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1. Overview

1.1. The degassing of liquids is imperative to many chemical synthesis techniques in organic chemistry. 
1.1.1. Title slide. 

1.2. Degassing refers to the process by which dissolved gases are removed from a liquid. Degassing is important in cases where chemical species are susceptible to unwanted reactions with oxygen. (1.2.1.) Freeze-pump-thaw cycling is a common degassing technique utilized for the small scale degassing of liquids. Freeze-pump-thaw cycling is performed under reduced pressure using a Schlenk line, or vacuum/inert gas double manifold. (1.2.2.)
1.2.1. See storyboard. 

1.3. Freeze-pump-thaw degassing takes advantage of the pressure dependence of gas’s solubility in a liquid. According to Henry’s Law, the mole fraction of gas dissolved in a liquid is directly proportional to the partial pressure of the gas in the vapor phase above the liquid. (1.3.1.) By lowering the pressure of the gas above the liquid, the solubility of the dissolved gas in the liquid is decreased, and the gas is released from the liquid in a bubble. (1.3.2.)
1.3.1. See storyboard. 

1.4. This video will outline the principles of performing freeze-pump-thaw degassing in the laboratory. 
1.4.1. Use shot: 3.8.3.

2. Principles

2.1. Freeze-pump-thaw degassing involves first freezing the solvent using a Dewar of liquid nitrogen or dry ice. (2.1.1.) A vacuum is then applied, and the headspace above the frozen solvent evacuated. This decreases the pressure in the headspace above the liquid, thereby decreasing the solubility of the gases dissolved in the liquid. (2.1.2.)
2.1.1. See storyboard. 

2.2. The flask is then sealed and the solvent is thawed, enabling the release of dissolved gaseous species into the headspace above the liquid. The liquid is then refrozen, and the process repeated as many times as necessary.
2.2.1. See storyboard. 

2.3. Freeze-pump-thaw degassing is typically performed with a Schlenk line setup, as it involves the application of a vacuum, as well as the introduction of inert gas. (2.3.1.) A Schlenk line consists of a dual glass manifold with multiple ports. One manifold is connected to a source of purified inert gas, which is vented through an oil bubbler to prevent ambient air contamination. (2.3.2.)
2.3.1. See storyboard.

2.4. The second manifold is connected to a vacuum pump through a cold trap. The cold trap condenses gaseous species and prevents them from reaching the vacuum. (2.4.1.) The ports on the Schlenk line each contain a stopcock, which enables the controlled flow of gas from the Schlenk line into and out of a connected flask without removing the flask and risking leakage or contamination. (2.4.2.)
2.4.1. See storyboard. 

2.5. Now that the basics of the freeze-pump-thaw technique have been described, the procedure will be demonstrated in the laboratory. 
2.5.1. Use shot: 3.6.1. and 3.6.2. 

3. Procedure

3.1. First, obtain a clean, dry Schlenk flask. Inspect the flask for cracks or fractures, which may cause the flask to shatter during the process. 
3.1.1. WIDE: Talent approaches the bench and picks up a Schlenk flask. Talent examines it to check for cracks, then sets it down in a cork holder. 

3.2. Secure the Schlenk flask with a clamp, and then pour the desired solvent or solution into the flask.. Do not use more than 50% of the flask volume, as an overfilled flask may shatter during the process. Close the stopcock, and ensure that any openings in the flask are sealed. 
3.2.1. MED: Talent clamps flask to ring stand, then pours solvent into the Schlenk flask.
3.2.2. CU: Shot of flask with solvent inside, which is less than half full. 
3.2.3. MED: Talent closes stopcock and other openings. 

3.3. Connect the side arm of the Schlenk flask to the Schlenk line with a piece of flexible tubing, and keep the corresponding valve on the Schlenk line closed. 
3.3.1. MED: Talent attaches flask to the Schlenk line. 

3.4. Open the stopcock on the Schlenk flask, and open the valve on the Schlenk line connected to the vacuum line to evacuate the flask.  Once vacuum is established in the flask, close the valve to the vacuum line. 
3.4.1. MED/CU: Talent opens stopcock on Schlenk flask. 
3.4.2. MED (Over the shoulder): Talent opens vacuum valve on Schlenk line. Talent closes vacuum valve on Schlenk line. 

