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

Can you record movies/images using your own microscope camera? (Y/N) N/A  

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: N/A
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.) 2.2, 2.3, 2.4, 4.7, 4.8
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.) 3.5, 5.3
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 experiment is to get an overview of reactive chemical species in a combustion process and investigate the combustion chemistry of technical fuels and fuel components. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Patrick Oßwald: This method can help to answer questions in the field of combustion and pollutant formation, such as soot formation. 
1.2. Patrick Oßwald: One of the main advantages of this technique is to get an overview of the chemical species and detect even highly reactive radical species without prior knowledge. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Markus Köhler: This flexible tool offers an observation of chemical gas-phase kinetics under well-controlled conditions. The data can be used for kinetic model validation and enables fuel assessment strategies. 
1.4. Dominik Krüger: The vast range of operating conditions available for such a laminar flow reactor enables access to combustion applications that are typically not achievable by flame experiments.
Protocol: (read by voice talent at JoVE)
2. Setup of the Molecular Beam Mass Spectrometer (MBMS) and Flow Reactor System
2.1. The schematic of the flow reactor system shows all major components [1-LM]. The oven is coupled to the MBMS setup with the Time-of-Flight, or TOF detection system mounted orthogonal to the sampling direction, [2-LM] and to a gas supply system [3-MED-TXT]. Note from VO Talent: Recorded second take of second sentence for multiple pronunciations of “TOF”
2.1.1. Figure 1: Show figure A.

2.1.2. Figure 1: Show figure A. Highlight each component when mentioned in the voiceover.  

2.1.3. Added shot: Showing the Gas supply system.

2.2. First, heat the oven to the designated start temperature, which is the highest temperature in the designated measurement series [1-MED-TXT].

2.2.1. Talent sets the temperature of the oven. TEXT: For conditions of Jet-A1 with Φ=1, oxidation at <800 °C. 
2.3. Prepare the TOF spectrometer for intermediate species detection [1-MED-over the shoulder-TXT]. VO Talent note: 2 takes for “TOF”
2.3.1. Talent sets the various high-voltages on the control panel and starts the TOF software in the computer. TEXT: Spectrometer aligned to molecular beam provides reliable detection.
2.4. Now, prepare the quadrupole spectrometer for major species detection by placing it in the ionization chamber of the MBMS system [1-MED-TXT] and starting the software [2-MED-TXT].

2.4.1. Showing the mounted spectrometer. TEXT: For better S/N ratio, use 70 eV for high IE. 
2.4.2. Added shot: Talent starts the Quadropole software.

3. Preparation of the Fuel Sample

3.1. To prepare the fuel supply system, first prepare a metal syringe for fuel supply [1-MED-over the shoulder-TXT]. Then, fill the metal syringe with 30 milliliters of the fuel sample [2-CU].
3.1.1. Talent attaches fuel bottle to the fuel line system, and the syringe is filled. TEXT: Use PPE for fuel handling.  
3.1.2. Metal syringe as it is filled with fuel sample.
3.2. Following this, pressurize the metal syringe up to 5 bar by opening the valve and adding pressurized air to the system [1-MED-over the shoulder].  
3.2.1. *Film as written.
3.3. Vent the fuel lines and Coriolis mass flow meter by opening the valve in the fuel supply lines [1-MED]. Then, heat up the vaporizer [2-SCREEN-TXT] and fuel supply lines [3-MED]. 
3.3.1. *Film as written.
3.3.2. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_3.3.2. Talent sets the temperature in the software control panel.
3.3.3. Added shot: Talent heats up the fuel supply lines.

3.4. For this experimental design, set the water cooling system to 80 degrees Celsius… [1-MED-over the shoulder] so that the diluted fuel cannot recondense at the coldest spot in the system, which is the tempered inlet flange to the oven [2-CU/MED].

