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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.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? No 
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. 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? 50 meters

To ensure that your script can be filmed in one day, the Protocol section is 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: 50 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· 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: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Sunbum Kwon: Here we explain a set of protocols for precise measurement of the photoisomerization quantum yield of a photochromic hydrazone as a model photoswitching molecule.	Comment by Kwon Sunbum: Our protocol is significant, simply because it is precise!

REQUIRED: What is the main advantage of this technique?
1.2. Sunbum Kwon: The methods introduced here can be applied to other families of bistable photoswitches.	Comment by Kwon Sunbum: Please see the note below.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: N/A

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Kwonjung Lee: Protocols for photoswitches with different photophysical properties and their selection guidelines are provided in the Supplemental Information.	Comment by Kwon Sunbum: We really want to emphasize the importance of Supplemental Information. Here we describe the protocols only for a single case, but there are many different types of photoswitches (Different protocols, especially those in section 5, should be used for these molecules). More details and guidelines for different circumstances are provided in the supplemental information. This will be very, very helpful to readers who deal with molecules of interest other than hydrazones.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: N/A 

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Sunbum Kwon: Demonstrating the procedure will be done by Kwonjung Lee, a master course student from my laboratory.   
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. 1H NMR Spectrum Acquisition at Photostationary State
2.1. To begin, place one of the NMR tubes sample 1 centimeter in front of a Xenon arc lamp equipped with a 436-nanometer bandpass filter, [1]. S and start irradiation to the NMR sample[1-TXT]. and rRecord a 1H NMR (proton N-M-R) spectrum every day till there is no change in the spectra as switch 1 reaches PSS photostationary state, abbreviated as PSS [2]. Authors: How would you like JoVE’s voiceover talent to pronounce PSS?	Comment by Kwon Sunbum: First statement should say its full terminology “photostationary state” which is followed by its abbreviation “PSS” right after. (pronounciation: [pi:eses])

For example,
“… reaches photostationary state, abbreviated as PSS.”
2.1.1. WIDE: Talent placing the NMR tubes in front of a Xenon arc lamp and irradiating. TEXT: Sample information: An NMR tube containing a 10 mM solution of hydrazone photoswitch 1 in deuterated DMSO
2.1.2. Talent irradiating and recording the NMR of the sample.
2.2. After reaching PSS, keep the NMR tube in the dark at room temperature [1] and record the 1H NMR spectrum after 12 hours to monitor the progress of thermal relaxation [2].
2.2.1. Talent placing the NMR tube in the dark.
2.2.2. Talent recording the NMR spectrum.
2.3. For the another NMR tubesample, recording the NMR spectrum as described previously irradiate the solution with using a 340-nanometer bandpass filter and record the NMR spectrum as described previouslyto obtain a 1H NMR spectrum at the PSS under 340 nanometer irradiation [1].
2.3.1. WIDE: Talent placing the NMR tube in front of a Xenon arc lamp with a 340-nanometer bandpass filter and irradiating.Talent recording the NMR spectrum at 340 nanometer bandpass filter.
2.4. Open fid (f-i-d) files of the NMR spectra at the PSSs with NMR processing software [1]. Integrate a distinctive set of peaks of the distinct isomers [2] with C2 (C-2) proton of quinoline as H1 (H-1), proton in para-position to the hydrazone group as H2 (H-2), and CH3 (C-H-3) of ethyl ester as H3 (H-3) and calculate the isomeric ratios [3]. [2].	Comment by Kwon Sunbum: There is no necessity to mention these protons, because they will be highlighted in the chemical structure of the screen capture video. 
2.4.1. SCREEN: fid files of the NMR spectra are being opened.Just showing Figure 2_1.
2.4.2. SCREEN: Peaks are integrated and the isomeric ratio is being calculated.Just showing Figure 2_2.
2.4.3. SCREEN: Just showing Figure 2_3.
Authors: Please create screen capture videos for the shots labeled as SCREEN and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19336438
3. UV-Visible Absorption Spectroscopy at PSS
3.1. Place the prepared sample 1 centimeter in front of a Xenon arc lamp equipped with a 436 nanometer bandpass filter, and start irradiation [1-TXT]. Start irradiation to the sample and mMeasure the UV-Visible absorption spectrum every 2 hours until there is no change in the spectra as switch 1 reaches PSS [2]. For another sample, irradiate the solution using a 340-nanometer bandpass filter and measure the UV-Visible spectrum at PSS in the same way [3].
