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Lab 1: Determining the Empirical Formula of a Compound


Student Worksheet


Lab 1: Determining the Empirical Formula of a Compound
Driving Question
What is the stoichiometric composition of an ionic compound?
Background
The empirical formula of a compound is the simplest whole number ratio of the elements in the compound. The stoichiometric ratio of the different types of atoms in a compound is given by that ratio of whole numbers. One mole of a substance has the number of moles of different types of atoms in the same ratio as the stoichiometric ratio. 

For example, the formula H2O reflects a 2:1 stoichiometric ratio between hydrogen and oxygen atoms. Also, one mole of H2O molecules has a 2:1 molar ratio between the total number of hydrogen and oxygen atoms. That is, there are 2 moles of hydrogen and 1 mole of oxygen atoms in 1 mole of H2O molecule.

The empirical formula can be determined experimentally if a compound can be synthesized from its elements. This process requires three steps: determining the mass of each element in the compound; calculating the number of moles of each element in the sample; and expressing the molar ratio of each element as the smallest whole number.
Materials and Equipment
For each student or group:

	· Crucible with lid
	· Wash bottle with deionized water

	· Ring stand 
	· Clay triangle

	· Bunsen burner
	· Paper clip

	· Balance (1 per class)
	· Magnesium powder, 0.5 g

	· Crucible tongs
	


Pre-Lab Activity
Setting the stage for the activity

Molecular oxygen is very reactive, whether in pure form or in a mixture such as air. The most abundant component of air, nitrogen, is relatively unreactive. An element reacting with oxygen forms an oxide. For example, magnesium and oxygen form magnesium oxide:
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The reaction of nitrogen with an element forms a nitride. Because oxygen has a greater reactivity than nitrogen, the oxide is more likely to form.
In this experiment, you will burn magnesium (Mg) in air to form magnesium oxide and magnesium nitride. The magnesium nitride will be converted to magnesium hydroxide and ammonia by adding water. Upon heating, the magnesium hydroxide will be converted to magnesium oxide with the release of water vapor.
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Mg(OH)(aq)heatMgO(s)HO(g)


Example calculation to try

Chemical analysis of a solid found it contains 1.76 g of aluminum and 1.57 g of oxygen. The simplest whole number ratio was found to be 2:3. Therefore the empirical formula is Al2O3 for aluminum oxide. 
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The molar ratio between the Al and O is
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Therefore, the empirical formula is Al2O3.

1.
Based on the information in the Background section, propose a chemical equation for the reaction between Mg and O2 . (Hint: Refer to Equation 1 between Mg and N2). 
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2.
What stoichiometric ratio do you expect between the Mg and O? Why?
3.
The N2 molecule is extremely stable, yet it appears to react with Mg in this experiment. Propose an explanation for the reaction between Mg and N2. (Hint: Think about the amount of energy required to break the bonds in a stable molecule.) 
Safety
Add these important safety precautions to your normal laboratory procedures:

· Be very careful when using the Bunsen burner.
· Never place a hot crucible or other hot objects on a balance pan.

· Do not move the hot crucible from the clay triangle until it has cooled.

· Make sure there is nothing flammable around the setup.

Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note: This activity does not use a data collection system, so there are no Tech Tips (indicated by the symbol "�" and a superscripted number following a step).

1.
(
Obtain a crucible and lid, and inspect the crucible for cracks, nicks, and other defects. 

Note: Replace a defective crucible.

2.
(
Measure and record the mass of the crucible and lid in Table 1.
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3.
(
Prepare the crucible as follows: 
a.
Place the crucible and lid on the clay triangle over the Bunsen burner.

b.
Heat the crucible with a gentle flame for 5 minutes by moving the burner around the bottom of the crucible. 
c.
After the bottom of the crucible has become red-hot, increase the flame by allowing more air into the burner. 

d.
Continue moving the burner around the bottom of the crucible.

e.
Heat the crucible for 10 to 12 minutes.
f.
Allow the crucible to cool to room temperature. 
Note: For the rest of the experiment handle the crucible and lid using only crucible tongs. Also, do not set the crucible on the lab bench or it may crack or become contaminated.

4.
(
After the crucible has cooled, measure and record the mass of the “fired” crucible together with its lid in Table 1. 

Table 1: Mass of the empty crucible measured to the nearest milligram

	Measurement 
	Trial 1
	Trial 2

	Crucible and lid before heating (g)
	
	

	Crucible and lid after the first heating (g)
	
	

	Crucible and lid after the second heating (g)
	
	

	Crucible and lid after the third heating (g)
	
	

	Crucible and lid after the fourth heating (g)
	
	


5.
(
Repeat the steps above for heating, cooling, and measuring the mass of the crucible and lid until you have two readings for the mass that are within 10 mg of each other.
6.
(
Copy the last measurement in Table 1 into Table 3.

Collect Data

7.
(
Obtain between 0.17 and 0.23 g of magnesium powder or chips. (Magnesium ribbon is acceptable, although it does not burn as easily.)
8.
(
Add the magnesium sample to the crucible. 
Note: If magnesium ribbon is used, you may need to clean it first with sandpaper or steel wool until it is bright and shiny. Also, wind the magnesium ribbon into a loose spiral so that it will fit into the crucible and oxidize.

