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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 steps using the step numbers listed in this document. 3.1, 3.4, 3.5, 3.6, 3.8, 3.9 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Physical setup of experiment: 2.4 and 3.1 to 3.10
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to demonstrate a generalized electropolymerization procedure for attaching redox active compounds to electrode surfaces. (Intro)

This is achieved by synthesizing molecules that attach polymerizable functional groups to the redox active center in order to build larger monomeric compounds capable of polymerization. (C1, First PowerPoint Slide)

As a second step, the newly synthesized redox active monomeric compounds are placed in an electrolytic solution in a carefully controlled electrochemical cell environment which prepares the monomers for electropolymerization attempts. (C2, Second PowerPoint Slide)  

Next, the monomers are subjected to standard electrochemical experimental procedures in order to induce electropolymerization at the surface of the electrode. (C3, Third PowerPoint Slide)

The results show whether or not stable electropolymer surface modified electrodes are produced based on follow-up cyclic voltammetry experiments in fresh electrolyte solution absent of the monomer precursor and UV-Vis spectroscopy of film modified fluorine doped tin oxide, or FTO slides. (C4, Show Figure 6 for cyclic voltammetry followed by Figure 7 for UV-Vis spectroscopy.)

Video Editor: Use Schematic.pptx (includes animation)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Logan Carpenter: The main advantage of this technique over existing methods, like phosphonate or carboxylate metal oxide electrode surface adsorption, is that electropolymers are not adsorbed to electrode surfaces through easily hydrolysable covalent bonds but rather precipitation. This makes electropolymers a viable substrate material operating on electrode surfaces over a wide pH range and can be placed on any number of electroactive substrates.   
1.2. Jake Hyde: This method can help answer key questions in the solar fuels field like can we use modified electrodes to absorb and convert light energy into electrical energy and can we use modified electrodes to perform electrocatalytic conversions of abundant small molecules into stored energy? Generally speaking this method allows us to learn about fundamental differences between freely diffusing and surface attached inorganic and organometallic compounds.
1.3. Daniel Harrison: Generally, individuals new to this method might struggle to obtain reproducible results because of the numerous experimental factors that can affect the success of electropolymerizing and attaching compounds to electrode surfaces, that is assuming that the monomer’s intrinsic properties do not prevent surface adsorption.


