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Purpose of the Experiment
To practice making and recording observations during an experiment.

To investigate the relationship between mass and stoichiometry.

To investigate the reversibility of a chemical reaction.

For Your Safety
You must wear your goggles whenever you are in the laboratory.

Do not touch the iodine (solid or solution) with your fingers.

Always inspect test tubes before use and discard them if any cracks are present.

Always point test tubes away from yourself and those around you as you perform chemical reactions.

Hold the test tube with a test tube clamp while you perform the reaction.

Disposal
All aqueous chemicals may be disposed of in the sink.

Copper wires should be returned to the common area at the front of the laboratory.

Background

A reaction between two elements to form a binary compound is probably the simplest type of reaction a chemist can envisage.  As such, it represents a good place for a student to start out studying chemical reactions.  A number of factors come into play when reactants are combined to form a product.  The first is the ratio of one element to another in the product (or products) of the reaction.  The second is the number of atoms of each type in one mole of each reactant.  One of the reagents in this synthesis is iodine, which exists as diatomic molecules, written as I2.  When we balance the equation, we expect that there will be an even number of iodine atoms in it.  Iodine’s presence as a diatomic molecule on the reactant side of the equation requires this (unless we introduce fractional coefficients).  We summarize these factors under the heading of stoichiometry.  

We cannot measure out a known number of atoms, but we can measure a known mass of a material.  In this experiment, you will weigh‡ out approximately equal masses of zinc and iodine and cause them to react.  By measuring the masses of the reactant left over and the product of the reaction, and by considering some information about the known behavior of zinc and iodine, you will arrive at some conclusions about the stoichiometry of this reaction.

Preparing Yourself for this Experiment

Many of the experiments in this lab manual call upon you to design your own procedure to perform the experiment.  These procedures will be based on the knowledge you have already acquired and new techniques and information provided which are specific to the particular experiment.  At this early stage, you don’t have the necessary experience to design a procedure for a chemical preparation, so one is provided for you.  Refer back to this procedure when you are asked to design a synthetic procedure of your own in the future.

This experimental outline has a section on “Techniques in this Experiment” which references techniques explained on the ChemPages and gives explanations of new techniques being introduced.  Those techniques included on the ChemPages are considered to be “standard” techniques, and if they are familiar to you, they do not need to be outlined in your notebook.  If a technique (on the ChemPages or in the manual) is unfamiliar to you, however, you should provide yourself with a summary of the steps (and warnings if appropriate) written into your notebook.  

Techniques in this Experiment

On the Web
In the Manual
In the Textbook

View the following Laboratory Resources Pages (http://genchem.chem.wisc.

edu/labdocs/)

· Balance

· Gas Burner


· Study the following sections concerning:

· Performing a reaction in a test tube

· Accurate weighing

· Decanting a liquid

· Types of observations
Moore

Sections 2.10, 2.11, 3.5, 3.12, 4.1-4.3

p54-59, 89-95, 112-115, 131-142
Treichel
Sections 3.3, 3.6, 3.7, 4.1-4.5,  p106-109, 119-135, 148-164

Performing a reaction in a test tube

When you don’t know the outcome of a reaction you’re about to perform, how you support the test tube and where its mouth is pointing are of paramount importance.  The test tube may become very hot if the reaction is exothermic (gives off heat), so you don’t want to be holding it in your bare hand.  There is also a possibility that the contents may foam up out of the tube if the liquid should boil or if the reaction produces a gas.  

If it is not necessary to agitate the contents of the tube, you can set it in a test tube rack, or if no rack is available, a clamp on a ring stand.  For large test tubes, simply setting the tube upright in an Erlenmeyer flask can be a useful way of holding the tube upright.  

If the test tube needs to be agitated during the reaction, a properly designed test tube holder should be used (see page ii of the manual).

Accurate weighing

In this manual, the phrase “accurately weigh x grams of chemical y” will be used quite frequently.  Although this is a rather clumsy construction, it does convey the following very important concept.  It is often either not necessary or not possible to weigh exactly the desired amount of chemical.  When using an analytical balance, which reads to 0.1 milligrams (0.0001 gram), measuring exactly 2.0000 grams (for example) is nearly impossible.  What the above phrase means is that you should weigh out approximately x grams of material, and you should record exactly how much you weighed.  For example, if instructed to “accurately weigh 3 grams of calcium carbonate on the analytical balance” you might measure out 2.9671g and record this mass in your notebook.  Note that whether you are just under or just over the required amount is not important, as long as you are close and record the exact amount accurately.

