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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No.
Can you record movies/images using your own microscope camera? (Y/N) No.
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
N/A
2. Does your protocol include software usage? (Y/N) Yes.
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Step 2.1
Step 2.3
Step 2.4
Step 2.5
Step 3.3
Step 3.4
4. 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.)
The data analysis is the most difficult aspect to this procedure and sometimes a lot of it relies on trial and error. 
Step 4.2 and Step 4.3

5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? N/A


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Carly Hanson: This method probes the solution interactions between Lewis acids and carbonyls under synthetic conditions. This technique can be employed for mechanistic insight into carbonyl-centered reactions [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Carly Hanson: We can observe Lewis acid-carbonyl complexes in real time under reaction conditions, allowing for the observation of the behavior of substrates and products with the catalyst [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.3. James J. Devery, III: This method provides insight into the fundamental interactions of molecules, giving the synthetic chemist the necessary information to design high yielding procedures. [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. James J. Devery, III: This system can be applied to any solution interaction that results in a change in equilibrium that can be detected in the IR spectrum [1]. 
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.





Section - Protocol
2. Open-air Reference Spectrum and Solvent Reference Spectrum
2.1. To begin, open the data acquisition software [1]. Click Instrument. Under the Configure tab, click Collect Background. Click Continue. Set scans to 256 and click OK to collect a background [2]. 
2.1.1. Talent sits in front of the computer and opens the software.
2.1.2. SCREEN: Talent collects a background.
2.2. Then, in the data acquisition software, click File. Click New. Click Quick Start. Set Duration to 15 minutes and Sample Interval to 15 seconds. Click Create to create experiment [1]. 
2.2.1. SCREEN: Talent adjusts settings and creates experiment.
2.3. Put a flame-dried 25-milliliter 2-neck round bottom flask charged with a stir bar into a glovebox [1]. Under the inert atmosphere, add 324 milligrams of iron trichloride. Cap the necks of the flask with rubber septa, and take the flask out of the glovebox [2].
2.3.1. Talent brings a flask into a glovebox. Important Step
2.3.2. Talent adds Lewis acid to the flask, caps, and takes out the flask.
2.4. Attach an Argon-filled balloon to the flask through a needle in the rubber septa [1]. And add 12 milliliters of anhydrous solvent DCE (pronounce as D-C-E) via syringe [2-TXT].
2.4.1. Talent adds a balloon to the flask. Important Step
2.4.2. Talent adds solvent into the flask. TEXT: DCE: 1,2 dichloroethane
2.5. Next, remove one septum and attach the flask to the in situ IR (pronounce as eye-R) probe [1]. Place the flask in a temperature-controlled bath set to the desired temperature of 30 degrees Celsius [2]. 
2.5.1. Talent attaches the flask to a probe. Important Step
2.5.2. Talent places the flask in a bath. Important Step
2.6. Start the experiment in the data acquisition software by clicking the start button to begin collecting data for the solvent reference spectrum [1]. After 2 minutes, stop collecting data [2].
2.6.1. SCREEN: Talent clicks the start button.
2.6.2. SCREEN: Talent stops collecting data.
3. Titration Software Setup and Procedure
3.1. First, to create a new titration experiment, in the data acquisition software, click File, New, Quick Start. Set Duration to 8 hours and Sample Interval to 15 seconds. Click Create to create experiment [1].
3.1.1. Talent creates a new experiment, and adjusts settings.
3.2. In the data acquisition software, go to Spectra tab and click Add Spectra. Click From File and open the appropriate solvent reference spectrum obtained previously. Check the box with the time signature. Click OK [1]. 
3.2.1. SCREEN: Talent opens previously obtained solvent reference spectrum.
3.3. Start experiment in the data acquisition software by clicking the start button to begin collecting data. Click Solvent Subtraction and select the added appropriate reference spectrum [1]. Stir for 15 minutes to reach the temperature of 30 degrees Celsius. Use the in situ IR probe to determine the temperature [2]. 
3.3.1. SCREEN: Talent collects data, and adds reference. 
3.3.2. Shot of the stirring, and the probe. Important Step
3.4. Add 10 microliters of carbonyl analyte into the flask via a syringe [1]. Observe the signal response on the data acquisition. System shifts from equilibrium and changes with time [2]. When the IR signal stabilizes and remains constant, additional carbonyl analyte is added [3].
3.4.1. [bookmark: _GoBack]Talent adds solution into the flask. TEXT: 10 microliters Important Step
3.4.2. SCREEN: Show the signal changes, and the system reaches stability. 60745_3.4.2 and 3.4.3.mp4
3.5. Add additional carbonyl analyte into the flask with the amount of 10 microliters each time [1], and wait for the system to equilibrate [2]. 
3.5.1. Talent adds more solution into the flask.
3.5.2. SCREEN: The system equilibrates.
4. IR Spectra Analysis and Component Analysis
4.1. To export data for the data acquisition software, click File, Export, Multi-spectrum file. Under Format, check CSV and under Data, check Raw. Click Export to export IR (pronounce as eye-R) data to spreadsheet or mathematical processing software [1].
4.1.1. SCREEN: Talent exports data.
4.2. Select data where the system had reached equilibrium after each addition of analyte. Plot desired region of IR spectrum. Examine the spectrum for transitions and isosbestic points [1]. Plot data that pertains to a particular transition period by progression separately [2].
4.2.1. SCREEN: Talent selects data where system had reached equilibrium, plots spectrum, and points to transition and isosbestic points.
4.2.2. SCREEN: Talent separates spectra.
4.3. Carly Hanson: The best way to examine the spectra for transition periods is to plot each segment of the titration incrementally until you can visualize only one transition occurring [1].
4.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
4.4. To analyze the component, Identify λmax (pronounce as lambda max) of each species of interest [1]. To account for dilution, multiply the absorbance by the total volume of the solution for each spectrum. Plot product of absorbance*volume as a function of equivalents of analyte [2].
4.4.1. SCREEN: Talent points to λmax.
4.4.2. SCREEN: Talent plots a graph.
5. Analysis of Consumption of Species
5.1. For in situ-generated species that can be identified, plot a Beer-Lambert relationship, with absorbance on the y axis, and concentration on the x axis. For known species, measure the impact of concentration on Absorbance at the desired λmax and plot a Beer-Lambert relationship [1]. 
5.1.1. SCREEN: Talent plots two graphs.
5.2. Using the two Beer-Lambert relationships, determine the observed in situ amounts of the species of interest [1].
5.2.1. SCREEN: Talent points to the values in the table.
5.3. CMAX equals 2 millimoles as defined by the amount of iron chloride present. CADD (pronounce as C-add) is the moles of acetone added. CCOORD (pronounce as C-Co-Ord) is the moles of iron chloride-acetone complex. COBS (pronounce as C-observed) is the moles of unbound species 1. CND (pronounce as C-N-D) is the moles of species 1 not detected. CMAX minus CCOORD is the moles of species 3 that have been consumed [1].
5.3.1. SCREEN: Talent points to each column when VO says the word.
5.4. Plot CND vs. (CMAX – CCOORD) to determine if there is a correlation [1].
5.4.1. SCREEN: Talent plots a graph.


