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1. Overview

1.1. Precipitation is a technique used to separate a mixture based on the solubility of its components. 
1.1.1. Title Slide. 

1.2. The solubility of a compound depends on the ionic strength of the solution, its pH, and temperature.
1.2.1. See Storyboard.

1.3. Manipulation of these factors can cause a compound to become an insoluble solid, and fall out of solution. This is called precipitation.  
1.3.1. See Storyboard.

1.4. The insoluble solid, called the precipitate (pre-sip-a-tit), initially forms a suspension, meaning that it is well dispersed in solution. (1.4.1.) The precipitate (pre-sip-a-tit) typically agglomerates, and then is separated from the liquid by sedimentation, centrifugation, or filtration. (1.4.2.)
1.4.1. See Storyboard. 
 
1.5. This video will introduce several methods of separating compounds using precipitation, and demonstrate precipitation in the laboratory.
1.5.1. Use shot 4.5.3.

2. Principles

2.1. A dissolved compound can be precipitated out of solution by introducing a counter ion.  (2.1.1.) For example, silver can be precipitated out of solution in the reaction between silver nitrate and sodium chloride.  The nitrate ion is replaced by a counter-ion, the chlorine ion, resulting in the formation of solid silver chloride. (2.1.2.) 
2.1.1. See Storyboard.

2.2. Increasing the salt concentration of a solution can also induce precipitation. This technique, called salting-out, is common for the isolation of proteins.  (2.2.1.) At high salt concentration, water molecules are more attracted to the dissolved salt, leaving fewer water molecules to stabilize the protein.  As a result, the protein molecules aggregate and form a solid. (2.2.2.)
2.2.1. See Storyboard. 

2.3. Precipitation can also be caused by a change in pH.  At the isoelectric point, or pI, the net charge of a compound becomes zero. With a net charge of zero, the compound is unable to interact with the charged solution, thus causing it to aggregate and eventually precipitate (pre-sip-a-tate) out of solution. 
2.3.1. See Storyboard. 

2.4. Temperature also affects solubility, as higher temperature increases the solubility of solids.  By decreasing temperature, dissolved compounds can re-solidify.  The rate of solid formation determines relative purity.
2.4.1. See Storyboard. 

2.5. In the following experiments, precipitation will be demonstrated using pH to remove the protein casein from milk. 
2.5.1. Use shot 4.5.1. 

3. Precipitation of Milk Proteins

3.1. Precipitation can be performed by changing the pH of a mixture to the isoelectric point of the substance of interest.  Casein, a milk protein, can be precipitated from milk using this technique.  To begin, pour 250 ml of milk in a beaker with a stir bar. 
3.1.1. WIDE: Talent carries milk jug to bench top
3.1.2. MED: Talent pours milk into beaker with stir-bar

3.2. Gently warm the milk to 40 °C in a stirring hot plate. (TEXT: Do not heat over 40 °C).
3.2.1. MED (Over the shoulder): Talent turns hot plate on, and checks milk temperature.	Comment by Joseph Unsay: Divided into two shots:
3.2.1 Turn on hotplate
3.2.2 checks milk temperature

3.3. Immerse pH meter electrode into the warm milk, and monitor the pH.
3.3.1. MED:  Talent places pH electrode in milk solution.

3.4. Add acetic acid (TEXT: 15% v/v Acetic acid) drop-wise to the milk until the pH reaches the casein isoelectric point, 4.6.  
3.4.1. MED: Talent adds acetic acid to milk solution
3.4.2. CU: pH meter value slowly decreasing

3.5. Insoluble milk protein solids, or curds, precipitate (pre-sip-a-tate) out of solution below the isoelectric point.  Remove the solid curds from solution by filtration.  
3.5.1. CU: Milk solids in the solution. 
3.5.2. MED:  Talent places filter paper in funnel, and the funnel in flask. 
3.5.3. MED:  Talent pours milk solution into funnel. 