Decanting a liquid

In order to separate a liquid from a solid, or a solution from a precipitate, you can pour the liquid from one vessel into another, being careful not to disturb or transfer any of the solid in the bottom of the first vessel.  With good technique (gained through practice) it is possible to decant over 90% of the “supernatant” liquid above a solid without transferring any solid.

Types of observations

See “Techniques in this Experiment” in the “Reaction Types and Chemical Logic” experiment.


Experimental

Theory

Zinc is a gray metal which is used in the form of small granules in this experiment.  Solid iodine is a black, shiny solid, but is not a metal according to chemical classifications (it is held together by Van der Waal’s bonds, not metallic bonds, and as such does not conduct electricity in the way a “metal” does.)  If solid iodine is heated, it sublimes to give a purple vapor.  In solution, if I- (iodide) ion is present, an equilibrium exists between I2 (aq), I- (aq), and I3- (aq) (triiodide).  This aqueous equilibrium mixture has a dark orange-red color.

Note that although acidified water is used in this reaction, the amount of acid present is tiny and is used only to suppress an undesirable side reaction.  The acid plays no part in the reaction between zinc and iodine.

Data Collection
1.
The reaction

Accurately weigh 2 grams each of zinc granules and solid iodine in each of two clean weighing boats.  Weigh a dry, large test tube from your drawer and transfer both solids into it.  Add 5 mL of acidified water from the carboy at the front of the room.  Agitate the contents of the test-tube and record what you observe happening.  The reaction is complete after about ten minutes or when no further color change is observed.  Based on the colors you saw and the appearance of the reagent left over, which reagent do you think was consumed, and which reagent had some left over?

2.
Isolating the excess reagent

Weigh a second dry large test tube and decant the liquid portion from the first test tube into it.  Rinse the remaining solid three times with approx. 1 mL portions of the acidified water (hint – one “squirt” from your eye dropper is about 1 mL) and add the rinses to the liquid from the reaction.  The rinse procedure is:  

i.
add the water

ii.
agitate the contents of the tube 

iii.
decant the liquid into the second large test tube.

Repeat the rinse procedure three more times, this time discarding the liquid.

The solid remaining in the first test tube after rinsing is excess reagent which was not consumed in the reaction.  To find out how much of this reagent remains, heat the test tube in the medium blue flame of a Bunsen burner until the solid is dry (no longer sticks to the walls) and all traces of condensation are gone from the walls of the tube.  If the solid begins to turn white you are heating it too strongly – remove the heat from this part of the test tube to allow the excess reagent to cool.  Once the tube and contents are dry, weigh both together and calculate the mass of excess reagent by difference.

3.
Isolating the product of the reaction

Heat the second test tube (which at this point contains about 8 mL of liquid) in a medium burner flame.  Hint: working with a lab partner, you can heat both test tubes at once.  Heat the tube carefully by passing it across the flame in a swaying motion.  Allow it to boil but not so vigorously that liquid or foam comes out of the tube.  A white to off-white solid should result when the water evaporates.  This is the product of the reaction.  Heat until the crackling sounds cease.  If your solid begins to turn a dark yellow color the product is decomposing.  You can avoid this by moving the tube around in the flame once all the liquid has evaporated.  Allow the dry test tube and contents to cool for about two minutes, then weigh both together, record the mass, and find the mass of the product by difference.  Take care when you weigh, as the test tube may be quite hot.  Based on the mass of excess reagent you recorded above, can you predict the mass of product formed before you take this measurement?

4.
Decomposition of the product

Add 6 mL of deionized water to your product and swirl to dissolve it.  Pour this solution into your smallest beaker.  Obtain a 9 volt battery and set of electrodes (your Lab Instructor will tell you where to get these).  Be careful not to short circuit the battery by allowing the electrodes to touch while connected to the battery.  Place the tips of both electrodes in the solution, then attach the cap to the battery.  Allow a current to pass for about 2 minutes.  Record your observations.  Can you identify the chemicals forming at each electrode?  Remove the battery from the cap and leave the electrodes in the solution for 10 minutes (while you start work on your lab report).  Record what happens.  Return the battery and electrodes and clean up your glassware.  Use tap water for clean up but rinse all glassware with deionized water (from a wash bottle) before putting it away.  You should not dry glassware with a paper towel as this will contaminate it with paper fibers.  Glassware will air-dry in your locker before you need it again.