3.1.1. Talent placing the sample cuvette in front of a Xenon arc lamp and irradiating. TEXT: Refer to the text for sample preparation.Sample information: A UV-vis quartz cuvette with a 10 mm optical pathlength containing a 10 μM solution of hydrazone photoswitch 1 in DMSO
3.1.2. Talent irradiating and recording the UV-Visible spectrum of the sample.
3.1.3. Talent placing the sample cuvette in front of a Xenon arc lamp with a 340-nanometer bandpass filter and irradiating. 
3.2. Obtain the UV-Visible spectrum at the PSS under 340-nanometer irradiations with a 340-nanometer bandpass filter as described previously [1]. Deduce the absorbance spectra of the pure 1-Z (1-Z) and 1-E (1-E) uisomers and calculate their molar attenuation coefficients at all wavelengthssing the equation as described in the text [21]. 
3.2.1. Talent recording the UV-Visible spectrum at 340 nanometer bandpass filter.
3.2.2. SCREEN: Just showing Figure 4_1. (Absorption spectra of 1-Z and 1-E and equationsare being obtained.)
3.3. Calculate the molar attenuation coefficients of pure 1-Z and 1-E at all wavelengths by dividing the observed absorbance by the sample concentration and the optical path length [1].
3.3.1. Talent calculating the molar attenuation coefficients. 
4. Kinetic Studies on Thermal Relaxation
4.1. Heat the silicon oil filled in a heating bath circulator to 131 degrees Celsius and check if whether the temperature of the bath is stabilized [1]. Submerge two NMR sample tubes prepared previously in the heating bath [2-TXT].
4.1.1. Talent heating and stabilizing the heating bath.
4.1.2. Talent submerging the NMR sample tubes into the heating bath. TEXT: Sample information: NMR tubes containing a 10 mM solution of hydrazone photoswitch 1 in deuterated DMSO at PSS under 436 nm irradiation
4.2. After 1 hour of heating, transfer the NMR tubes quickly to a dry ice bath to pause the thermal relaxation caused by latent heat [1]. Thaw the NMR samples at room temperature and ensure dimethyl sulfoxide is defrosted [2]. Then, record the 1H NMR spectra of the samples [3]. 
4.2.1. Talent transferring the NMR sample tubes to the dry ice bath. 
4.2.2. Talent thawing the NMR samples in the water bath at room temperature.
4.2.3. Talent recording the 1H NMR spectra of samples.
4.3. Again, perform the heating and thawing processes [1] and record the 1H NMR spectra of the samples until there is no change in the 1H NMR spectra as switch 1 reaches thermodynamic equilibrium [21-TXT].
4.3.1. Talent performing thawing and heating of the samples.
4.3.2. Talent recording the NMR spectra of the samples. TEXT: Repeat the process at different temperatures, 134, 137, 140, and 143 °C.
4.4. Open fid files of the NMR spectra obtained in the course of heating at 131 degrees Celsiusand calculate the concentration of 1-E based on the total sample concentration and the isomeric ratio [1] [1]. Plot the averaged concentration of 1-E as a function of the heating time [1 continued]. Perform an exponential fit to the data to obtain the rate constant of thermal relaxation, 𝑘, using the equation as described in the text [2-TXT].Calculate the averaged isomeric ratios as  described previously [2]. Calculate the concentration of 1-E based on the total sample concentration and the isomeric ratio [3].
4.4.1. SCREEN: fid files of the NMR spectra are being opened. 
4.4.2. SCREEN: Averaged isomeric ratios are being calculated.
4.4.3. SCREEN: Concentration and isomeric ratio of 1-E are being calculated. 
4.5. Perform an exponential fit to the data to obtain the rate constant of thermal relaxation using the equation as described in the text [2-TXT].
