Laboratory Methods

Spring 2005


Week I

Extraction Methods


Introduction to Course:
· Syllabus; Structure and schedule; Handout

· Grading based on: 1) Attendance & participation; 2) Lab notebook; Answering questions from write-ups is required for full credit!  3) Lab Final

Lab Activities

In studying extraction methods, we will explore several extraction protocols to remove constituents of interest from sample material.

We will focus on the extraction of caffeine from three types of food: 1) Black tea (both regular and decaf); 2) Coffee (regular and decaf); and, 3) Chocolate.

We will use single step extractions, and two-step extractions, to remove and recover the caffeine.

Once we have recovered the caffeine, we will measure the amount we obtain, to make a rough determination of how much caffeine is in a typical cup of tea, coffee, or piece of dark chocolate.

We will save this week’s products for use the following week. During Week II, we will purify these via sublimation. We will test both the rough, and the pure caffeine products, using Thin Layer Chromatography (TLC), to determine how many impurities our products have.

Introduction to Extraction Methods:

When we wish to extract a particular compound, or group of compounds, it is not usually effective simply to choose an extraction solvent at random. Typical extraction solvents would include water, alcohols, dichloromethane (methylene chloride), diethyl ether, and hexane.

Each substance we wish to extract will not be equally soluble in each solvent. Choosing a solvent in which our compound of interest is highly soluble will ensure we obtain high extraction yields; however, we may also extract, in the process, many compounds which we would consider to be impurities, and which we would rather leave behind during the extraction procedure.

An example of this might be the extraction of caffeine from tea leaves. At 25 degrees C, 1.0 gram of caffeine will dissolve in 8.1 mL of chloroform, in 47 mL of water,  in 86 mL of benzene, or in 370 mL of diethyl ether. Hence, caffeine is most soluble in chloroform—almost six times as soluble in chloroform as it is in water. If we were only interested in obtaining the caffeine from tea, we could extract it using chloroform. However, one shortcoming of this would be that chloroform is carcinogenic to humans. There is also another advantage to using hot water as our extracting solvent. By extracting the caffeine from tea using hot water, we avoid extracting a whole host of other organic constituents from the tea, which might be harmful, or unpleasant tasting.

In the lab, if our goal is to extract the caffeine we would consume in a cup of tea, once we have the caffeine extracted into the water, along with other constituents which are highly soluble in water, we might then extract the caffeine from the water using an organic solvent, which will leave the water-soluble compounds behind in the water. This is an example of a two-step extraction: 1) Extract the caffeine and other constituents using hot water; 2) Extract the caffeine from the hot water, using an organic solvent, thereby isolating the caffeine.

Methods of Extraction:

· One-step extraction (extract using solvent of similar property, e.g. organic versus water-soluble, polar versus non-polar, acidic or basic)

· Two-step extraction (e.g. for caffeine: 1) water, then 2) dichloromethane

· Solid-phase extraction

Extraction Protocol

· Work with a partner.

· Each member of the lab pair should perform an extraction, and the information should be shared with your lab partner.

· Each lab pair should choose to extract on of the pairs of substances: a) Coffee (regular and decaf); b) Tea (regular and decaf); Chocolate (cocoa powder, and Hershey’s Kisses)

· Extract, as applicable: one teabag; or approximately 2.0 grams of tea leaves, or ground coffee; or 2 hershey’s Kisses, or approximately 1.0 grams of cocoa powder

· Each person will perform two extractions of his or her chosen substance. One extraction will be a single-step extraction, using methylene chloride only. The second extraction will be a two-step extraction, using hot water first (250 mL of hot water), followed by extraction of the water using methylene chloride

Two-step extraction: Extraction of Caffeine from Tea Leaves

Do all this work in a hood.

Place your substance in a 400 mL beaker.  If using a tea bag, open the bag and empty the contents into the beaker. To the beaker add 250 mL of freshly boiled distilled water.  Add a stirbar to the beaker, place a watch glass on top of the beaker, and stir slowly for five minutes.

Cool the beaker to room temperature in a water bath (a 1000ml beaker with cold water in it works well for this).  When cool, decant the solution into a 500 mL separatory funnel.  Try to keep all solid material out of the sep funnel.

Extract the aqueous solution with three successive 10 mL portions of dichloromethane. There is little you will ever do in a lab, which will make you feel sillier, than throwing away the wrong  layer in an extraction. Save everything until you are sure you have the layer you want.
To the organic (dichloromethane) layer you saved, add a small amount of anhydrous sodium sulfate or sodium sulfite (a drying agent which absorbs water)—about the tip full of a small spatula at a time—and shake the solution gently You will notice the drying agent clumping when water is present. The organic will also appear a bit cloudy if there is water present in it. Add the drying agent, and gently shake, until no more clumping is observed.  Let stand for about 10 minutes.  Pour your solution—leaving behind the sodium sulfate—onto a dry watch glass which you have weighed, and set this aside to evaporate. If your hotplate is still warm, the top of your hotplate would be an ideal place to set the watchglass. However, don’t turn on the hotplate.

The residue left on your watchglass will be the crude caffeine. Weigh the dry product and watchglass, and by subtraction determine how much caffeine you extracted from your original sample.

Save your caffeine extract, as you will use it in Week II’s activities!

One-Step Extraction

Place your substance in a 125 mL Erlenmeyer, add 50 mL dichloromethane, add a stirbar, and set stirring on a hot plate. Warm the solution gently, but watch carefully so that the solution does not boil. Extract for 10 minutes.

Decant the methylene chloride into a small vial, and evaporate your methylene chloride on a watchglass, as you did above. Once again, save your caffeine extract.
