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Instructor Information

Determine the Empirical Formula of a Compound
Objective(s) 
In this activity students will determine the stoichiometric composition of a ionic compound .
· They will develop skills to synthesize a substance
· They will learn about secondary and undesired reactions 
Procedural Overview
Students will gain experience conducting the following procedures:
· Students will learn how to use a balance; they weigh out a Mg sample in a crucible
· Students will use a Bunsen burner and perform a reaction between Mg and O2 under controlled conditions

· Students will eliminate the byproduct of the reaction, Mg3N2, and convert it to the desired product, MgO 

· Students will reweigh the crucible with the product

Time requirement
· Preparation time



15 minutes

· Pre-lab discussion and activity
15 minutes
· Lab activity




50 minutes
Materials and Equipment

For each student or group:

	crucible with lid
	Mg ribbon or powder

	ring stand
	squeeze bottle 

	crucible tongs
	deionized water

	clay triangles
	balance

	Bunsen burner
	Wire


Correlation to the National Science Content Standards, Grades 9–12

1.
(Style: Standards 1) Earth and Space Science

(Style: Bullet indent) Geochemical Cycles

Meditabar aliquid enotabamque, ut, si manus vacuas, plenas tamen ceras reportarem. Non est quod contemnas hoc studendi genus
Note: See the Introduction section, About Correlations to National Science Standards, for additional correlations to the National Science Teaching and Content Standards as well as to the AAAS Science Literacy Benchmarks.

Concepts Students Should Already Know

· Meaning of chemical formula 
· Balancing chemical equations

· Composition of air
Related Labs in this Manual 

Labs conceptually related to this one include: 

·  (Style: Bulleted Text) Note to authors: Include the names of the related labs.
· Mirum est ut animus
· Mirum est ut animus
Technical Notes

The following technical procedures are used in this activity and are detailed in the Appendix. See the section that pertains to your particular data acquisition device/interface. You may want to make copies of these available to the students.

· Connecting sensors to the data acquisition device (see Tech Tip ___)
· Recording data (see Tech Tip ___)
· Identifying data points on a graph (see Tech Tip ___)
· Saving data files (see Tech Tip ___)
Background

The Empirical Formula of a compound is the simplest whole number ratio of the elements in the compound. The empirical formula can be determined experimentally if a compound can be synthesized from its elements. This process requires three steps:

1) 
Determine the mass of each element in the compound

2) 
Calculate the number of moles of each element in the sample.

3) 
Express the molar ratio of each element as the smallest whole number.
Pre-lab Discussion and 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 un-reactive. An element reacting with oxygen forms an oxide. The reaction of nitrogen with an element forms a nitride. Due to oxygen having a greater reactivity than nitrogen, the oxide will be formed preferentially.
Specific lab explanation and practice
In this experiment you will burn a piece of magnesium ribbon in air to form magnesium oxide and magnesium nitride. The magnesium nitride will then 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.


Mg(s) + N2(g) → Mg3N2(s)

Mg3N2(s) + H2O → Mg(OH)2(aq) + NH3(g)

Mg(OH)2(aq) + heat →MgO(s) + H2O(g)
Have students go over the following example. The chemical analysis of a solid found that it contains 1.76 grams of aluminum and 1.57 grams 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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Molar ratio between the Al and O:
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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. 
                                                    2Mg + O2 → 2MgO

2. 
What stoichiometric ratio do you expect between the Mg and O? 

                                                               Mg : O = 1 : 1
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

The Mg burns at an extremely high temperature releasing sufficient energy to break up the N2 molecule.  
Pre-lab Preparation
· Use magnesium powder or chips if available as they burn easier because of the larger surface area.
· Explain to students how the Bunsen burner works and how the air flow can be controlled.
Lab Safety

· Remember, follow the directions for using the equipment

· 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

· Wear safety glasses and follow all standard laboratory safety procedures 

Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
Procedure with Guided Inquiry
After you complete a step (or answer a question), place a check mark in the box (() next to that step.
	Set up equipment
1.
(
 Obtain a crucible and lid. Clean the crucible and check for cracks, nicks and other defects. If the cruci​ble is dirty, place it in a hood and add 1-2 mL of 6M HNO3 and gently evaporate to dryness. Then inspect the crucible for defects.

Analysis Question 1. Read Steps 2-4. Below. Why do you think it is necessary to heat up the crucible before the experiment is performed?

Anything (contaminations, moisture, etc.) present in the crucible that would be eliminated by heating would change the mass of the crucible which would introduce an error.
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2.
( 
 Place the crucible on the clay triangle over the Bunsen burner and heat with a gentle flame for 5 minutes. Increase the flame by allowing more air into the burner and heat for 10 to 12 minutes after the bottom of the crucible has become red-hot.

