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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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.
- step 3.1 (checking that experiment is ready)
- step 3.3 (switching on detector and showing signal traces)
- step 3.7 (finding overlap of jet and laser)
- step 5.3 (coincidence plot to see if results can be expected)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  [No answer-WH]
E.  Will the filming need to take place in multiple locations? No
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 experiment is to use Coulomb explosion to image the handedness of individual molecules in the gas phase.  (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Martin Pitzer: This method is a new approach to address important questions in stereochemistry. In particular, it allows to determine the absolute configuration of small chiral species and their photo-induced structural dynamics. 
1.2. Markus Schöffler: The main advantage of this technique is that energy and emission direction of all charged fragments from a molecular break-up can be recorded.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Horst Schmidt-Böcking (slightly deviating from script):  We had done this kind of experiment for many years to study the physics of diatomic molecules before we realized that we can make contributions to stereochemistry as well. Author giving this statement changed.
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. Setup and Preparation
2.1. The heart of the experiment is a setup for coincident imaging of ions, and a femtosecond laser, such as this COLTRIMS (pronounce as one word: COL-trims) apparatus. [1-WIDE-TXT] The femtosecond laser beam enters from an adjacent room [2]. The basics of its operation are depicted in this animation. [2 3-LM]
2.1.1. The COLTRIMS setup with talent near the portal for the laser beam [TEXT: COLTRIMS – Cold Target Recoil Ion Momentum Spectroscopy]
2.1.2. Talent pointing to the portal through which the laser beam enters the room
2.1.3. LAB MEDIA: Step2_1coltrims_movie.mp4 (Video editor: Please just show the opening frame of the video at this point)
2.2. A molecular beam enters the vacuum chamber through a nozzle and a skimmer. [1-LM] A laser beam crosses the molecular beam at right angles and leads to ionization and subsequent fragmentation. [2-LM] The electric field in the spectrometer guides the ions to the detector where the times and positions of their impacts are recorded. [3-LM]
2.2.1. LAB MEDIA: Step2_1coltrims_movie.mp4 (Video editor: Ideally the next three sentences could be synchronized with the animation. This sentence would cover the first 3-4 seconds up to a point just before when the connected balls/atoms are intercepted by the white “light”. The connectors between the balls should still be visible.)
2.2.2. LAB MEDIA: Step2_1coltrims_movie.mp4 (Video editor: This sentence should go with the next ~3 seconds. Ideally it would end before the balls start leaving trails.)
2.2.3. LAB MEDIA: Step2_1coltrims_movie.mp4 (Video editor: This sentence should go with the remainder of the animation.)
2.3. Prepare the setup for operation and check the vacuum in the interaction chamber. [1-WIDE-TXT] The pressure should be less than 10-9 hectopascal. [2-CU] 
2.3.1. Talent moving into position to check the vacuum reading [TEXT: See text protocol for details of preparation.] 
2.3.2. Reading of the pressure gauge
2.4. With the laser on and at low intensity, perform the beam alignment. [1-WIDE-TXT] Be sure the beam enters the experiment chamber and is reflected from the chamber’s focusing mirror. [2-MED] Use a beam card to check that the incoming and outgoing beams coincide spatially. [3-CU] Block the laser beam before continuing.  [4-WIDE] 
2.4.1. Talent unblocking laser beam path and getting into position to perform beam alignment [TEXT: Laser power: 100 mW]
2.4.2. Talent adjusting mirror(s) to direct beam into chamber. If possible, include in the frame the window through which the beam enters the chamber
2.4.3. A beam card inserted into the beam and showing the overlap of incoming and reflected beams
2.4.4. Talent blocking beam
3. Turning on the Spectrometer and the Detectors
3.1. Prepare to turn on the spectrometer and detector power supplies. [1-WIDE] First, turn off the vacuum gauges in the interaction chamber. [2-MED] Next, connect the amplified signal output of the microchannel plates to a fast oscilloscope. [3-MED] Now, turn on the high-voltage power supplies for the detector and the electric field in the spectrometer. [4-MED-TXT]
3.1.1. Talent getting into position to turn off the vacuum gauges
3.1.2. Talent turning off the vacuum gauges
3.1.3. Talent making or checking connections to the oscilloscope
3.1.4. Talent turning on the power supplies [TEXT: Typical field strengths: 50 – 100 V/cm]

3.2. Return to work with the laser beam by first unblocking it. [1-WIDE-TXT] [2-MED] Have a rotatable polarization filter ready to adjust the beam intensity. [3-CU] 
3.2.1. Talent arriving at and removing beam blocker [TEXT: Laser power: ~300 mW]
3.2.2. Talent in front of the experimental chamber window. This shot has been deleted. Not sure if it was filmed or not. 
3.2.3. Detail of optical elements just before the chamber window, with talent pointing out the variable polarization filter. Editor: Not sure about slating here, since 3.2.2. was deleted. 
