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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 3.2, 3.5, 3.6, 3.8, 3.13, 3.14, 3.15, 3.16, 3.17
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Step 3.5
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to demonstrate the measurement of chloride ion concentration in aqueous electrolyte using a chronopotentiometric technique, which is a dynamic measurement technique and does not need a long-term stable reference electrode. (Intro) 

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yawar Abbas: This method can help answer key questions in the field of analytical chemistry, such as electrochemical measurement of chloride ions for long-term measurement inside concrete.  
1.2. Yawar Abbas: The main advantage of this technique is that no long-term stable reference electrode is required during the measurements and accordingly it does not show any systematic drift over time.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Wouter Olthuis: The implications of this technique extend toward the in-situ measurement of chloride ion concentration in concrete, because this technique provides an easy way to embed a long-term stable chloride ion sensor. 


Protocol (read by voice talent at JoVE):
2. Chip Fabrication
2.1. Prior to starting this procedure, deposit silver metal on a glass chip to form a planar silver electrode [2.1.1-MED]. Place the chip in a Polytetrafluoroethylene chip holder, which has electrical connections and contains an electrochemical cell [2.1.2-MED-over the shoulder].
2.1.1. Show talent carrying the glass chip to the lab bench.
2.1.2. *Film as written
2.2. To chloridize the silver electrode to form a silver/silver chloride electrode on the chip, pour 0.1 molar iron chloride solution in the cell until the silver color of the electrode becomes dark grayish [2.2.1-CU-TXT].  
2.2.1. Show the cell as talent pours the iron chloride solution into it to visualize the color change of the electrode, TEXT: Color change takes about 3 min.
2.3. Following this, rinse the chip with deionized water to remove the excess iron chloride [2.3.1-MED].
2.3.1. *Film as written 
3. Measurements and Data Analysis
3.1. After preparing the electrolyte and setting up the potentiostat, pour 5 milliliters of 1 millimolar potassium chloride solution with a 0.5 molar potassium nitrate background electrolyte in the electrochemical cell [3.1.1-MED-over the shoulder-TXT].  
3.1.1. *Film as written, TEXT: 5 ml of 1 M KCl with 0.5 M KNO3.
3.2. Next, start the chronopotentiometric experiment by using the potentiostat and apply a current of 10 milliamps per centimeter squared for 10 seconds [3.2.1-SCREEN-TXT]. Then, store the data [3.2.2-MED-over the shoulder].  
3.2.1. *To be submitted by Author, TEXT: 10 mA/cm-2 for 10 s.
3.2.2. Show talent at the computer storing the data using the software.
3.3. Systematically change the concentration to 6 millimolar with 1 millmolar increments of potassium chloride [3.3.1-ME-TXT]. Then, repeat the measurements [3.3.2-MED-over the shoulder].  
3.3.1. Show talent adding potassium chloride solution to the cell, TEXT: See text protocol for more details.
3.3.2. Show talent at the computer applying a current in the software.
3.4. After storing the measured data as an a.mpt (pronounced m-p-t) file, analyze the data using an in-house developed data processing program and calculate the peak of the first derivative  [3.4.1-SCREEN-TXT].
3.4.1. *To be submitted by Author (Screen shot 1 in Scriptwriter_SW.docx), TEXT: Peak of first derivative is transition time. 
3.5. At this point, repeat the measurement three times with an interval of 1 hour between each measurement [3.5.1-MED].  
3.5.1. Show talent adding potassium chloride solution to the cell and then approaching computer to set the applied current in the software.
3.6. After opening all the data files in the data processing program, calculate the transition time for each measurement by plotting the potential difference versus time obtained [3.6.1-LM]. Calculate the first derivative of the potential response [3.6.2-LM]. Then, indicate the maximum of the first derivative and the time, which is the transition time [3.6.3-LM]. 
3.6.1. Figure-3.jpg: Show blue curves only.
3.6.2. Figure-3.jpg: Make red dashed lines appear on the figure.
3.6.3. Figure-3.jpg: Make the black dotted vertical lines and numerical values appear on the figure.
3.7. For the calibration curve, plot the square root of the transition time with respect to the concentration of chloride ions [3.7.1-LM]. 
3.7.1. Figure-4.jpg: Show red line and blue circles only.
3.8. Along the measured data, plot the theoretical curve based on the Sand equation [3.8.1-LM]. Then, calculate back the diffusion coefficient from the data plot.
3.8.1. Figure-4.jpg: Make the black dashed line appear on the figure.
3.8.2. Figure-4.jpg: Make the D, Da and R values appear on the figure.
3.9. For the drift measurement, pour 5 milliliters of 1 millimolar potassium chloride solution in the electrochemical cell [3.9.1-MED].
3.9.1. *Film as written
3.10. In the potentiostat, set the applied current as 10 ampere per meter squared and the time as 10 seconds [3.10.1-MED-over the shoulder-TXT]. 
3.10.1. Show talent at the computer setting the applied current and time, TEXT: 10 A/m-2, 10 s.
3.11. Measure the potential response for 2 weeks with three measurements each day with an interval of 3 hours between measurements [3.11.1-MED]. Refresh the electrolyte every day before performing the measurements [3.11.2-CU].  
3.11.1. Show talent at computer performing the measurements.
3.11.2. Show electrochemical cell as talent adds electrolyte to it.
3.12. Plot the transition time over two weeks of measurements [3.12.1-LM-TXT]. 
3.12.1. figure 5-revised.jpg, TEXT: Change in transition time per day is drift of transition time response.
3.13. To study the effect of a pseudo-reference electrode on the transition time measurements, pour 4 millimolar of the potassium chloride electrolyte in the electrochemical cell [3.13.1-MED-over the shoulder].
3.13.1. *Film as written
3.14. Connect a silver/silver chloride pseudo-reference electrode to the reference electrode terminal of the potentiostat [3.14.1-MED]. 
3.14.1. *Film as written
3.15. Following this, perform the chronopotentiometric measurement by applying a current density of 15 ampere per meter squared for 10 seconds [3.15.1-MED-over the shoulder-TXT]. 
3.15.1. Show talent at the computer setting the applied current and time TEXT: 15 A/m-2, 10 s.
3.16. Repeat the measurements with platinum and a steel bar as pseudo-reference electrodes [3.16.1-MED]. Record the data for each experiment [3.16.2-MED-over the shoulder].
3.16.1. Show talent carrying platinum and a steel bar to the potentiostat.
3.16.2. Show talent at computer recording the data with the software.
3.17. Finally, plot the measured transition time for the various pseudo-reference electrodes used [3.17.1-LM].
3.17.1. Figure6.jpg

