[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 67763
Scriptwriter Name: Nilesh Kolhe
Project Page Link: https://review.jove.com/account/file-uploader?src=20667763

Title: Fluid-Cell Raman Spectroscopy for in Operando Studies of Reaction and Transport Phenomena During Silicate Glass Corrosion

Landing Page Title (not for video use): Fluid-Cell Raman Spectroscopy for Real-Time Study of Silicate Glass Corrosion

☒   The Landing Page Title is correct. (Character limit with spaces: 80)

Authors and Affiliations: Mara I. Lönartz, Lasse Stausberg, Gerrit Trapp-Müller, Lars Dohmen, Christoph Lenting, Moritz B.K. Fritzsche, Thorsten Geisler

Institute for Geosciences, University of Bonn

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

Corresponding Authors: 
[bookmark: _Hlk25233958]
M.I. Lönartz			mloenartz@uni-bonn.de

Email Addresses for All Authors: 
mloenartz@uni-bonn.de
lstausberg@uni-bonn.de
gerrit.trapp-muller@stonybrook.edu
lars.dohmen@gmx.de
c.lenting@uni-koeln.de
fritzsche@fg-feuerfest.de
tgeisler@uni-bonn.de





Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
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.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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.

3. Filming location: Will the filming need to take place in multiple locations?  Yes
If Yes, how far apart are the locations? The experiment is setup in one building at the same floor, but in two different rooms (preparation room, Raman lab).

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: 15
Number of Shots: 31

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)


Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Mara Iris Lönartz: The overall aim is to improve the understanding of reaction and transport processes at solid-water interfaces at elevated temperatures and on a microscopic scale. With Fluid-cell Raman spectroscopy, we focus on the aqueous corrosion of borosilicate glasses, studying the still debated rate-limiting mechanisms controlling glass degradation. Borosilicate glasses present a favorited material for the immobilization of high-level nuclear waste.	Comment by Mara Lönartz: We are aware of the too long sentence. For clarity, we would prefer to mention the use of borosilicate glasses.

What are the most recent developments in your field of research?
1.2. Mara Iris Lönartz: Recent studies have shown a significant effect of heavy ion irradiation-induced structural damage on the glass dissolution behavior and the precipitation of a silica-based surface alteration layer. External pre-irradiation of non-radioactive glasses is a common tool to simulate effects induced by self-irradiation in nuclear waste glasses.
What technologies are currently used to advance research in your field?
1.3. Mara Iris Lönartz: In the field of glass corrosion studies, batch experiments are commonly performed, deriving reaction rates by sampling the solution in given time intervals and analyzing the altered sample by, e.g., Atom Probe Tomography, Scanning Transmission Electron Microscopy, and Nano Secondary Ion Mass Spectrometry to visualize the elemental distribution and textural and mineralogical features across the altered layer/pristine glass interface down to the atomic scale. In the research field of mineral-fluid interactions, dissolving mineral surfaces are studied in operando by surface-related analytical techniques, such as, e.g., atomic force microscopy. 
What are the current experimental challenges?
1.4. Mara Iris Lönartz: Current challenges exist in the possible entrapment of air pockets during the closing of the cell and top-side corrosion processes due to the solution filled gap between the sapphire window and the top side of the glass sample. Particularly during long-term experiments, the corrosion products can reduce the signal-to-noise ratio of the spectra and the spatial resolution with time.

What significant findings have you established in your field?
1.5. Thorsten Geisler: Fluid-cell Raman spectroscopy unraveled the formation of a water-rich zone between the dissolving glass and the surface alteration layer. This zone is understood as an intrinsic feature of the interface coupled dissolution-precipitation model, and is difficult to explain by an interdiffusion process that includes the water diffusion and exchange between protons from water with components of the glass. 

What research gap are you addressing with your protocol?
1.6. Thorsten Geisler: The protocol addresses to still debated rate-limiting mechanisms controlling glass degradation in aqueous environments over geological time scales. Existing glass corrosion models are controversial and require further process understanding in order to improve analytical and numerical models predicting the long-term behavior of nuclear waste glasses.

