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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? Yes 
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.
Do I record this prior to the filming day? 

Nicole, you don’t have to complete this before filming.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

Steps 2.10-2.11 and 4.5-4.8
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 to be filmed by their protocol numbers. 
The most difficult aspect is ensuring that the pressure across the Deans switch is correct, and that the switch is switching back and forth between on/off properly. 

This is best captured in steps 2.1 and 2.12.   
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 analytical method is to measure the amount of hydrogen sulfide present in the headspace above crude oil samples, or the amount dissolved in the samples themselves, using gas chromatography. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Nicole Heshka: This method can help improve the upgrading and handling of heavy crude, as hydrogen sulfide is toxic, and when dissolved in crude oil it can be corrosive and deactivate catalysts [1.1.1 – MED]. 

1.1.1. Nicole speaks toward camera, interview style.

1.2. Nicole Heshka: The main advantage of this technique is that hydrogen sulfide is determined in a single step, with no interference from other hydrocarbons present in the crude oil sample [1.2.1 – MED].   

1.2.1. Nicole speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):’

Editors, for screen capture movies, please use a zoom bubble to highlight the actions being performed.

2. Instrument Set-Up
2.1. To begin, open a Deans switch calculator program on a computer [2.1.1 – MED-over the shoulder], and input the column dimensions, carrier gas, temperature, desired flow rates and detectors used [2.1.2 – SCREEN].
2.1.1. Talent opens a Deans switch calculator program.
2.1.2. 53416_Heshka_SCREEN_2.1.2:  Screen capture movie as talent inputs information the column dimensions, carrier gas, temperature, desired flow rates and detectors.
2.2. The calculator will define the pressures needed for the inlet and pressure control module, or PCM, and the length of restrictor tubing needed for installation between the Deans switch and the flame ionization detector, or FID.  Note these pressures and input them into the method file [2.2.1 – SCREEN].
2.2.1. 53416_Heshka_SCREEN_2.2.1:  Screen capture movie as calculator defines the pressures needed for the inlet and PCM, and the length of restrictor tubing needed for installation between the Deans switch and the FID.  Then talent inputs the pressures into the method file.
2.3. To install the column, ensure that the instrument, oven and inlet are at room temperature [2.3.1 – MED+CU]. Turn off the gas flow to the inlet and PCM supplying flow to the Deans switch [2.3.2 – CU].
2.3.1. Talent checks the temperature of the instrument, oven and inlet.
2.3.2. Gas flow valve as talent turns the flow to the inlet and PCM off. filmed a shot of the instrument panel
2.4. Following the manufacturer’s instructions, install the dimethylpolysiloxane (pronounced as “die meth-uh l pol-ee si-lok-seyn”) column between the split/splitless inlet and the Deans switch [2.4.1 – MED-over the shoulder].
2.4.1. Talent installs the dimethylpolysiloxane column between the split/splitless inlet and the Deans switch
2.5. Then install the PLOT column between the Deans switch and the sulfur chemiluminescence (pronounced as “kem-uh-loo-muh-nes-uh ns”) detector [2.5.1 – CU].
2.5.1. PLOT column as talent installs between the Deans switch and the sulfur chemiluminescence.
2.6. Finally, install the restrictor tubing between the Deans switch and the FID [2.6.1 – MED-over the shoulder].
2.6.1. Talent installs the restrictor tubing between the Deans switch and the FID.
2.7. The Deans switch is controlled by a valve in the gas chromatograph [2.7.1 – LM].  Locate the valve timing point section in the method parameters [2.7.2 – SCREEN].  
2.7.1. Deans Switch Animation_3.wmv. Editors, please show the first 15 seconds on this animation and speed up the video so that its length is equivalent to narration of this point.
2.7.2. 53416_Heshka_SCREEN_2.7.2:  Screen capture movie as talent locates the valve timing point section in the method parameters.
2.8. In the software, set the switch to “on”, and create time events for the valve that controls the Deans switch, beginning with the valve turning “off” at 0.5 minutes, and a second event that turns the valve “on” again at 3.0 minutes [2.8.1 – SCREEN].
