 2 are shown in detail. + Scope CAM = Crystals
2.2. Following this, grind the sample carefully with a pestle in a small agate mortar [1-MED]. 
2.2.1. Talent transfers sample to mortar and grinds it.
2.3. Distribute the sample between two thin X-ray transparent polyimide foils… [1-CU] and mount them on a transmission sample holder with an 8 millimeter diameter central opening [2-MED-over the shoulder]. Fix the transmission sample holder on the theta-circle of a diffractometer [3-MED]. 
2.3.1. *Film as written
2.3.2. *Film as written
2.3.3. *Film as written
2.4. Measure the sample for 20 hours from 5-85° 2θ (pronounced five to eighty five degrees two theta) with a step width of 0.015° 2θ (pronounced zero point zero one five degrees two theta) in transmission mode [1-MED-over the shoulder-TXT]. Turn rotation on in order to achieve better particle statistics [2-MED].  
2.4.1. Talent at computer starts the measurement program, TEXT: See text protocol for more information.
2.4.2. *Film as written
3. Crystal Structure Determination and Refinement
3.1. [bookmark: _GoBack]The next step is to perform an automatic peak search using the first and second derivatives of Savitzky-Golay polynoms of low order [1-LM]. [2 takes. “Polynoms” is the German word for “polynomials,” so I did a second take using “polynomials.”]
3.1.1. Figure10_NaCu_peakSearch.tif
3.2. First, start the software program by double clicking the icon… [1-MED-over the shoulder] and then click “Load Scan Files”. Using the pull down menu, select “X-Y data files” and then double click on the appropriate file [2-SCREEN-TXT].
3.2.1. Talent at computer starts the software program.
3.2.2. SCREEN: 3-2.mp4: Show up to 0:06 at mention of “then click “Load Scan Files”. Show from 0:06 to 0:13 for second sentence, TEXT: 1-GNM-4145-P4-Kapton.xy. (Video Editor: overlay should appear at mention of “on the appropriate file” in second sentence). 
3.3. Now, expand the range of the file. Click on the emission profile tab, select “Load Emission profile”, and choose the desired profile [1-SCREEN-TXT]. 
3.3.1. SCREEN: 3-3.mp4: Show up to 0:03 for first sentence. Show from 0:03 to 0:18 for second sentence, TEXT: CuK1sharp.lam. (Video Editor: overlay should appear at mention of “choose the desired profile” in second sentence).
3.4. Next click the “Automatically insert peaks” button and unclick “Remove K-Alpha 2 Peaks”. After setting the peak width to 0.12, set the noise threshold to 1.74 and press the “Add Peaks” button [1-SCREEN]. 
3.4.1. SCREEN: 3-4.mp4: Show up to 0:11 for first sentence. Show from 0:11 to 0:21 for second sentence.
3.5. Zoom in on the pattern, move to the desired section of peaks, and then open the peak details window. Set the peaks by pressing the left mouse button [1-SCREEN-TXT]. 
3.5.1. SCREEN: 3-5.mp4: Show up to 0:29 for first sentence. Show from 0:29 to 0:48 for second sentence. (Video Editor: If there is not enough time to show the entire video during the narrative, show up to 0:31 for setting one peak or up to 0:37 for setting two peaks in second sentence), TEXT: Press F9 to delete peaks. (Video Editor: overlay should appear during second sentence).
3.6. Next, click on “Peaks Phase”. Mark all peaks yellow by clicking on “Position” and then left click in the yellow marked column. Copy the selection and select “Create Indexing range”. Deselect the range and select “Range Indexing”. Then, select all Bravais lattices [1-SCREEN].
3.6.1. SCREEN: 3-6.mp4: Show up to 0:04 for first sentence. Show from 0:04 to 0:07 for second sentence. Show from 0:07 to 0:12 for third sentence. Show from 0:12 to 0:18 for fourth sentence. Show from 0:18 to 0:23 for fifth sentence.
3.7. Following this, press the “Run” button and “Yes” to keep indexing solutions. Press the “Solutions” button and then highlight the first solution by left clicking button 1. Now, right click on the highlighted solution and copy the selection. Deselect “Range Indexing” and then select the range [1-SCREEN].
