Moonshine
In this lab we will perform what is probably the very first intentionally performed organic reaction, the fermentation of a carbohydrate to produce ethanol (grain alcohol).  An aqueous solution of sucrose, common table sugar, is converted to ethanol and carbon dioxide by the action of enzymes in ordinary baker’s yeast.  Most of the reactions of fermentation can be found on pp. 1106-7 in your McMurry lecture text (glycolysis pathway.) The missing reactions are those that convert sucrose to glucose and pyruvate to ethanol plus carbon dioxide.
C12H22O11 + H2O  →   4 C2H5-OH  +  4 CO2
Procedure

Week 1: Work in pairs.  Add 70 g of sucrose  and 300 mL of distilled water to a 500 mL Erlenmeyer flask with a side arm.  While the sugar is dissolving, add 6 g of dry yeast, 60 mL of water, and 0.70 g of disodium hydrogen phosphate to a 100 mL Erlenmeyer flask.  Add a magnetic stir bar and stir on a hot plate with gentle heating (30-35o) until the ‘solution’ takes on a uniformly murky appearance. Remove the stir bar and pour the yeast solution into the Erlenmeyer flask containing the sugar solution.  Make sure the contents are thoroughly mixed by periodically swirling the flask.
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In order to ensure the production of ethanol and not acetic acid, the fermentation must be carried out in the absence of oxygen.  Cap the flask with a cork or rubber stopper.  Wire a length of rubber tubing to the side arm of the 500 mL Erlenmeyer flask.  Glass tubing (~8 inches long) should be wired to the other end of the rubber tubing.  Insert the glass tubing into a six-inch test tube that is resting in a large beaker.  Add saturated lime water (Ca(OH)2) to this tube to a depth of one inch.  Assuming your apparatus does not have a leak, this configuration will be airtight.  The evolution of carbon dioxide will drive out the residual air that is in the apparatus, and the test tube bubbler will ensure that no oxygen will diffuse back into the fermentation flask.  The appearance of bubbles, and the formation of a white precipitate of calcium carbonate, serves as evidence that a reaction is really taking place.  Label your flask and let this apparatus sit on top of the lab bench shelves undisturbed for one week.  Bubbles should appear before you leave the lab.  If they do not, talk to your TA.
Week 2: Work in pairs.  You should find that the yeast particles have settled out and the liquid is clear.  Do not stir this liquid.  Remove the cork or rubber stopper and carefully decant into a beaker as much clear liquid as you can.  The remaining liquid will be vacuum filtered.  However, if the yeast residue is poured directly onto the filter paper it will quickly clog the pores in the paper.  In such cases, Celite filter aid has been found to be useful.  Assemble a 500 mL filter flask equipped with Buchner funnel and wet filter paper.  In a 50 mL beaker place 30-40 mL of Celite and enough water to nearly fill the beaker.  Stir and pour into the Buchner funnel while applying suction.  This will create a bed of filter aid atop your filter paper.  Momentarily stop the suction and empty (and discard) the water from the filter flask.  Pour the material that remains in your fermentation flask into the Buchner funnel and apply suction.  Be advised that the filter paper may clog in spite of this procedure.  If a small amount of your crude product refuses to go through the filter paper, stop the aspirator flow and continue with the filtrate that you have.  If a large amount (>50 mL) remains unfiltered, you and your partner may set up a second Celite filter.  Discard the yeast residue and the celite in the trashcan.  

Combine the filtrate with the decanted material.  Swirl to ensure a homogenous mixture.  Then place approximately half of the mixture in a 500 mL round-bottomed flask for each student to use for distillation.

One student should assemble a simple distillation apparatus (Zubric Fig. 20.1, p. 166).  The other student should assemble a fractional distillation apparatus (Zubrick Fig. 20.10, p. 180).  Be aware that the fractional distillation will take longer to assemble and longer to distill.  It may be in your best interest to both work on getting the fractional distillation assembled and started heating first, then focus on the simple distillation setup.  Collect the distillate in 5 mL fractions from the outset until the temperature reaches 95 oC for the simple, 90 oC for the fractional.a  Allow the apparatus to cool and discard the pot residue down the drain.  Determine the density and total volume of each fraction of your distillate.  Tabulate your data for your final repot.
Finally, you will remove most of the remaining water from your fractional distillation by salting out.  After you have obtained densities and volumes of each fraction, add the all the fractions collected during the fractional distillation only to a clean Erlenmeyer flask.  Add ~ 2 g of anhydrous potassium carbonate.  Stopper and periodically swirl this flask as you clean up your lab space.  You will probably note that the potassium carbonate will completely dissolve and a second (aqueous) layer will appear in the bottom of your flask.  Carefully remove and discard this lower layer with a Pasteur pipet.  Repeat until you have a container with clear ethanol over a small mass of semi-solid K2CO3.  Carefully decant the ethanol into a vial, determine the volume, determine the density one more time, and turn the product in to your TA.  If your distillate is still cloudy, it is still wet and points will be deducted. Determine your percent yield based on your mass of dry distillate.  You may assume that 50% of the ethanol you made was distilled in the simple distillation.  Take that into account in your percent yield calculations.  Flush the simple distillation fractions down the drain.
Using an Eppendorf pipette.  You will not get accurate results if you do not use the pipette correctly!  To easily determine the density of ethanol, 1) Set an Eppendorf pipette to 1000 L (1.000 mL).  2) Put on a tip.  3) With your thumb, push down on the top of the pipette to the first stop.  4) Put the tip in the liquid.  5) Release the top of the pipette.  6) Put the tip in a pre-weighed vial.  7) Push the top down to the first stop to expel fluid and continue pushing down the top to expel air.  8) Record the weight of 1 mL of liquid.  Please reuse the tip for additional density measurements!
Below is a plot of the composition of ethanol/water mixtures vs. density.  Find the composition of your distillate fractions, and then determine the amount of alcohol (and water) present in each fraction.  Make a table of distillate volume and percent ethanol for both the simple and the fractional distillations in your report.  
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In your report be sure to compare the simple distillation to the fractional in your conclusions.  Comment on whether or not you see a difference in the purity of the ethanol fractions by the two distillation methods.

Post-Lab Questions

1. Write a balanced equation for the formation of precipitate in test tube containing calcium hydroxide solution.

2. If you had used a lot more sugar in the fermentation flask, could you produce a 90% alcohol solution WITHOUT distillation.  THINK CAREFULLY.[image: image4.jpg]
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aAccording to the stoichiometry, a 100% yield would produce 0.80 mole (36 g., 46 mL) of ethanol.  Your yield will not be this great; however, some water will co-distill, so it would be reasonable to expect 20-30 mL of distillate for each distillation. 
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