2.8.1. 53416_Heshka_SCREEN_2.8.1:  Screen capture movie as talent sets the switch to “on,” and creates time events for the valve that controls the Deans switch, beginning with the valve turning “off” at 0.5 minutes, and a second event that turns the valve “on” again at 3.0 minutes.
2.9. Next, place a gas bag containing the calibration gas in the fumehood, and place a rubber nipple or equivalent penetrable cover on the nozzle of the gas bag [2.9.1 – MED-over the shoulder-TXT].  Then, open the nozzle on the gas bag [2.9.2 – CU]. 
2.9.1. Talent places a gas bag containing the calibration gas in the fumehood and places a rubber nipple or equivalent penetrable cover on the nozzle of the gas bag.  TEXT Overlay:  calibration gas = H2S in helium
2.9.2. Nozzle on gas bag as talent opens it.
2.10. Using a 250 microliter gas-tight glass syringe, puncture the rubber nipple on the top of the bag and withdraw 250 microliters of calibration gas [2.10.1 – ECU].  Cap the syringe with an inlet septa before transporting it to the gas chromatograph [2.10.2 – MED-over the shoulder].
2.10.1. Rubber nipple over the nozzle as talent uses a 250 microliter gas-tight glass syringe to puncture it on the top of the bag and withdraw 250 microliters of calibration gas.
2.10.2. Talent caps the syringe with an inlet septa.
2.11. Remove the septa cap from the syringe.  Then, manually and swiftly inject the calibration gas into the gas chromatograph, simultaneously starting the software acquisition [2.11.1 – CU].  The hydrogen sulfide will appear as a peak on the sulfur chemiluminescence detector signal trace; record the retention time of this peak [2.11.2 – MED-over the shoulder].
2.11.1. Talent removes the septa cap from the syringe and manually and swiftly injects the calibration gas into the gas chromatograph.
2.11.2. As the hydrogen sulfide peak appears, talent records the retention time of the peak. 
2.12. Begin decreasing the time of the heart-cut window, one side at a time; continue in this manner until the hydrogen sulfide peak disappears from the chromatogram [2.12.1 – SCREEN].  Add 0.2 minutes to this time and note it as the upper limit of the heart-cut window [2.12.2 – SCREEN].
2.12.1. 53416_Heshka_SCREEN_2.12.1:  Screen capture movie as talent begins decreasing the time of the heart-cut window, one side at a time until the hydrogen sulfide peak disappears from the chromatogram.  Editors, please alter the speed of this video to fit the narration.
2.12.2. 53416_Heshka_SCREEN_2.12.2:  Screen capture movie as talent adds 0.2 minutes and enters it as the upper limit of the heart-cut window.
2.13. Nicole Heshka: It is critical that the Deans switch be timed properly in order for this method to be successful.  If the switching window is too narrow, or not at the correct times, hydrogen sulfide will not be accurately quantified [2.13.1 – MED].
2.13.1. Nicole speaks toward camera, interview style.
2.14. Perform the same procedure on the lower end of the time window, gradually increasing the time of the valve “off” event for sequential injections until the peaks are no longer visible [2.14.1 – SCREEN].  Subtract 0.2 minutes from this time and note it as the lower limit of the heart-cut window [2.14.2 – SCREEN]. 
2.14.1. 53416_Heshka_SCREEN_2.14.1:  Screen capture movie as talent gradually increases the time of the valve “off” event for sequential injections until the peaks are no longer visible.  Editors, please alter the speed of this video to fit the narration.
2.14.2. 53416_Heshka_SCREEN_2.14.2:  Screen capture movie as talent subtracts 0.2 minutes and enters it as the lower limit of the heart cut window.
2.15. Finally, save the valve “on”/”off” commands into the method file [2.15.1 – MED-over the shoulder]. 
2.15.1. Film as written.
3. Instrument Calibration and Sample Analysis for Liquid
3.1. For liquid sample calibration, ensure that a liquid autosampler is installed on the split/splitless inlet of the gas chromatograph [3.1.1 – MED-over the shoulder].  Place the four previously prepared calibration vials in vial positions 1 through 4 on the autosampler tray [3.1.2 – CU]. 
3.1.1. Talent ensures the liquid autosampler is installed on the split/splitless inlet of the gas chromatograph.
3.1.2. Autosampler tray as talent places the four previously prepared calibration vials in vial positions 1-4.
3.2. Use the gas chromatograph software to perform one injection per vial according to the method [3.2.1 – SCREEN].  Integrate the carbon disulfide peak in each chromatogram using the software provided with the gas chromatograph [3.2.2 – SCREEN].