Section – Results
6. Results: Data Analysis
6.1. In this study, in situ IR-monitored titration was used to observe the interactions of species 1 and Gallium trichloride as well as species 1 and iron chloride [1]. Gallium trichloride and species 1 formed 1:1 complex 2 in solution [2]. Alternatively, when iron chloride and species 1 were combined, more complex behavior was observed [3].
6.1.1. LAB MEDIA: Figure 5
6.1.2. LAB MEDIA: Figure 5 – Video editor: emphasize the top left part.
6.1.3. LAB MEDIA: Figure 5 – Video editor: emphasize the bottom left part.
6.2. This figure displays the raw feed of data obtained by the in situ IR using the data acquisition software for the titration of iron chloride with species 1 [1].
6.2.1. LAB MEDIA: Figure 3
6.3. Here, the process of extracting the transitions that result from this titration method is shown [1].
6.3.1. LAB MEDIA: Figure 4
6.4. The extraction of λmax data of the titration of Gallium trichloride with species 1 and the titration of iron chloride with species 1 demonstrates only 1:1 complex 2 was formed when gallium trichloride is combined with species 1. Whereas, 1:1 complex 3 was initially formed when combined with iron trichloride but was then consumed. [1].
6.4.1. LAB MEDIA: Figure 5
6.5. With these protocols, the examination of competitive access to a Lewis acid was achieved [1].
6.5.1. LAB MEDIA: Figure 7



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Carly Hanson: When performing spectra analysis, it is best to look for transitions through trial and error by incrementally plotting time points until a transition period is found [1]. 
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.2. James J. Devery, III: This procedure could be applied to multiple Lewis acid-carbonyl systems, furthering insight into fundamental interactions between catalyst and carbonyl-centered substrates and byproducts [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. James J. Devery, III: We have employed this technique to gain mechanistic insight into the competitive interactions of substrate and byproduct in metal-catalyzed carbonyl-olefin metathesis, which led us to revise our initial mechanistic proposal [1]. 
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.4. Carly Hanson: Many Lewis acid-catalysts are moisture sensitive and can produce hydrochloric acid, so ensure that these systems are kept under inert atmosphere and proper protective equipment is worn [1].
7.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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