Lab 2:  Physical and Chemical Properties of Hydrocarbons

Objective:
· To study the chemical and physical properties of hydrocarbons.

Background:

In this experiment you will observe the solubility (a physical property) and the chemical reactivity of three different groups of hydrocarbons: alkanes, alkenes and aromatic compounds.

Hydrocarbons are organic compounds that contain only carbon and hydrogen.  They are extremely important to our society because so many products are derived from them:  fuels, fabrics, plastics, antifreezes, anesthetics, insecticides, to name a few.  The major source of aliphatic hydrocarbons is petroleum, an extremely complex mixture of compounds.  Each of us, on the average, uses several tons of petroleum each year (directly or indirectly), mostly for fuel.  Aromatic hydrocarbons are mainly obtained from coal, although small amounts are also obtained from petroleum.


The solubility of a substance (the solute) in a solvent is the most important chemical principle underlying three major techniques you will study in the organic chemistry laboratory:  crystallization, extraction, and chromatography.  Solubility can generally be predicted based on the “like dissolves like” rule.  This means that polar compounds dissolve in polar solvents and nonpolar compounds dissolve in nonpolar solvents.  This rule works because solubility is based on intermolecular forces, and these forces can occur between molecules of the same compound, or between molecules of different compounds.  So, compounds with similar intermolecular forces will form solutions.  Recall that polar compounds have dipole-dipole interactions, while nonpolar compounds have dispersion forces, which are much weaker.  When discussing a liquid being mixed with another liquid (as in this experiment), it is sometimes more appropriate to say that the compound and the solvent are miscible.  Likewise, if the liquid organic compound is insoluble in the solvent, then they are immiscible.  You will test the solubility of the three types of hydrocarbons in water and in dichloromethane.  


Each of the three classes of hydrocarbons has different chemical reactivity.  Alkanes are relatively unreactive because they have strong, nonpolar covalent bonds.  Also, since they are already completely saturated, they can’t undergo addition reactions.  Aromatic hydrocarbons are also relatively unreactive, but for a different reason.  They have a special stability due to resonance (their pi electrons are completely delocalized).  Aromatic compounds do not undergo addition reactions, because they would lose this special stability.  Alkenes, however, are much more reactive than the other two classes.  They have electron-rich double bonds (their pi electrons are not completely delocalized, even in conjugated alkenes) that allow them to easily undergo addition reactions.


In this experiment you will test the reactivity of the three types of hydrocarbons with bromine, and with potassium permanganate.  These are two common classification tests for hydrocarbons.  Bromine only reacts with alkanes or aromatic hydrocarbons under special conditions.  However, bromine reacts readily, and rapidly, with alkenes to produce dibromoalkanes.  A successful reaction is indicated when the reddish-brown bromine is used up and colorless products are formed (see below).  Potassium permanganate is an oxidizing agent that can react with alkenes to form diols, but does not react with alkanes or with aromatic rings.  It can react with alkyl substituents on aromatic rings, but only under very vigorous conditions (high temperature etc.)  A successful reaction will produce a brown precipitate (MnO2), and the purple color of the potassium permanganate will disappear (see below).
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Pre Lab Questions:  (Answers submitted at the beginning of lab)
1. Summary of the procedure in your own words.

2. Why do aromatic hydrocarbons undergo substitution reactions, rather than addition reactions?  Use chemical structures to illustrate your answer.

3. Based on their chemical structures (both shape and atomic make-up), do you expect hydrocarbons (in general) to be more, or less, dense than water?  Explain your answer.

Materials:


Cyclohexane, cyclohexene, toluene, water, dichloromethane, bromine solution, potassium permanganate solution, ethanol, test tubes and test tube rack

Safety Precautions:
Cyclohexane, cyclohexene, toluene and ethanol are extremely flammable, do not use near a flame.   Bromine vapors can be irritating, do all bromine additions in the hood and avoid spills.  Dispose of waste in the appropriate containers.  Potassium permanganate is a strong oxidizing agent and must be disposed of in its own waste container - do not put it into the organic waste container !!!
Procedures:

1.  Reactivity with Bromine:

a)  Place 10 drops each of cyclohexane, cyclohexene and toluene in separate clean dry test tubes, and to each add 2 drops of dilute bromine in methylene chloride.  Observe whether an immediate reaction (bromination) occurs (does the reddish color go away?).  Note all observations.

b)  If no immediate reaction occurs, place the reaction near a window (if possible) and leave it while you do parts 2 and 3.  Observe whether a slow reaction occurs and note your observations.

2.  Reactivity with Potassium Permanganate:

Dissolve 6 drops of each hydrocarbon in 2 mL of ethanol (a solvent) in separate clean dry test tubes.  Add 2 drops of 2% KMnO4 solution.  Observe whether a reaction occurs (does the purple go away and a brown precipitate form?).  For a positive test, a reaction should be evident in one minute or less.  The ethanol (solvent) reacts slowly with KMnO4, producing a brown color in about 5 minutes (a false positive).  Note all observations.

3.  Solubility:

a)  Place 10 drops of cyclohexane, toluene and cyclohexene in three separate, clean dry test tubes.

b)  Add 20 drops of water to each test tube.  Shake the test tube and note whether the hydrocarbon dissolves.  If not, note if the hydrocarbon is more or less dense than water.

c)  Repeat the solubility test with dichloromethane (methylene chloride), using fresh samples of the hydrocarbons in clean dry test tubes.  Note whether the hydrocarbons dissolve in CH2Cl2.

Waste Disposal:

Pour all solubility test solutions and bromination solutions into the organic waste container.  Pour all potassium permanganate solutions into the specially designated waste container.  Do not put potassium permanganate into the organic waste container!!
Lab Report Guide:

· 1.  Results (8 pts)

· Table neatly filled out with detailed observations

· 2.  Discussion (12 pts)

· Discuss your results in detail and comment on the reactivity and solubility of each of the three types of hydrocarbons.  Be specific in discussing the types of bonds. Form conclusions about the outcome of each reaction.  Were the results as expected?  Why or why not?  This section should be typed.
Data Sheet:  (Please fill out this table and submit with the lab report.  Recopy if messy)
Record observations about the reaction including color changes, temperature change or any other useful information in the below table:

	Test:
	Cyclohexane
	Cyclohexene
	Toluene

	Bromine
	Immediate reaction,
REDISH color

	Immediate reaction, CLEAR color
	Immediate reaction: Yellowish color

	Potassium Permanganate
	Immediate Reaction: Purple does not go away.
No precipitate formation.

PURPLE solution


	Immediate Reaction: BROWN precipitate forms
	Immediate Reaction: Purple and clear – heterogeneous mixture

	Solubility in Water
	Does not dissolved (immiscible). Separate layers – all CLEAR

	 Immiscible  - does not dissolve. Separate layers – all CLEAR
	Immiscible  - does not dissolve. Separate layers – all CLEAR

	Solubility in Dichloromethane
	Cloudy, dissolved. 1 layer.

	Miscible, no layers, dissolved. - CLEAR
	Miscible, no layers, dissolved. - CLEAR
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