3.3. Place a power meter in the beam just before the chamber and use the filter to adjust the beam intensity to below 1014 Watts per square centimeter [1-CU] For this setup this corresponds to 100 milliWatts on the power meter. [2-CU] Remove the power meter and observe the oscilloscope trace. [3-WIDE]
3.3.1. Detail of region including optical elements and chamber window as a power meter is inserted into the beam path and variable filter is adjusted.
3.3.2. Polarization filter is rotated until reading on power meter is showing about 100 mW.
3.3.3. Talent moving from measuring power to the oscilloscope
3.4. Martin Pitzer: It is crucial to check the signal quality and the detector settings. If too much noise is recorded, the true coincidences are very difficult to find.
3.4.1. Interview style: Talent saying above 
3.5. The signal frequency should be about 5 percent of the laser repetition rate. [1-LM-TXT] The signals should have one peak of several hundred millivolts without any ringing. The width of the signals should not exceed 10 nanoseconds. [2-LM]
3.5.1. LAB MEDIA: (Authors: Please provide an image to demonstrate an acceptable signal frequency. If these are videos, the signals should be fairly stable) [TEXT: Laser repetition rate: 100 kHz] 3.5.1. Incorporated into video sequence 3.5.2
3.5.2. LAB MEDIA: (Authors: Please provide an image to demonstrate how an individual peak should appear.) (Video editor: This goes with the last two sentences.) Sequence showing the signals on the oscilloscope screen.
3.6. Now, turn to the data acquisition software. [1-WIDE] There, display an image of the detector, which should be a circle with a diffuse spot at its center due to the laser. [2-LM] At this point, provide 1 bar of Argon from a gas cylinder as the source for the gas jet. [3-WIDE-TXT]
3.6.1. Talent at computer viewing data acquisition software screen
3.6.2. LAB MEDIA: (Authors: Please supply an image/movie to show the what the detector software displays before the Argon is introduced) [TEXT: See text protocol for additional steps with the detector.]
3.6.3. Talent opening Argon cylinder valve, then opening valve to start the gas jet [TEXT: Maximize the pressure in the jet dump section]
3.7. Observe the detector image live in the data acquisition software while adjusting the focusing mirror. If a narrow spot appears, overlap between the molecular jet and the laser beam has been located. The goal is to maximize the jet/beam overlap and increase the counts in the jet spot. [1-LM] [2-LM]
3.7.1. SCREEN LAB MEDIA: (Authors: Please provide an image/movie from the data acquisition software before optimization of the molecular jet/laser beam overlap) (Video editor: This goes with the first two sentences. If possible/necessary, during the second sentence, point out the narrow spot referred to.) Video Editor: This is a SCREEN capture. The first two sentences should end around 00:16. Adjust the length before and after if necessary. Note from the authors: Instead of the two images, we show a screen capture, which illustrates the transition from one status to the other. 
3.7.2. LAB MEDIA: (Authors: Please provide an image/movie from the data acquisition software after the optimization. As written, the image can be a SCREEN CAPTURE that builds up over a few seconds.) (Video editor: This goes with the last two sentences.)
4. Sample Delivery
4.1. After optimizing the jet/beam overlap, prepare the sample for use in the experiment. [1-WIDE] This sample is already in a cylinder that is compatible with the setup. [2-CU] First, cool the cylinder in liquid nitrogen for one to two minutes to avoid sample losses. [3-MED]
4.1.1. Talent in position to work with sample, inspecting sample cylinder
4.1.2. Detail of sample cylinder consistent with previous shot
4.1.3. Talent starting to cool sample with liquid nitrogen
4.2. Connect the cooled cylinder to the jet system [1-MED] and tighten the connection to make it vacuum-proof. [2-CU] Next, open the valve to pump the system for a few seconds to remove air. [3-MED] Wait for the sample to return to room temperature before opening the valve to the jet nozzle. [4-WIDE-TXT]
4.2.1. Talent putting cylinder in position
4.2.2. Detail of cylinder as talent tightens connections
4.2.3. Talent manipulating valve to allow for a few seconds of pumping
4.2.4. Talent opening valve to jet nozzle [TEXT: Sample at room temperature]
4.3. The pressure in the source chamber should increase. [1-CU-TXT] Return to the data acquisition software. [2-MED] At the computer, verify that a jet spot is still visible and identify the most prominent peaks in the time-of-flight spectrum. [3-LM]
4.3.1. Pressure gauge reading [TEXT:  Pressure > 10-5 hPa]
4.3.2. Talent at computer using data acquisition software
4.3.3. LAB MEDIA: (Authors: Please provide an image/video of the data acquisition software display with a visible jet spot time-of-flight spectrum)
5. Performing the Measurement
5.1. Continue to work in the data acquisition software. [1-WIDE] For analysis, make a plot using the time-of-flight of the first detected ion along the x-axis, and the time-of-flight of the second detected ion along the y-axis. [2-LM] When two fragments have been detected in coincidence, they appear as regions with many counts. [3-LM] If two fragments add up to the parent mass, they fulfill momentum conservation and show up as sharp diagonal lines. [4-LM]
5.1.1. Talent working at computer with data acquisition software
5.1.2. LAB MEDIA: (Authors: Please provide an image similar to “Step5_1_example_not_for_video.png”) (Video editor: Please highlight the horizontal axis during “time-of-flight of the first detected ion along the x-axis” and the vertical axis during “time-of-flight of the second detected ion along the y-axis”) Authors added 5-1-2-coincidence spectrum1.png to use for editing

5.1.3. LAB MEDIA: continued from 5.1.2 (Video editor: Please use “Step5_1_example_not_for_video.png” as a guide to identify coincidence events.) Authors added 5-1-2-coincidence spectrum1_annotations.png to illustrate 5.1.3. and 5.1.4., so 5.1.3. and 5.1.4. are combined in a single LM.
