[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #: 68767
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=20973983 

Title: TD-DFT Guided Advanced E-Eye Sensing Technique for On-site Quantification of Fe, Cr, F, and As in the Environmental, Biological, and Food Samples 


Authors and Affiliations: 
Shrikant Kashyap1*, Rajasekhar Ravula2*, Neha Majee1, Tapas K Mandal1

1Department of Chemical Engineering, and Center for Nanotechnology, Indian Institute of Technology Guwahati
2Department of Chemical Engineering, K.K. Wagh Institute of Engineering Education and Research

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


Corresponding Authors: 
[bookmark: _Hlk25233958]Tapas K Mandal	tapasche@iitg.ac.in



Email Addresses for All Authors: 
Shrikant Kashyap 	shrikant2016@iitg.ac.in
Rajasekhar Ravula	rajravula@kkwagh.edu.in
Neha Majee 		n.majee@iitg.ac.in
Tapas K Mandal	tapasche@iitg.ac.in




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:  25
Number of Shots:  52  (19 SC)

Introduction 

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 30 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. 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 30 or fewer words.

What are the most recent developments in your field of research?
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 30 or fewer words.
What technologies are currently used to advance research in your field?
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 30 or fewer words.
What are the current experimental challenges?
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 30 or fewer words.

What significant findings have you established in your field?
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 30 or fewer words.

What research gap are you addressing with your protocol?
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 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
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 30 or fewer words.
How will your findings advance research in your field?
1.8. 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 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. 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 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. 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 30 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. Computing and Validation of the Reaction's Sensing Mechanism

Demonstrator: Click here to enter name of demonstrator(s)

2.1. To begin, select a lock-and-key reaction that specifically recognizes the targeted analyte based on its fundamental chemistry [1].
2.1.1. WIDE: Talent taking a seat at the computer station.

2.2. Launch the Gaussian 09 program to perform all the calculations using the Becke, 3-parameter, Lee-Yang-Parr (B3LYP) (B3-L-Y-P) hybrid method, and the Los Alamos National Laboratory 2 Double ζ (zee) basis set to obtain more accurate results in electronic computation involving the targeted analyte [1-TXT]. 
2.2.1. SCREEN: Small clip of 20 seconds showing the calculation run progress. TXT: Analyte chosen here: Iron 
Authors: We need only a 20-second clip for each shot showing the calculations


2.3. Activate the self-consistent reaction field using the polarizable continuum model to include solvent effects and set the solvent parameter to water [1].
2.3.1. SCREEN: In the Gaussian input, add SCRF=PCM and choose Water and confirm the setting.

2.4. Optimize the molecular geometry using the geom=connectivity (geom-connectivity) option to retain explicit bonding information during optimization and start the geometry minimization [1]. Compute the ground-state energy required to compute the optimized structure of the molecule [2].
2.4.1. SCREEN: Show the input containing geom=connectivity and bonded atom list in the connectivity block. Click Submit.
2.4.2. SCREEN: Click Submit and display the completed calculation.

2.5. Obtain excited-state electronic transitions using the time-dependent self-consistent field method, requesting a number of states equal to 60 [1]. With the same method and solvent model, compute and export the predicted ultraviolet absorption spectrum [2].
2.5.1. SCREEN: In the input, add TD(NStates=60) to the Route line and show the TD options panel.
2.5.2. SCREEN: Show the predicted ultraviolet absorption spectrum.

2.6. Perform a ground-state density functional theory geometry optimization using the B3LYP functional with the LanL2DZ (lan-L-2-D-zee) basis set to refine the molecular structure [1]. Export the optimized structures of 1,10-phenanthroline (1-ten-phen-anthroline) and the ferrous ion for subsequent studies [1-TXT].	Comment by Poornima  G: Authors, please check if it is okay to pronounce this way
2.6.1. SCREEN: Set the job type to Optimization with # Opt B3LYP/LanL2DZ SCRF(PCM,Solvent=Water).
2.6.2. SCREEN: Display the 3-dimensional view of optimized 1,10-phenanthroline and the iron(II) ion. TXT: Similarly, simulate the molecule structure of hexafluoroferrate (FeF6)




3. Development of a Colorimetric Chemical Sensor


Demonstrator: Click here to enter name of demonstrator(s)

3.1. Transfer equal volumes of trisodium citrate dihydrate, ascorbic acid, and 1,10-phenanthroline into a transparent glass culture tube [1-TXT]. Add 2 milliliters of stock solution to reach a total volume of 5 milliliters [2]
3.1.1. Talent pipetting equal volumes of each reagent. TXT: Add 1 mL of each reactant into a 5 mL tube 
3.1.2. Talent adding 2 milliliters of the stock solution and gently mixing.

3.2. Optimize the reagent ratios with ascorbic acid acting as a masking agent to adjust the reaction medium to a pH of 2 [1]. Monitor absorbance at a wavelength of 510 nanometers and fine-tune the reagent amounts to achieve maximum absorbance at this wavelength [2].
3.2.1. Talent using a calibrated pH meter to adjust the pH of the mix.
3.2.2. Talent placing the sample in a spectrophotometer.

