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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

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.) 2.6, 3.1, 5.2, 5.5
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.) The most important aspect is the quality of the olefins. If they have not been oxidized or polymerized, the final product will be obtained. 
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 protocol is to introduce a universal synthetic method for nonsymmetric dialkylphosphinic acid extractants through a free-radical addition reaction using sodium hypophosphite as a phosphorus source. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Shengming Xu or Meiying Xie: This method can help practitioners in the hydrometallurgy field to develop new dialkylphosphinic acid extractants and explore potential extraction and separation systems with this class of extractants. 
1.2. Meiying Xie or Xinyu Liu: Compared to the traditional method which uses phosphine as the phosphorus source, this method has the advantages of low toxicity, mild reaction conditions, easy purification and potential for large-scale production. (If 1.1 is said by Meiying Xie, please film Xinyu Liu for this statement.)
Protocol: (read by voice talent at JoVE)
2. Synthesis of Mono-(2,3-dimethylbutyl)phosphinic Acid

2.1. First, weigh the appropriate reagents into a 100-milliliter Teflon-lined stainless steel autoclave [1-MED/WIDE-TXT]. Place a magnetic stirrer into the autoclave and seal it [2-MED]. 
2.1.1. *Film as written. TEXT: 31.8 g NaPO2H2, 16 g CH3CO2H, 8.42 g 2,3-dimethyl-1-butene, 0.73 g DTBP, 25 g THF. (Video Editor: overlay should appear at mention of “appropriate reagents”).

2.1.2. *Film as written.
2.2. Place the autoclave in a vertical tube furnace placed on a magnetic stirring apparatus [1-MED-over the shoulder]. Start the magnetic stirring apparatus and set the speed to 800 rpm [2-MED]. Then, start the heating program of the temperature controller connected to the autoclave [3-MED-over the shoulder-TXT].

2.2.1. *Film as written.

2.2.2. *Film as written.

2.2.3. Talent starts the heating program, with the program settings visible in the frame if possible. TEXT: React at 120 (C for 8 h.
2.3. After the reaction is complete, transfer the mixture containing the product to a 250-milliliter one-neck round-bottom flask [1-MED-over the shoulder]. Remove the solvent and unreacted olefins using a rotary evaporator [2-MED].

2.3.1. Talent removes the autoclave from furnace and transfers the mixture to the flask. 

2.3.2. Talent attaches the flask to the rotary evaporator and turns it on.

2.4. Following this, transfer the residues to a 250-milliliter separating funnel [1-MED-over the shoulder]. Add 50 milliliters of 4 percent sodium hydroxide solution to the separating funnel and shake vigorously [2-MED]. 

2.4.1. *Film as written.
2.4.2. *Film as written.

2.5. After the phases have separated, transfer the bottom aqueous phase into a 500-milliliter separating funnel [1-MED-over the shoulder]. Wash the organic phase three times with 20 milliliters of 4 percent sodium hydroxide solution to ensure that the aqueous phase exceeds pH 10 [2-MED-TXT]. Then, transfer the aqueous phases into the 500-milliliter separating funnel containing the first aqueous phase [3-MED-over the shoulder]. 
2.5.1. *Film as written.

2.5.2. Talent adds sodium hydroxide solution to the funnel containing the organic phase, shakes it, and allows the two phases to separate. Show one wash only. TEXT: 3 x 20 mL 4% NaOH. 

2.5.3. *Film as written.

2.6. Add 90 milliliters of 10 percent sulfuric acid solution and 50 milliliters of ethyl ether to the separating funnel containing the combined aqueous phases and shake vigorously [1-MED-TXT].

2.6.1. *Film as written. TEXT: 90 mL 10% H2SO4, 50 mL Et2O. 

2.7. After the phases have separated, transfer the top organic phase into another 500-milliliter separating funnel [1-MED-over the shoulder]. Extract the aqueous phase three times with 30 milliliters of ethyl ether [2-MED]. Then, transfer the organic phase into the 500-milliliter separating funnel containing the first organic phase [3-MED-over the shoulder].
2.7.1. *Film as written.
2.7.2. Talent adds ethyl ether to the funnel containing the aqueous phase, shakes it, and allows the two phases to separate. Show one extraction only. 
2.7.3. *Film as written.