Protocol (read by voice talent at JoVE):
2. Preparation of RuII(PhTpy)(5,5’-dvbpy)(MeCN)](PF6)2 Monomer Solution in Electrolyte Solution
2.1. First, place 0.969 grams of tetra-n-butylammonium hexafluorophosphate in a 25 milliliter flame dried volumetric flask. Then, add dry acetonitrile to bring the flask to volume.  
2.1.1. MED: Talent adds hexafluorophosphate reagent to the appropriately sized volumetric flask.
2.1.2. CU: Volumetric flask as talent adds acetonitrile to it.
2.2. Place 0.0049 grams of previously prepared compound 1 in a dry 4-dram vial and add 4 milliliters of the tetra-n-butylammonium hexafluorophosphate stock solution. 
2.2.1. LAB MEDIA: Figure 4 (to show compound 1)
2.2.2. MED-over the shoulder: Talent adds compound 1 in appropriately sized vial.
2.2.3. MED: Talent adds hexafluorophosphate solution to vial containing compound 1.
2.3. Following this, transfer 3.5 to 4 milliliters of the resulting red-orange colored electrolytic solution into the central compartment of a 3-compartment cell, with each compartment separated by a medium porosity glass frits.  
2.3.1. MED: Talent removes some of the solution from the vial and adds it to the 3-compartment cell.
2.3.2. CU: Central compartment of cell as solution is being added to it.
2.4. Quickly fill the outer compartments of the 3-compartment cell to an equal height as the central compartment stock solution, with some of the remaining dry 0.1 molar tetra-n-butylammonium hexafluorophosphate solution to prevent leakage to the outer compartments (TEXT: Timing is important as solutions will slowly mix and change concentration of main compartment if solvent heights are not equal).
2.4.1. MED-over the shoulder: Talent adds hexafluorophosphate solution to the outer compartments of the cell.
2.4.2. CU: Cell to show outer compartments with equal volume of the hexafluorophosphate solution.
3. Electropolymerization of RuII(PhTpy)(5,5’-dvbpy)(MeCN)](PF6)2
3.1. At this point, cut a slit into 3 rubber septa and guide a thin polytetrafluoroethylene, or PTFE, tube through each slit. 
3.1.1. MED: Talent cuts rubber septa using a needle and scissors.
3.1.2. CU: One of the rubber septa as talent guides a PTFE tube through it. 
3.2. Slide the silver-silver nitrate reference electrode through one of the septa. Then, place the reference electrode PTFE tube in one of the outer compartments and seal the compartment with the septum.
3.2.1. MED-over the shoulder: Talent slides appropriate reference electrode through one of the septa.
3.2.2. MED: Talent places appropriate reference electrode in one of the outer compartments of the cell and seals it with septum.
3.3. After guiding the platinum wire gauze counter electrode through a different septum, place the platinum wire PTFE tube in one of the outer compartments and seal the compartment with the septum (TEXT: If necessary, use wide bore needle to guide platinum wire counter electrode through septum). 
3.3.1. CU: Outer compartment of cell as talent places appropriate tube in it.
3.3.2. MED-over the shoulder: Talent seals compartment with septum.
3.4. Guide a freshly polished 3 millimeter glassy carbon electrode through the remaining septum and place it such that the electrode is suspended in the solution. 
3.4.1. MED: Talent guides carbon electrode through septum.
3.4.2. CU: Electrode as talent places in the solution.
3.5. For an FTO slide, guide a wire connected to an alligator clip through the septum and clamp the slide with the alligator clip. Then, place the slide in the solution, making sure that the conductive side is perpendicular to the counter electrode when submerged (TEXT: See text protocol for details on glassy carbon electrode and FTO slide preparations). 
3.5.1. MED-over the shoulder: Talent guides wire connected to alligator clip through septum.
3.5.2. MED: Talent clamps slide with alligator clip.
3.5.3. CU: Slide as talent places it in solution to show conductive side perpendicular to counter electrode.
3.6. Next, collect a UV-Vis spectrum of the FTO slide by placing the slide in a position in the beam path of the spectrometer that has been predetermined to ensure consistency.
3.6.1. MED: Talent walks up to UV-Vis spectrometer and places FTO slide in appropriate position.
3.7. Following this, connect one end of Tygon tubing to the nitrogen supply and connect the other end to a gas washer containing acetonitrile. After cutting another piece of Tygon tubing, connect one end to the outflowing acetonitrile washed nitrogen, and connect the other end to a 4-way splitter.
3.7.1. MED-over the shoulder: Talent connects Tygon tubing to a nitrogen supply and gas washer containing acetonitrile.
3.7.2. MED: Talent connects Tygon tubing to outflowing acetonitrile washed nitrogen.
3.7.3. CU: 4-way splitter as talent connects other end of Tygon tubing to it.
3.8. Once the PTFE tubes have been connected to the 3 remaining connections of the 4-way splitter, submerge the PTFE tubes into the solutions in each of the compartments and turn on the flow of nitrogen such that a rapid bubbling of the solution commences. 
3.8.1. MED-over the shoulder: Talent places tubes into solutions in each compartments.
3.8.2. CU: One of the compartments as talent turns nitrogen flow on to show bubbling of the solution.
3.9. After de-aerating the solution for 5 to 10 minutes, pull the PTFE tubes just above the surface of the solution, leaving the flow of nitrogen on in order to keep a positive pressure of inert gas on the system and to prevent solution convection caused by bubbling.
3.9.1. MED: Talent pulls the PTFE tubes out of the solution and just above the surface.
3.9.2. CU: One of the tubes to show its position above the solution of the surface.
3.10. To perform the electrochemical experiments, connect electrodes from the potentiostat to the appropriate electrodes in the 3‑compartment cell.
3.10.1. MED: Talent connects electrodes from the potientiostat to appropriate electrodes in cell.
3.11. Perform a cyclic voltammetry, or CV, experiment with the following parameters (TEXT: switching potentials = 0 V and -1.81 V; scan/sweep rate = 100 mV/s; number of cycles = 5).
3.11.1. MED-over the shoulder: Talent at computer inputs appropriate parameters in software.
3.12. When the CV experiment is complete, remove the working electrode from the polymerization solution and gently rinse the surface of the electrode with an acetonitrile squirt bottle to remove any remaining monomer solution.  
3.12.1. MED: Talent removes working electrode from polymerization solution.
3.12.2. CU: Working electrode as talent squirts it with acetonitrile.
4. Surface Coverage Determination
4.1. At this point, place the rinsed working electrode in an electrochemical cell containing a freshly prepared solution of 0.1 molar tetra-n-butylammonium hexafluorophosphate in acetonitrile, a counter electrode and a reference electrode.
4.1.1. MED-over the shoulder: Talent places working electrode in an electrochemical cell containing hexafluorophosphate solution, counter and reference electrodes.
4.2. Perform a CV experiment with the following parameters (TEXT: switching potentials = 0 and +1.5 V; scan/sweep rate = 100 mV/s; number of cycles = 15). 
4.2.1. MED: Talent at computer inputs appropriate parameters in software.
4.3. Integrate the charge under the anodic and cathodic peaks for the adsorbed electropolymer Ru(III/II) (pronounced ruthenium three two) couple and average the charge under the anodic and cathodic peaks. Then, determine the surface coverage using the following equation.  
4.3.1. SCREEN: Computer screen as talent integrates the appropriate peaks and averages the charge.
4.3.2. LAB MEDIA: 
4.4. Next, place the FTO slide in the predetermined position in front of the UV-Vis sample holder such that the beam-path passes through the colored film (TEXT: FTO slide can be wet or dry but make comparisons under same conditions as blank). 
4.4.1. CU: UV-Vis sample holder as talent places the FTO slide in the appropriate position.
4.5. Finally, subtract the spectrum obtained for the FTO spectrum that was collected for that particular slide prior to electropolymerization from the spectrum of the film-on-FTO in order to produce an absorption spectrum for the film itself. 
4.5.1. SCREEN: Computer screen as talent subtracts the FTO spectrum from the film-on-FTO spectrum.Something happened to the sample and the final image is not what it should have been. So, can you please not include the video of that in the final production.   I have uploaded a Powerpoint to be used in its place unless you just drop that portion. (It is not necessarily needed because it is fairly standard procedure. 
5. Results: Vinyl-based Reductive Electropolymerization of Poly-pyridyl Complexes 
5.1. The first cycle of the electropolymer growth experiment with compound 1 produces a voltammagram roughly resembling that which is expected for a ruthenium solution of similar concentration, but upon successive cycles, increasingly enhanced currents are observed. This phenomenon is due to the summation of the current for the monomer in solution and that of the electropolymer film that is deposited from the previous cycle past the ligand centered reduction waves. 
5.1.1. LAB MEDIA: Figure 5 (Figure 5.tif, 52035fig5highres.jpg) (Video Editor: Highlight 1st Cycle black traces for first part of first sentence. Then make green arrows appear when “successive cycles” is mentioned in first sentence.)
5.2. The pink trace is the first cycle after reductive electropolymerization of compound 1, while the blue trace is the second cycle, and the remaining 3rd to15th cycles are in black. The red arrows indicate decreasing current while the green arrows indicate an increase (TEXT: See text protocol for additional details and relevant calculations). 
5.2.1. LAB MEDIA: Figure 6 (New Figure 6.tif, 52035fig6highres.jpg) (Video Editor: Highlight pink, blue and black traces when mentioned in first sentence. Make red and green arrows appear when mentioned in second sentence.)
5.3. Electropolymerization on FTO follows roughly the same trends as glassy carbon, but with the added benefit of larger surface areas and transparency. The UV-Vis spectrum for the FTO slide is subtracted from the electropolymer-coated-FTO to give the spectrum of the film alone. The UV-Vis spectrum of compound 1 is overlaid for comparison.
5.3.1. LAB MEDIA: Figure 7 (New Figure 7.tif, 52035fig7highres.jpg) (Video Editor: Highlight black curve for second sentence and green curve for third sentence.)