4. Results: Dynamic Measurement of Chloride Ions Using the Transition Time
4.1. The measured transition times for 4, 5, and 6 millimolar chloride ion concentrations are 2.69, 4.28 and 5.92 seconds, respectively [4.1.1-LM]. The time instant of the peak shifts to higher values, which is expected as more chloride ions present in the bulk electrolyte means it will take longer to completely deplete the ions near the working electrode surface [4.1.2-LM]. 
4.1.1. Figure-3.jpg: Highlight numerical values above black dotted lines.
4.1.2. Figure-3.jpg
4.2. The square root of the transition time is in linear correlation to the chloride ion concentration, as predicted by the Sand equation [4.2.1-LM]. The apparent diffusion coefficient of chloride ions is in good agreement with the theoretical value [4.2.2-LM]. 
4.2.1. Figure-4.jpg: Highlight the black dashed line.
4.2.2. Figure-4.jpg: Highlight the D and Da values.
4.3. The decreasing trend in transition time over the measurement is small and could be attributed to handling errors, changing chloride ion concentration due to evaporation, change in apparent current density and temperature variation [4.3.1-LM]. It is therefore difficult to give a conclusion about the drift of the sensor; either there is no inherent drift or the drift is small [4.3.2-LM]. 
4.3.1. figure 5-revised.jpg: Highlight the red dashed line and red text.
4.3.2. figure 5-revised.jpg
4.4. [bookmark: _GoBack]For various pseudo-references the response does not change significantly, and transition time varies within 80 milliseconds [4.4.1-LM]. Therefore the reference system has no systematic effect, and any metal wire can be used as a pseudo-reference electrode for the measurements [4.4.2-LM]. 
4.4.1. Figure6.jpg: Highlight the top (+) and bottom (o) rows .
4.4.2. Figure6.jpg

5. Conclusion (said by authors on camera)

5.1. Yawar Abbas: Once mastered, this technique can be done in 30 minutes if it is performed properly.
5.2. Yawar Abbas: While attempting this procedure, it’s important to remember that the current pulse should not be high as it will significantly change the surface morphology of the working electrode.
5.3. Yawar Abbas: After its development, this technique paved the way for researchers in the field of analytical chemistry and concrete monitoring to explore the reference free dynamic electrochemical measurement of chloride ion concentration in concrete.
5.4. Yawar Abbas: After watching this video, you should have a good understanding of how to determine the chloride ion concentration using a dynamic electrochemical technique such as chronopotentiometry.


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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