2.8. Wash the combined ethyl ether solution four times with 100 milliliters of saturated sodium chloride solution [1-MED].
2.8.1. Talent adds sodium chloride solution to the funnel containing the ethyl ether solution, shakes it, and allows the two phases to separate. Show one wash only. 

2.9. After transferring the ethyl ether solution to a round-bottom flask, add 4 grams of anhydrous magnesium sulfate to remove any soluble water [1-MED-over the shoulder]. Filter to remove the solid and collect the liquid in a clean 250-milliliter one-neck round-bottom flask [2-MED]. Then, remove the ethyl ether using the rotary evaporator to obtain the crude product [3-MED-over the shoulder].  
2.9.1. *Film as written.

2.9.2. Talent pours contents of flask into a filter that is connected to a vacuum line and a round-bottom flask.

2.9.3. Talent attaches the flask to the rotary evaporator and turns it on.
3. Purification of Mono-(2,3-dimethylbutyl)phosphinic Acid

3.1. Add the crude product dropwise to a previously prepared amantadine solution [1-CU-TXT]. After allowing the solution to sit overnight, filter it under reduced pressure [2-MED]. Then, wash the filter cake with 200 milliliters of ethyl ether [3-MED-over the shoulder].
3.1.1. *Film as written. TEXT: See text for amantadine solution prep.
3.1.2. Talent pours the contents of the flask into a filter that is connected to a vacuum line and a flask.

3.1.3. *Film as written.
3.2. Transfer the filter cake to a 500-milliliter beaker [1-MED]. Add 80 milliliters of 1 molar hydrochloric acid and stir the mixture for 5 minutes [2-MED-over the shoulder]. Then, add 70 milliliters of ethyl acetate and stir the mixture for another 5 minutes [3-MED].

3.2.1. *Film as written.

3.2.2. *Film as written.

3.2.3. *Film as written.

3.3. Now, add the mixture to a 250-milliliter separating funnel and transfer the bottom aqueous phase into a 250-milliliter separating funnel [1-MED-over the shoulder].
3.3.1. *Film as written.

3.4. After extracting the aqueous phase with ethyl acetate, wash the ethyl acetate solution twice with 30 milliliters of 1 molar hydrochloric acid and three times with 80 milliliters of saturated sodium chloride [1-MED-TXT]. 
3.4.1. Talent adds HCl to the funnel containing the ethyl  acetate solution, shakes it, and allows the two phases to separate. Show one wash only. TEXT: 2 x 30 mL 1 M HCl, 3 x 80 mL NaCl. 

3.5. After transferring the ethyl acetate solution to a round-bottom flask, add 4 grams of anhydrous magnesium sulfate to remove any soluble water [1-MED-over the shoulder]. Filter to remove the solid and collect the liquid in a clean 250-milliliter one-neck round-bottom flask [2-MED]. Then, remove the ethyl acetate using the rotary evaporator to obtain the pure product [3-MED-over the shoulder].  

3.5.1. *Film as written.
3.5.2. Talent pours contents of flask into a filter that is connected to a vacuum line and a round-bottom flask.

3.5.3. Talent attaches the flask to the rotary evaporator and turns it on.
4. Synthesis of (2,3-dimethylbutyl)(2,4,4’-trimethylpentyl)phosphinic Acid

4.1. Transfer the purified product to a 100-milliliter Teflon-lined stainless steel autoclave [1-MED]. Add the appropriate reagents and a magnetic stirrer to the autoclave and seal it [2-MED-over the shoulder-TXT].  

4.1.1. *Film as written.

4.1.2. *Film as written. TEXT: 4.95 g CH3CO2H, 25.39 g diisobutylene, 0.3 g DTBP. (Video Editor: overlay should appear at mention of “appropriate reagents”).

