

[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #: 72539
Scriptwriter Name: Vipasha Sharma
Project Page Link: https://review.jove.com/account/file-uploader?src=22140913 

Title: Thermal Analysis of Calcium Borohydride: Determination of Activation Energy of Decomposition Reaction Using Kissinger and Vyazovkin Approaches


Authors and Affiliations: 

Olena Zavorotynska1, Ivan Saldan2

1Department of Mathematics and Physics, University of Stavanger
2Central European Institute of Technology, Brno University of Technology


☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]
Olena Zavorotynska			olena.zavorotynska@uis.no 


Email Addresses for All Authors: 

ivan.saldan@ceitec.vutbr.cz  
olena.zavorotynska@uis.no 




Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 18
Number of Shots: 33 

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Method and Baseline Setup
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by switching on the computer [1]. Open the experimental software and log in [2]. Select the method window and click new to create an experimental template [3]. In the new window, select TA technique to thermogravimetric analysis, an alumina 70-microliter as sample holder, and a temperature as segment type [4]. 
2.1.1. WIDE: Talent sitting at the computer and switching it on
2.1.2. SCREEN: Software being opened. Login credentials being entered
2.1.3. SCREEN: Method window being selected, new being selected to create an experimental template
2.1.4. SCREEN: TA Technique being set to TGA, sample holder being set to Alumina 70 μL and segment Type being set to Temperature
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=22140913 
2.2. Select the isothermal icon to configure the first experimental step and set the temperature for 10 minutes to 30 degrees Celsius for sample stabilization before decomposition [1]. When the first step appears, right-click Air, 0 milliliters per minute, select gas, and set argon flow to 200 milliliters per minute, using high-purity argon, and maintain these conditions during sample stabilization [2].
2.2.1. SCREEN: Isothermal being selected and the stabilization temperature being being set to 30 degrees Celsius for 10 minutes
2.2.2. SCREEN: Air, 0 mL/min being right-clicked, gas being selected and inert-gas flow being set to 200 milliliters per minute

2.3. Select Dynamic to configure the second step over a temperature range of 30 to 500 degrees Celsius [1]. Set the heating rate to 5, 7, 10, 12, 15, and 20 degrees Celsius per minute [2].
2.3.1. SCREEN: Dynamic being selected and temperature range being set from 30 to 500 degrees Celsius
2.3.2. SCREEN: Heating rates of 5, 7, 10, 12, 15, and 20 degrees Celsius per minute being set

2.4. Select Save as and save the method with an appropriate name [1]. Create and save a separate method for each heating rate using the same procedure [2].
2.4.1. SCREEN: Save as being selected and method being saved with an appropriate name
2.4.2. SCREEN: Separate methods being created and saved for each heating rate

2.5. Before each run, open the required method from the method menu and choose the required method from the list [1]. Verify the selected method details in the segment’s info tab [2].
2.5.1. SCREEN: Method menu being opened, open being selected, and the required method being chosen
2.5.2. SCREEN: Segments Info tab being opened and the selected method details being verified

2.6. Before measuring a sample, generate a blank baseline for each heating rate for automatic subtraction from the corresponding sample measurement [1].
2.6.1. SCREEN: Blank baseline being generated for the selected heating rate
Author: Steps 2.6 and 2.7 describe generation of the blank baseline. Please confirm whether the blank baseline is generated using the reference and empty sample crucibles described in Step 2.7.

2.7. Place aluminum oxide crucibles designated as the reference crucible and an empty sample crucible, both fitted with pierced lids, in the instrument [1]. Select Run blank curve in the method description and verify that the sending experiment appears on the screen [2].
2.7.1. Talent placing the reference crucible and an empty sample crucible with pierced lids in the instrument
2.7.2. SCREEN: Run blank curve being selected and the Sending Experiment appearing on the screen.

3.  Sample Preparation and Transfer
Demonstrator: 

3.1. For the sample run, reopen the required method and ensure that run blank curve is not selected [1]. Enter the sample name and either manually enter the sample mass after weighing on an external balance or select use the first measurement value [2]. 
3.1.1. SCREEN: Required method being opened and run blank curve remaining unselected
3.1.2. SCREEN: Sample name being entered, sample mass being entered manually or use the first measurement value being selected
Author: The manuscript provides two options for entering the sample mass: manual entry after weighing on an external balance or selecting “Use the first measurement value.” Please confirm which option will be demonstrated in the video.
3.2. Place the reference and empty sample crucibles in the furnace and send the experiment [1]. Heat the instrument to the starting temperature defined in the first method step and initiate the specified gas flow [2]. Once the crucible mass stabilizes under these conditions, tare the empty sample crucible [3]. Remove the empty sample crucible with its lid in place and transfer it in a covered container to the inert-atmosphere glovebox [4].
3.2.1. Talent placing the reference and empty sample crucibles in the furnace
3.2.2. SCREEN: Experiment being sent and the starting temperature and gas-flow conditions being confirmed	Comment by Vipasha Sharma: Author: Is this shot correct as per the narration?
3.2.3. CU: Talent pressing tare
3.2.4. Talent removing the crucible and transferring the lidded sample crucible in a covered container to the glovebox

