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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
The recommended screen recording software has been installed on an available computer and we will upload draft screen captures to the project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.4., 2.8., 2.7., 2.10., 2.13.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.2., Ensuring operator consistency when introducing the sucrose solution onto the quartz filter and inserting it into the instrument during the calibration and introducing the OCECgo calibration and analysis software and orienting the user to how it works.
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 (30 words maximum) and clarity.

1.1. [bookmark: OLE_LINK2]Matthew Johnson: This protocol and software tool addresses key challenges in accurately quantifying and minimizing sources of measurement uncertainty in a commonly-used, semi-continuous, thermal-optical organic/elemental carbon analyzer [1].

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

1.2. Bradley Conrad: This technique considers all contributing sources of measurement uncertainty – including instrument calibration and split point estimation – and propagates these uncertainties into measured carbon masses through a comprehensive Monte Carlo method [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. [bookmark: OLE_LINK1]Matthew Johnson: OCECgo is currently designed to interface with a particular instrument. However, it is our hope that this protocol and software tool will be extended to interface with all commercially-available analyzers [1].

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

1.4. Bradley Conrad: When first using this technique, users should perform multiple calibrations to estimate the repeatability of their individual implementation of the protocol [1].  

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


Section - Protocol
2. Instrument Calibration Preparation

2.1. [bookmark: _Ref5186621][bookmark: _Ref531286294]To install new quartz filters to prepare the organic-elemental carbon analyzer for calibration [1], open the access panel and remove the laser shroud [2].  

2.1.1. WIDE: Talent opening the access panel
2.1.2. Talent removing laser shroud from open panel

2.2. [bookmark: _Ref5185207]To remove the photodetector, loosen the white POM (P-O-M) nut behind the photodetector [1-TXT] and disconnect the metal tube fitting on the left side of the photodetector [2]. 

2.2.1. Nut being loosened TEXT: POM: polyoxymethylene
2.2.2. Tube fitting being disconnected

2.3. Then slide the photodetector housing off of the quartz insert [1] and place the housing in the bottom of the instrument [2].

2.3.1. Photodetector being slid off insert 
2.3.2. Housing being placed in bottom of instrument 

2.4. [bookmark: _Ref8411532]To remove the quartz insert, loosen the white POM nut holding the quart insert in place [1] and slide the quartz insert out of the POM fitting [2].  

2.4.1. Nut being loosened Videographer: Important step
2.4.2. Insert being slid out of fitting Videographer: Important step

2.5. Then rest the quartz insert on a lint-free tissue on a flat surface [1].

2.5.1. Insert being placed down 

2.6. To install the filters, first use a filter removal tool to remove and dispose of the existing quartz filters [1]. 

2.6.1. Tool being used to remove filter(s)

2.7. Next, place a new large quartz filter on a lint-free tissue on a flat surface [1] and use the filter punch tool to punch out one filter [2].

2.7.1. Talent placing filter onto tissue 
2.7.2. Filter being punched 

2.8. [bookmark: _Ref8411635][bookmark: _Ref531075530]Using clean tweezers, remove the filter from the punch [1] and place the filter against the POM fitting for the quartz insert such that the textured surface of the filter is facing away from the oven [2]. 

2.8.1. Filter being removed Videographer: Important step
2.8.2. Filter being placed against housing Videographer: Important step

2.9. Then use the quartz insert to slide the quartz filter into the fitting until the filter is fully seated against the oven [1-TXT].

2.9.1. Filter being inserted Videographer: Important step

2.10. After punching out and installing the next filter in the same manner [1], punch out a third quartz filter [2] and use clean tweezers to transfer this quartz “boat” filter into the end of the quartz insert [3].

2.10.1. Talent sliding filter into fitting
2.10.2. Talent removing filter from punch Videographer: Important step
2.10.3. Filter being inserted Videographer: Important step

2.11. Re-introduce the quartz insert into the instrument [1] and loosely hand-tighten the white POM nut that secures the quartz insert in place [2].

2.11.1. Talent placing insert into instrument
2.11.2. Nut being tightened

2.12. [bookmark: _Ref8411980]To replace and align the photodetector head, slide the photodetector housing onto the end of the quartz insert [1] and re-connect the metal tube fitting on the left side of the photodetector [2].

2.12.1. Housing being slid onto insert
2.12.2. Fitting being reconnected

2.13. [bookmark: _Ref8411989]Then fully hand-tighten all of the POM nuts [1], replace the laser shroud [2], and close the access panel [3]. 