3.7.1. SCREEN: 3-7.mp4: Show up to 0:37 for first part of first sentence (up to “press the “Run” button”) and show from 0:37 to 0:39 for remaining part of first sentence. Show from 0:39 to 0:46 for second sentence. Show from 0:46 to 0:49 for third sentence. Show from 0:49 to 0:53 for fourth sentence. (Video Editor: If there is not enough time to show the entire video during the narrative, a portion of the video up to 0:37 can be shown for first part of first sentence).
3.8. At this point, press “Add hkl Phase”, expand the range, and then expand “hkl_Phase”. Under “Indexing Details”, choose “Paste Indexing Details”. Under Background, change “Order” to 8 and then select “1/X Bkg” (pronounced one over background term) [1-SCREEN].  
3.8.1. SCREEN: 3-8.mp4: Show from 0:05 to 0:10 for first sentence. Show from 0:10 to 0:14 for second sentence. Show from 0:14 to 0:26 for third sentence.
3.9. Next, click “Instrument”. After setting the primary and secondary radii to 217.5 millimeters, select “Receiving Slit Width” under “Point Detector”. Under “Full Axial Model”, set the source, sample, and RS lengths to 6 millimeters [1-SCREEN].
3.9.1. SCREEN: 3-9.mp4: Show up to 0:05 for first sentence. Show from 0:05 to 0:08 for second sentence. Show from 0:08 to 0:17 for third sentence.
3.10. Now, click “Corrections” and choose “Zero error”. Choose “LP factor” and set the value to 27.3. Then, click “Miscellaneous” and set “Conv. Steps” (pronounced convolution steps) to 2. Select “Start X” and set the value to 8. Then, choose “Finish X” and set the value to 75. Under “Click Peaks Phase”, choose “Delete Peaks Phase” and click “Yes” [1-SCREEN].  
3.10.1. SCREEN: 3-10.mp4: Show up to 0:07 for first sentence. Show from 0:07 to 0:11 for second sentence. Show from 0:11 to 0:18 for third sentence. Show from 0:18 to 0:21 for fourth sentence. Show from 0:21 to 0:26 for fifth sentence. Show from 0:26 to 0:38 for sixth sentence.
3.11. At this point, click “hkl_Phase” and choose “Microstructure”. After selecting “Cry Size L”, choose “Cry Size G”. Select “Strain L”, choose “Strain G”, and then press the “Run” button [1-SCREEN].
3.11.1. SCREEN: 3-11.mp4: Show up to 0:10 for first sentence. Show from 0:10 to 0:12 for second sentence. Show from 0:12 to 0:22 for second sentence.
3.12. Finally, create a list of Bragg peaks suitable for Charge Flipping [1-SCREEN]. 
3.12.1. SCREEN: 3-12.mp4. (Video Editor: If there is not enough time to show the entire video during the narrative, show up to 0:23).
3.13. For crystal structure determination, use the method of Charge Flipping supported by the inclusion of the tangent formula to find the positions of most of the heavier atoms [1-LM]. 
3.13.1. Figure13_NaCu_CF.tif
3.14. First, under “File”, select “Close All” and click “Yes”. Under “Launch”, select “Launch Kernel” [1-SCREEN].
3.14.1. SCREEN: 3-14.mp4: Show up to 0:08 for first sentence. Show from 0:08 to 0:12 for second sentence.
3.15. From the “Launch” pull down menu, select “Set INP file” and then select the prepared input file. Now, press the “Run” button and after approximately 20,000 cycles, press the “Stop” button and click “Ok” [1-SCREEN-TXT]. 
3.15.1. SCREEN: 3-15.mp4: Show up to 0:24 for first sentence. Show from 0:24 to 1:23 for first part of second sentence (up to “after approximately 20,000 cycles”) and show from 1:23 to 1:27 for remaining part of second sentence. (Video Editor: If there is not enough time to show the entire video during the narrative, a portion of the video from 0:24 to 1:23 can be shown for first part of second sentence), TEXT: CF.INP. (Video Editor: overlay should appear at mention of “select the prepared input file” in first sentence).
3.16. Following this, press the Temporary output window displaying selected atoms button and then press the “Cloud options dialog” button. Set N to pick to 45, choose “With Symmetry”, and press the “Pick” button. Copy the temporary output, save it to a text file, and close the charge flipping graphics window [1-SCREEN-TXT].  
