Experiment 3: Catalytic Hydrogenation of Methyl Oleate

Methyl oleate is hydrogenated to methyl stearate in the presence of the catalyst 10% palladium on carbon (Scheme 1) and the hydrogen source is generated from the reaction of zinc metal with hydrochloric acid.  The hydrogen uptake in this reaction can be followed as water rises in the hydrogen reservoir i.e. the graduated cylinder (see the figure on the last page).
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The volume of a millimole of hydrogen at standard temperature and pressure is 22.4 mL.  This can react with one millimole of a compound which contains a double bond. In this experiment, you only have to hydrogenate 0.4 mmole of methyl oleate and it will use up about 9 mL of hydrogen.  Thus, a 10 mL graduated cylinder should be enough to hold the gas.
N.B. For highly accurate measurement of hydrogen uptake, we have to take into account the temperature, the atmospheric pressure, and the vapour pressure of the methanol in the reaction flask.
Experimental Procedures

1. Add 60 mg of 10% palladium on carbon, a small magnetic stirring bar and 1.5 mL of methanol into a 5 mL round-bottomed flask (flask A).  Cap the flask with a rubber septum.  Sharp the ending of polyethylene tubing by a scissor and insert it into the rubber septum.

2. Fill a 250 mL beaker and a 10 mL graduated cylinder to near the rim with water. Clamp the graduated cylinder in an inverted position over the beaker of water.

3. Add 1 g of granulated zinc into another 5 mL round-bottomed flask (flask B) and close it with a septum containing another piece of polyethylene tubing.  Inject 10 drops of 3 M hydrochloric acid to flask B with a syringe to generate hydrogen and wait about 1 min until the air in flask B is displaced.

4. Insert the other end of the polyethylene tubing into flask A.  Add another 10 drops of 3 M HCl into flask B to generate more hydrogen to flush out the flask A.  During this time, remember to turn on the stirrer briefly to saturate the methanol and the catalyst with hydrogen. 
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Thread the outlet of the tubing (from flask A) into the graduated cylinder and inject more 3 M hydrochloric acid (0.5 mL should be more than enough) onto zinc and fill the reservoir with hydrogen. Disconnect the hydrogen generator from flask A after 8-9 mL of hydrogen is collected in the inverted measuring cylinder (see figure on the next page). [N.B. Sometimes, there may be a drop of methanol which blocks your tubing. If this happens, you may need to inert a hydrogen balloon into your reaction flask to blow out the drop of methanol.]  Turn on the stirrer and note any changes in the water level in the reservoir.  If it comes to the same level as the water on the outside, it means that there is a leak in your system.
6. Once the pressure in the system has stabilized, turn the stirrer off.  Weight 80 mg of methyl oleate.  Dissolve it into 0.5 mL of methanol and inject the methyl oleate solution to the reaction flask (flask A).  Immediately record the volume of hydrogen in the reservoir.  Turn on the stirrer and note the volume of hydrogen in the reservoir as a function of time.  Be sure the end of the polyethylene tubing is always above the water level in the reservoir.  When the water level is no longer change with time, your reaction is finished (it lasts for about 30-50 min).  Record again the volume of hydrogen in the reservoir.  The difference between initial and final volume of hydrogen in the reservoir is the approximate volume of hydrogen consumed in the reaction.  Remove the polyethylene tubing from the reservoir and the reaction flask.

7. Push a piece of cotton-wool firmly into a dropper that is placed above a reaction tube.  Fill the dropper with about 0.5 inch of Celite.  With a second dropper transfer about 1 mL of methanol to wash the pad of Celite. With the same dropper, transfer the reaction mixture to the filter dropper and allow the solution to pass through the pad of Celite in order to remove the catalyst to give a clear colorless solution.  You may need to apply some pressure on the top of the dropper to enhance the rate of filtration.  Rinse the reaction flask, stirring bar and transfer dropper with a few milliliters of methanol, and filter this solution also. If the filtrate appears grey, you need to repeat the filtration process.

8. Reduce the volume of the methanol solution in the reaction tube to about 1.5 mL by evaporating the solution with a stream of dry air in fumehood (you may need to warm the tube gently) and then cool it with an ice-water bath for 30 min.  Collect the solid by filtration while the mixture is cold.  Wash the solid with small amount of ice-cold methanol.  The white solid is transferred into a vial and dried in a vacuum desiccator.  Add 0.5 mL water dropwise to the filtrate to isolate a second crop of product.  Record the weight of your product.  Characterize the product by melting point.
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