Investigations in Biology and Chemistry II – Lab work



Name:  _____________________________________

Date Due:  ________

Lab #36:  Using Distillation to Separate a Mixture of Ethanol and Water 

Prelabs
1. Whole-class demo and interactive lecture about heating curves.

2. Read the Introduction, talking-to-the-text and answering prompts as you read.

3. Read the Materials and Procedure section, talking-to-the-text, circling key words, and drawing necessary diagrams as you read.
4. Set-up your lab notebook.  Be sure to include your heading, purpose, a hypothesis, and a labeled diagram of the experimental apparatus.
5. Listen to the pre-lab lecture, taking relevant notes and writing down safety symbols and warnings.
Introduction
One of the most important methods for separating the components of a liquid is distillation. Because each liquid has its own vaporization point, the liquids will separate from each other when their individual vaporization temperatures are reached.    In a simple distillation, such as the one being performed in Lab #35, the liquid mixture is heated in an apparatus such as that depicted in Figure 1. The flask is called a sidearm or distilling flask (e), and it has two openings.  The one directly over the body of the flask allows the temperature to be recorded during the length of the distillation.  The most volatile component vaporizes at the lowest temperature and then passes through the second or side-arm opening, since it cannot pass through the sealed thermometer opening (b). The side-arm is linked to the condenser (f) and as the vapor passes through the condenser, a cooled tube, it condenses back to the liquid state for collection (i).

[image: image1.png]Figure 1: Simple Distillation Apparatus
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The condenser is kept cool by a flow of water (see Figure 2). Cool water enters at the bottom of the condenser and travels through a covering of glass around the vapor tube.  As the cool water travels up the condenser tube, it will absorb some of the kinetic energy of the vapor that is traveling in the opposite direction of the water flow.  The warmed water then exits near the top of the condenser, and the condensed vapor/ liquid is collected at the bottom. 

A simple one-stage distillation works best if only one of the components of the mixture is volatile. For example, a mixture of water and sand (such as the mixture in Lab #3) is easily separated by boiling off the water. Silicon dioxide (sand) is a non-polar covalent compound.  Consequently, sand has a very high melting point (1713ºC) and boiling point (2230ºC); high melting points and boiling points are characteristics of compounds containing non-polar covalent compounds. 

[image: image2.png]Figure 2: Condensing Tube
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The high boiling point of sand allows it to be classified as non-volatile, meaning that sand will not evaporate without the addition of a great deal of energy.  Water, on the other hand, is a polar covalent compound. This class of compounds generally has a much lower boiling point and, therefore, is considered volatile.  Simple distillation is still an excellent way of desalinating seawater because the boiling point of sodium chloride (1465ºC) is so much greater than that of water.  Therefore, water will evaporate out of the mixture to be captured and condensed, leaving sodium chloride behind for collection.

Fractional Distillation

However, when a liquid mixture contains several volatile components, simple one-step distillations do not provide a pure substance in the receiving flask.  Some vapor from all of the components will inevitably be condensed.  Nevertheless, the liquid in the receiving flask will be richer in the most volatile component of the original mixture.  This will be the case in Lab #35.  Ethanol is considered a volatile substance, as is water.  Refer to NYS PS Chemistry Reference Table H and determine which is more volatile and why.  Write your thoughts in the space provided.

When heating mixtures composed of two volatile substances, the basic rules regarding boiling-point elevation do not hold true.  Boiling-point elevation occurs when there is a mixture of a nonvolatile solute and volatile solvent.  The two volatile substances both exert a vapor pressure on the mixture following Dalton’s Law of Partial Pressure, which states that the total pressure of a mixture of gases is equal to the sum of the partial pressures of the component gases.

PT = P1 +  P2 + …..

In the case of a mixture of ethanol and water at any given temperature, the total vapor pressure will equal the vapor pressure of the ethanol plus the vapor pressure of the water.  Write an equation to represent this specific relationship in the space provided.

The percentages of each vapor type will be dependent upon the amount of that substance present. We are working with a 20% ethanol solution in Lab #35.  This means that 20% of the vapors will be ethanol, and 80% will be water in our starting solution. Bi-liquid mixtures all behave a little differently, depending upon the constituents of the mixture.  We are able to break them down into two basic groups; ideal and non-ideal solutions.  Ideal solutions obey almost all the laws. While the actual values for boiling may differ from mixture to mixture, the patterns remain constant.  Figure 3 represents the vapor/liquid curve for an ideal solution.  A liquid mixture of 40% A and 60% B (Z) will boil at Temperature X.  Meanwhile, by tracking the vapor line down, we can see that at that same Temperature X, the vapor has a composition of 80% A and 20% B (Y). At other temperatures, we will find different percentages of A and B, depending upon the amount of energy present.

