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A. Microscopy: Does your protocol involve video microscopy? N
B. 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.

C. Which steps of from the protocol section below will viewers benefit most from having filmed? n/a

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.9.2. 
E. Will the filming need to take place in multiple locations? N
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Qian Huang: This method can help answer key questions in the energy and metallurgy field about how to identify reaction kinetics parameters and evolved gas compositions. 

1.2. Qian Huang: The main advantage of this technique is that the mass flow rate of individual gases evolved from reactions can be precisely and quantitatively precisely determined.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Rongbin Li: Though this method can provide insight into reactions in an energy and metallurgy system, it can also be applied to other systems, such as food, medicine, or aerospace materials.

C. Introduction of Demonstrator
: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Thermogravimetry-Mass Spectrum (TG-MS) System Equivalent Characteristic Spectrum Analysis (ECSA) 
2.1. To calibrate a characteristic spectrum, prepare the evolved gases to be calibrated [1-WIDE-TXT], modulating the gas pressure at 0.15 megaPascals [2-MED].

2.1.1. Talent preparing gas(es) (TEXT: e.g. CO2, H2O, CH4, He, etc.)
2.1.2. Talent modulating pressure
2.2. Use a stainless-steel tube to connect each gas cylinder to the thermogravimetry-mass spectrum, or TG-MS, system [1-MED] and purge all the evolved gases into the TG-MS system with at a 100 mL/min flow rate [2-CU]. 
2.2.1. Talent connecting tube between cylinder and system
2.2.2. Gas being purged
2.3. Monitor the mass spectrum of each individual gas [1-MED-over the shoulder], carefully watching and comparing the characteristic peaks of the gases to be calibrated and any possible impurities within the gases [2-SCREEN].
2.3.1. Talent looking at peaks on monitor, with monitor visible in frame

2.3.2. *To be provided by Authors: Shot of at least one gas peak

2.4. To calibrate the relative sensitivity of the gases, purge the reference gas at 300 mL/min flow rate into the TG-MS system for 20 minutes to clean the system [1-MED-TXT].
2.4.1. Talent purging He into system (TEXT: Reference gas: He)
2.5. Next, synchronously purge each of the calibrated gases with the reference gas into the TG-MS system at a 100 mL/min flow rate [1-CU].
2.5.1. Gases being purged together 
2.6. Then calculate the relative sensitivity of each gas according to the known flow rate and the mass spectrum as indicated in the equation [1-TXT].
2.6.1. TEXT: ar,k = qr/qk x lk/lr
3. TG-MS System ECSA Testing and Analysis
3.1. To prepare the samples, collect 10 grams of calcium carbonate with an average diameter of 15 micrometers [1-WIDE],10 grams of a white block of hydromagnesite [2-MED], or 20 grams of Zhundong coal [3-CU-TXT].
3.1.1. Talent adding calcium carbonate to balance

3.1.2. Talent placing hydromagnesite onto lab bench
3.1.3. Shot of 20 grams of Zhundong coal (TEXT: Obtain coal from Mori Kazak Autonomous County, Xinjiang, China)
3.2. Break the hydromagnesite break into <3-mm pieces [1-CU] and grind the pieces with a machine-stirred mill to approximately 10 micrometers [2-MED].

3.2.1. Hydromagnesite being broken up  
3.2.2. Talent grinding pieces 
3.3. Then dry all of the samples for 24 hours in a 105 °C-oven [1-MED-over the shoulder], breaking and grinding the coal in a mill the next day to obtain a particle size range of 180-355 micrometers [2-CU].
3.3.1. Talent placing samples into oven

3.3.2. Coal being ground 
3.4. To test the thermal reactions of the samples, purge the TG-MS system with helium as the carrier gas for 2 hours to expel the air and moisture [1-MED] and heat the instrument to around 500 °C [2-CU].

3.4.1. Talent purging system

3.4.2. System being set to 500 °C

3.5. When the system has cooled back to room temperature, use mass spectrometry to monitor the atmosphere for 20 minutes [1-MED], carefully watching and comparing the characteristic carbon dioxide and helium peaks and the impurity peaks of the oxygen, nitrogen, and water gases [2-SCREEN].
3.5.1. Talent monitoring atmosphere, with monitor visible in frame
3.5.2. *To be provided by Authors: Shot of peaks (Video Editor: please emphasize carbon dioxide, helium, oxygen, nitrogen, and water peaks when mentioned as possible)
3.6. Weigh 10-mg of the sample of interest on a precision electronic balance [1-MED] and add the weighed sample to an aluminum oxide crucible [2-CU].
3.6.1. Talent adding sample to balance
3.6.2. Sample being added to crucible

