

[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 60487
Scriptwriter Name: Qingyun Ping
Project Page Link: http://www.jove.com/files_upload.php?src=18448583

Title: Analysis of Complex Molecules and Their Reactions on Surfaces by Means of Cluster-Induced Desorption/Ionization Mass Spectrometry 

Authors and Affiliations:  Karolin Bomhardt1,*, Pascal Schneider1,*, André Portz1, Christoph R. Gebhardt2, Michael Dürr1	Comment by Maja Fiket: Authors: Please ensure that all authors’ names are spelled correctly and that the affiliations listed here are correct. 

This is how your names and affiliations will appear in your video. 

1Institute of Applied Physics and Center for Materials Research (LaMa), Justus Liebig University Giessen, Giessen, Germany
2Bruker Daltonik GmbH, Bremen, Germany

*These authors contributed equally.

Corresponding Author: 
Michael Dürr
michael.duerr@ap.physik.uni-giessen.de

Email addresses for Co-authors: 
karolin.bomhardt@ap.physik.uni-giessen.de
pascal.schneider@ap.physik.uni-giessen.de
andre.portz@ap.physik.uni-giessen.de
Christoph.Gebhardt@bruker.com



Author Questionnaire:

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

2. Does your protocol include software usage? 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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2.1, 2.2.2, 2.3.1, 2.4.1, 2.5.2, 2.6.1 (refers to new numbers, see below)
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. (Please do not list entire sections.)
There is no such single most difficult aspect of the procedure.
5. Will the filming need to take place in multiple locations? N


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Michael Dürr: Desorption/Ionization induced by neutral SO2-clusters, which in short we call DINeC, is an extremely soft and efficient desorption and ionization method. We use it for the mass spectrometry of larger molecules such as peptides and proteins [1].
1.1.1. INTERVIEW

1.2. Christoph Gebhardt: As DINeC desorbs the molecules intact from the sample surface, subtle chemical changes in these molecules can be easily detected in the mass spectra [1].
1.2.1. INTERVIEW
[bookmark: _Hlk20402911]
1.3. Michael Dürr: The process is illustrated in the following simulation [1]: The incoming cluster shatters during cluster-surface impact. The surface-adsorbed dipeptide is dissolved in one of the cluster fragments and desorbed via this process [2-LM].
1.3.1. INTERVIEW
1.3.2. MD-simulations_cluster-desorption.mp4

1.4. Christoph Gebhardt: In the experiment, the beam of SO2 clusters [1] is produced via supersonic expansion from a pulsed nozzle. The molecules which are desorbed and ionized during cluster surface impact are transferred into the ion trap for mass spectrometry. [2-LM].
1.4.1. INTERVIEW
1.4.2. Figure 1 – Video editor: highlight the respective parts of the figure

1.5. Michael Dürr: Typical mass spectra only show peaks at m over z values of the intact molecules [1].
1.5.1. INTERVIEW
 
Introduction of Demonstrator: (Said by you on camera)

1.1. Michael Dürr: Demonstrating the procedure will be Karolin Bomhardt and Pascal Schneider, two PhD students in my laboratory. (Add additional mention of demonstrators as necessary).  
1.1.1. Interview style: Author saying the above 
1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Author comment:  1.1.2.A is Karolin Bomhardt, 1.1.2.B is Pascal Schneider.



