3.6. If the filter paper gets clogged, mix with a stirring rodspatula to help the solution flow through.  If this does not improve the filtration, change the filter paper. 
3.6.1. CU: Talent stirs filtering solution with stirring roda spatula
3.6.2. MED: Talent removes clogged filter paper

3.7. Place a new filter paper on the bench top and transfer the wet solid from the clogged filter paper to the new filter paper. This should absorb more liquid, or whey, from the solid, or curds. 
3.7.1. MED: Talent places filter paper on bench-top
3.7.2. CU: Talent transfers solids to clean filter paper

3.8. Continue changing the filter paper until there is minimal wetness on the filter paper. Pressing lightly on the solids may help the filter paper to absorb more whey. 
3.8.1. CU: Talent presses on the solids to squeeze out water.

3.9. Re-suspend the dried milk solids in 70% ethanol to wash the phospholipids out of the curds and then repeat the filtration process. 
3.9.1. MED: Talent re-suspends the solids in ethanol solution.

3.10. As an alternative to filtration, protein solids can also be separated using centrifugation.  
3.10.1. WIDE: Talent sets out centrifugation materials

3.11. Centrifuge 50 ml portions of the milk mixture (TEXT: 4,500 x g; 10 min) and decant the supernatant.  
3.11.1. MED: Talent pours out 50 ml portions of milk into centrifuge tubes. 
3.11.2. WIDE: Talent centrifuges samples.
3.11.3. MED: Talent decants supernatant.

3.12. Re-suspend the pellet in 50 ml of 70% ethanol to help remove the phospholipids from the curds, and repeat the centrifugation process. 
3.12.1. CU: Talent re-suspends the pellet in ethanol
3.12.2. WIDE: Talent approaches centrifuge, places tubes inside. 

3.13. The milk protein solids can then be stored or re-suspended in another solution for further analysis, such as SDS-PAGE. 
3.13.1. CU: Solid pellet in bottom of centrifuge tube
3.13.2. MED: Talent re-suspends pellet. 
3.13.3. WIDE: Talent sets up SDS-PAGE apparatus (no need to run the gel, just show a bit of the setup) 

3.14. SDS-PAGE analysis shows that precipitation enabled the removal of most impurities from the curds.  All of the casein was found in the solid phase, while none was found in the liquid phase. 
3.14.1. See Storyboard.  (Author results)

3.15. Filtration and repeated washing with ethanol enables the removal of even more impurities. 
3.15.1. See Storyboard. (Author results)

4. Applications  (Videographer: film only 4.2-4.8)

4.1. Precipitation is a commonly used technique for a wide range of uses. 
4.1.1. Title slide. 

4.2. (Lower Third: Application #1- Precipitation of CaCO3) Compounds can be precipitated from a solution using a counter ion, as in this example of the precipitation of calcium carbonate.   (TEXT: CaCl2 + Na2CO3  CaCO3 + 2 NaCl) 
4.2.1. WIDE: Talent brings materials to bench

4.3. To begin, prepare 5 ml of 1 molar calcium chloride and 5 ml of 1 molar sodium carbonate.  
4.3.1. MED: Talent weighs out reagents on balance. 	Comment by Joseph Unsay: Divided into several steps
4.3.1 MED: puts weighing boat in balance
4.3.2. CU: Weighs out reagents on palance
4.3.3 MED Pours into premeasured volumes of water
4.3.2. MED: Pours into premeasured volumes of water. 