3.3. In the argon-filled glovebox, grind the calcium borohydride powder thoroughly to obtain a morphologically homogeneous sample [1].  Fill the sample crucible to approximately half its volume with about 4 to 5 milligrams of calcium borohydride, record the sample amount, and maintain sample masses within 10 to 15 percent across experiments [2].
3.3.1. Talent thoroughly grinding calcium borohydride powder in the glove box
3.3.2. Talent filling the crucible approximately halfway with 4 to 5 milligrams of calcium borohydride and recording the sample amount

3.4. Place the lid on the sample crucible, return it to the transfer container, and cover it [1]. Transfer the covered crucible from the glove box to the instrument within 40 to 50 seconds [2].
3.4.1. Talent placing the lid on the sample crucible, returning it to the container, and covering it. 
3.4.2. Talent transferring the covered sample crucible from the glove box to the instrument within 40 to 50 seconds
Author: The steps in Section 3 have been rearranged to follow the sequence of sample-run setup, taring of the empty sample crucible, sample preparation in the glovebox, and transfer of the loaded crucible back to the instrument. Please confirm that this sequence accurately reflects the experimental procedure.
4. Measurement and Data Analysis
Demonstrator: 

4.1. Place the loaded sample crucible in the furnace and close the furnace [1]. Let the instrument measure the sample mass under the same gas-flow conditions used to tare the empty sample crucible [2].
4.1.1. Talent placing the sample crucible in the instrument furnace and closing the furnace
4.1.2. SCREEN: Sample mass being measured under the same gas-flow conditions used for taring
4.2. Let the sample mass stabilize for approximately 1 to 2 minutes after insertion and confirm a mass drift within plus or minus 0.0005 milligrams [1]. Then, select proceed to start the programmed measurement [2].
4.2.1. SCREEN: Mass being monitored until the mass drift stabilizes within plus or minus 0.0005 milligrams
4.2.2. SCREEN: Proceed being selected to continue the experiment

4.3. Run the differential scanning calorimetry and thermogravimetric analysis measurement to completion [1]. At the end of the experiment, remove the crucible containing the sample and return it to the glovebox [2].
4.3.1. SCREEN: DSC-TGA measurement running 
4.3.2. Talent removing the sample crucible after the experiment and returning it to the glove box

4.4. Open the measured data in the evaluation window and export it in text format for plotting [1] and analysis using different software [2].	Comment by Vipasha Sharma: Is different software word correct here?
4.4.1. SCREEN: Measured data being opened in the evaluation window and exported in text format 
4.4.2. SCREEN: Data being analyzed























Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 144
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Differential scanning calorimetry-thermogravimetric analysis showed temperature-dependent decomposition of calcium borohydride across the different heating rates [1]. The thermogravimetric analysis profiles showed two distinct weight-loss steps [2], corresponding to two endothermic features in the differential scanning calorimetry profiles [3]. 
5.1.1. LAB MEDIA: Figure 1A. Video Editor: Please sequentially highlight the six weight-loss curves corresponding to heating rates from 5 to 20 °C/min
5.1.2. LAB MEDIA: Figure 1A. Video Editor: Please highlight the closely spaced vertical dotted lines around 370–400 °C, where the colored curves drop sharply and  the horizontal dotted lines extending across the lower part of the graph, around 400–500 °C
5.1.3. LAB MEDIA: Figure 1B. Video Editor: Please highlight the downward peaks labeled Step I and Step II

5.2. Kissinger analysis of the differential scanning calorimetry peak maxima showed linear relationships for both decomposition steps [1]. The calculated activation energies were 186 kilojoules per mole for step I [2] and 138 kilojoules per mole for step II [3].
5.2.1. LAB MEDIA: Figure 2. Video Editor: Please highlight the blue data points and corresponding dashed linear-fit line for Step I and the green data points and dashed linear-fit line for Step II
5.2.2. LAB MEDIA: Figure 2. Video Editor: Please highlight the text Ea (step I) = (186 ± 2) kJ·mol⁻¹ at the top of the graph 
5.2.3. LAB MEDIA: Figure 2. Video Editor: Please highlight the text Ea (step II) = (138 ± 8) kJ·mol⁻¹ in the upper-left part of the graph

5.3. For decomposition step I, the conversion curves were separated across the different heating rates [1], although the curves at 10 and 12 degrees Celsius per minute were closely spaced [2]. The activation energy varied with conversion, decreasing from approximately 270 to 200 kilojoules per mole before 20% conversion [3] and from approximately 200 to 150 kilojoules per mole between 20% and 80% conversion [4].
5.3.1. LAB MEDIA: Figure 4B. Video editor: Please highlight the red, brown, black, and green curves, showing their separation
5.3.2. LAB MEDIA: Figure 4B. Video editor: Please highlight the purple and blue curves that run very close together around the middle of the graph
5.3.3. LAB MEDIA: Figure 4C. Video editor: Please highlight the section of the turquoise curve before 20% conversion
5.3.4. LAB MEDIA: Figure 4C. Video editor: Please highlight the section of the turquoise curve between 20% and 80% conversion
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