3.2.1.  53416_Heshka_SCREEN_3.2.1:  Screen capture movie as talent uses the gas chromatograph software to perform one injection per vial.
3.2.2. 53416_Heshka_SCREEN_3.2.2:  Screen capture movie as talent integrates the carbon disulfide peak in each chromatogram using the software provided with the gas chromatograph.
3.3. To perform liquid sample analysis, transfer approximately 1 milliliter of neat crude into a gas chromatograph autosampler vial, and cap the vial [3.3.1 – CU-TXT].
3.3.1. Autosampler vial as talent transfers 1mL of neat crude there and caps the vial.  TEXT Overlay:  see text for crude assessment 
3.4. Place the filled vials in the autosampler tray, and load the liquid analysis method on the gas chromatograph software [3.4.1 – MED-over the shoulder].
3.4.1. Talent places the filled vials in the autosampler tray and loads the liquid analysis method on the gas chromatograph software.  
3.5. Using the gas chromatograph software and the previously configured method, use the automatic sampler to perform three replicate injections per vial [3.5.1 – CU-TXT].
3.5.1. Automatic sampler as it withdraws sample from a vial and injects it onto the machine.  TEXT Overlay:  3 injections/vial 
4. Instrument Calibration and Sample Analysis for Gas
4.1. To calibrate the instrument for a gas sample, inject the calibration gas as before.  Repeat the manual injection of calibration gas a minimum of three times [4.1.1 – MED-TXT].
4.1.1. Talent manually injects the calibration gas.  TEXT Overlay:  Repeat 3x 
4.2. Then, integrate the hydrogen sulfide peaks in the three injections with the gas chromatograph data analysis software [4.2.1 – SCREEN].  
4.2.1. 53416_Heshka_SCREEN_4.2.1:  Screen capture movie as talent uses the gas chromatograph data analysis software to integrate the hydrogen sulfide peaks in the three injections.
4.3. Using a spreadsheet program, calculate an average response factor for hydrogen sulfide by dividing the average area of the hydrogen sulfide peaks by the concentration of hydrogen sulfide in the gas bag [4.3.1 – SCREEN].
4.3.1. 53416_Heshka_SCREEN_4.3.1:  Screen capture movie as talent calculates an average response factor for hydrogen sulfide by dividing the average area of the hydrogen sulfide peaks by the concentration of hydrogen sulfide in the gas bag.
4.4. Next, fill a 500 milliliter amber glass bottle with 450 milliliters of the crude to be analyzed [4.4.1 – MED].  Attach a septum-topped cap to the top of the bottle [4.4.2 – CU].
4.4.1. Film as written. a shot was filmed showing the bottle
4.4.2. Bottle as talent attaches a septum-topped cap there.  
4.5. Place the bottles to be analyzed in a temperature controlled environment [4.5.1 – MED-over the shoulder].
4.5.1. Talent places the bottles to be analyzed in a water bath (or other temperature controlled environment). 
4.6. Using a 1 milliliter glass gas tight syringe, puncture the septum top and leave the syringe in the top of the bottle to provide an avenue for pressure release if the gas in the headspace should build up [4.6.1 – CU]. 
4.6.1. 1 mL glass gas tight syringe as talent punctures the septum top and leaves the syringe in the top of the bottle.
4.7. Leave the bottles in the temperature controlled environment for 24 hours, gently lifting and shaking the bottles once an hour to equilibrate the hydrogen sulfide between the liquid and headspace [4.7.1 – MED].
4.7.1. Bottles in a temperature controlled environment as talent gently lifts on and shakes it. 
4.8. To analyze the headspace gas, puncture the septum top and withdraw 250 microliters of gas into a gas tight glass syringe [4.8.1 – CU].
4.8.1. Bottle as talent punctures the septum top and withdraws 250 microliters of gas into a gas tight glass syringe. 
4.9. Cap the syringe end with a piece of inlet septa and transport the syringe to the gas chromatograph [4.9.1 – ECU].  Manually and swiftly inject the gas into the inlet, simultaneously starting the software to begin data collection [4.9.2 – MED-over the shoulder-TXT]. 
4.9.1. Syringe end as talent caps with a piece of inlet septa.
4.9.2. Film as written. TEXT Overlay:  3 injections/glass bottle
5. Results: Measurement of Hydrogen Sulfide in Crude Oil  
5.1. This chromatogram of a liquid crude sample is representative of the results obtained through this procedure.  The hydrogen sulfide peak is resolved from other peaks, and easily quantified [5.1.1 – LM].
5.1.1. 53416_Heshka_Figure7.tif