2.13.1. Nut(s) being securely tightened Videographer: Important step
2.13.2. Shroud being replaced Videographer: Important step
2.13.3. Talent closing panel

3. [bookmark: _Ref531589167]Calibration Data Acquisition

3.1. [bookmark: _Ref531286065][bookmark: _Ref531771446][bookmark: _Ref7346576]To obtain a calibration point, prepare the instrument for removal of the quartz insert as demonstrated [1] and follow the manufacturer-recommended pipetting procedures to aspirate 5 or 10 microliters of sucrose solution [2].

3.1.1. WIDE: Talent preparing instrument for quartz insert removal
3.1.2. Sucrose being aspirated

3.2. [bookmark: _Ref7411234]Carefully deposit the sucrose solution onto the quartz boat as close as possible to the end of the insert [1] and re-introduce the quartz insert to the instrument [2].

3.2.1. Sucrose being added to filter boat Videographer: Difficult step
3.2.2. Talent placing insert into instrument

3.3. After closing the access panel, open the Run menu in the instrument software [1] and select dry wet filter [2].

3.3.1. Talent opening menu, with monitor visible in frame
3.3.2. [bookmark: _Ref531286823]SCREEN: 3.3.2_t1 

3.4. Following the “dry wet filter procedure”, in the Sample ID number field, enter the applied sucrose volume and confirm that the desired thermal protocol .par file and a suitable .txt output file are selected [1].

3.4.1. SCREEN: 3.4.1_t1 

3.5. Confirm that the Use Sample File Times checkbox is unchecked and, in the Sample Minutes dropdown menu, select 0 [1].

3.5.1. SCREEN: 3.5.1_t1

3.6. Confirm that the Cycle checkbox is unchecked and click Start Analysis, confirming that only one analysis cycle is desired [1]. 

3.6.1. SCREEN: 3.6.1_t1

3.7. Allow the thermal analysis to execute and to run to completion [1-TXT].

3.7.1. SCREEN: 3.7.1_t1 TEXT: Repeat calibration data acquisition until sufficient data obtained

3.8. Following the calibration data acquisition, use clean tweezers to remove the quartz boat [1] and re-install the quartz insert as demonstrated [2].

3.8.1. Boat being removed
3.8.2. Talent placing insert into instrument

4. [bookmark: _Ref531286707][bookmark: _Ref6571587]Computation of Calibration Constant with Uncertainty 

4.1. To compute the calibration constant with uncertainty, load the software tool [1] and confirm that the Calibration Tool tab is open [2].

4.1.1. WIDE: Talent loading tool, with monitor visible in frame
4.1.2. SCREEN: 4.1.2_t1

4.2. In section one of the graphical user interface, input the nominal volume of the applied sucrose solution, the instrument-reported integrated non-dispersive infrared signal corresponding to total carbon, the instrument-reported integrated non-dispersive infrared signal during the methane-loop, and a Boolean to indicate whether specific points should be used in the calibration [1-TXT].

4.2.1. SCREEN: 4.2.1_t1: 00:21-00:34 TEXT: Alternative: Click Import Calibration to upload previous calibration data and Monte Carlo inputs

4.3. In section two of the graphical user interface, update the default uncertainty characteristics of the sucrose solution and pipette as necessary and confirm the desired number of Monte Carlo draws [1].

4.3.1. SCREEN: 4.3.1_t1: 00:02-00:12

4.4. To run the Monte Carlo analysis of the calibration data, press the GO arrow in section three [1].

4.4.1. SCREEN: 4.4.1_t1

4.5. Save the current result as the default calibration and use the buttons in section three to export the results [1]. 

4.5.1. SCREEN: 4.5.1_t1

4.6. Then update the calibration file of the instrument with the results in section four [1].

4.6.1. SCREEN: 4.6.1_t1

5. Computation of Carbon Mass with Uncertainty

5.1. To compute the carbon masses and uncertainties, acquire measurement data as instructed in the instrument manual [1] and click to navigate to the Data Analysis - Inputs tab [2].  

5.1.1. WIDE: Talent acquiring measurement data, with monitor visible in frame
5.1.2. SCREEN: 5.1.2_t1

5.2. In section one, sub-section A, click Browse and, in the file selection dialog, select the instrument-created .txt results file to load the time-resolved instrument data [1].

5.2.1. SCREEN: 5.2.1_t1

5.3. In section 1, sub-section B, review the Sample IDs and click to select the analysis of interest [1].  

5.3.1. SCREEN: 5.3.1_t1

5.4. In sub-section C, review the analysis metadata, particularly the Sample Start timestamp of the analysis [1].

5.4.1. SCREEN: 5.4.1_t1

5.5. To define the data-processing options, in section two, sub-section A, select the desired laser correction procedure and in sub-section B, select the desired correction procedure for the non-dispersive infrared detector [1].
[bookmark: _Ref536194956]
5.5.1. SCREEN: 5.5.1_t1: 00:08-00:29

5.6. In section two, sub-section C, confirm and update, as necessary, the parameters of the generalized t-distribution reported for the mass calibration constant and the estimated calibration repeatability error [1].  