Section - Protocol
2. Preparation of Substrates and Samples
2.1. For standard samples, cut the substrates from silicon wafers with thickness of approximately 0.5 to 1 millimeters in pieces of 1 x 1 square centimeter [1]. Clean the silicon substrates in an ultrasound bath of ethanol and acetone for 15 minutes each [2]. Dry the substrates in a stream of dry nitrogen gas [3].
2.1.1. Talent shows silicon wafers with a pincer. Author Comment: this shot is divided into three different parts with numbers 2.1.1.A, 2.1.1.B, 2.1.1.C. They should be shown in this order.
2.1.2. Talent places the pieces into an ultrasound bath.
2.1.3. Talent dries the pieces.
2.2. Then, drop-cast 5 to 30 microliters of the sample solution on the substrate [1]. Depending on vapor pressure of the solvent, let the sample dry under ambient conditions or in a desiccator [2] until all solvent has been evaporated and a dry film has been formed [3].
2.2.1. Talent drips solution on the pieces. Important Step
2.2.2. Talent closes the lid of the desiccator.
2.2.3. ECU: time lapse of the drying droplet.
2.3. Consider the simplest preparation scheme. As an example, for the investigation of highlighter ink, just draw a dot on the substrate surface [1]. 
2.3.1 Talent draws a highlighter dot on a sample.  Important Step
2.4. Mount the samples on the sample holder with sticky tape or clamps tightened by screws [1]. Additionally, mount a reference sample such as a micrometer-thick-film of angiotensin II, on the sample holder [2].
2.4.1. CU: Talent mounts the samples on the holder. Author Comment: this shot is divided into two different parts, 2.4.1.A and 2.4.1.B. They should be shown in this order. Important Step
2.4.2. CU: Talent mounts another reference sample on the holder.
2.5. Then, press “Vent load-lock” to vent the load-lock system. Wait for 5 minutes or until atmospheric pressure has been reached. [1]. Open the load-lock and mount the sample holder [2]. Close the load-lock and pump down the load-lock chamber to a pressure below 2 x 10-5 millibar [3]. 
2.5.1. SCREEN: Talent vents the system.
2.5.2. Talent mounts the sample holder. Important Step
2.5.3. Talent closes the lock and presses the button “Pump load-lock” to pump down the pressure. Show the pressure value. Author comment: This shot is divided into four different parts: 2.5.3.A, 2.5.3.B, 2.5.3.C, 2.5.3.D. They should be shown in this order. The shots with numbers 2.5.3.B and 2.5.3.D are screen shots. 
2.6. Open the valve to the DINeC (pronounce as Dye-Neck) chamber and transfer the sample holder with the wobble stick to the main manipulator. Attach the sample holder to the manipulator. Retract the wobble stick [1] and close the valve between load-lock and DINeC chamber [2]. Use larger sample holder when measuring a larger number of samples [3].
2.6.1. Talent opens the valve, transfers the holder.  Important Step
2.6.2. ECU: Talent attaches the holder to the manipulator. 
2.6.3. Talent takes away the stick.
2.6.4. CU: Talent closes the valve.
[Added Shot] 2.6.2.B. ECU: Talent attaches a larger holder to the manipulator.
3. Preparation of DINeC Mass Spectrometer
3.1. Open the valve between the gas cylinder and the nozzle [1]. Adjust the pressure of the sulfur dioxide and helium gas mixture at the outline of the gas mixing system to 15 bar [2].
[Added Shot] 3.1.1.A shows the apparatus and talent in long shot
3.1.1. CU: Talent opens the valve.
3.1.2. Talent adjusts the pressure, with view of the pressure meter.
3.2. Set the position of the manipulator to the reference sample’s position [1]. For measuring cationic mass spectra, set the sample and grid bias to plus 40 volts and plus 7 volts, respectively [2]. 
3.2.1. Talent changes the manipulator position.
3.2.2. SCREEN: Talent adjusts the sample and grid bias to positive. Author comment: Do use the shots taken in the laboratory.
3.3. To drive the pulsed nozzle and the ion trap mass spectrometer, set the external function generator to 2 Hertz [1]. With the delay generator, set the time delay between the Clear trap signal from the ion trap and the trigger signal for the pulsed nozzle to 5 milliseconds [2].
3.3.1. Talent sets the external function generator to 2 Hz.
3.3.2. Talent adjusts the time delay.
3.4. In the control software, in the Mode page of the main dialogue window, select Enhanced resolution for Scan Mode; type in m over z 50 – 3000 for Range; type in 0.1 milliseconds for accumulation time; type in 10 cycles for Average; and for Polarity, select positive for the measurement of cationic mass spectra, and negative for the measurement of anionic spectra [1].
3.4.1. SCREEN: Talent selects or types in numbers accordingly.
4. Measurement of Mass Spectra
4.1. Once a pressure below 3 x 10-6 millibar has been reached in the DINeC (pronounce as Dye-Neck) chamber [1], start the measurement. Set the m over z value to the respective mass in order to follow the time dependent chromatogram signal [2]. 
4.1.1. CU: Shot of the pressure below 3 x 10-6 millibar. Author comment: use the take with number 4.1.1.B which shows how the pressure drops to 2 x 10-6 millibar (or a part of this take).
4.1.2. SCREEN: Talent sets the m/z value..
4.2. Press Operate in the control software. Start recording the measurements by pressing the Record button [2]. Measure a test spectrum from a reference sample such as angiotensin II for about 300 seconds [1]. 
4.2.1. CU: Talent shows the spectrum of a reference sample. Author Comment: 4.2.2. should be shown prior to 4.2.1
4.2.2. SCREEN: Talent starts the measurement.
4.3. Optimize signal intensity by adjustment of the time delay [1] between the Clear trap signal and the signal triggering the pulsed nozzle [2-LM]. With the time delay optimized [3], move the manipulator to the position of the sample to be measured [4]. 
4.3.1. Talent adjusts the time delay.
4.3.2. DINeC_trigger_scheme.pptx Video editor: Emphasize the time (Δt) between the ion trap and pulsed nozzle.
4.3.3. SCREEN: Talent shows the signal optimized. Author Comment: emphasize the part we encircled in the file “DINeC_Optimization.pdf ”.
4.3.4. Talent moves the manipulator. Focus on the manipulator and the author’s hand.
4.4. Click on the “Record” button to acquire mass spectra over the time span of interest [1]. 
4.4.1. SCREEN: Talent obtains the mass spectra.
4.5. After the measurement is finished, load the respective data set in the Data Analysis program. Select the time span of interest in the chromatogram [1] with the right button of the mouse [2]. The averaged spectrum is displayed in a separate window [3]. 
4.5.1. SCREEN: Talent loads data, and selects time span of interest.
4.5.2. CU: Shot of the hand pressing the right button.
4.5.3. SCREEN: A new window appears.
4.6. Click on “Export as ASCII (pronounce as As-key) file” to export the spectrum as a data file for further processing in a program of choice. 
4.6.1. SCREEN: Talent exports the spectrum.

