3.3. Add a masking agent to eliminate interference from copper, preventing formation of the yellow 1,10-phenanthroline–copper complex in alkaline conditions [1]. Maintain the solution under acidic conditions to suppress copper complexation [2].
3.3.1. Talent adding the specified masking agent into the reaction tube.
3.3.2. Close-up of the pH display confirming an acidic medium.

3.4. Now, prepare ferrous standard solutions with concentrations from 0.05 milligrams per liter to 4 milligrams per liter using ferrous sulfate heptahydrate and deionized water [1]. 
3.4.1. Talent preparing a stock and performing serial dilutions to obtain the stated concentration range.

3.5. Add 1 milliliter of this standard solution to the prepared reaction mixture to initiate complexation [1]. Observe the development of the orange-colored ferroin complex as a positive indicator for ferrous ion [2].
3.5.1. Talent pipetting 1 milliliter of the iron(II) solution into the reaction tube and mixing.
3.5.2. Close-up of the tube showing the solution turning orange.

3.6. Collect water samples directly from the environmental source in pre-cleaned, acid-washed high-density polyethylene bottles [1] and cap the bottles immediately [2]. Within 2 hours, filter each sample through Whatman filter paper with a pore size of 20 to 25 micrometers [3], perform post-filtration dilution if necessary, and pretreat natural samples to remove sediments and color, excluding spiked deionized water [4].
3.6.1. Talent filling labeled high-density polyethylene bottles at the sampling site.
3.6.2. Talent capping the bottle immediately.
3.6.3. Talent pouring the sample on a funnel fitted with Whatman 20 to 25 micrometer filter paper.
3.6.4. Talent diluting the sample by adding appropriate solution.

3.7. Place each sample and standard in a quartz cuvette with a 1-centimeter path length and keep all measurements at room temperature under standard laboratory conditions [1]. Measure iron in all standards and samples using UV–visible spectroscopy by scanning from 250 to 750 nanometers [2].
3.7.1. Talent filling quartz cuvettes with the sample.
3.7.2. Talent adjusting the settings in the instrument system.

3.8. Perform baseline correction using a blank that contains the same water matrix as the samples [1]. 
3.8.1. SCREEN: Select Baseline Correction, insert the matrix blank, and confirm Apply baseline.

3.9. Configure the instrument settings to match the specified conditions by selecting Scan speed as Medium [1]. Set Measurement type to Absorbance [2], adjust Slit width to 5 nanometers [3] and set the Detectors to Direct [4].
3.9.1. SCREEN: Open Scan settings and choose Medium under Scan speed.
3.9.2. SCREEN: In Measurement mode, select Absorbance.
3.9.3. SCREEN: In Optics, set Slit width to 5.0 nanometers and confirm.
3.9.4. SCREEN: In Detector options, select Direct and apply the configuration.

3.10. If ferrous ion is not detected in a sample, spike that sample with ferrous ion at concentrations ranging from 0.05 to 4 milligrams per liter and re-measure [1]. To estimate total iron, reduce ferric to ferrous state by adding ascorbic acid before measurement and then proceed with the same detection workflow [2].
3.10.1. Talent pipetting a defined aliquot of iron(II) spike into the processed sample and mixing gently.
3.10.2. Talent adding ascorbic acid to the sample. 


4. Design and Fabrication of the E-Eye-Enable POCT Kit's Prototype
Demonstrator: Click here to enter name of demonstrator(s)

4.1. To begin, procure a LDR, a white LED, a LCD, a microcontroller or microprocessor board, and precision resistors [1].
4.1.1. Talent laying out all components on an electrostatic discharge-safe mat and checking them against a bill of materials.

4.2. Using the three-dimensional printed box, align the LED and the light-dependent resistor directly opposite each other across the cuvette slot [1]. 
4.2.1. Talent mounting the LED on one wall of the box and the light-dependent resistor on the opposite wall, facing each other.

4.3. Complete the circuit by installing a 3.3 kilo-ohm series resistor for the LED, routing clean wiring, and connecting the LCD model number 11497 [1]. 
4.3.1. Talent soldering the 3.3 kiloohm resistor to the LED lead and connecting power and ground.

4.4. Interface the sensor with the microcontroller across a voltage divider that converts light-dependent resistor resistance changes into a measurable voltage [1]. Using the Arduino Integrated Development Environment version 1.8.19 (1 point 8 point 19), set up data acquisition to read analog inputs from analog pins A0 to A3 [2].
4.4.1. Talent wiring the light-dependent resistor in a voltage divider configuration between the supply and an analog input, with the reference resistor to ground.
4.4.2. SCREEN: In the Arduino Integrated Development Environment, configure analogRead for analog pins A0 to A3.

4.5. Install analog noise-suppression filters by adding a 10 kiloohm series or biasing resistor and a 1 microfarad capacitor to form a low-pass network at each analog input [1]. Place components close to the microcontroller pins and route short, twisted signal leads to improve stability [2].
4.5.1. Talent soldering the 10 kiloohm resistor and the 1 microfarad capacitor to the analog input node.
4.5.2. Close-up of the filtered analog lines being secured near the microcontroller headers.