3.16.1. SCREEN: 3-16.mp4: Show up to 0:03 for first sentence. Show from 0:03 to 0:15 for second sentence. Show from 0:15 to 0:45 for third sentence, TEXT: CF.INP. (Video Editor: overlay should appear at mention of “save it to a text file” in third sentence).
3.17. The next step is to apply the global optimization method of simulated annealing to find the positions of all missing non-hydrogen atoms [1-LM]. 
3.17.1. Figure14_NaCu_SA.tif
3.18. From the “Launch” pull down menu, select “Set INP file” and then choose the prepared input file. Press the “Run” button and after several thousand cycles, press the “Stop” button and click “Yes” [1-SCREEN-TXT].
3.18.1. SCREEN: 3-18.mp4: Show up to 0:14 for first sentence. Show from 0:14 to 0:59 for first part of second sentence (up to “after several thousand cycles”) and show from 0:59 to 1:01 for remaining part of second sentence. (Video Editor: If there is not enough time to show the entire video during the narrative, a portion of the video from 0:14 to 0:59 can be shown for first part of second sentence), TEXT: SA.INP. (Video Editor: overlay should appear at mention of “choose the prepared input file” in first sentence).
3.19. The final step is to turn off simulated annealing and switch to the Rietveld refinement mode by commenting out the appropriate command [1-SCREEN-TXT].
3.19.1. SCREEN: 3-19.mp4, TEXT: Auto_T(0.1). (Video Editor: overlay should appear to mention of “commenting out the appropriate command”). 
3.20. Under “Launch”, choose “Set INP file” and select the prepared input text file. Finally, press the “Run” button and click “Yes” [1-SCREEN-TXT]. 
3.20.1. SCREEN: 3-20.mp4: Show up to 0:09 for first sentence. Show from 0:09 to 0:14 for second sentence, TEXT: Fourier_search_for_C.INP. (Video Editor: overlay should appear at mention of “select the prepared input text file” in first sentence).

4. Results: Crystal Structure Determination of Heritage Objects by X-ray Powder Diffraction
4.1. High resolution X-ray Powder Diffraction was used to determine the crystal structures of two long-known corrosion products on historic objects [1-LM]. Standard measurements using a state of the art laboratory high-resolution powder diffractometer in transmission and Debye-Scherrer geometry using monochromatic X-rays were performed [2-LM]. 
4.1.1. Fig6_Clasp_RMK.jpg, Figure7_Theco_Kachel.tif: If not possible to show both figures in their entirety, show the top image in Figure 6 and the left image in Figure 7 (labeled a). 
4.1.2. Figure8_PowderPatter_NaCu.tif
4.2. Crystal structure determination of both compounds was performed by iteratively combining reciprocal and direct space methods… [1-LM] with difference-Fourier analysis [2-LM]. 
4.2.1. Figure13_NaCu_CF.tif, Figure14_NaCu_SA.tif: Show the black screens with the structures in both figures.
4.2.2. Figure15_NaCu_Fourier.tif
4.3. The determination of the crystal structures of these compounds…  [1-LM] confirms the exact composition, improves our understanding of the decay mechanisms, and allows full quantitative phase analysis of corrosion products [2-LM].
4.3.1. Figure17_NaCu_CrystalStructure.tif, Figure18_Theco_Crystal_structure.tif: If not possible to show both figures in their entirety, show Figure 17 and left image in Figure 18 (labeled as a). 
4.3.2. Figure19_QPA_NaCu.tif

5. Conclusion (said by authors on camera)
5.1. Dinnebier: Once mastered, this technique can be done within one day if it is performed properly.
5.2. Eggert: Following this procedure, other methods like DTA, Raman spectroscopy and EDX can be performed in order to get complementary and additional information concerning composition, bonding, possible phase transitions and stability.
5.3. Dinnebier: After watching this video, you should have a good understanding of how to prepare samples, record appropriate powder diffraction data, perform data reduction and determine the crystal structure of microcrystalline material.
5.4. Eggert: After its development, this technique will pave the way for researchers in the field of conservation science as it is non-destructive, fast and easy-to-use.


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.
 2013, Journal of Visualized Experiments

