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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate 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. Please upload all screen captured files to your project page by your script return deadline.
3. Which steps from the protocol section below are the most visually important? 
2.3.-2.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.7.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. Thomas Loegel: This method allows users to generate compound class level information about the distribution of nitrogen species within a fuel, which can provide greater insight into fuel behavior and performance [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Thomas Loegel: Advantages of this technique include using cost efficient commercially available instrumentation, performing quantitation from a single standard, and needing only a limited sample preparation [1].  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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

1.3. Rachel Deese: The GC column must be looped within the modulator and aligned perfectly or else the chromatography will be useless. Be sure to take your time to get it aligned [1].

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera


Section - Protocol
(Videographer Comment: Shots for 2.1 through 2.3 have the wrong slate info from a previous project (60315). I redid most of the SCREEN shots in place at 4L resolution in case you want/need video instead of the still screen shots the author submitted)
2. Calibration Standard Preparation and Column Installation
2.1. Before beginning an experiment, perform the calibration standards as indicated [1-TXT] and add 1 milliliter of each standard into individual gas chromatography vials [2].
2.1.1. WIDE: Talent adding dilution to tube, with 100 ppm carbazole container visible in frame TEXT: 20-, 10-, 5-, 1-, 0.5-, 0.025 ppm nitrogen carbazole
2.2. For column installation, first place a 30-meter primary column into the gas chromatography oven [1] and connect the column to the splitless inlet [2].
2.2.1. Talent placing column into oven [Shots 2.2.1 – 2.2.2 combined]
2.2.2. Talent connecting column to oven

2.3. Cut 2.75 meters of the secondary column [1] and use a white-out pen to place a mark on the column at 0.375 and 1.375 meters [2].

2.3.1. Secondary column being cut Videographer: Important step [Shots 2.3.1 – 2.3.2 combined]
2.3.2. Positions being marked onto column Videographer: Important step
2.3.3. Added Shot: attaching micro coupler to one end of 2ndary column (Editor: The authors may need to provide additional VO to use this shot)
2.3.4. Added Shot: attaching output coupler to other end (Editor: The authors may need to provide additional VO to use this shot)

2.4. Place the secondary column into the Zoex modulator column holder [1] and use the marks as guides for creating a 1-meter loop within the holder [2].

2.4.1. Talent placing column into column holder Videographer: Important step [Shots 2.4.1 – 2.4.2 combined] (Videographer Comment: Changed angles)
2.4.2. 1-meter loop being created Videographer: Important step

2.5. Use a micro-union to connect the shorter end of the secondary column to the primary column [1].

2.5.1. Columns being connected Videographer: Important step

2.6. To check for a successful connection, turn on the gas flow [1] and insert the open end of the column into a vial of methanol [2]. A successful connection can be confirmed by the presence of bubbles [3].

2.6.1. Talent turning on gas Videographer: Important step [Shots 2.6.1 – 2.6.3 combined] (Videographer Comment: Varied angles)
2.6.2. Talent inserting column into vial Videographer: Important step
2.6.3. Shot of bubbles in vial Videographer: Important step

2.7. Place the column holder into the modulator [1] and adjust the loops as necessary so that they line up properly with the cold and hot jets [2].

2.7.1. Talent placing holder into modulator Videographer: Important/difficult step
2.7.2. Talent adjusting loops Videographer: Important/difficult step (Videographer Comment: Use audio slated 2nd take)

2.8. Rachel Deese: It is important to make sure that the loop is aligned in the middle of both the cold and hot jets before proceeding [1]. 

2.8.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

2.9. Then insert the other end of the column into the nitrogen chemiluminescence detection burner [1] and turn on all of the burners and gas flows to ensure there are no leaks [2].

2.9.1. Column being inserted into NCD burner
2.9.2. Talent turning on burners and/or gas flows (Videographer Comment: Mis-slated as 2.8.1,2)

3. Method Parameter Setup

3.1. In the computer software, set the instrument parameters as indicated in the Table [1].

3.1.1. LAB MEDIA: Table 2

3.2. Set the initial oven temperature to 60 degrees Celsius with a ramp rate of 5 degrees Celsius/minute to 160 degrees Celsius [1].