5.2. Chromatograms of gas samples show similar resolution of hydrogen sulfide, with the additional peaks remaining unidentified for the purpose of this method [5.2.1 – LM].
5.2.1. 53416_Heshka_Figure8.tif

5.3. If the concentration of hydrogen sulfide in the gas sample is too high for the detector to quantify accurately, the chromatogram will show a flat-topped peak [5.3.1 – LM].  
5.3.1.  53416_Heshka_Figure3.tif

6. Conclusion (said by authors on camera)

6.1. Nicole Heshka: While attempting this procedure, it’s important to remember that the pressures and timing points described are specific to each system, and will likely vary from instrument to instrument [6.1.1 – MED].  

6.1.1. Nicole speaks toward camera, interview style.

6.2. Nicole Heshka: After watching this video, you should have a good understanding of how to sample both gases and liquids for hydrogen sulfide analysis, and how to program a Deans switch for heart-cutting GC analysis [6.2.1 – MED].  

6.2.1. Nicole speaks toward camera, interview style.

6.3. Nicole Heshka: Following this procedure, additional methods may be developed to study other light sulfur gases present in crude oil, such as methyl mercaptan or dimethyl sulfide [6.3.1 – MED].  

6.3.1. Nicole speaks toward camera, interview style.
6.4. Nicole Heshka: Don't forget that hydrogen sulfide gas can be highly toxic, and should not be handled outside a vented fumehood.  Additionally, crude oil is flammable and toxic and should only be handled while wearing proper protective equipment [6.4.1 – MED].   

6.4.1. Nicole speaks toward camera, interview style.

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.  

2.7 - Deans Switch Animation_3.wmv

5.1 – 53416_Heshka_Figure7.tif - chromatogram of a liquid crude sample

5.2 – 53416_Heshka_Figure8.tif - chromatogram of a gas headspace sample

5.3 – 53416_Heshka_ Figure3.tif – overloaded chromatogram showing a gas concentration that is too high

SCREEN Capture Movies:
53416_Heshka_SCREEN_2.1.2:  Screen capture movie as talent inputs information the column dimensions, carrier gas, temperature, desired flow rates and detectors.
53416_Heshka_SCREEN_2.2.1:  Screen capture movie as calculator defines the pressures needed for the inlet and PCM, and the length of restrictor tubing needed for installation between the Deans switch and the FID.  Then talent inputs the pressures into the method file.
53416_Heshka_SCREEN_2.7.2:  Screen capture movie as talent locates the valve timing point section in the method parameters.
53416_Heshka_SCREEN_2.8.1:  Screen capture movie as talent sets the switch to “on,” and creates time events for the valve that controls the Deans switch, beginning with the valve turning “off” at 0.5 minutes, and a second event that turns the valve “on” again at 3.0 minutes.
53416_Heshka_SCREEN_2.12.1:  Screen capture movie as talent begins decreasing the time of the heart-cut window, one side at a time until the hydrogen sulfide peak disappears from the chromatogram.  
53416_Heshka_SCREEN_2.12.2:  Screen capture movie as talent adds 0.2 minutes and enters it as the upper limit of the heart-cut window.
53416_Heshka_SCREEN_2.14.1:  Screen capture movie as talent gradually increases the time of the valve “off” event for sequential injections until the peaks are no longer visible.  
53416_Heshka_SCREEN_2.14.2:  Screen capture movie as talent subtracts 0.2 minutes and enters it as the lower limit of the heart cut window.
53416_Heshka_SCREEN_3.2.1:  Screen capture movie as talent uses the gas chromatograph software to perform one injection per vial.
53416_Heshka_SCREEN_3.2.2:  Screen capture movie as talent integrates the carbon disulfide peak in each chromatogram using the software provided with the gas chromatograph.
53416_Heshka_SCREEN_4.2.1:  Screen capture movie as talent uses the gas chromatograph data analysis software to integrate the hydrogen sulfide peaks in the three injections.
53416_Heshka_SCREEN_4.3.1:  Screen capture movie as talent calculates an average response factor for hydrogen sulfide by dividing the average area of the hydrogen sulfide peaks by the concentration of hydrogen sulfide in the gas bag.
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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