4.4. Place 750 µl of calcium chloride and 750 µl of sodium carbonate in a micro-centrifuge tube, and wait two minutes for the reaction to occur. The solution should turn cloudy.
4.4.1. CU: Talent pipettes solutions into tube	Comment by Joseph Unsay: Divided into several steps 
4.4.1 MED (Over the shoulder) pipetting the first solution into tube
4.4.2 CU tube and pipetting second solution
4.4.3 CU cloudy solution

4.4.2. CU: Cloudy solution in tube

4.5. Centrifuge the mixture and decant the supernatant.
4.5.1. MED: Talent removes tubes in centrifuge
4.5.2. CU: Talent pipettes the liquid out of the tube

4.6. Add 1 ml of cold deionized water to the pellet, and re-suspend the pellet by mixing in a vortex mixer for 10 seconds.
4.6.1. MED: Talent pipettes water into tube, then vortexes

4.7. Centrifuge the mixture again (TEXT: 10,000 x g; 5 min) and decant the supernatant.
4.7.1. WIDE: Talent centrifuges sample
4.7.2. MED: Talent pipettes off the liquid

4.8. The pellet contains crystals of calcium carbonate. 
4.8.1. CU: Solid pellet in the tube. 

4.9. (Lower Third: Application #2: Nano-crystal Growth) Precipitation can be used in the preparation of nano-scale solids that are used in a wide range of applications in nanotechnology.  In this example, nano-scale seeds were used to control the growth of nano-crystals. 
4.9.1. 50731 Figure 2 a,b:  TEM images of nanocrystals
4.9.2. 50731 @ 02:15-02:23: molecular precursors

4.10. The precursors were heated, reacted with tri-octylphosphine selenide, and then rapidly cooled.  
4.10.1. 50731 @ 02:23-02:40:  Pouring precursor into RB Flask 
4.10.2. 50731 @ 03:31-03:42:  Chemical reaction
4.10.3. 50731 @ 03:50-03:56:  Remove from heat and cool. 

4.11. Methanol was added to the cooled solution, in order to precipitate (pre-sip-a-tate) the solids. The crystals were then recovered by centrifugation, and the crystal structure analyzed with X-ray Diffraction.
4.11.1. 50731 @ 03:57-04:02: Precipitation of solids. 
4.11.2. 50731 @ 04:17-04:125: Decant supernatant and recover solids. 
4.11.3. 50731 @ 04:47-04:49: Confirm structure with XRD
4.11.4. 50731 @ 06:20-06:28:  XRD result. 

4.12. (Lower Third: Application #3: Polymeric Ligands)  Precipitation can also be used in the preparation of polymeric ligands for drug delivery applications.  In this example, a ligand is synthesized and conjugated to platinum for use as an anticancer therapy. 
4.12.1. 51740 @ 00:34-00:42 : Schematic of ligand/platinum complex. 

4.13. First, the ligand was synthesized using an amide coupling reaction. The ligand precipitated as the reaction progressed.  The ligand was then recovered using filtration.  
4.13.1. 51740 @ 02:01-02:08: Adding DMSO to flask to dissolve solids. 
4.13.2. 51740 @ 02:25-02:30: Reaction stirred
4.13.3. 51740 @ 02:36-02:41: Ligand precipitates in reaction
4.13.4. 51740 @ 02:46-02:54: Filtration of solution to collect solids.  

4.14. The ligand solids were then purified using recrystallization, and the solids filtered again. 
4.14.1. 51740 @ 02:55-03:08: Redissolve solids in boiling water
4.14.2. 51740 @ 03:17-03:20: Solution placed in fridge

4.15. The ligand was then complexed with the platinum complex, dried and then purified using fractional precipitation from water with acetone. 
4.15.1. 51740 @ 03:29-03: 36:  Dissolve Pt in water
4.15.2. 51740 @ 3:43-03:49: Add ligand to Pt solution
4.15.3. 51740 @ 04:22-04:35:  Precipitate solids using acetone

4.16. Platinum coupling was confirmed using nuclear magnetic resonance spectroscopy. 
4.16.1. 51740 @ 05:38: NMR result

5. Summary
5.1. You have just watched JoVE’s introduction to the separation of mixtures using precipitation.  You should now understand the various methods of precipitation, and how to perform these experiments in the laboratory. Thanks for watching!