4.5.1. SCREEN: Plot is being generated. From Figure 6_1 to Figure 6_6.d. 
4.5.2. SCREEN: Data is being fitted exponentially. Figure 6_7. TEXT: Use the data obtained at different temperatures.
4.6. Plot ln(𝑘) versus 1/T [1] and perform a linear fit according to the Arrhenius equation as described in the text to extrapolate the rate constant at room temperature [12]. Calculate the thermal half-life of 1-E at room temperature using the equation as described in the text [2 continued] [2]. Authors: How would you like JoVE’s voiceover talent to pronounce ln(𝑘) and 1/T?	Comment by Kwon Sunbum: “natural log of k”
“one over T” or “reciprocal of T”
4.6.1. SCREEN: Plot is being generated and the data is being fitted linearlyFigure 7_1. 
4.6.2. SCREEN: Thermal half-life of 1-E is being calculatedFigure 7_2.
5. Ferrioxalate Actinometry
5.1. In a 20-milliliter glass vial containing 29.48 milligrams of potassium ferrioxalate trihydrate, add 8 milliliters of deionized water. Add 1 milliliter of 0.5 molar aqueous sulfuric acid to the ferrioxalate solution and dilute to 10 milliliters with deionized water to prepare a 0.006 molar ferrioxalate in 0.05 molar aqueous sulfuric acid  solution [1]. All procedures for ferrioxalate actinometry must be performed in the dark or >600 nm light to prevent the influence of ambient light [1 continued].
5.1.1. Talent (who works under red lighting) preparing the ferrioxalate solution. 
5.2. In another 20-milliliter glass vial containing 10 milligrams of 1,10-phenanthroline (1-10-Phe-nan-throw-leen) and 1.356 grams of anhydrous sodium acetate, add 10 milliliters of 0.5 molar aqueous sulfuric acid to make a buffered 0.1 percent phenanthroline solution [1].
5.2.1. Talent (who works under red lighting) preparing a buffered phenanthroline solution.
5.3. Measure the UV-Visible absorbance spectrum of the 0.006 molar ferrioxalate solution [1]. Determine the fraction of absorbed light at 340 and 436 nanometers absorbed using the absorbances of the 0.006 molar ferrioxalate solution at 340 and 436 nanometers using the equation as described in the text [2].
5.3.1. SCREEN: Talent (who works under red lighting) recording the UV-Visible spectrum of the sample. 
5.3.2. SCREEN: Just showing Figure 8UV-Visible absorbance of the ferrioxalate solution is being measured. 
5.3.3. SCREEN: Fraction of light absorbed is being determined.
5.4. Place one of the prepared samples in thea quartz cuvette containing the 0.006 molar ferrioxalate solution 1 centimeter in front of the Xenon arc lamp equipped with a 436-nanometer bandpass filter [1]. Keep the other sample in the dark [2]. 
5.4.1. Talent (who works under red lighting) placing the sample cuvette in front of a Xenon arc lamp. 
5.4.2. Talent placing the sample in dark.
5.5. Start irradiation to the sample for 90 seconds [1]. After irradiation, add 0.35 milliliters of the buffered 0.1 percent phenanthroline solution and a magnetic bar into both the cuvettes followed by stirring for 1 hour in the dark to form a [Fe(phen)3]2+ (ferroin) complex [2]. 
5.5.1. Talent irradiating the samples.
5.5.2. Talent adding the phenanthroline solution and  stirring the samples in the dark to form a complex.
5.6. Prepare a quartz cuvette containing 2 milliliters of the 0.006 molar ferrioxalate solution and 0.35 milliliters of the buffered 0.1 percent phenanthroline solution as a non-irradiated sample Measure the UV-Visible absorption spectrum of the non-irradiated sample placed previously in the dark for baseline correction [1]. Measure the UV-Visible absorption spectrum difference betweenof the non-irradiated and irradiated samplesamples [2]. 
5.6.1. Talent (who works under red lighting) preparing the mixed ferrioxalate + phenanthroline solution.SCREEN: Baseline correction is being performed.
5.6.2. Talent (who works under red lighting) recording the UV-Visible spectrum of the sampleSCREEN: UV-Visible absorption spectrum is being measured.