3.2.1. WIDE: Talent setting oven temperature

3.3. When the oven reaches the target temperature, change the ramp rate to 4 degrees Celsius/minute until the oven reaches 300 degrees Celsius with a total run time of 55 minutes per sample [1].

3.3.1. Talent changing ramp rate

3.4. Set the hot jet temperature to be 100 degrees Celsius higher than the oven temperature at any point in time [1-TXT].

3.4.1. Talent setting hot jet temperature TEXT: e.g. initial hot jet temperature: 160 °C w/ 5 °C/min ramp rate to 260 °C -> ramp rate 4 °C/min until 400 °C

3.5. Then set the ancillary liquid nitrogen Dewar connected to the gas chromatographer to stay between 20 and 30% full during the run [1].

3.5.1. Talent setting ancillary liquid nitrogen

4. Instrument Calibration

4.1. To calibrate the gas chromatographer, place the gas chromatography sample vials containing the prepared carbazole standards into the instrument [1] and load the previously configured method into the gas chromatography software [2].

4.1.1. WIDE: Talent placing vials into instrument
4.1.2. Talent loading method into software, with monitor visible in frame

4.2. Create a sequence that aliquots the blank at the beginning of the analysis followed by the prepared carbazole standards by increasing concentration [1-TXT].

4.2.1. SCREEN: screenshot_1 TEXT: blank: isopropyl alcohol 

4.3. Once the calibration standard set analysis is completed, use the gas chromatography Image software to load each chromatogram [1], to correct the background [2], and to detect each carbazole peak or blob [3].

4.3.1. SCREEN: screenshot_2 Video Editor: please emphasize Import text at top of window
4.3.2. SCREEN: screenshot_2 Video Editor: please emphasize Baseline Correction text and checked box
4.3.3. SCREEN: screenshot_2 Video Editor: please emphasize Blob Detection text and checked box

4.4. In a spreadsheet program, plot the blob volume response against the nitrogen concentration of each calibration standard to create a calibration curve [1]. The trend line of the curve should have an r-squared of greater than or equal to 0.99 [2].

4.4.1. SCREEN: screenshot_4 Video Editor: please show only/emphasize/outline data columns on left of screenshot
4.4.2. LAB MEDIA: screenshot_4 Video Editor: please add/emphasize graph

5. Sample Analysis

5.1. To analyze the samples, place the gas chromatography sample vials into the autosampler tray [1] and load the previously configured method [2].

5.1.1. Talent placing vials into sampler tray
5.1.2. Talent at computer, loading method, with monitor visible in frame

5.2. Create a sequence that has a blank at the beginning [1] and after every 5 samples to limit any build-up of fuel within the columns [1].

5.2.1. SCREEN: screenshot_5 Video Editor: please emphasize highlighted IPA blank text
5.2.2. SCREEN: screenshot_5 Video Editor: please emphasize unhighlighted IPA blank text

5.3. Then verify that enough liquid nitrogen is available in the Dewar for the modulator [1] and that all of the instrument parameters are in “ready” mode [2] before starting the sequence [3].

5.3.1. Talent checking (Videographer Comment: Accidentally shot in 4K)
5.3.2. Talent checking parameters (Videographer Comment: Audio slated)
5.3.3. SCREEN: screenshot_6

6. Data Analysis

6.1. To analyze the sample data, open the chromatogram of interest in the gas chromatography image software for data analysis [1] and perform a background correction [2].

6.1.1. [bookmark: _GoBack]WIDE: Talent opening chromatogram, with monitor visible in frame (Videographer Comment: Accidentally shot in 4K)
6.1.2. SCREEN: screenshot_7 Video Editor: please emphasize Baseline Correction text and checked box

6.2. To detect blobs, set the filter parameters to a minimum area of 25 [1], a minimum volume of 0 [2], and a minimum peak of 25 [3-TXT].