3.5. Open the valve to the inert gas line, and fill the Schlenk flask with inert gas.  Once filled with inert gas, close the stopcock on the Schlenk flask and then close the valve on the Schlenk line. 
3.5.1. MED (over the shoulder): Talent opens inert gas valve on Schlenk line.
3.5.2. MED/CU: Talent closes stopcock on Schlenk flask.
3.5.3. MED: Talent closes valve on Schlenk line.  

3.6. Submerge the flask into a Dewar containing liquid nitrogen in order to freeze the liquid. 
3.6.1. MED: Talent places Dewar with liquid nitrogen below the flask.
3.6.2. MED: Talent lowers flask into liquid nitrogen. 

3.7. When the solvent is frozen, open the stopcock on the Schlenk flask, and the valve on the Schlenk line to pull a vacuum in the flask. Keep the flask under vacuum and inside the liquid nitrogen Dewar for about ten minutes. 
3.7.1. CU: Solvent frozen within flask.
3.7.2. MED: Talent opens the stopcock on the flask, then opens the valve on the Schlenk line to vacuum. 

3.8. Remove the flask from the liquid nitrogen Dewar. Next, seal the flask by closing the stopcock. 
3.8.1. MED: Talent removes the flask from the liquid nitrogen. 
3.8.2. MED (over the shoulder): Talent closes the stopcock. 

3.9. Immerse the flask in a warm water bath in order to fully melt the solvent. During this procedure, gas bubbles will visibly evolve from the solvent. Do not disturb the liquid, and allow the solvent to thaw by itself. 
3.9.1. MED: Talent moves liquid nitrogen Dewar and places warm water bath under the flask. 
3.9.2. MED: Talent lowers the flask into the warm water bath. 
3.9.3. CU: Thawing solvent in the flask. Bubbles are visible coming out of the melting solvent. 

3.10. Once the solvent has thawed completely, replace the warm water bath with the liquid nitrogen Dewar, and refreeze the solvent. 
3.10.1. MED: Talent raises the flask out of the water bath, then removes the warm water bath. 
3.10.2. MED: Talent places liquid nitrogen Dewar below the flask, and lowers the flask into the Dewar. 
3.10.3. CU: Solvent freezing. 

3.11. When the solvent is frozen, open the stopcock on the Schlenk flask and on the Schlenk line to pull a vacuum in the flask. After ten minutes, close the stopcock on the flask and Schlenk line, then remove the liquid nitrogen Dewar.  Thaw the solution again in a warm water bath. Repeat the process until gas bubbles no longer evolve from the solvent. 
3.11.1. MED (over the shoulder): Talent opens the stopcock on the flask, and on the Schlenk line. 
[bookmark: _GoBack]3.11.1. Take 2A: Talent closes the stopcock on the flask and on the Schlenk line, and then lowers the Dewar and removes it. 
3.11.2. MED: Talent lowers flask into warm water bath. 
3.11.3. CU: Solution thawing with no bubbles evolving from the solvent. 

3.12. After the completion of these cycles, seal the Schlenk flask under inert gas. To do so, open the valve to the inert gas on the Schlenk line, and then open the stopcock of the flask to expose the solvent to a inert atmosphere.
3.12.1. MED (Over the shoulder): Talent removes Schlenk flask from warm water bath.
3.12.2. MED/CU: Talent opens valve on the Schlenk line.
3.12.3. MED: Talent opens valve on Schlenk flask. 

3.13. When the Schlenk flask is filled with gas, close the Schlenk flask and Schlenk line valves. The solution is now degassed and ready to use. 
3.13.1. CU: Talent closes Schlenk flask valve. 
3.13.2. MED: Talent closes Schlenk line valve. 
3.13.3. MED: Talent disconnects Schlenk flask from Schlenk line, and then from the ring stand. Talent places the Schlenk flask in a cork ring. 