4.2. Place the autoclave in a vertical tube furnace placed on a magnetic stirring apparatus [1-MED]. Start the magnetic stirring apparatus and set the speed to 800 rpm [2-MED]. Start the heating program of the temperature controller connected to the autoclave [3-MED-over the shoulder-TXT].  

4.2.1. *Film as written.

4.2.2. *Film as written.

4.2.3. Talent starts the heating program, with the program settings visible in the frame if possible. TEXT: React at 135 (C for 8 h.
4.3. When the reaction system cools down to room temperature, add another 0.3 grams of DTBP to the autoclave and restart the heating program [1-MED-TXT]. 

4.3.1. *Film as written. TEXT: Repeat step 2x.

4.4. After the reaction is complete, dilute the product with 100 milliliters of ethyl ether and transfer the solution to a 250-milliliter separating funnel [1-MED-over the shoulder]. Wash the ethyl ether solution three times with 30 milliliters of 4 percent sodium hydroxide solution to ensure that the aqueous phase exceeds pH 10 [2-MED-TXT]. After removing the bottom aqueous phase, add 70 milliliters of 10 percent sulfuric acid solution to acidify the product [3-MED-over the shoulder].  
4.4.1. *Film as written.

4.4.2. Talent adds sodium hydroxide solution to the funnel containing the ethyl ether solution, shakes it, and allows the two phases to separate. Show one wash only. TEXT: 3 x 30 mL 4% NaOH. 

4.4.3. *Film as written.
4.5. Wash the acidified ethyl ether solution several times with 80 milliliters of saturated sodium chloride solution until the aqueous phase pH is 6 to 7 [1-MED]. 

4.5.1. Talent adds sodium chloride to the funnel containing the ethyl ether solution, shakes it, and allows the two phases to separate. Show one wash only. 
4.6. After transferring the ethyl ether solution to a round-bottom flask, add 4 grams of anhydrous magnesium sulfate to remove any soluble water [1-MED-over the shoulder]. Filter to remove the solid and collect the liquid in a clean 250-milliliter one-neck round-bottom flask [2-MED]. Then, remove the ethyl ether and unreacted olefins using the rotary evaporator to obtain the crude product [3-MED-over the shoulder]. 

4.6.1. *Film as written.
4.6.2. Talent pours contents of flask into a filter that is connected to a vacuum line and a round-bottom flask.

4.6.3. Talent attaches the flask to the rotary evaporator and turns it on.
5. Purification of (2,3-dimethylbutyl)(2,4,4’-trimethylpentyl)phosphinic Acid

5.1. Dissolve 2.3 grams of sodium hydroxide in 40 milliliters of deionized water [1-MED]. Add the previously prepared sodium hydroxide solution to the flask containing the crude product and shake vigorously for 5 minutes [2-MED-over the shoulder].

5.1.1. *Film as written.

5.1.2. *Film as written.

5.2. Following this, add 0.5 molar cobalt chloride solution dropwise while shaking until no more blue precipitate is generated and the solution is pink [1-CU].
5.2.1. *Film as written. 

5.3. Filter the pink solution and wash the blue precipitate with deionized water until the filtrate is colorless [1-MED-over the shoulder]. Then, transfer the filter cake back to the flask and add 100 milliliters of acetone [2-MED-TXT]. 
5.3.1. *Film as written.

5.3.2. *Film as written. TEXT: Store filter cake at 4 °C O/N.

5.4. On the following day, pulverize the blue filter cake using a stainless steel spoon to release any impurities trapped in the bulk [1-MED-over the shoulder]. Filter the solid and wash it with 100 milliliters of acetone [2-MED]. 
5.4.1. *Film as written.

5.4.2. *Film as written.   

5.5. After drying the filter cake at room temperature, add 120 milliliters of ethyl ether and 80 milliliters of 10 percent sulfuric acid solution to the filter cake [1-MED-over the shoulder]. Transfer the resulting solution into a 250-milliliter separating funnel and shake vigorously until the blue precipitate disappears [2-MED].
5.5.1. *Film as written.

