

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 72126
Scriptwriter Name: Ruchira Mukherji
Project Page Link: https://review.jove.com/files_upload.php?src=21998478

Title: Time-Resolved In-Situ SERS Monitoring of Toluene Vapor Adsorption on Silver Nanorod Substrates

Authors and Affiliations: 

Kenneth Stiwinter1, Amit Kumar1, Gisselle Cavagliano2, Ashik Kannan1, Yiping Zhao1  

1Department of Physics and Astronomy, University of Georgia
2School of Chemical, Materials and Biomedical Engineering, College of Engineering, University of Georgia

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


Corresponding Authors: 
[bookmark: _Hlk25233958]
Kenneth Stiwinter		Kenneth.stiwinter@uga.edu
Yiping Zhao			zhaoy@uga.edu

Email Addresses for All Authors: 

Amit.Kumar@uga.edu
g.cavagliano@uga.edu
akannan@uga.edu
Kenneth.stiwinter@uga.edu
zhaoy@uga.edu


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?  Enter Yes or 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?  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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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: 21
Number of Shots: 34  

Interviews
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.
· 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 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 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 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?
1.4. Enter 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 most important consideration or challenge when performing this protocol.
1.5. Enter 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 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 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.


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





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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Raman Gas-System Setup and Initial Purge
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 powering on the two mass flow controllers, or MFCs (m-f-sees), and the Raman spectrometer equipped with a 785-nanometer laser and detector array [1-TXT].
2.1.1. WIDE: Talent powering on both MFCs and the Raman spectrometer. TXT: Instrument warm-up time - 30 min

2.2. Set the nitrogen-cylinder regulator to 30 pounds per square inch [1]. Connect the gas lines to the sealed, empty gas cell [2], and confirm gas flow by observing bubbles at the outlet [3].
2.2.1. CU: Talent setting the nitrogen regulator to 30 psi.
2.2.2. WIDE: Talent connecting the gas lines to the sealed, empty gas cell.
2.2.3. CU: Talent observing bubbles forming at the gas outlet to confirm the flow of gas.

2.3. Fill the toluene bubbler until its inlet tube is submerged by approximately 3 centimeters [1]. Position the bubbler, gas cell, and connecting tubing inside the fume hood [2].
2.3.1. CU: Talent filling the toluene bubbler until the inlet tube is submerged by approximately 3 cm.
2.3.2. WIDE: Talent arranging the bubbler, gas cell, and tubing inside the fume hood.

2.4. Set MFC-A, which supplies nitrogen directly, to 60 standard cubic centimeters per minute, and set MFC-B, which routes nitrogen through the bubbler, to zero [1]. Purge the empty cell and gas lines for 15 minutes [2], confirming continuous bubbling at the outlet [3].
2.4.1. Talent adjusting the mass flow controller to appropriate values.
2.4.2. Talent purging the empty cell and gas lines for the designated time.
2.4.3. Talent monitoring the gas outlet for bubbles.


3. AgNR Substrate Loading
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Retrieve a previously validated silver nanorod, or AgNR (a-g-n-r), from storage [1] and immediately reseal the storage bag with argon [2]. Record the substrate batch identification [3].
3.1.1. CU: Talent removing one AgNR substrate from storage.
3.1.2. CU: Talent quickly resealing the storage bag with argon.
3.1.3. Talent at the computer recording the substrate batch identification.

3.2. Plasma-clean the substrate using the established procedure [1] and transfer it to a covered plastic Petri dish [2].
3.2.1. WIDE: Talent plasma-cleaning the AgNR substrate
3.2.2. CU: Talent placing the cleaned substrate in a covered plastic Petri dish

3.3. Within 3 minutes of plasma cleaning, open the gas cell and place the substrate near its center with the AgNR side facing the measurement window [1]. Position it between the inlet and outlet in the primary gas-flow path and select a measurement location within a 1-centimeter circle centered on the substrate [2].
3.3.1. CU: Talent loading the substrate with the AgNR side facing the measurement window.
3.3.2. ECU: Talent positioning the substrate between the inlet and outlet, while indicating the central measurement region.

3.4. Seal the gas cell [1], maintain MFC-A at 60 and MFC-B at zero standard cubic centimeters per minute, and purge the loaded cell for 15 minutes [2].
3.4.1. CU: Talent sealing the loaded gas cell.
3.4.2. Talent adjusting the mass flow controller to appropriate values, before starting the purge.


4. Raman Alignment and Nitrogen Baseline
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Using the 785-nanometer laser and a 10X (ten ex) objective with a numerical aperture of 0.25, align the Raman optics through the gas-cell window and focus on the AgNR surface [1-TXT].  
4.1.1. WIDE: Talent aligning the Raman optics through the gas-cell window. TXT: Estimated laser-spot diameter - 3.8 µm

4.2. Support the gas cell on two scissor lifts to provide tubing clearance and permit height and tilt adjustment [1]. Level the measurement window with the Raman optical axis [2].
4.2.1. WIDE: Shot of the gas cell being supported on two scissor lifts with clearance for the tubing.
4.2.2. CU: Talent leveling the measurement window with the Raman optical axis.