5.7. Repeat the procedure for sample preparation, and measurement of the UV-Visible absorption spectrum described previously with a 340-nanometer bandpass filter [1]. Calculate the molar photon flux arriving at the cuvette using the following equation [2-TXT].
5.7.1. Shot of the sample prepared (under red lighting) and measured with UV-Visible spectrophotometer.
5.7.2. Equation on plain background. TEXT: [ ] 	
6. Determination of the Photoisomerization Quantum Yield
6.1. Place the prepared sample 1 centimeter in front of the Xenon arc lamp equipped with a 436 nm bandpass filter, and start irradiation [1-TXT]. Start irradiation at 436-nanometer to the sample [2] and mMeasure UV-Visible absorption spectrum with different intervals until there is no change in the spectra as switch 1 reaches PSS [32]. 
6.1.1. Talent placing the sample cuvette in front of a Xenon arc lamp. TEXT: Sample information: A UV-vis quartz cuvette with a 10 mm optical pathlength containing a 10 μM solution of hydrazone photoswitch 1 in DMSORefer to the text for sample preparation. 
6.1.2. SCREEN: Plot is being generated. From Figure 10_436nm_1 to Figure 10_436nm_14.Talent irradiating the sample.
6.1.3. Talent recording the UV-Visible spectrum of the sample.
6.2. Prepare a quartz cuvette with 1-centimeter optical path length containing 2 milliliters of 10 micromolar solutions of switch 1 in DMSO obtained previously [1]. Then, seal the cuvettes with a PTFE stopper [2].Once reaching PSS, recover the cuvette from the UV-vis spectrophotometer and irradiate the solution using a 340-nanometer bandpass filter [1]. Measure UV-Visible absorption spectrum as described previously [2].
6.2.1. Talent recovering and placing the sample cuvette in front of a Xenon arc lamp.Talent preparing the sample cuvette.
6.2.2. Talent sealing the cuvettes with a stopper.
6.2.3. SCREEN: Plot is being generated. From Figure 10_340nm_1 to Figure 10_340nm_16.
6.3. By using the obtained UV-vis absorption spectra, Replace the 436-nanometer bandpass filter with the 340nanometer bandpass filter and measure the UV-Visible spectrum of the prepared sample cuvette [1]. Ccalculate the values of photokinetic factor 𝐹(𝑡) using the observed absorbances during the procedureat the irradiation wavelengths [21-TXT]. Authors: How would you like JoVE’s voiceover talent to pronounce 𝐹(𝑡)?	Comment by Kwon Sunbum: [éf-ti:] will be just good.
6.3.1. SCREEN: Figure 11_1Talent recording the UV-Visible spectrum of the sample.
6.3.2. Equation on plain background. TEXT: 
6.4. Calculate the pseudo quantum yield 𝑄 using the photokinetic factor values [1-TXT]. , and obtainCalculate the averaged values of the pseudo quantum yield using the first ten data points [21]. Finally, cCalculate the unidirectional quantum yields for Z-to-E and E-to-Z photoisomerization processes [3-TXT]. 
6.4.1. Equation on plain background. TEXT: 
6.4.2. SCREEN: Averaged value of the pseudo quantum yield is being calculated.SCREEN: Figure 12_1
6.4.3. Equation on plain background. TEXT:  [ ]SCREEN: Figure 12_2
6.5. Following the procedure described previously, calculate the unidirectional photoisomerization quantum yields for the prepared sample under irradiation at 340 nanometers [1]. 
6.5.1. SCREEN: Unidirectional photoisomerization quantum yields are being calculated. 


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.4.2, 5.1, 5.5, 6.1, 6.2

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.N/A     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 185. (Voiceover is the text that follows the two-digit numbers)	Comment by Kwon Sunbum: Why 200 words are so important? 
· Please note that the video cannot include voiceover without an accompanying visual. 
7. Results:  Representative Results for the Determination of Quantum Yield of a Hydrazone Photoswitch
7.1. Upon  irradiation at 436 nanometersof switch 1, the proportion of 1-E increases due to the dominant Z-to-E isomerization of the hydrazone C=N bond (C-N-double bond). The isomeric ratio was obtained from the relative signal intensities of distinct isomers in the 1H NMR spectrum. [1]. 