9.
(
Measure the mass of the crucible, lid, and magnesium to the nearest milligram and record it in Table 3.

10.
(
Return the crucible, with the sample and lid, to the clay triangle over the Bunsen burner. 
11.
(
To react all of the metal:

a.
Gently heat the sample for 2 to 3 minutes by moving the burner around the bottom of the crucible. 
b.
Increase the heat and continue heating until the sample starts to glow. 
Note: Remember that the top third of the flame is the hottest.
c.
Continue moving the burner around the bottom of the crucible.
d.
Manage the burning so the magnesium glows for about 3 minutes: 


Do not remove the lid. Using the crucible tongs, slightly lift the lid for a few seconds to admit air into the crucible. 
Note: Quickly cover the crucible with the lid if the metal bursts into flame. When done correctly, the content of the crucible will begin to glow. 
e.
Continue heating for about 3 more minutes, carefully lifting the lid to observe the contents of the crucible. 
f.
When the bright glow of the contents of the crucible turns to a pale glow, stop the heating. 
g.
Allow the crucible to cool to room temperature with the lid in place.
h.
Using the tongs to lift the lid, break the crust over the contents of the crucible with a straightened paper clip. 
i.
Hold the lid with the tongs and mix the contents carefully so that any unreacted metal comes to the surface

Note: Make sure no residue remains on the paper clip,
12.
(
Repeat all parts of the step, “To react all of the metal,” until no unreacted metal is visible. 
13.
(
When the sample has cooled and no metal is present, use the squeeze bottle to add three drops of deionized water. 

14.
(
By wafting the air towards your nose over the crucible, try to identify and describe the smell of ammonia.

15.
(
Heat the crucible and sample again. It takes a considerable amount of time and heat to decompose Mg(OH)2 to MgO and H2O.
a.
With the lid slightly open to allow water vapor to escape, begin heating the crucible and sample over a gentle flame for about 3 minutes. 
b.
Gradually increase the heat, being careful not to let the crucible heat up too fast such that water spatters out. 
c.
Continue at high heat for about 15 to 20 minutes, carefully lifting the lid to observe the contents of the crucible. 

d.
When the sample has a pale glow, stop the heating. 
e.
Allow the crucible to cool to room temperature with the lid in place.

16.
(
After the crucible and sample have cooled, measure and record the mass of the crucible, lid, and metal oxide, to the nearest milligram, in Table 2.
Table 2: Mass of the crucible and magnesium oxide, measured to the nearest milligram

	Measurement 
	Trial 1
	Trial 2

	Crucible, lid, and MgO after the first heating (g)
	
	

	Crucible, lid, and MgO after the second heating (g)
	
	

	Crucible, lid, and MgO after the third heating (g)
	
	

	Crucible, lid, and MgO after the fourth heating (g)
	
	


17.
(
Reheat the crucible and sample at high heat for 5 minutes. Allow the crucible and sample to cool, then measure and record the mass in Table 2. Repeat this step until you obtain two consecutive readings within 10 mg of each other.
18.
(
Copy the last measurement in Table 2 into Table 3.
19.
(
Dispose of the metal oxide in the appropriate container.

20.
(
Beginning with preparing the crucible, repeat the entire procedure with a new sample of magnesium (between 0.17 and 0.23 g). Record the results for Trial 2 in the specified tables and column.

21.
(
Wash the crucible with soap, and then rinse three times with tap water to clean the crucible of magnesium oxide residue. 
22.
(
After rinsing three times with tap water, rinse again with deionized water. 

23.
(
Clean up according to your teacher's instructions. 

Data Analysis
1.
(
Calculate the mass of magnesium and mass of magnesium oxide. Record those values in Table 3. 
Table 3: Measurements and calculations of the crucible, magnesium, and magnesium oxide mass
	Parameter
	Trial 1
	Trial 2

	Mass of the crucible and lid (g)
	
	

	Mass of the crucible, lid, and magnesium (g)
	
	

	Mass of magnesium (g)
	
	

	Mass of crucible, lid, and magnesium oxide (g)
	
	

	Mass of magnesium oxide (g)
	
	

	Amount of magnesium in the compound (mol)
	
	

	Mass of oxygen in the compound (g)
	
	

	Amount of oxygen in the compound (mol)
	
	

	Simplest whole number ratio of oxygen to magnesium
	
	

	Experimental empirical formula of the compound using significant figures
	
	

	Suggested empirical formula of the compound using whole numbers
	
	


2.
(
What is the mass of magnesium in the magnesium oxide compound? How many moles of magnesium is this? Record your answers in Table 3.

3.
(
Calculate the mass and number of moles of oxygen in the magnesium oxide. Record your answers in Table 3.

4.
(
What is the molar ratio between magnesium and oxygen? Use this to write the experimental empirical formula of the compound using significant figures in Table 3.

5.
(
What is the empirical formula of the magnesium oxide compound, using whole numbers? Record your answer in Table 3.

Analysis Questions

1.
Using available reference sources, what is the accepted empirical formula of magnesium oxide?

2.
Compare your results to the accepted empirical formula for magnesium oxide. What are some sources of experimental error and what could be done to prevent such error?
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