Section – Results
5. [bookmark: _GoBack]Results: Real-time Observation of Thermal Degradation of Angiotensin II
5.1. The DINeC (pronounce as Dye-Neck) mass spectrum from an angiotensin II sample changed with time as the sample was heated to about 140 degrees Celsius [1]. Once the temperature reached the final value [2], the peak of the intact protonated molecule at m over z equaling 1047 dropped and new peaks were observed [3]. 
5.1.1. Animation_AngiotensinII_thermal_decomposition.wmv – Video editor: emphasize time and temperature scale. (00:00-00:04)
5.1.2. Animation_AngiotensinII_thermal_decomposition.wmv – Video editor: emphasize temperature scale. (00:04-00:14)
5.1.3. Animation_AngiotensinII_thermal_decomposition.wmv – Video editor: emphasize the peak at 1047. (00:04-00:19)
5.2. The process is summarized in these 3 graphs [1], the additional peaks at m over z equaling 932, 1012, and 1029 were well observed [2].
5.2.1. Figure 4ABC
5.2.2. Figure 4ABC – Video editor: emphasize Figure 4B and 4C, and emphasize at three peaks indicated by the arrow.
5.3. Quantitative analysis demonstrates that the entity with m over z equaling 1029 is an intermediate which was further decomposed into smaller fragments as the intensity first increased and then decreased [1].
5.3.1. Figure 4E - Video editor: emphasize the orange open circles.














Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Christoph Gebbhardt: The most important features of DINeC are the soft nature of the desorption process, the efficiency and the high surface sensitivity. They all come together with the low requirements with respect to sample preparation [1].
6.1.1. INTERVIEW 
6.2. Michael Dürr: DINeC can thus be applied to a wide variety of samples from organic bulk materials to complex surface adsorbates in the sub-monolayer regime. In all cases, full chemical information can be obtained in real-time [1].
6.2.1. INTERVIEW 
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