5.1.4. LAB MEDIA: continued from 5.1.3 (Video editor: Please use “Step5_1_example_not_for_video.png” as a guide to identify momentum conservation events.) Authors added 5-1-2-coincidence spectrum1_annotations.png to illustrate 5.1.3. and 5.1.4.
5.2. Perform a time-of-flight analysis of four particles with a plot created by summing the times-of-flight for the first and second hits to use for the x-axis value, and summing the times-of-flight for the third and fourth hits to use for the y-axis value. [1-LM]
5.2.1. LAB MEDIA/SCREEN CAPTURE: (Authors: Please provide something similar to “Figure2.png” from the manuscript) (Video editor: Please highlight the horizontal axis during “summing the times-of-flight for the first and second hits to use for the x-axis value” and the vertical axis during “summing the times-of-flight for the third and fourth hits to use for the y-axis value”)
5.3. The positions and shapes of the resulting structures reveal information of the masses and momenta. Adjust the laser power so that the number of counts in this spectrum is optimized. 
5.3.1. LAB MEDIA/SCREEN CAPTURE: continued [TEXT: This peak beam intensity: 6 • 1014 W/cm2] (Video editor: Keep this image up for both sentences.)
5.4. Kilian Fehre: When optimizing the rate for the relevant break-up, keep in mind that the overall event rate should not exceed 10% of the laser rate to avoid false coincidences. Author giving this statement changed.
5.4.1. Interview style: Talent saying above
6. Results: Distinguishing the Enantiomers of CHBrClF
6.1. These data are from a synthetic racemic mixture of bromochlorofluoromethane. [1-LM-TXT] Only events where a fragmentation into five singly charged ions were recorded are shown. The horizontal axis is calculated using a triple product of the momentum vectors of the halogen ions. [2-LM]
6.1.1. LAB MEDIA: Figure3_no_insets.png [TEXT: Peak laser intensity: ~6 • 1014 W/cm2]
6.1.2. LAB MEDIA: Figure3_no_insets.png (Video editor: This covers two sentences. Please highlight the horizontal axis during the second sentence.)
6.2. The S-enantiomer is at the left of the histogram. The diagram illustrates its associated angle theta. The R-enantiomer is at the right of the histogram, along with a diagram to illustrate its angle. The laser repetition rate was 100 kilohertz and the measurement took about 11 hours.
6.2.1. LAB MEDIA: Figure3_no_insets.png, Figure3_inset1.png (Video editor: This covers the first two sentences. Please add “Figure3_inset1.png” to the left side of the image to associate it with the peak there.)
6.2.2. LAB MEDIA: Figure3_no_insets.png, Figure3_inset1.png, Figure3_inset2.png (Video editor: This covers the last two sentences. Please add “Figure3_inset2.png” to the right side of the image to associate it with the peak there.)
6.3. This animation demonstrates how it is possible to use the recorded momentum vector data of the fragments to transform their random orientation in the jets into a molecular coordinate system.
6.3.1. LAB MEDIA: (Authors: Please provide the animation described. If you have decided not to produce it, please eliminate this step.) 
7. Conclusion (said by authors on camera)
7.1. Markus Schöffler: After watching this video, you should have an idea of how Coulomb Explosion Imaging is performed using the COLTRIMS technique. Author giving this statement changed.
7.2. Martin Pitzer: Recording the momentum vectors of four or five fragments in coincidence allows a detailed view into the molecule. Extracting this information from the raw data, however, still requires a lot of effort in the analysis step.
7.3.  Horst Schmidt-Böcking (slightly deviating from script): In future experiments, the setup can be combined with pump-probe techniques to investigate the structural dynamics of chiral molecules. Author giving this statement changed.
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.  
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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