A Group Report

All data and observations should be organized in each person’s laboratory notebook.  You are required to submit the duplicate page copies of each group member’s laboratory notebook for grading.  A Report Cover Page will be available from your Lab Instructor during the lab period.  This page provides spaces for you to organize your data and write answers to questions in a uniform format which helps your Laboratory Instructor to grade all reports fairly and accurately.  The cover page is not a replacement for your laboratory notebook.  All data reported on the cover page must first be recorded in your notebook.  

You also must complete and attach one Group Report Score Sheet for each member of your group.

Provide data and/or written answers to the following questions on the Report Cover Page distributed in lab.

Report the following data:


•
Mass of zinc used
•
Mass of iodine used


•
Mass of excess reagent 
•
Mass of reagent in excess which was consumed

•
Mass of product formed

(0.5 point)
1a.
Identify the excess reagent. 

(1 point)
1b.
Explain how you made this identification. 

(1 point)
2.
Was energy consumed or evolved during the reaction of zinc with iodine?  What observation(s) support your answer?

(1 point)
3.
Based on the mass of excess reagent recovered, what mass of product would you expect to form.  (Hint: Law of conservation of mass.)  This amount is your theoretical yield.

(0.5 point)
4a.
Percent yield is defined as 
[image: image1.wmf].  Calculate the percent yield in your reaction.

(1 point)
4b.
Does your calculated percent yield support the law of conservation of mass?  Suggest an explanation for any discrepancy.

(0.5 point)
5a.
Divide the mass of the reagent in excess which was consumed by the element’s molar mass.  Your result is the number of moles of this reagent used in reaction, and therefore found in the product.

(0.5 point)
5b.
Divide the mass of the reagent completely consumed by the element’s molar mass.  Your result is the number of moles of this reagent used in reaction, and therefore found in the product.


5c.
Divide your answer from 5b by your answer from 5a and round to the nearest whole number.  This is the ratio of one element to the other (in terms of moles, and therefore also in terms of atoms) in the product.  Write the correct chemical formula for the product based on this ratio.

(1 point)
5d.
Write a full, balanced chemical equation for the reaction you observed between zinc and iodine.

(1 point)
6a.
When you electrolyzed the solution in step 4, what chemical did you see at each electrode?  

(2 points)
6b.
Write a balanced chemical equation for the reaction which occurred in step 4.  Was energy consumed or evolved during this reaction?  Does your answer make sense in relation to your answer to question 2?  Explain.

(1 point)
6c.
What happened when you removed the battery?  Should you be surprised by this?  Explain.

The remainder of the points awarded for this lab exercise will be awarded for the following items.  Attach the duplicate copies of all pages of your notebook used in this experiment so that your Lab Instructor can assess your work in these areas.

(3 points)
On-Line Pre-lab Quiz.  Complete the on-line pre-lab quiz.  Access the prelab quiz by logging into WebCT.  WebCT is available through links at the General Chemistry Homepage (http://genchem.chem.wisc.edu/) or at DoIT (https://uwmad.courses.wisc.edu/webct/public/show_courses). 

(2 points)
Pre-Lab Preparation.  The following items should be written into your notebook before you arrive at the laboratory:  a short summary of what you will be doing in the laboratory, an outline of the procedure to be followed (omit the details of “standard techniques”), anticipated space for you to record data (e.g. tables).

(2 points)
Notebook Skills.  The duplicate copies of each member’s notebook pages must be submitted as part of the report.  The notebook will be assessed on how well it meets the Rules for Keeping a Laboratory Notebook in the introduction to this manual.

(2 points)
Performance Evaluation.  Timely arrival at the laboratory, participation in the data collection, skill level in previously practiced “standard techniques” and observance of safety rules and disposal procedures will be considered.
The on-line pre-lab quiz will test your understanding of the techniques explained in this manual and on the web.








‡ Note that “mass”, in this context, is a noun,  not a verb.  You cannot “mass 2 grams of zinc”, but you can “weigh 2 grams of zinc”.
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