Intermolecular Attractions in Liquids

Objective
The goal of this experiment is to identify three unknown liquid mixtures based on differences in their physical properties and to explain some of these differences in terms of the intermolecular attractions that predominate in these liquids.
Apparatus and Chemicals

8 small test tubes
deionized water

1 mL pipet
Unknown liquid A

pipet bulb
Unknown liquid B

Pasteur pipets
Unknown liquid C

Bench top balance and weigh boats

Alcohol thermometer

100 mL beaker

hot plate

Bunsen burner & striker

Sharpie marker & labeling tape

Procedure
Your team will be provided with three unknown liquid mixtures.  These liquids are edible but you will not be allowed to taste them as a mean to identify them.  Instead you will make note of physical properties like: viscosity, color, smell at room temperature, smell at high temperature, solubility in water, density, boiling point, and resistance to heat.  You will use water as a reference.

1. You will save some time if you start by setting up an 80oC water bath.  Take a 100 mL beaker and fill it half way with water. Set it up on top of a hot plate and use a thermometer to keep track of the temperature.  While waiting for the water to heat up continue with the procedure as describe here.

2. In your lab notebook start a new page with your name, lab partners’ names, date, and title.  Write the objective of this exercise and prepare a data table with 5 columns: Physical Property, Unknown A, Unknown B, Unknown C, Water.  Leave space on the table to make notes about 8 different physical properties starting with viscosity.

3. From your drawer, obtain 8 small, clean test tubes of the same size and a test tube rack.  Label two test tubes with the letter A,  two with the letter B, two with the letter C, and two with the letter W.  To each test tube labeled W, add exactly 1 mL of deionized water using a 1 mL volumetric or measuring pipet.  With a marker, make a 1 mL mark on the other 7 test tubes.  Use a Pasteur pipet to fill each test tube A up to the 1 mL marking with liquid A; similarly fill each test tube B up to the 1 mL marking with liquid B, and fill the two last test tubes with liquid C.  Some of the liquids will be really viscous and you will have a harder time measuring the correct amount.  Be patient.  Do make note of the viscosity of each unknown and make note of it in your data table.

4. In your data table make note of the color of each of the liquids, including the water.

5. For each liquid make note of any detectable smell at room temperature.

6. Test the solubility in water of each of the unknown solutions.  To a set of test tubes: A, B, and C, add one mL of water.  Are all the unknown liquids soluble in water?  Record your observations.  If the unknown liquid and water don’t mix, which of the two has the higher density.  Make note of this.

7. Take the second set of labeled test tubes, including the water test tube, and place them in the 80oC water bath.  Record the approximate volume left after heating for 5, 10, and 15 minutes.  Which liquid seems to have the lowest boiling point? The second lowest boiling point?  Also make note of any detectable smells at this higher temperature.

8. Figure out a way to measure accurately the density of the four liquids (including water) using a small amount of liquid and disposable weigh boats.  You will need to go back to the original stock solutions.

9. Your lab instructor will then do the last part of the experiment, in which a Bunsen burner is used to heat up samples in test tubes.  Make note of which liquids simply evaporate and which seem to decompose and change colors when heated at the higher temperature of the Bunsen burner. 

10. As a class discuss the results and try to come up with educated guesses of what each of these liquids could be.  Once the identity and composition of the three liquids is determined, draw sketches of the most abundant compounds found in these liquids.  You might need to go online to obtain the chemical structures. 

11. Explain the differences in viscosity, solubility in water, and boiling point based on the major intermolecular forces that are present between the molecules in these liquids. If soluble in water, make a sketch of the specific interactions between water molecules and the dissolved “solute molecules”.

The laboratory lab report will consist of the yellow lab notebook pages that have all the information gathered during this experiment.  Make sure to include a thorough discussion of how you determined the identity of the liquids and the explanation requested in step 11.