6. Conclusion (said by authors on camera)

6.1. Jake Hyde: Once mastered, this technique can be done in 1 to 2 hours if it is performed properly.
6.2. Logan Carpenter: While attempting this procedure, it’s important to remember that the experimental setup is critical for consistent and continued reproducibility. Stringently drying the electrolytic solution, exclusion of oxygen, strict placement of electrodes in 3-compartment cells, utilizing different electrochemical techniques, and many other procedures may be required for reproducible results. 
6.3. [bookmark: _GoBack]Daniel Harrison: After watching this video, you should have a good understanding of how to perform preliminary experiments to evaluate the ability of a compound to undergo electropolymerization and to preliminarily probe its stability on any number of electrode surfaces, under various solvents conditions and pHs. 

       

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.  

Figure 1.tif – Common vinyl- and pyrrole-based pyridyl ligands used for electropolymerizing 
inorganic species.
Figure 2.tif - Initiation of electropolymerization for vinyl (reductive) and pyrrolyl (oxidative) groups. 
The red balls can be any number of poly-pyridyl inorganic complex fragments. 
Figure 3.tif - Depiction of solution-electrode interface A) prior to electropolymerization initiation by 
an applied potential from a potentiostat and B) following electropolyermization.
Figure 4.tif - Molecular structure of 1 
Figure 5.tif - Reductive electropolymerization of a 1.3 mM solution of 1 in 0.1 M TBAPF6 under a 
N2(g) atmosphere using a 0.071 cm2 glassy carbon electrode.
Figure 6.tif – Oxidative equilibration of the electropolymer film produced in Figure 5.
Figure 7.tif - The UV-Vis spectrum of the electropolymer film derived from 1 (black) after 
subtraction of the FTO slide and the UV-Vis spectrum of 1 (green).
Table1.xlsx - Surface coverage and equivalent monolayers of the electropolymer on a 0.071 cm2 glassy carbon electrode as a function of the number of cycles through the reduction waves of 1 
(1.3 mM, 0.1 M TBAPF6, dry MeCN).
Schematic.pptx – Schematic for video




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, as well as an introduction to your videographer, closer to your filming date.
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