3.4.1. Talent sets the water cooling system.

3.4.2. Shot of the inlet flange and oven. 
4. Measurement and Data Acquisition
4.1. Place the oven to the sampling position, which is close to the plateau value of the spatial temperature profile of the oven [1-MED]. 
4.1.1. *Film as written.
4.2. Next, start the diluent of choice by adding gas through the Coriolis mass flow meter [1-SCREEN-TXT]. 
4.2.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.2.1. TEXT: Typically 99% argon. (Video Editor: overlay should appear at mention of “gas”). 
4.3. Start continuous data recording by clicking on the start buttons in the TOF and Quadropole software [1-SCREEN]. VO Talent note: 2 takes for “TOF”
4.3.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.3.1. Talent clicks the start button in the TOF software, the data recording is observed in the graph on the screen, and then talent switches to the Quadrupole software and clicks on the start button.
4.4. Add oxygen as an oxidizer by setting the appropriate flow condition of the Coriolis mass flow meter software. Observe the incoming oxidizer as a new peak in the mass spectrum [1-SCREEN].
4.4.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.4.1.
4.5. Next, add fuel by setting the appropriate flow condition of the Coriolis mass flow meter [1-SCREEN].
4.5.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.5.1.
4.6. Check the spectra to confirm if complete oxidation is achieved and a stable carbon dioxide mass signal is observed [1-SCREEN]. 
4.6.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.6.1.
4.7. After the stabilization period, apply a continuous temperature decay ramp of minus 200 Kelvin per hour to the oven, which leads to typical measurement times of 2 hours per run [1-CU] [2-SCREEN]. 
4.7.1. Close-up shot of oven temperature reading.

4.7.2. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.7.2. Video Editor: Use this shot instead of 4.7.1 if needed. 
4.8. At a specific oven temperature during the ramp, observe a rapid change of the mass spectra, with sole combustion products disappearing and small combustion intermediates appearing. With further decreasing temperature, visible intermediates become larger and larger. At cold oven temperatures, only the signal of fuel compounds and oxygen can be observed [1-SCREEN-TXT]. 
4.8.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.8.1. Time-lapse video showing the peaks disappearing and growing in the software. TEXT: ~1000 K. (Video Editor: overlay should appear at mention of “at a specific oven temperature during the ramp” in the first sentence).

Note to the Video Editor: As an alternative to the high speed time-lapse video use a slightly time lapse version of the screen capture video: 42:20-42:25 for:” At a specific oven temperature during the ramp”,42:25-43:10 for “observe a rapid change of the mass spectra, with sole combustion products disappearing and small combustion intermediates appearing.” And 1:30:35-1:30:48 for “With further decreasing temperature, visible intermediates become larger and larger. At cold oven temperatures, only the signal of fuel compounds and oxygen can be observed.”
4.9. When the final temperature is stabilized, switch off the oxidizer [1-MED-TXT]. 
4.9.1. *Film as written. TEXT: Typically 500 °C; 10 min. (Video Editor: overlay should appear at mention of “when the final temperature is stabilized”). 
4.10. Continue recording measurements and obtain fuel characterization measurements at conditions without oxidizer [1-CU] [2-SCREEN]. 
4.10.1. Close-up of computer screen showing data as it is being recorded in the software. 
4.10.2. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.10.2. Video Editor: Use this shot if 4.10.1 is not clear or distorted. (Video editor: Use from second 25 on)
4.11. Following this, switch off the fuel in the Coriolis mass flow meter software by setting the value to 0. Then, stop the data recording by clicking the stop buttons in the software [1-SCREEN].  
4.11.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_4.11.1.
5. Calibration Measurements and Data Processing
5.1. For calibration issues, mount a closed chamber in front of the sampling cone [1-MED]. Then, open the valve to the pump to evacuate the chamber [2-MED-over the shoulder]. 
5.1.1. *Film as written.

5.1.2. *Film as written.
5.2. Apply binary mixtures or commercial calibration gasses for calibration [1-MED-TXT]. 
5.2.1. Talent attaches the gas supply line, opens the valve, and opens the gas bottle. TEXT: Mix of CO, CO2 and Ar used in this experiment.  
5.3. Next, start TOF software again without data recording [1-MED-over the shoulder]. Adjust the pressure in the calibration chamber by a needle valve [2-MED] to obtain a signal intensity above the signal-to-noise ratio and below the saturation limit. VO Talent note: 2 takes for “TOF”
5.3.1. Talent at computer starts the TOF software.

