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Chemical formulas provide a great deal of information that serves as the basis for many computations in chemistry.  The simplest formula gives the smallest whole number ratio of atoms present in a compound.  This simplest formula is known as the empirical formula.  A molecular formula represents the actual number of atoms of different elements in whole number ratios.  For example, the empirical formula of tin(II) oxide, SnO2, tells us that for every atom of tin, Sn, there are two atoms of oxygen, O.  Another interpretation of SnO2 is that for every mole (or dozen, or pair, or ream) of tin atoms, there are two moles (or dozen, or pair, or reams) of oxygen atoms; that is, a 2:1 mole ratio of tin to oxygen atoms.

An example of a molecular formula might be tetraphosphorus decachloride.  In a mole of tetraphosphorus decachloride, there are 4 moles of phosphorus atoms for every 10 moles of chlorine atoms [thus, P4Cl10].  Nonetheless, the empirical formula for this compound is P2Cl5 (which may or may not exist as a separate entity).
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SAFETY

Visually, there is very little difference between hot lab equipment and cold lab equipment.  Use crucible tongs at all steps throughout the lab until you have established with certainty that all pieces of equipment (particularly the crucible, lid, iron ring, and ring stand) have returned to room temperature.  

This lab involves the burning of magnesium.  Magnesium burns very brightly.  Do not look directly at the magnesium as it burns.  Do not breathe the vapors that are emitted during different steps throughout the lab.

Goggles and aprons must be worn for the duration of the laboratory experiment.

BACKGROUND

In this activity, you will

· prepare a compound from two elements

· determine the mass of the elements present in the compound

· calculate the percent composition of your product

· use the mole ratio method to establish the empirical formula of the compound

· determine the product’s molecular formula

PRE-LAB ACTIVITY

1. In your own words, what is an empirical formula?

2. In your own words, what is a molecular formula?

3. In your own words, if you were given the molar mass of an actual molecule, what steps would you need to follow to determine the true molecular formula?

4.
Take a wild guess:  what do you think the ratio will be of magnesium ions to oxide ions in our product?    ___________________________________ .
MATERIALS
The following materials are necessary for this investigation:

· iron ring

· clay triangle

· ring stand

· crucible and lid

· Bunsen burner

· asbestos pad

· apron

· goggles

· balance

· D.I. water

· Mg ribbon

· wash bottle

· glass stir rod

PROCEDURE
1. Set up a ring stand, ring and clay triangle.  Place an asbestos pad on bench top nearby for placing hot objects as they cool.  Make sure the crucible fits snuggly into the clay triangle now (before heating).

2. Record the mass of a clean, dry crucible and cover in the data table.  If your crucible had been used, you will never be able to restore it to it’s “new” appearance; use soap water, and a scoopula (gently) until ‘smooth’ on the inside and free of previous chemicals.

3. Obtain a piece of magnesium ribbon approximately 15-20 cm long from your facilitator.  Please (please) don’t waste time getting it any particular length.  Doing so implies that you think that the formula for your product will be different depending on how much Mg you start with, and I know you know better than that.

4. Roll the magnesium into a loose ball and mass it in the crucible, with the lid on.  Record the mass in the data table.

5. Place the crucible, cover, and Mg ball on the clay triangle as shown in the diagram above.  Light the Bunsen burner and adjust to a hot flame (cone-within-a-cone.  Recall where the hottest part of the flame is).  Begin to heat the crucible bottom while holding the crucible lid with tongs so that you can just peer inside and see the Mg ribbon.

6. When the Mg begins to burn, replace the cover on the crucible.  While you continue to heat the crucible, lift the cover briefly about every ten seconds and / or adjust the crucible and cover so that the lid is ajar.  You want the Mg to react completely and be converted wholly to a light gray powder (no Mg ribbon left over).  At the same time, you do not want such an energetic reaction that a considerable amount of white smoke leaves the crucible.  You will need to find a balance between letting air into the crucible (which speeds the reaction, but could allow for a loss of material) and closing the crucible entirely, which retains all the contents, but slows the reaction down unnecessarily. 

7. After the reaction is essentially complete, place the lid ajar on the crucible and heat strongly for 5 minutes.  Then allow to cool for 8 minutes.

CLEANUP AND DISPOSAL
Scrape crucible contents into garbage.  Clean (soap and water) the crucible and lid and scoopula and stir rod, and return all equipment to it’s rightful place.  Careful!  The iron ring might still be hot (douse in sink).  Make sure your lab area is clean and dry.  Return your goggles and apron.  Wash your hands with soap.  Go crunch those calculations. 

DATA       
(When the numbers get small, use at least three non-zero digits after the decimal).  Show all calculations in the 3rd column.  Use units throughout.  Beautiful dimensional analysis required.  Use separate sheet if necessary.

	1
	Mass of just crucible lid
	measure before reaction
	

	2
	Mass of empty crucible and cover
	measure before reaction
	

	3
	Mass of crucible, cover, and Mg before heating
	measure before reaction
	

	4
	Mass of magnesium reacted
	3  -  2  =
	

	5
	Mass of crucible, cover, and residue after heating
	measure after reaction
	

	6
	Mass of residue (magnesium oxide produced)
	
	

	7
	Mass of oxygen incorporated into the magnesium oxide product
	
	


POST-LAB ANALYSIS
Answer the following questions in complete, grammatically correct sentences (where appropriate).  When calculations are required, show all of your work.  Separate sheet.

1. Using the masses from your laboratory data, calculate the percent composition of magnesium in the magnesium oxide.

2. Using the masses from your laboratory data, calculate the percent composition of oxygen in the magnesium oxide.

3. Starting with the masses in your data table, show your calculation for the lowest whole number ratios for the magnesium-to-oxygen in the compound you produced.  After you “divide by the least”, your calculation is done; if you do not have perfect whole numbers, that is due to error encountered in the lab.  Units, pa-lease!

4. Use the calculation above to come up with an empirical formula [subscripts in your formula, if any, should be rounded-off whole numbers].

5. The molecular mass of magnesium oxide is found to be 40.3 g/mole.  What is the molecular formula?  Show work.

6. Try to write a balanced equation for the reaction between solid magnesium and gaseous oxygen (Have No Fear… be GEN-u-INE) to give solid magnesium oxide.

7. After you “divided by the least” in step 3, one of your numbers was not a perfect whole number.  Let that number be your “Obs”.  Let 1 be your “Acc” value.  Calculate a percent error.

8. Let your calculated % Mg in your product (answer to #1, above) be your “Obs”.  Let 60.30% Mg be your “Acc” value.  Calculate a percent error.

ONGOING LEARNING
1. Using any resources available (cite your sources)…

a. What gasses are in the air besides oxygen?

b. Which gas besides oxygen could (and probably did) react with the magnesium in your crucible during the first heating?  What is the percent of this gas in our atmosphere?

c. Write the equation for the reaction between magnesium and this other element (from part b, above) 
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