What advantage does your protocol offer compared to other techniques?
1.7. Mara Iris Lönartz: Fluid-cell Raman spectroscopy enables the real-time and in situ monitoring of the glass/water interface, without the need of interrupting the strongly coupled reaction and transport processes. In combination with isotopic tracers, we can study the transport properties of the silica-based alteration layer, avoiding potential modifications by quenching the sample. With this, we are potentially able to provide effective diffusion coefficient of molecular water for the porous silica-based layer as function of time.

How will your findings advance research in your field?
1.8. Thorsten Geisler: Fluid-cell Raman spectroscopy can be applied to crystalline or amorphous materials, as long as the parent and product phase are transparent to visible light. We see a great potential to support various research fields, especially in relation to mineral-fluid interactions. For instance, we performed FCRS experiments to study the replacement reaction of celestine by strontianite, which provided new details about an ICDP mechanism and gave the first evidence for three kinetic regimes.
What new scientific questions have your results paved the way for?
1.9. Mara Iris Lönartz: The latest results raised further question about how pre-irradiated glass corrodes under distinct pH conditions and over longer time-scales, considering the observed changes on the structure and texture of the silica-based surface alteration layer and with respect to the currently debated glass corrosion mechanisms.
What research questions will your laboratory focus on in the future?
1.10. Mara Iris Lönartz: Our laboratory will further focus on the effect of (sequential) ion irradiation on the aqueous corrosion behavior of simple ternary borosilicate glasses and the International Simple Glass (ISG) by performing long-term in-situ Raman experiments, including experiments with D218O tracer solutions. Studying these interactions is important to our understanding of what happens when the nuclear waste container corrodes, allowing groundwater to enter the gap between the glass and the steel container.
Videographer: Obtain headshots for all authors available at the filming location.


Testimonial Questions (OPTIONAL): 

Answers to these questions will not appear in the video but may be featured in our journal's promotional materials.
· Enter the full name of the author who will deliver the statement.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.


What motivated you to choose JoVE for publishing your research?
1.1. Mara Iris Lönartz: JoVE offered us the great opportunity to publish a video about setting up a Fluid-cell Raman spectroscopic experiment. As we noted an increasing international interest in this quite unique setup of other working groups, we decided to publish a detailed protocol video on how implementing such the setup to provide a hopefully helpful guide.
How does the research community benefit from video publications as compared to standard text publications?
1.2. Mara Iris Lönartz: Since the implementation of the setup is not trivial, it is helpful for others to understand the practical and technical aspects of setting up a fluid-cell Raman experiment, including problems and limitations. This can best be achieved by filming the single steps of setting up a fluid-cell Raman spectroscopic experiment. We further assume that this is a valuable opportunity to share our knowledge and to be transparent to other research working groups.


Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· 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.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Preparation and Raman Spectroscopy Workflow for FCRS Experiments on Glass Samples
Demonstrator: Lasse Stausberg, Mara Iris Lönartz
Protocol
2.1. To begin, grind the glass sample coupon using 600-grit silicon carbide paper on two opposite sides [1] until it fits into the PTFE (P-T-F-E) sample holder [2]. Mount the PTFE holder containing the glass sample into a larger metallic sample holder to prepare for grinding the top side of the glass coupon until it is level with the PTFE holder [3].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for PTFE is correct. 	Comment by Mara Lönartz: This is correct.
2.1.1. WIDE: Establishing shot of talent grinding the glass sample coupon with 600-grit silicon carbide paper. Videographer: In addition to this video shot, please also take a photograph of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
2.1.2. Talent inserting the glass sample coupon into the PTFE holder.  
2.1.3. Talent mounting the PTFE holder into the metallic sample holder.  

2.2. Once the sample, PTFE, and metallic sample holder are nearly in one plane, grind the surface using a finer 1000-grit silicon carbide paper [1].
2.2.1. Talent grinding the top surface of the glass sample with 1000-grit silicon carbide paper.

