
CHMY 171 

Lab 3 

Periodicity of the Halogens

Introduction 
An important group of atoms in Chemistry is the halogens.  The halogens are elements in row VIIA of the periodic table (F, Cl, Br, I, and At).  In this lab, you will investigate the reactivity of the halogens.  However, for safety reasons, you will not work with either At or F.  In its neutral state, a halogen has 7 valence electrons.  Because elements are generally more stable when they obey the octet rule, most halogen atoms join together to form diatomic molecules, which fulfill the octet rule when a pair of electrons is shared in a covalent bond between the halogen atoms (scheme 1).  Notice that each diatomic molecule has the same number of valence electrons that the two individual atoms had before they joined up to form the molecule.
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Because the covalent bond holding halogen diatomic molecules together is weak, at room temperature there is enough energy in some of  the collisions between halogen molecules that a few of the molecules will break apart to form the individual atoms with broken octets (scheme 2).  Atoms that have broken octets and an unpaired electron are called free radicals.  
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Because free radicals have broken octets, they are usually unstable and quite reactive.  Thus, if a sample of a halogen (having some unstable free radicals) comes in contact with a substance that can donate electrons, the halogen free radicals present will accept any available electrons.  If a halogen picks up an available electron, it will exist with 8 valence electrons rather than 7.  The 8th valence electron in a halogen atom converts the halogen into a halide (scheme 3).  Like all electrons, the 8th valence electron that is added to the halogen carries a negative charge, so the resulting halide is an anion.  Anions are particles that carry an overall negative charge.
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By analyzing scheme 3, a clear difference can be observed between halogens and halides; halogens are neutral whereas halides have a negative charge.  The difference in charge between halogens and halides is responsible for a key difference in the solubility.  Because halides are negatively charged, they can form strong attractions with polar solvents like water.  On the other hand, halides can only form much weaker attractions with nonpolar solvents like heptane.  As a result, compounds made from the three anions (Na+I-, Na+Br-, and Na+Cl-) are soluble in water but not in heptane. 

Another important concept in General Chemistry is electron affinity.  Electron affinity is a measurement of the attraction an atom has to a free electron.  In other words, neutral elements with high electron affinity are very likely to add an electron to their outer orbital to produce an anion.  Halogens generally have high electron affinities, because (among other reasons) when they exist as free radicals, they only need to gain one electron to complete their octet.  In this lab, it is your goal to design and carry out an experiment that will give you enough data to rank the three halogens in scheme 3 from highest to lowest electron affinity.  Read this entire handout before beginning, so you can develop the best plan of attack.  You will have limited time in lab, so it is highly recommended that you prepare some ideas before coming to lab.  In the earliest planning and brainstorming stages, don’t limit yourself.  Let your ideas flow freely for discussion with your lab partners.  The lab report is due exactly two weeks from the time that the lab is started.
Helpful Information

All three compounds including the halides (I-, Br-, and Cl-) are colorless when dissolved in water.  They are soluble in water but not in heptane. 

Heptane is a liquid that is less dense than water and does not dissolve in water.  If water and heptane are placed in the same container, heptane floats on top of the water. 
The halogen molecules are slightly soluble in water, and dilute aqueous solutions of the halogen molecules will be provided for your experiment.  However, the halogen molecules are nonpolar, so they dissolve readily in nonpolar solvents like heptane.  I-I is a purple color when dissolved in heptane.  Br-Br is an orange color when dissolved in heptane.  Cl-Cl is nearly colorless (slightly yellow or green depending on the concentration) when dissolved in heptane.  BEWARE!  The halogen solutions are reactive (due to the presence of the free radical form with a broken octet), and can burn your skin.  Please use gloves, and wash any skin thoroughly if it comes in contact with the halogen solutions.
Procedure 

1. Start by collaborating with your lab partners to develop ideas for how to complete the goal of this lab.  To help spark ideas, you may perform some trial experiments to familiarize yourself with the solubilities, colors, and reactivities of the halogens and halogen anions provided for you, keeping in mind the goal of the experiment.  Be sure to record your observations as you may need to refer to them later.  

2. Use your newly gained experience with halogen reactivity, color, and solubility along with your text book, the lecture slides, the internet, and your brains to create a proposal describing how to use the solutions and equipment provided along with any other chemicals or equipment you may need to the halogens in order of increasing electron affinity.  Before you continue, check with the instructor to make sure your proposal is acceptable.  

3. Complete the steps outlined in your proposal.  Be sure to record all of your data and observations in an organized way with the correct number of significant figures and units.  Don’t forget that the data and observations you record during lab in your lab notebook may be checked by the lab instructor at any time.

4. Rank the halogens in order of increasing electron affinity.  Explain how your experiment supports your ranking.  Explain in a theoretical sense WHY the halogens would have the order your experiment suggests.  Explain why and how certain you are of your conclusions.  Check with a reputable literature source to verify the electron affinities of the halogen in question to check the results of your experiment.  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. Consult your instructor if you have any questions or problems.
5. Once your instructor agrees that you have collected enough data, dispose of your waste material following the guidelines below.

6. Write your report using the lab report guidelines.

WASTE DISPOSAL GUIDELINES

Pour all waste into a separatory funnel.  Drain the bottom layer into a beaker.  The bottom layer is an aqueous layer.  If the aqueous layer has any color in it, treat it with a solution of 10% sodium bisulfite until the color disappears, and then add enough small quantities of Na2CO3 solid until the pH of the solution is greater than 6, and rinse it down the drain with additional water.  The top layer should remain in the separatory funnel at this point.  To the top layer, add 10% sodium bisulfite solution in 5-10 mL portions.  The funnel should be sealed and shaken to allow for the reaction to occur.  Additional portions of 10% sodium bisulfite solution should be added until all of the halogen present is reacted (color disappears).  At this point, you should have two layers.  The bottom layer (aqueous) should be drained out and combined with small quantities of Na2CO3 solid until the pH of the solution is greater than 6, and rinse it down the drain with additional water. The remaining top heptane layer should be colorless, and it should be placed in a beaker or evaporating dish in the fume hood until the heptane evaporates being careful to keep away from it any source of ignition.
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