4. Applications 

4.1. Degassing techniques are vitally important for applications where the presence of certain gases is either hazardous, or may contaminate an experiment. 
4.1.1. Title Slide. 

4.2. Lower Third (Application #1: Air Sensitive Reactions) Degassing of solutions for organic synthesis is a key application of a Schlenk line system. In this experiment, cadmium selenide nanocrystals were synthesized, where oxygen is detrimental to the reaction. 
4.2.1. 50731@ 03:38-03:50: CU of reaction flask
4.2.2. 50731@ Figure 2 a,b. : TEM images of nanocrystals

4.3. First, molecular precursors were prepared and heated. The mixture was degassed under vacuum, and then the flask flushed with argon. 
4.3.1. 50731@ 02:30-02:45: Adding reagents to flask, putting on septum.
4.3.2. 50731@ 02:47-02:55: Turning knob to degas and pull vacuum
4.3.3. 50731@ 02:55-03:00: Turning knob to flush with argon. 

4.4. The reaction was then completed under argon atmosphere. 
4.4.1. 50731@ 03:31-03:38: Add reactant using syringe

4.5. Lower Third (Application #2: Tests of Specific Gas Conditions) The Miller-Urey experiment is a pioneering study focused on the origins of life. The experiment requires that only gases present in a primordial atmosphere are present. 
4.5.1. 51039 @ 00:16-0020: Schematic- water filling
4.5.2. 51039 @ 00:29-00:35: Schematic- lightning simulation

4.6. First, the primordial atmosphere was recreated in a sealed round bottom flask containing water to simulate the oceans. It was fitted with electrodes that simulate lightning. 
4.6.1. 51039 @ 01:17-02:27: Pouring water into round bottom flask. 
4.6.2. 51039 @ 01:36-01:44: Electrodes inserted into flask. 

4.7. The liquid was degassed using a Schlenk line, prior to introducing primordial gases such as ammonia and methane. 
4.7.1. 51039@ 02:05-02:20: Flask attached to manifold, then valves opened to begin evacuating the manifold with vacuum. 
4.7.2. 51039@ 02:35-02:45: Begin stirring solution, then open valve to evacuate the flask. 
4.7.3. 51039@ 03:19-03:30: Introduce ammonia into the flask.

4.8. The closed flask containing primordial gases was then removed from the system, and prepared for simulated lightning. Sparking was then conducted to simulate lightning in the primordial soup. A number of amino acids and other small organic molecules were created.
4.8.1. 51039@ 06:26-06:34: Flask valve closed.
4.8.2. 51039@ 06:46-06:56: Attach tesla coil to electrodes. 
4.8.3. 51039@ 07:18-07:25: Sparking.
4.8.4. 51039@ 10:11-10:19: Shot of results.

4.9. Lower Third (Application #3: Vacuum Degassing) Degassing can also be conducted using a vacuum chamber in cases where ambient air will not contaminate the solution. In this example, polydimethylsiloxane (TEXT: PDMS) pillars were molded from a previously prepared SU8 mold. 
4.9.1. 51143@ 02:48-03:05: Cure PDMS in oven. 
4.9.2. 51143@ 04:53-05:00: Laying PDMS pillars on glass slide. 

4.10. To do this, a ten to one mass ratio of PDMS base and curing agent were vigorously mixed. The solution was then degassed in a vacuum chamber to remove all bubbles. 
4.10.1. 51143@ 02:33-02:43: mixing of PDMS base and curing agent. 
4.10.2. 51143@ 02:44-02:48: Degassing PDMS in oven until bubbles gone
4.10.3. 51143@ 02:50-02:57: Pour PDMS mixture over the mold

4.11. The degassed polymer was then poured over the mold, and cured in an oven. The sample was then separated from the mold, and used for further experiments. 
4.11.1. 51143@ 02:58-03:05: Cure PDMS in oven
4.11.2. 51143@ 03:13-03:25: Removing PDMS from mold. 

5. Summary
5.1.  You’ve just watched JoVE’s introduction to the degassing of solvents using the freeze-pump-thaw technique. You should now have a better understanding of how use a Schlenk line system and to degas solvents. Thanks for watching!
 