5.3.2. *Film as written.

5.3.3. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_5.3.3.

5.4. Following this, start the calibration measurements and enable data recording [1-SCREEN].
5.4.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_5.4.1.
5.5. At each recorded temperature for each chosen species, calculate its mole fraction from the corresponding signal. Then, plot the mole fraction profiles versus the oven temperature [1-SCREEN-TXT]. 
5.5.1. SCREEN: *To be submitted by Author, 56965_Kohler_SCREEN_5.5.1. TEXT: Spectra must be matched to respective oven temperature. (Video Editor: overlay should appear during first sentence).

6. Results: Analysis of Jet Fuel Combustion Chemistry
6.1. A typical mass spectrum of the sampled gas composition is shown here [1-LM]. The peaks are integrated for each mass-to-charge ratio for evaluating not fully resolved signals [2-LM]. Signals are plotted against the average temperature of the 2.5 Kelvin interval, resulting in a typical mole fraction versus oven temperature plot [3-LM]. 

6.1.1. 56965fig3.jpg, 56965fig3large.jpg, FIG_03.eps: Zoom into or emphasize figure A.
6.1.2. 56965fig3.jpg, 56965fig3large.jpg, FIG_03.eps: Zoom into or emphasize figure B.
6.1.3. 56965fig3.jpg, 56965fig3large.jpg, FIG_03.eps: Zoom into or emphasize figure C. 
6.2. The spatial mole fraction profiles of formaldehyde and acetylene obtained from a stoichiometric methane measurement shows excellent agreement between the measured data and kinetic model values for the main components and intermediates species [1-LM]. 
6.2.1. 56965fig4.jpg, 56965fig4large.jpg, FIG_04.tif: Zoom into figures B and C. Highlight figure B at mention of “the main components” and highlight figure C at mention of “intermediate species”.

6.3. The potential jet fuel compound p-menthane, featuring major species profiles, is depicted here [1-LM]. The stoichiometry dependence of ethylene and formaldehyde and the selected intermediate species for stoichiometric conditions are obtained [2-LM]. VO Talent note: 2 takes for “menthane”
6.3.1. 56965fig5.jpg, 56965fig5large.jpg, FIG_05.eps: Zoom into or emphasize figure A.
6.3.2. 56965fig5.jpg, 56965fig5large.jpg, FIG_05.eps: Zoom into or emphasize figures B and C. Highlight figure B at mention of “the stoichiometry dependence of ethylene and formaldehyde” and highlight figure C at mention of “the selected intermediate species for stoichiometric conditions”.
6.4. In the flow-reactor setup, the oxygen and fuel profiles start at a maximum at low temperatures and are consumed as the temperature increases [1-LM]. In-depth analysis shows a similar decay for the hydrocarbon species, while aromatic species show a distinct plateau region [2-LM]. 
6.4.1. 56965fig6.jpg, 56965fig6large.jpg, FIG_06.eps: Zoom into figures A and B. Highlight figure A at mention of “stoichiometric” and figure B at mention of “rich”.

6.4.2. 56965fig6.jpg, 56965fig6large.jpg, FIG_06.eps: Zoom into figure C. Highlight two aromatic curves at mention of “aromatic species show a distinct plateau region”. 
6.5. Higher mole fraction for soot precursors propargyl radical and benzene are measured for p-methane compared to Jet A-1 and farnesane, indicating a higher tendency to form pollutants [1-LM]. For farnesane, lower mole fractions for both species are measured compared to p-methane and Jet A-1 fuel [2-LM]. 
6.5.1. 56965fig7.jpg, 56965fig7large.jpg, FIG_07.eps: Highlight red curves in figures A and B. 

6.5.2. 56965fig7.jpg, 56965fig7large.jpg, FIG_07.ep: Highlight blue curves in figures A and B.
7. Conclusion (said by authors on camera)
7.1. Patrick Oßwald: After its development, this technique paved the way for researchers in the field of future fuel-design strategies to explore combustion kinetics and pollutant formation for conventional and novel alternative fuels and components.
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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