4.6. Print the printed circuit board when the prototype schematic and layout are finalized and electrically verified [1]. 
4.6.1. Shot of printing in progress.

4.7. Supply power by turning on the electronic switch and record the sensor response as resistance or converted voltage from each channel [1]. Observe the light path as the LED passes light through the reaction chamber and the light-dependent resistor senses transmitted intensity corresponding to ferroin formation [2]. Correlate the measured resistance with ferrous ion concentration to generate a calibration plot [3], and enter the resulting equation into the device algorithm for real-time reporting [4].
4.7.1. Talent flipping the main power switch and confirming the power indicator.
4.7.2. Close-up of the illuminated LED shining through a cuvette containing the reaction mixture toward the light-dependent resistor.
4.7.3. SCREEN: Display real-time readings on the LCD and in the Arduino Serial Plotter, showing resistance or voltage values.
4.7.4. SCREEN: Plot calibration data in analysis software, fit a line, note the equation, and paste the slope and intercept into the code’s conversion function.

4.8. Review the complete circuit drawing to confirm final wiring and channel assignments, then print and assemble the finished device enclosure [1]. 
4.8.1. SCREEN: Show the finalized circuit diagram and bill of materials saved to the project folder.


5. Development of a Multiplexed Device 
Demonstrator: Click here to enter name of demonstrator(s)

5.1. Create four dedicated slots in the three-dimensional box to hold four cuvettes in fixed positions [1]. Isolate each detection slot both optically with opaque physical barriers and electronically with separate LED and light-dependent resistor pairs and individual voltage dividers to prevent signal overlap [2].
5.1.1. Talent inserting opaque partitions between cuvette bays inside the enclosure.
5.1.2. Talent wiring four independent voltage divider circuits, one per channel, and confirming isolation with a multimeter.

5.2. Assign one slot to a single analyte and keep the assignment fixed [1]. Ensure the cuvette placed in each slot contains only the reagents specific to that analyte [2].
5.2.1. Talent labeling each slot with the analyte name and affixing matching labels to the corresponding cuvettes.
5.2.2. Talent inserting analyte-specific cuvettes into their designated slots.

5.3. Repeat the interfacing, programming, filtering, printing, powering, and calibration steps for the four-channel configuration, and connect all four LED–light-dependent resistor pairs in parallel at the board level while maintaining separate voltage dividers per channel [1]. Verify that code reads all four analog channels and that wiring supports future expansion to additional slots if needed [2].
5.3.1. Talent connecting four sensor channels to the board’s analog inputs and tying power and ground busses in parallel.
5.3.2. SCREEN: Update the Arduino sketch to read analog pins A0 to A3, compute concentration with the stored calibration for each channel, and upload the program.

5.4. Turn on the main switch to supply power so that all four LEDs illuminate simultaneously [1]. Allow the light-dependent resistors to sense each analyte in parallel and display the results for all channels at once [2].
5.4.1. Talent pressing the power switch and confirming all channel indicators illuminate.
5.4.2. SCREEN: Show the multi-channel readout with four concurrent measurements and corresponding calculated concentrations.



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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 
6.1. The multiplexed prototype accurately quantified total iron concentrations in peanut samples, with results closely matching the UV-Vis spectrophotometer [1] and remaining above the limit of detection in all cases [2].
6.1.1. LAB MEDIA: Figure 7A. Video editor: Highlight the green bars.
6.1.2. LAB MEDIA: Figure 7A. Video editor: Highlight the red horizontal line.

6.2. The chromium and fluoride levels measured in hair samples using the multiplexed prototype were comparable to UV-Visible measurements[1].
6.2.1. LAB MEDIA: Figure 7B and C. Video editor: Highlight the green bars.

6.3. Arsenic levels in Brahmaputra water samples increased progressively across sample numbers and were reliably detected by both the multiplexed prototype and UV-Vis system [1].
6.3.1. LAB MEDIA: Figure 7D. Video editor: Sequentially Highlight the green bars 


[bookmark: _Hlk203169093]NOTE to Authors: 
It's better if you upload each screen recording after naming each file according to the corresponding shot number (3-digit bullet, e.g, 2.2.1, 2.1.3, etc). 

But if you prefer to record all the steps together and upload a single screen capture file, that is okay.
In this case, you need to indicate the corresponding timestamp against each shot.
For example if the action described in shot 2.1.2 is present in the file name xxx.mp4 and is in between timestamp 00:30 to 00:45 then write as following in script above (shown in red font below). 
Example, shot 2.1.2 SCREEN: performing ........... action.   xxx.mp4 00:30-00:45.
                        2.2.2 SCREEN: clicking on.................button... xxx.mp4 01:00-01:25

Please note that every shot (3-digit step) should have the best corresponding video clip of only 20 to 25 seconds and not more than that, so that the voice narration can match the duration.

If a particular shot takes minutes to complete, we can choose timestamps at the beginning and end of the process so that the total time is again within the 25-second limit.
Example: 3.1.1 SCREEN: Clicking on the 'analyze and plot' button, analysis in progress and the graph being plotted.  xxx.mp4 00:00-00:10 and 02:30-02:40
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