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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.3., 5.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5. A standard sample is needed to indicate the quality of the experimental set-up. Standards ensure the system is operating as expected, and careful attention is needed in the standard step to ensure reproducible and trustworthy measurements. This means ensuring properly cleaned supplies and an accurate, consistent measurement is taken. If these criteria are met each time, the standards should return as expected. This should return “no measurement” for water and “20 nm” for our current particle standard
5.3. Because the wiring will eventually be behind a closed sample door, being able to correctly connect the wiring and interpret the current response data (result from 5.8) is needed to ensure the voltage is passing, as expected, through the sample.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Emma J. Roberge: Our protocol investigates changes in stimuli-responsive polymers, which are used in electrochemical sensors, under an applied voltage in solution and allows influences in stimuli-responsive polymers to be observed [1].	Comment by Bridget Colvin: Authors: The Demonstrators will be introduced with these statements and do not need to be introduced with a separate statement.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Tianyu Ren: The advantages of this technique are that it is simple and can be used to observe the dynamic coacervation of poly-NIPAM with an applied voltage [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Emma J. Roberge: The analysis of polymers and particles under an applied voltage has applications in sensors, soft robotics, and energy storage [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Tianyu Ren: New trainees should take care to prepare the sample carefully and to avoid air bubbles within the cuvette for optimal data acquisition [1]. 

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.5. Jeffrey M. Halpern: It is easy to be careless with a straight-forward analytical technique, so take care, as small changes in the protocol could lead to variable data [1]. 

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Dynamic Light Scattering (DLS) Sample and Cuvette Preparation
2.1. To prepare samples for DLS (D-L-S) analysis, dissolve 10 milligrams of polymer powder in 10 milliliters of filtered deionized water [1] and store the mixture at 4 degrees Celsius overnight [2].
2.1.1. WIDE: Talent dissolving powder in water
2.1.2. Talent placing mixture at 4 °C
2.2. [bookmark: _Hlk13865867]To prepare the DLS cuvette, cut two 6.3-millimeter x 7-centimeter pieces from single-sided copper tape [1] and use tweezers to stick each piece of tape to opposite sides of the inside of a DLS sample cuvette perpendicular to the light path with the bottom of the tape near the bottom of the cuvette [2].
2.2.1. Talent cutting tape Videographer: Important step
2.2.2. Tape being stuck to cuvette Videographer: Important step
2.3. Fold the edges of the copper tape over the top of the cuvette, making sure that the copper tape is near the top of the cuvette to ensure good electrical contact [1-TXT].
2.3.1. Shot of tape stuck to both sides of cuvette, then tape being folded near top of cuvette Videographer: Important step TEXT: Caution: Do not let tape connect w/ metal contacts of DLS equipment

2.4. Then wash the cuvette three times with deionized water [1], dabbing the excess water off with a lab wipe after the last wash [2]. 

2.4.1. Cuvette being washed
2.4.2. Water being dabbed

3. DLS Instrument Controls and Setup 

3.1. To set up the DLS instrument controls, the next morning, add 1.5 milliliters of deionized water to the prepared cuvette [1] and add two drops of a standard solution to the cuvette [2-TXT].

3.1.1. WIDE: Talent adding water to cuvette
3.1.2. Talent adding drops to cuvette TEXT: Use 20-nm NIST-traceable polystyrene size standard

3.2. Insert the cuvette to the cuvette holder [1], taking care that the small arrow on the top of the cuvette is aligned with the cuvette holder [2], and close the lid [3].

3.2.1. Talent inserting cuvette
3.2.2. Shot of arrow aligned with holder
3.2.3. Lid being closed

3.3. Select Measure in the instrument software [1] and set the Temperature to the experimental starting point [2].

3.3.1. Talent selecting Measure, with monitor in frame
3.3.2. SCREEN: Screenshot_1: 00:55-00:59

3.4. After the measurement, rinse the cuvette [1] and filter the prepared polymer test solution into the cuvette [2].

3.4.1. Talent rinsing cuvette
3.4.2. Talent filtering solution into cuvette 

3.5. Then load and measure the cuvette as just demonstrated [1]. A clear measurement of the initial test solution should be observed [2].

3.5.1. Talent loading cuvette onto instrument Videographer: Difficult step
3.5.2. SCREEN: 01:25-01:40

4. DLS Standard Operating Procedure (SOP) Setup

4.1. To set up the DLS measurement protocol, in the instrument software, select File and New to setup a new standard operating procedure [1] and click Measurement type to select the Trend, Temperature, and Size [2].

4.1.1. WIDE: Talent at computer, selecting File and New 
4.1.2. SCREEN: Screenshot_2: 00:00-00:16

4.2. Under Material, select the appropriate material and refractive index. Under Dispersant, select the appropriate solvent [1].

4.2.1. SCREEN: Screenshot_2: 00:32-00:50 

4.3. Under Sequence, set the Start temperature and the End temperature for both the heating and cooling experiments. Then uncheck the Return to starting temperature box [1].

4.3.1. SCREEN: Screenshot_2: 00:57-01:13

4.4. Select an interval for each temperature step change [1] and, under Size measurement, set the Equilibrium time [1].

4.4.1. SCREEN: Screenshot_2: 01:13-01:23
4.4.2. SCREEN: Screenshot_2: 01:29-01:34

4.5. Select three measurements and Automatic for the measurement duration [1].

4.5.1. SCREEN: Screenshot_2: 01:35-01:46

4.6. Then save the protocol and close the file [1].

4.6.1. SCREEN: Screenshot_2: 01:47-01:57

5. Potentiostat Setup

5.1. If applied voltage is to be used, select two wires that are thin enough to fit through the small crevice on the upper right edge of the DLS cuvette holder area [1]. 