6.2.1. SCREEN: screenshot_8 Video Editor: please emphasize Minimum area 25 
6.2.2. SCREEN: screenshot_8 Video Editor: please emphasize Minimum volume 0.0
6.2.3. SCREEN: screenshot_8 Video Editor: please emphasize Minimum peak 25 TEXT: Adjust parameters according to instrument response or sample matrix

6.3. Use the gas chromatography image template function to create or load a template to the appropriate group nitrogen compound classes based on the elution times of the known standards [1].

6.3.1. SCREEN: screenshot_9

6.4. When all of the compounds have been grouped, export the “blob set table” into a spreadsheet program [1] and use the sum the volume of all of the blobs and peaks within each compound class group [2] and the calibration equation to calculate the concentration in parts per million for the nitrogen compounds in each group [3].

6.4.1. SCREEN: screenshot_12
6.4.2. SCREEN: screenshot_11 
6.4.3. LAB MEDIA: Figure 10


Section – Results
7. Results: Representative Two-Dimensional Gas Chromatography and Nitrogen Chemiluminescence Detection (GCxGC-NCD) Chromatograms

7.1. Carbazole elutes at approximately 33 minutes from the primary column [1] and at 2 seconds from the secondary column [2]. There is not any tailing and the standard response is outside of the noise [3].

7.1.1. LAB MEDIA: Figure 3 Video Editor: please emphasize 33 min peak in Figure 3A
7.1.2. LAB MEDIA: Figure 3 Video Editor: please emphasize 33 min peak in Figure 3B
7.1.3. LAB MEDIA: Figure 3

7.2. Here a two-dimensional gas chromatography and nitrogen chemiluminescence detection chromatogram with a carbazole standard [1] and the resulting blob table are shown [2]. 

7.2.1. LAB MEDIA: Figure 4 Video Editor: please emphasize dark trace in bottom middle of Figure
7.2.2. LAB MEDIA: Figure 4 Video Editor: please emphasize data row in table

7.3. As observed, there are two detected blobs that are not within the carbazole elution time [1] that are excluded from the blob table [2-TXT].
 
7.3.1. LAB MEDIA: Figure 4 Video Editor: please emphasize yellow ovals
7.3.2. LAB MEDIA: Figure 4 Video Editor: please emphasize blank area below data row OR no animation TEXT: Exclude extraneous peaks or blobs in calibration curve

7.4. In these figures, a typical chromatogram obtained using this method on a diesel fuel sample [1] and a jet fuel sample are shown [2].

7.4.1. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize Figure 5
7.4.2. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize Figure 6

7.5. Typically, jet fuel has fewer nitrogen compounds at lower concentrations [1] than diesel fuel, which can be clearly observed when comparing the two chromatograms [2].

7.5.1. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize area w/o purple and yellow blobs in right side of Figure 6
7.5.2. LAB MEDIA: Figures 5 and 6 Video Editor: please emphasize area w/ purple and yellow blobs in right side of Figure 5

7.6. In contrast, in this failed sample measurement, the modulation time was incorrect for the oven temperature, resulting in wrap-around in the column [1].

7.6.1. LAB MEDIA: Figure 7 Video Editor: please emphasize left image

7.7. In this failed sample measurement, a “streaking” effect of the blobs occurred due to the compounds being retained on the sample for too long and destroying any compound separation [1].

7.7.1. LAB MEDIA: Figure 7 Video Editor: please emphasize right image

7.8. Standards can be utilized to determine the groups associated with each nitrogen compound class [1], for example as illustrated in this Figure [2].

7.8.1. LAB MEDIA: Table 1 Video Editor: please emphasize groups column
7.8.2. LAB MEDIA: Figure 8 Video Editor: please sequentially add/emphasize Group 1, Group 2, and Group 3 graphs


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Rachel Deese: A similar GC x GC-sulfur chemiluminescence detection method can be performed to provide even more information about the heteroatomic content in the fuel [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Thomas Loegel: This method allows fuel chemists to explore the impact of specific nitrogen compounds on fuel stability and performance beyond a typical total nitrogen measurement [1]. 
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Rachel Deese: The fuel samples and solvents are flammable and the instrument gets extremely hot. Be sure to wear personal protective gear and not to touch the instrument until it is cool [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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