
CHMY 271 

Lab 2 

Analysis and Purification of Liquid Organic Compounds
Introduction 
In this lab, each lab group will be given two unknown liquid samples.  Each sample vial may contain a pure liquid substance or it may contain a mixture of 2 liquids present in relatively equal amounts.  The goal of the lab is to determine whether each unknown is a pure liquid substance or whether it is a solution (mixture of liquids).  The goal is also to separate the individual components of any solution and identify each liquid unknown.  You will have limited time to complete this lab, so it is highly recommended that you prepare ideas for how to solve this problem before coming to lab.  Check with your lab syllabus or instructor to determine when the final lab report is due.
It is very important in Organic Chemistry to be able to analyze the purity of a substance and remove impurities.  Some important organic compounds exist at room temperature as a liquid or oil, and measuring the temperature at which a liquid boils relates to both the identity of the substance and the purity of the substance.  Although the term, “boiling POINT” implies that the entire sample should change phase from liquid to gas at one single temperature, what is measured as a rule instead is a RANGE OF TEMPERATURES from the point when the first drop of distillate is collected to the point at which ALMOST no liquid remains.  It is important NOT to completely distill a liquid, because when an empty flask is vigorously heated, the glass may break.  It is important to note that when a range of temperatures is measured, conclusions may be made about the purity of the substance.  Example conclusions are shown below.

1. A narrow boiling point temperature range (e.g. 1-5 ˚C) probably indicates a pure substance.

2. A broad boiling point temperature range probably indicates that there is at least one impurity present in the sample.

3. If a sample is impure, USUALLY one of two observations will be made.  Either two distinct boiling ranges will be observed (sometimes the ranges overlap), or an azeotrope will form in which the entire sample will distill at a relatively constant temperature that is BELOW the boiling point of both components of the mixture.  It is recommended that you do some online research around the topic of azeotropes.
Another important concept in chemistry is solubility.  In general, polar substances dissolve readily in one another.  Because polar molecules have strong attractions (ionic bonds, hydrogen bonds, or dipole-dipole interaction) with other polar molecules, a polar solid is likely to dissolve in a polar liquid.  However, substances with little or no polarity generally do not dissolve in polar solvents because the polar solvent molecules are attracted strongly to one another but only weakly attracted to the nonpolar solute molecules.  By testing the solubility of an unknown substance in solvents of varying polarities, the polarity of the unknown can be inferred, and information regarding its identity can be obtained.  The following solvents will be available for solubility testing during lab: n-heptane, ethyl acetate, acetone, and ethanol, and water.  It is HIGHLY RECCOMMENDED that you investigate the relative polarity of each of the solvents listed BEFORE COMING TO LAB.
Procedure 

1. Start by using your text book, the lecture slides, the internet, and your brains to investigate methods for determining purity in liquid samples.  Also, investigate methods for purifying liquid organic compounds.  

2. Collaborate with the other students in your group to develop a proposal describing how to assess the purity of your unknown and identify all components of your unknowns.  In the earliest planning and brainstorming stages, don’t limit yourself.  Let your ideas flow freely for discussion with your lab partners.  When creating your proposal, be sure to consider alternatives and/or substitutions for hazardous substances in favor of benign substances where possible.  Also, take into consideration that you will only be given about 10 mL of your unknowns, so make sure you propose microscale experiments to perform.  BEFORE YOU CONTINUE, CHECK WITH YOUR INSTRUCTOR to make sure your proposal is reasonable.  
3. Complete the steps outlined in your proposal.  Be sure to record all of your observations and data IN YOUR LAB NOTBOOK USING THE CORRECT FORMAT, SIGNIFICANT FIGURES, AND UNITS.  Your lab notebook may be checked by the instructor at any time.
4. Use your collected data to discuss the purity or impurity of your unknowns and how effective your purification efforts were.  Discuss how certain you are in your calculations and identifications and WHY you are certain or uncertain.  In addition, consider what you might have done differently if you were to repeat the lab experiment including ideas to obtain more/better data and ideas to complete the lab in a more environmentally friendly manner.
5. Once your instructor agrees that you have collected enough data, dispose of your waste as described in the waste disposal guidelines below.

6. Write your report using the lab report guidelines. 
Boiling points for the compounds are below in units of °C.

tert-butyl methyl ether (55)
acetone (56)


chloroform (61)


methanol (65)


Hexane (69)


Trifluoroacetic acid (72)

ethyl acetate (77)


Ethanol (78)









Cyclohexane (81)
Triethylamine (90)


heptane (98)


water (100)

Toluene (110)


1-butanol (118)


Acetic acid (118)






WASTE DISPOSAL GUIDELINES

· Acetone, methanol, hexane, ethyl acetate, cyclohexane, tert-butyl methyl ether, toluene, triethylamine, trifluoroacetic acid, chloroform, and 1-butanol should be placed in a sealed storage container labeled for liquid waste removal and incineration.  Mixtures containing any one of the liquids listed here should be disposed of by placing the mixture in the sealed storage container labeled for liquid waste removal and incineration.  
· Ethanol and water may be rinsed down the drain.

· Heptane should be placed in a beaker or evaporating dish in the fume hood until it evaporates being careful to keep it away from any source of ignition.