2.3. Polish the top side of the sample within the PTFE holder with a 3-micrometer and 1-micrometer diamond paste for at least 20 minutes [1].
2.3.1. Talent polishing the sample surface with a 3 and 1-micrometer diamond paste.

Setup of Raman Measurement Parameters
2.4. Define the spectral window ranges to measure the Raman modes characteristic of the sample and solution. For the borosilicate glass sample, set the first spectral window range from 200 to 1735 inverse centimeters and the second window range from 2800 to 4000 inverse centimeters to measure the Raman modes of molecular water [1]. Each spectral window is measured for 7 and 2 seconds, respectively,, of 5 accumulations.
2.4.1. SCREEN: To be uploaded by Authors (67763_2.4.1): Opening the tab ‘Acquisition’ in the Raman measurement parameters setup screen in the software. Then, setting the spectral window range from 200 to 1735 inverse centimeters and 2800 to 4000 inverse centimeters. Set the acquisition time to 7 seconds for the glass spectral window and 2 seconds for the water spectral window. Set the number of accumulation to 5 to achieve the best possible signal-to-noise ratio [2]..  
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20667763

2.5. Adjust the spectrometer entrance slit width to 200 micrometers and the confocal hole to 600 micrometers to optimize depth resolution, while decreasing the spectral resolution to partially compensate for the intensity loss by closing the confocal hole [1]. Set the acquisition time to 7 seconds for the glass spectral window and 2 seconds for the water spectral window, with 5 rounds of accumulation to achieve the best possible signal-to-noise ratio [2].
2.5.1. SCREEN: To be uploaded by Authors (67763_2.5.1): Adjusting the entrance slit width to 200 micrometers and the confocal hole to 600 micrometers.
2.5.2. SCREEN: To be uploaded by Authors: Selecting 7-second acquisition time for the glass spectral window. Setting a 2-second acquisition time for the water spectral window and enabling 5 rounds of accumulation.

2.6. Place the neon lamp alongside the beam path of the scattered light [1].
2.6.1. Talent placing the neon lamp alongside the beam path of the scattered light.

3. Video 3: Fluid-Cell Assembly and Raman Analysis for Glass-Solution Interface Dynamics
Demonstrator: Lasse Stausberg, Mara Lönartz
Protocol
3.1. To begin, place the silicone washer on the inverted fluid-cell lid [1]. Then, position the sapphire window and the PTFE (P-T-F-E) sample holder with the top side of the sample facing the sapphire window [2]. Fix the position of the silicone washer, sapphire window, and sample with the screw cap [3].
3.1.1. WIDE: Talent placing the silicone washer on the inverted fluid-cell lid.  
3.1.2. Talent positioning the sapphire window and PTFE sample holder, ensuring the sample's top side faces the sapphire window.  
3.1.3. Talent fixing the silicone washer, sapphire window, and PTFE holder with the screw cap.

3.2. Insert the O-ring into the provided groove [1]. Inject the reactive solution, which here is a sodium carbonate solution with a pH of 8.11 and at a room temperature (18.5 °C), from both sides of the reactor until the outlet of the tubing inside the reactor is fully covered, ensuring no air is trapped [2]. Then, close the valves before removing the syringe to prevent air accumulation in the tubing or valves [3].
3.2.1. Talent inserting the O-ring into the groove.  
3.2.2. Talent injecting the solution from both sides of the reactor, ensuring the outlet of the tubing is submerged.  
3.2.3. Talent closing the valves and carefully removing the syringe.

3.3. Add the remaining solution from the top of the reactor vessel until the solution forms a convex meniscus [1]. Fill the free spaces of the sample holding lid by carefully dripping the solution along the right and left sides of the sample coupon [2]. Check the filled lid for possible air pockets [3].
3.3.1. Talent adding the solution to the top of the reactor vessel until a convex meniscus forms.  
3.3.2. Talent carefully dripping the solution along the right and left sides of the sample coupon.  
3.3.3. Talent inspecting the filled lid for air pockets.