5.5.2. *Film as written.
5.6. After removing the bottom aqueous phase, wash the ethyl ether solution several times with 30 milliliters of 10 percent sulfuric acid solution until the aqueous phase is colorless [1-MED-over the shoulder]. Then, wash with 80 milliliters of saturated sodium chloride solution until the aqueous phase pH is 6 to 7 [2-MED]. 

5.6.1. Talent adds sulfuric acid solution to the funnel containing the ethyl ether solution, shakes it, and allows the two phases to separate. Show one wash only, and if possible, show the last wash which turns the aqueous phase colorless. 
5.6.2. Talent adds sodium chloride to the funnel containing the ethyl ether solution, shakes it, and allows the two phases to separate. Show one wash only. 
5.7. After transferring the ethyl ether solution to a round-bottom flask, add 4 grams of anhydrous magnesium sulfate to remove any soluble water [1-MED-over the shoulder]. Filter to remove the solid and collect the liquid in a clean 250-milliliter one-neck round-bottom flask [2-MED]. Finally, remove the ethyl ether using the rotary evaporator to obtain the pure product [3-MED-over the shoulder]. 
5.7.1. *Film as written.
5.7.2. Talent pours contents of flask into a filter that is connected to a vacuum line and a round-bottom flask.

5.7.3. Talent attaches the flask to the rotary evaporator and turns it on.
6. Results: Characterization of High Purity Nonsymmetric Dialkylphosphinic Acid Extractants
6.1. Phosphorous NMR spectra were collected for the intermediate mono-alkylphosphinic acid before and after purification by the amantadine method [1-LM]. During the mono-alkylphosphinic acid synthesis, it is difficult to avoid the generation of the dialkylphosphinic acid byproduct, which is the reason for the peak at 62.507 ppm in the spectra [2-LM].  
6.1.1. 56165fig2.jpg, 56165fig2large.jpg, Fig 2 (a).png, Fig 2(b).png: If not possible to show both (a) and (b) on screen, superimpose (a) on (b) so that (a) is directly above (b) so both spectra can be visualized at the same time. Highlight (a) at mention of “before” and (b) at mention of “after purification”.

6.1.2. 56165fig2.jpg, 56165fig2large.jpg, Fig 2 (a).png and 56165fig1.jpg, 56165fig1large.jpg, Fig 1 (a).png: Show Figure 2a and superimpose Figure 1a on the spectrum. Highlight byproduct in Figure 1a and small peak at 62 ppm in Figure 2a when mentioned. 

6.2. Phosphorous NMR spectra, proton NMR spectra, MS spectra, and FT-IR spectra were collected for the acid product after purification by the cobalt salt precipitation method [1-LM]. 
6.2.1. 56165fig3.jpg, 56165fig3large.jpg, Fig 3.png and 56165fig4.jpg, 56165fig4large.jpg, Fig 4.png and 56165fig5.jpg, 56165fig5large.jpg, Fig 5(b).png and 56165fig6.jpg, 56165fig6large.jpg, Fig 6.png: If possible, show all four figures on screen for this result (figures 3 and 4 on top, figures 5b and 6 on bottom). Highlight figure 3, 4, 5b, and 6 at mention of “phosphorous NMR spectra”, proton NMR spectra”, “MS spectra”, and “FT-IR spectra”, respectively. If not possible to show all four figures, show figures 3 and 4 and highlight figure 3 at mention of “phosphorous NMR spectra” and figure 4 at mention of “proton NMR spectra”.
6.3. Potentiometric titration curves of the acid product indicate that the purity of the product can exceed 96 percent [2-LM].  

6.3.1. 56165fig7.jpg, 56165fig7large.jpg, Fig 7.png
7. Conclusion (said by authors on camera)

7.1. Meiying Xie: High purity nonsymmetric dialkylphosphinic acids can be obtained through this method, which allows exploration of new extractants. 

7.2. Xinyu Liu: This class of extractants can be used in the extraction and separation of rare earth ions, non-ferrous metals, rare metals, actinides, et cetera. Its extraction and separation performance can be fine-tuned by modifying the alkyl chains.
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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