[image: image3.png]Figure 3: Boiling-Point Composition Diagram for an Ideal Solution
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A non-ideal solution is one that does not obey the laws illustrated in Figure 3.  Instead, a non-ideal solution often contains a substance known as an azeotrope, which is a solution with a definite composition that distills at a constant temperature without a change in composition; 95% ethanol is an azeotrope.  It boils at a temperature a little bit below the normal boiling point of ethanol (78.15ºC) and the vapor that forms is 95% ethanol and 5% water.  During the course of a simple distillation, the vapors produced will always contain some water, and therefore a simple distillation can never yield a pure product.  This is problematic for certain industries that try to keep costs low while producing as pure a product as possible.

One method of obtaining a more pure substance from an ideal or a non-ideal solution is to conduct a series of distillations of the product.  With each successive distillation, a more pure product will be obtained.  A method has been developed that allows for repeated distillations to be accomplished during one run of the procedure.  This method is known as fractional distillation.  The term fraction refers to each portion of pure product that can be obtained.

[image: image4.png]Figure 4: Fractional Distillation Apparatus
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Fractional distillations can also be performed on mixtures containing more than two components. Crude oil is “refined” for our energy supply by fractional distillation.

The apparatus for this type of distillation is different from that of a simple distillation, in that a column has been placed between the boiling flask and the condenser, Figure 4.

This column, the fractionating column, is packed with glass beads or some other material that provides a large surface area.  As the vapor proceeds up the column, it condenses on the surfaces it touches. As the fractionating column heats up over time, the substances that initially condensed on the column surface will now vaporize and continue up the column. Basically, each surface is the location of a simple distillation.  By the time the vapor reaches the top of the column, it consists of molecules of the most volatile component of the mixture that can then be condensed in order to produce as pure a liquid as possible.

In the case of an azeotrope, even fractional distillation can yield no better than a 95% pure solution.  To obtain a solution that is 100% ethanol the water would actually need to be removed via a chemical reaction, or by mixing with another azeotrope that more readily accepts water.  In Lab #35, we will be conducting only a simple distillation of 20% ethanol solution. However, familiarity with this technique then allows for greater abilities when you eventually encounter fractional distillations in the chemistry lab.

Materials
rubber stopper with single hole – size 5

stopcock grease or glycerol

2 to 3 sheets of paper towel

3 buret clamps

1, 250mL side-arm flask or round bottom flask and tube adapter

1 condenser tube

2 lengths of rubber hose

100mL graduated cylinder

25mL graduated cylinder

stop watch or clock

250mL beaker

150mL beaker

2 support stands

hot plate

20% ethanol/ ethyl alcohol solution

3 boiling chips

Procedure
Assembling Macro-Distillation Apparatus (Most of the assembly has already been done for you.)
1.
Using a 100mL graduated cylinder, obtain 50 mL of ethanol solution.

2.  
Obtain and record the volume of the solution as precisely as possible.  

3.  
Pour the ethanol solution into the dry 250mL round-bottom flask, using a funnel.  

4.  
Add 3 boiling chips into the flask.

5.  
Place a hot plate under the flask and adjust the height of the flask.  It should sit 1-2 cm above the hot

plate surface.

6. Create an ice bath in a 250mL beaker.

7. Place a 150mL beaker in the ice bath under the “spout” of the condenser tube.  This is your collection site.  If this apparatus is too tall to fit under your “spout”, you may need to create a more shallow collection site.

8. Check that all clamps and connections are secure.

9. Insert thermometer apparatus into the top of the distilling flask or tube adapter.

10. Adjust the height of the thermometer so that the bulb of the thermometer sits right at the arm joint of the flask or tube adapter (refer to Figure 1).  You can do this by removing the stopper apparatus from the neck and gently twisting thermometer to the correct height.

11. Test water input/output by holding input hose while gently turning on water source.  Water should enter condenser tube, travel up the tube, and then exit via the output hose into the collection location.  If the system leaks, tighten or switch hoses.  When the test is completed, turn off the water source.

Distilling Sample

12. Have your apparatus checked by your instructor.  

13. Turn on your water source. Be sure that one person holds the condenser tube at all times during the lab, so that it is not dropped.
14. Turn heat source to “7” (we may have to turn it up higher depending on how much time we have).
15. Record the temperature when the first drop of distillate appears.

16. From that point forth, record the temperature and approximate volume of distillate every two minutes until there is a pause in the bubbling in the distilling flask.

17. When the bubbling has stopped and your temperature remains around 90(C, record the final volume of your distillate.

18. Allow the apparatus to fully cool to room temperature. 

Analysis

19. Determine total volume of distillate collected using graduated cylinder.

20. You started with a 20% solution.  Determine the amount of ethanol you would expect to distill.

21.  Calculate percent error.

Post – Lab Activities:

1. What, if any, error existed in your results and why do you think this is so?

2. As a lab group, discuss how this technique could be used to separate the components of mixtures containing more than two distinct components.  Record your thoughts in the space below:

3. Lab Debrief
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Lab #35: Separation of Mixtures via Macro-Distillation
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