3.7. Place the crucible with the sample [1-MED] into the TG system and close the furnace [2-CU].
3.7.1. Sample being added to crucible and talent placing crucible into system
3.7.2. Furnace being closed

3.8. Then set the appropriate operating parameters for the sample being tested [1-MED-TXT].
3.8.1. Talent setting parameters (TEXT: See text for sample parameter details)

3.9. Rongbin Li: “The reference gas in the calibration must be the same as that in the sample testing process and must never react with evolved gases. We recommend using helium as the carrier gas in both the calibration and the test.” [1-MED-interview style] 
3.9.1. Rongbin Li, speaking the above interview style (looking just off-camera)
3.10. For qualitative and quantitative analysis of the sample data, load the 3D mass spectrum data onto the computer connected to the TG-MS system [1-MED-over the shoulder] and use the equivalent characteristic spectrum analysis, ECSA, method to calculate the actual sample parameters based on the previously-determined calibrated characteristic peak and the relative sensitivity of the sample [2-SCREEN].
3.10.1.  Talent loading data/opening data, with monitor visible in frame

3.10.2.  *To be provided by Authors: Sample parameters being calculated 
3.11. The thermal reaction can then be analyzed according to the actual sample parameters [1-SCREEN].
3.11.1.  *To be provided by Authors: Thermal reaction being analyzed
4. Results: Representative Thermal Reaction Analysis
4.1. After calibrating the characteristic peak and relative sensitivity of carbon dioxide to the carrier gas helium [1-LM], the actual mass flow rate of carbon dioxide evolved by the thermal decomposition of calcium carbonate can be calculated by the ECSA method [2-LM] and compared with the actual mass loss [3-LM].

4.1.1. Figure 3 – R1.jpg: no animation

4.1.2. Figure 3 – R1.jpg: Video Editor: please emphasize yellow CO2 flow rate data line

4.1.3. Figure 3 – R1.jpg: Video Editor: please emphasize green mass loss data line
4.2. In this representative analysis, there was a good agreement between the mass flow rate of carbon dioxide [1-LM] and the mass loss data by digital thermogravimetry over the entire measurement process [2-LM].
4.2.1. Figure 3 – R1.jpg: Video Editor: please emphasize yellow CO2 flow rate data line
4.2.2. Figure 3 – R1.jpg: Video Editor: please emphasize blue DTG data line

4.3. Comparison of the thermal decomposition process of hydromagnesite by ECSA [1-LM] and the calibration of carbon dioxide and water [2-LM] revealed that these data were also in good agreement with the experimental digital thermogravimetry data [3-LM].
4.3.1. fig4-a.psd: Video Editor: no animation
4.3.2. Authors: please upload the graphs from Figure 4b and 4c together in a new .ai or .psd file without the b or c labels through the submission link: Video Editor: please emphasize Carbon dioxide and water graphs when mentioned
4.3.3. fig4-d.psd: Video Editor: please add/emphasize dotted yellow rectangle, brackets, arrows, and delta TG text 
4.4. Combining both the electron ionization and photoionization measuring modes, this representative pyrolysis of Zhundong coal [1-LM-TXT] revealed the presence of 16 different of volatile gases [2-LM-TXT]. 
4.4.1. Figure 5a – R1.tif: TEXT: Electron Ionization
4.4.2. Figure 5b – R1.tif: TEXT: Photoionization
4.5. After a detailed determination of the mass spectrum and sensitivity of each identified gas to the carrier gas, the mass flow rate of each gas was calculated [1-LM] and used to compare the mass ion data for each gas based on the same operating parameters [2-LM].

4.5.1. Authors: please upload the graphs from Figure 6a and 6b together in a new .ai or .psd file without the a or b labels through the submission link: no animation
4.5.2. Figure 6ab: Video Editor: please add CH4 text to original Figure 6a graph and C6H6O text to original Figure 6b graph
5. Conclusion (said by authors on camera):
5.1. Qian Huang: While attempting this procedure, it’s important to remember to build the calibration factor and the relative sensitivity of the gases before testing.

5.2. Rongbin Li: Following this procedure, other methods, like differential thermal analyzer-combined ECSA can be performed to answer additional questions about the features of the reactions without the evolved gases.

5.3. Hongde Xia: After its development, this technique paved the way for researchers in the field of energy and metallurgy to explore the in-depth reaction mechanisms in energy conversion and advanced materials development.

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure 3 – R1.jpg
fig4-a.psd

fig4-d.psd

Figure 5a – R1.tif

Figure 5b – R1.tif

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 in the email accompanying the finalized script.

�Authors: You do not have to included steps that will be screen captured. 


�Authors: These statements have been edited for length and/or clarity.


�Authors: Dr. Huang will have been introduced during the Required statements.


�Authors: Please indicate the name of the new Figure 4bc and Figure 6ab files here when you have them.
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