5.1.1. WIDE: Talent selecting wire(s)

5.2. Strip off the insulation from one end of one wire to facilitate a connection to the potentiostat [1]. On the opposite end of the same wire, solder a short alligator clamp to the wire [2] and attach the clamp to the cuvette [3-TXT].

5.2.1. Insulation being stripped
5.2.2. Clamp being soldered
5.2.3. Clamp being attached to cuvette TEXT: Make sure DLS sample lid is closed

5.3. Clamp the white reference potentiostat lead [1] and the red counter potentiostat lead to one of the prepared wires [2] and clamp the green working potentiostat lead [3] and the blue working sense potentiostat lead to the other prepared wire [4].

5.3.1. White lead being clamped Videographer: Important/difficult step
5.3.2. Red lead being clamped Videographer: Important/difficult step
5.3.3. Green lead being clamped Videographer: Important/difficult step
5.3.4. Blue lead being clamped Videographer: Important/difficult step

5.4. Leave the orange counter sense and black ground potentiostat leads floating without touching any other equipment or materials [1]. 

5.4.1. Shot of floating leads

5.5. Within the Gamry software toolbar, click Experiment and E Physical Electrochemistry, and select Chronoamperometry [1].

5.5.1. SCREEN: To be provided by Authors: Experiment and E Physical Electrochemistry being clicked, then Chronoamperometry being selected 

5.6. Set Pre-step, Step 1, and Step 2 Voltage versus Reference to the applied voltage across the entire field of the cuvette. Set Voltage to 1 volt versus the Reference for all three steps [1].

5.6.1. SCREEN: To be provided by Authors: Steps being set, then Voltage being set

5.7. Set both the Step 1 Time and Step 2 Time to control how long the voltage will be applied and set the Sample Period to select how frequently the graph will read and record the current and voltage values [1].

5.7.1. SCREEN: To be provided by Authors: Time being set, then Sample Period being set

5.8. Click Collect. An Active sign will be displayed indicating that voltage is being applied [1].

5.8.1. SCREEN: To be provided by Authors: Collect being clicked, then Active sign being displayed

5.9. In the Malvern DLS software, click Measure and click Start SOP (S-O-P) [1].

5.9.1. SCREEN: To be provided by Authors: Measure and Start SOP being clicked

5.10. When the text at the bottom of the standard operating protocol window reads Insert cell and press start when ready, click the start button to start the experiment [1-TXT].

5.10.1. SCREEN: To be provided by Authors: Shot of text and green triangle being clicked TEXT: Do not open cuvette holder after experiment has started



Section – Results
6. Results: Representative DLS Particle Size Analysis 

6.1. Each real-time file output of each run in the temperature ramp can be selected independently to view the volume size [1] and the correlation coefficient [2].

6.1.1. LAB MEDIA: Figure 4 graph only
6.1.2. LAB MEDIA: Figure 5

6.2. Correlation graphs that have a generally smooth curve are considered good quality [1], whereas non-smooth graphs or low-quality data should be considered for exclusion from the analysis [2].

6.2.1. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize smooth data lines
6.2.2. LAB MEDIA: Figure 5: JoVE Video Editor please yellow and blue bumpy data lines

6.3. As observed, pNIPAM (poly-nigh-pam) exhibits an LCST at 30 degrees Celsius, a temperature close to the literature-described values [1-TXT].

6.3.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize red square data point at about 30.0 TEXT: pNIPAM: poly(N-isopropylacrylamide)

6.4. Without voltage, pNIPAM is able to aggregate [1] and disaggregate within the tested temperature range [2], returning to its original size and demonstrating the expected reversibility [3].

6.4.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize red square data line
6.4.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize red triangle data line
6.4.3. LAB MEDIA: Figure 7

6.5. With voltage, pNIPAM changes from being soluble to aggregating to a size of 2000 nanometers [1], then reduces to a size of around 1000 nanometers during cooling, never returning to the original soluble state [2].

6.5.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize black square data line
6.5.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize black triangle data line

6.6. Here the current data from pNIPAM with the applied voltage and heating and cooling experiments corresponding to previous data is shown [1].

6.6.1. LAB MEDIA: Figure 8

6.7. For this experiment, 26 degrees Celsius was a key transition point of pNIPAM at which a phase change was observed with DLS [1].

6.7.1. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize 26 °C red vertical data line

6.8. At 40 degrees Celsius, the maximum temperature in the measurement was achieved before the cooling cycle [1].

6.8.1.  LAB MEDIA: Figure 8: JoVE Video Editor please emphasize 40 °C red vertical data line

6.9. If the current is not carefully monitored, the data can be misconstrued and potentially misunderstood [1]. 

6.9.1. LAB MEDIA: Figure 11

6.10. For example, in this analysis, the voltage was only applied randomly and sporadically [1], resulting in a trend more similar to the no-voltage condition [2].

6.10.1. LAB MEDIA: Figure 11: JoVE Video Editor please emphasize black data lines in right graph
6.10.2. LAB MEDIA: Figure 11: JoVE Video Editor please emphasize red and black data lines in left graph



Section - Conclusion

7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Emma J. Roberg: The standard is a useful indicator of the setup and quality of the data. Clean standard results indicate the experiment can be completed with a higher chance of success [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 3.5.)

7.2. Tianyu Ren: Researchers can use this procedure to test the aggregation behavior of block co-polymers or other electrochemically responsive polymers with an applied voltage [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

7.3. Jeffrey M. Halpern: We are currently investigating why the LCST shift and the aggregation behavior irreversibility occurs. We expect this scientific question to provide greater insight into LCST behavior [1].

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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