3.4. Next, turn the lid upside down to place it on top of the reactor vessel [1]. Quickly secure the cell using the six screws [2]. Mount the fluid cell on the x-y-z (X-Y-Zee) stage [3] and connect it to the heating stage [4].
3.4.1. Talent turning the lid upside down and aligning it with the reactor vessel.  
3.4.2. Talent securing the reactor lid with six screws.  
3.4.3. Talent mounting the fluid cell onto the x-y-z stage.
3.4.4. Talent connecting the fluid cell to the heating stage.

Measuring Gap Size and Sample/Solution Interface Position
3.5. Once the nominal temperature is reached, focus the laser beam on the sapphire window using the optical microscope [1]. Adjust the laser focus on the top of the sapphire window, centering it in the x- and y-directions above the sample [2]. Set the z (zee)-position to zero as a reference [3].
3.5.1. Talent observing the sapphire window through the optical microscope and focusing the laser beam.  	Comment by Mara Lönartz: The optical image or view through the microscope is given by the camera of the Raman. The microscope is integrated in the Raman system and the talent is not watching through ocular lenses of it – but it will become clear by the captured software video.
3.5.2. SCREEN: To be uploaded by Authors: Moving the laser focus to the center of the sapphire window in the x- and y-directions.  
3.5.3. SCREEN: To be uploaded by Authors: Setting the z-position to zero as a reference.

3.6. Now, move the laser focus in the z-direction until the first Raman signals of water or solution species, such as bicarbonate and carbonate, are detected [1]. Continue moving the laser focus further downwards until a pure spectrum of the glass sample is identified using the Real Time Display function [2].	Comment by Mara Lönartz: The focussing of the laser on the sapphire window, setting z to zero and the subsequent real-time measurements along z and x are captured in one video. Note the labelling of single steps by the three-digit numbers in the description of the video of the screenshot summery (according to the protocol).
3.6.1. SCREEN: To be uploaded by Authors: Display of Raman signals from water and solution species as the laser moves in the z-direction.  
3.6.2. SCREEN: To be uploaded by Authors: Detection of the glass sample spectrum and marking it as the top side of the sample.

3.7. Move the laser focus further into the z-direction, penetrating more than 30 to 50 micrometers into the sample for glass corrosion rate observation [1]. 
3.7.1. Talent adjusting the z-direction focus into the glass sample.  

3.8. Next, move the stage in the x-direction to determine the sample-solution interface based on the decreasing Raman signal intensity of the sample and the increasing intensity of the solution [1]. Set the position of the sample-solution interface to x = 0 (X-equals to zero) [2].
3.8.1. SCREEN: To be uploaded by Authors: Real Time Display showing Raman signal intensity changes as the stage moves in the x-direction.
3.8.2. SCREEN: To be uploaded by Authors: Setting the x-position of the sample/solution interface to 0.

3.9. Set the line scan range to 100 micrometers with a step size of 2 micrometers, taking 51 point line scan measurements in the x-direction for the glass-solution interface [1].
3.9.1. [bookmark: _GoBack]SCREEN: To be uploaded by Authors: Setting the line scan range to 100 micrometers with a step size of 2 micrometers.  Starting the line scan and capturing 51 measurement points.
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20667763
Representative Results
3.10. The glass-solution interface continuously retreated within the first 4 hours, indicating congruent dissolution of the glass [1]. The first amorphous silica signals appeared after 8.3 hours, indicating the precipitation of the surface alteration layer [2].
3.10.1. LAB MEDIA: Figure 5 Video Editor: Please emphasize the green colour shown by SAL white arrow from Figure A
3.10.2. LAB MEDIA: Figure 5 Video Editor: Please emphasize the red color shown by top white arrow from Figure A

3.11. A water-rich interfacial zone began forming after approximately 80 hours, gradually developing into a distinct interfacial water layer with a width of about 6 to 8 micrometers [1].
3.11.1. LAB MEDIA: Figure 6A Video Editor: Please emphasize the blue color shown by water-rich interface white arrow
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