7.1.1. LAB MEDIA: FIGURE 2_2.
7.2. The isomeric ratio was obtained from the relative signal intensities of distinct isomers in the 1H NMR spectrum [1]. At 436 nanometers, the sample shows 92 percent of 1-E [21], while at 340 nanometers, 82 percent of 1-Z was found [32]. 
7.2.1. LAB MEDIA: FIGURE 2A. 
7.2.2. LAB MEDIA: FIGURE 2_3B. Video Editor: Emphasize the phrase “Z/E=8/92” blue-colored spike like structure only. 
7.2.3. LAB MEDIA: FIGURE 2C2_3. Video Editor: Emphasize the phrase “Z/E=82/18” only.red-colored spike like structure only. 
7.3. UV-Visible absorption spectra The isomeric ratios and UV-vis absorption spectra at PSS [1] are used to deduce the UV-vis spectra of the pure 1-Z (1-Z) and 1-E (1-E) isomers [2]. These spectra of the pure isomers suggest that the incomplete photoisomerization is attributed to the reverse photochemical process [3]. were obtained under 436 and 340-nanometer irradiation [1]. The absorption maximum for 1-Z and 1-E were found to be 398 and 375 nanometers suggesting that incomplete photoisomerization occurs due to the absorption band overlap at irradiating wavelengths [2].
7.3.1. LAB MEDIA: FIGURE 4_2.
7.3.2. LAB MEDIA: FIGURE 4_3.
7.3.3. 
7.3.4. LAB MEDIA: FIGURE 4_4. Video Editor: Emphasize the point of intersection of the solid line blue and red color spectra.
7.4. For determining the photoisomerization quantum yield, measurement of the E-to-Z thermal relaxation rate [1] and the effective molar photon flux is required [2]. The rate constant of thermal relaxation extrapolated from the Arrhenius plot was very small at room temperature [3], first-order rate constant of thermal relaxation at room temperature was determined  from the plots of concentration of 1-E versus heating timand thus the effect of thermal relaxation in the photoisomerization process could be ignored e [13 continued]. 
7.4.1. LAB MEDIA: FIGURE 67_3. Video Editor: Emphasize the term “k” only. 
7.4.2. LAB MEDIA: FIGURE 7_4. Video Editor: Emphasize the term “I” at the front of denominator only.
7.4.3. LAB MEDIA: FIGURE 7_5.
7.4.4. 
7.5. The effective molar photon flux arriving at the sample was obtained from ferrioxalate actinometry [1], and then the pseudo quantum yield of photoisomerization at the irradiation wavelengthT can be calculatedhe obtained rate constants were plotted versus reciprocal temperature and fitted linearly to determine the thermal half-life of 1-E at room temperature [1].
7.5.1. LAB MEDIA: FIGURE 7.
7.6. The measured fractions of absorbed light at 340 and 436 nanometers were found to be approximately 1 and 0.5119 [12]. Finally, the unidirectional quantum yields for Z-to-E and E-to-Z photoisomerization processes can be calculated from the pseudo quantum yields [3].
7.7. 
7.7.1. LAB MEDIA: FIGURE 812_1.
7.8. The molar photon flux was calculated from the absorbance differences between the irradiated and non-irradiated ferrioxalate samples [1].
7.8.1. LAB MEDIA: FIGURE 912_2. Video Editor: Emphasize the cells “41.74198” and “373.5223” under the “Average”only. 
7.8.2. LAB MEDIA: FIGURE 12_3. Video Editor: Emphasize the cells “1.3%” and “4.6%” only.
7.8.3. 
7.9. 

Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Kwonjung Lee: (4.5., 5.7.) For determination of the photoisomerization quantum yield, precise values of the thermal relaxation rate at room temperature and the effective molar photon flux are essential.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Sunbum Kwon: For those who deal with bistable photoswitches other than hydrazones, it is important to use a proper integration method for the photokinetic factor which is explained in the Supplemental Information.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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