4.3. Open the acquisition software [1] and display the live detector image [2]. Adjust the gas-cell height and tilt with the scissor lifts, without moving the objective, until the AgNR surface appears sharp and the assembly is mechanically stable [3].
4.3.1. Talent at the computer opening the acquisition software.
4.3.2. SCREEN: Live detector image in the Raman acquisition software
4.3.3. SCREEN: The gas-cell height and tile being adjusted using scissor lifts until the AgNR surface is sharply focused. 	Comment by Ruchira  Mukherji: Dear Authors : this sentence - ‘Cover the fume-hood viewing area with an opaque barrier to reduce ambient light, while maintaining pure nitrogen flow through the cell.’ - has been removed because it breaks the narrative and filming flow. If it is essential to the protocol and must be retained, please suggest a more appropriate point in the procedure at which it can be introduced. 

4.4. Set the laser power to 16, plus or minus 2 milliwatts, the integration time to 10 seconds, and six accumulations per spectrum, with an interval of approximately 1 minute [1]. Keep the same measurement location throughout baseline and exposure collection [2].
4.4.1. SCREEN: Laser power, integration time and, interval being set in the software.
4.4.2. SCREEN: Fixed measurement location being indicated on the AgNR substrate.

4.5. Collect at least three baseline spectra under pure nitrogen [1]. Proceed only when the spectra are stable and show no residual toluene features [2].
4.5.1. SCREEN: Baseline spectra being acquired under pure nitrogen.
4.5.2. SCREEN: A stable baseline spectra being displayed without residual toluene features.

5. Time-Resolved Toluene-Vapor Collection
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. With the collection interval set to approximately 1 minute per spectrum, begin with continuous acquisition while pure nitrogen is still flowing [1].
5.1.1. SCREEN: Continuous spectral collection being carried out under pure nitrogen flow.

5.2. Introduce toluene vapor by setting MFC-A to zero and MFC-B to 100 standard cubic centimeters per minute [1].
5.2.1. SCREEN: Toluene vapors being introduced by adjusting the MCFs. 

5.3. Maintain the toluene exposure for approximately 3.5 hours without changing the laser power, integration time, or measurement location. [1]
5.3.1. SCREEN: Time-resolved spectra being accumulated during toluene exposure. 
5.4. After data collection, return the MFC-A to 60 and MFC-B to zero standard cubic centimeters per minute, and purge the cell for 15 minutes [1]. Move the spectrometer and objective away from the gas cell [2], then remove the substrate and store it in a covered plastic Petri dish labeled with the batch and date [3].
5.4.1. Talent re-adjusting both MCFs to designated values before starting the purge.
5.4.2. WIDE: Talent moving the spectrometer and objective away from the gas cell.
5.4.3. CU: Talent storing the substrate in a labeled, covered plastic Petri dish.

5.5. Reseal the gas cell and perform a final 15-minute nitrogen purge [1]. Close the nitrogen cylinder and set both MFCs to zero while keeping the outlet submerged [2]. Turn off the Raman system [3] and export the spectral data as text files for subsequent analysis [4].
5.5.1. WIDE: Talent re-sealing the gas cell before the final nitrogen purge. 
5.5.2. CU: Talent closing the nitrogen cylinder and setting both MFCs to zero.
5.5.3. WIDE: Talent turning off the Raman system.
5.5.4. Talent  at the computer exporting the acquired spectral data as .txt files.
 
5.5.5. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: .
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Before toluene exposure, consecutive Raman spectra showed consistent spectral profiles with no reproducible growth of toluene-associated bands, confirming effective removal of residual vapor and establishment of a stable baseline [1]. 
6.1.1. LAB MEDIA: Figure 4A. Video Editor: In Panel A on the left, please highlight the consistent spectral profiles collected during the nitrogen-purge baseline.

6.2. Following toluene introduction, the in-situ SERS (surs) spectra exhibited gradual, time-dependent changes in spectral intensity and shape [1]. The characteristic toluene-associated band at 1001 cm⁻¹ was initially weak, became detectable during early exposure, and progressively increased at later time points [2].
6.2.1. LAB MEDIA: Figure 4B. Video Editor: In Panel B in the center, please highlight the stacked spectra contained within the light-yellow band.
6.2.2. LAB MEDIA: Figure 4C. Video Editor: In enlarged Panel C on the right, please highlight with an arrow the progressive emergence and growth of the 1001 cm⁻¹ band, from bottom to top.

6.3. The baseline-corrected intensity of the toluene-associated band increased overall during continuous analyte exposure [1]. The response increased rapidly during the early exposure period and then rose more gradually at later time-points, despite fluctuations in the measured signal [2]. 
6.3.1. LAB MEDIA: Figure 5. Video Editor: Please highlight the color-coded data points sequentially from left to right, showing the overall increase in the intensity of the 1001 cm⁻¹ band over time.
6.3.2. LAB MEDIA: Figure 5. Video Editor: Please trace the red trend line, emphasizing the rapid initial increase followed by the more gradual rise during the later exposure period.
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