5.6.1. SCREEN: 5.6.1_t1

5.7. In sub-section D, press the GO arrow to create or update the analysis thermogram and attenuation versus evolved carbon plot [1].

5.7.1. SCREEN: 5.7.1_t1

5.8. [bookmark: _Ref531591439]In section three, sub-section A, select the desired procedure to calculate the split point and associated uncertainty [1].  

5.8.1. SCREEN: 5.8.1_t1: 00:13-00:40 Video Editor: Can speed up

5.9. In sub-section B, depending on the selected procedure to calculate the split point and uncertainty, define the nominal split point, split point uncertainty, initial laser attenuation, and/or critical attenuation decline, leveraging the attenuation versus evolved carbon plot in section 4 [1].

5.9.1. [bookmark: _Ref531591551]SCREEN: 5.9.1_t1: 00:12-00:30

5.10. In section five, review the nominal instrument precision and the desired number of Monte Carlo draws and press the GO arrow to run the Monte Carlo analysis [1].

5.10.1. SCREEN: 5.10.1_t1

5.11. Once the Monte Carlo analysis is complete, review the results in the Data Analysis – Results tab and export the results using the “Export Analysis Results” button [1].

5.11.1. SCREEN: 5.11.1_t1


Section – Results
6. Results: Representative Calibration Analyses 

6.1. Here representative calibration data from the thermal-optical carbon analyzer are presented [1].

6.1.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize middle and right data columns

6.2. Linear regression of the calibration data under a Monte Carlo framework reveals the 2-sigma confidence interval of each of the calibration data points [1].

6.2.1. LAB MEDIA: Figure 2a: JoVE Video Editor please emphasize black boxes

6.3. The 2-sigma confidence interval of the linear regression is based on the uncertain calibration data [1].

6.3.1. LAB MEDIA: Figure 2a: JoVE Video Editor please emphasize red data line

6.4. For each Monte Carlo draw, a randomized calibration area is coupled with the uncertain linear model to obtain a Monte Carlo-estimate of the methane-loop carbon mass [1].

6.4.1. LAB MEDIA: Figure 2a: JoVE Video Editor please emphasize blue box/lines from the top-left to the bottom-right of the blue box/lines

6.5. Monte Carlo-estimates of these calibration data can then be represented in a scatterplot-histogram, yielding uncertainty in the calibrated carbon mass injected during the methane-loop [1].

6.5.1. LAB MEDIA: Figure 2b

6.6. Here representative measurements of carbonaceous emissions from a laboratory soot generator are summarized in an analysis thermogram [1] and an attenuation versus evolved carbon plot [2].

6.6.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize Figure 3a
6.6.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize Figure 3b

6.7. The uncertainty in the split point can be estimated using one of three approaches, including a novel “Attenuation decline” technique [1].

6.7.1. LAB MEDIA: Figure 3b: JoVE Editor please emphasize horizontal black-solid and red-dashed lines, and vertical gray area. 
 
6.8. Here key results of this example analysis, including the carbon mass statistics [1] and the best-fitting posterior distributions, are summarized [2].

6.8.1. LAB MEDIA: Table 2: JoVE Video Editor please emphasize Mean Mass and 2-signma Uncertainty of MC Data columns
6.8.2. LAB MEDIA: Table 2: JoVE Video Editor please emphasize Best-fitting Distribution column
[bookmark: _GoBack]
6.9. In this example, the computed uncertainties in the carbon mass [1] are 60-280% larger than those reported by the instrument [2].

6.9.1. LAB MEDIA: Table 4 (re-formatted): JoVE Video Editor please emphasize Total / Combined Uncertainty-Present Software results for Sample A
6.9.2. LAB MEDIA: Table 4 (re-formatted): JoVE Video Editor please emphasize Total / Combined Uncertainty-Instrument Reported results for Sample A



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length (30 words maximum) and clarity.
7.1. Matthew Johnson: Be sure to execute the same procedure when applying the sucrose standard to ensure a consistent bias due to the uptake of ambient organics and to help minimize calibration uncertainties (Steps 3.1., 3.2.) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Bradley Conrad: We believe that this protocol captures all of the sources of uncertainty when using this carbon analyzer. However, standard experimental procedures should include tests of repeatability for the concerned experiment [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Matthew Johnson: Users should take note of the presence of low-power laser radiation when the laser interlock is defeated and should use caution when manipulating the POM fittings [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.4. Bradley Conrad: This technique permits the robust quantification of measurement uncertainty and has recently enabled the observation of statistically-significant variabilities in black carbon absorption [1].
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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