3. 
(
Allow the crucible to cool. Do not set the crucible on the lab bench or it may crack or become contaminated. For the rest of the experiment handle the crucible using only crucible tongs.

Analysis Question 2. Why do you have to use tongs to hold the lid?

Touching the lid with bare hands contaminates the lid and therefore changes its mass introducing error in the mass. Also, you never really know when it is cooled down enough so that you wouldn't hurt yourself when touching it. 

4. 
(
After the crucible has cooled weigh it and record the mass of the “fired” crucible and lid. Repeat steps 2 and 3 until you have two mass readings that are within 10 mg of each other.

Perform the experiment

5. 
(
Obtain a piece of magnesium ribbon or some magnesium powder.  The magnesium sample should be between 0.17 g and 0.23 g. If the ribbon is not bright and shiny, clean with sand paper or steel wool. Fold the magnesium ribbon so that it will fit into the crucible.
6. 
(
Add the magnesium ribbon or powder to the crucible. Weigh and record the mass of the crucible, lid, and magnesium metal to the nearest mg.

7.     (
Return the crucible with sample and lid to the clay triangle over the Bunsen burner. Gently heat the sample for 2 to 3 minutes by moving the burner around the bottom of the crucible and then increase the heat and continue heating for 3 minutes. Remember that the top third of the flame is the hottest.

8. 
(
Using the crucible tongs slightly lift the lid to admit air into the crucible. Do not remove the lid. When done correctly the metal will begin to glow. If the metal bursts into flame, quickly cover the crucible with the lid. Continue heating for about 3 more minutes. Carefully lift the lid and observe the content of the crucible. When the bright glowing of the magnesium turns to pale glowing stop the heating.  Allow the crucible to cool to room temperature with the lid in place.
9. 
(
Lift the lid and with the piece of wire break the crust over the content of the crucible. Mix it carefully so that if there is unreacted metal it would come to the surface. Make sure there is no residue on the wire.

Analysis Question 3. Why do you think you need to bring the unreacted metal to the surface?

Bringing the unreacted metal to the surface will allow it to be exposed to air and therefore to oxygen for the next time the sample is heated.

10. 
(
Repeat Steps 7-9 until no unreacted metal is visible.

11. 
(
When the sample has cooled and no metal is present, add 3 drops if distilled water. Try to identify the smell of ammonia by wafting the air towards your nose over the crucible.

Analysis Question 4. Describe the smell of ammonia.

Ammonia has a distinct pungent odor that irritates the sense of smell.

12. 
(
 With the lid slightly open to allow water vapor to escape, begin heating the crucible and sample over a gentle flame. Gradually increase the heat being careful not to let the crucible heat up too fast or water may spatter out. Heat the sample at high heat for 15 to 20 minutes. You can stop the heating once the sample looks pale yellow and it is gently glowing.

13. 
(
After the crucible and sample have cooled, weigh and record the mass of the crucible, lid, and metal oxide to the nearest mg.

14. 
(
Reheat the crucible and sample at high heat for 5 minutes. Allow the crucible and sample to cool then weigh and record the mass as before. Repeat this step until you obtain 2 consecutive reading that are within 10 mg of each other.

15. 
(
Dispose of the metal oxide into the appropriate container.

16. 
(
Repeat the procedure with a new sample of magnesium metal.

17. 
(
Clean the crucible of metal oxide residue. Wash the crucible with soap then rinse 3 times with tap water followed by one rinse with deionized water.
Sample Data
Data Analysis

Data Table 1

	
	Units
	Trial 1
	Trial 2

	Mass of Crucible and lid
	
	
	

	Before heating
	
	
	

	After 1st heating
	
	
	

	After 2nd heating
	
	
	

	After 3rd heating
	
	
	

	After 4th heating
	
	
	

	Mass of Crucible, Lid, and Metal
	
	
	

	Mass of Metal
	
	
	

	Mass of Crucible, Lid, and Metal Oxide
	
	
	

	2nd Mass measurement
	
	
	

	3rd Mass measurement
	
	
	

	4th Mass measurement
	
	
	

	Mass of Metal Oxide
	
	
	


Data Table 2
	
	Units
	Trial 1
	Trial 2

	Mass of metal oxide
	
	
	

	Mass of metal in the compound
	
	
	

	Number of moles of metal in the compound
	
	
	

	Mass of oxygen in the compound
	
	
	

	Number of moles of oxygen in the compound
	
	
	

	Simplest whole number ratio of oxygen to metal
	
	
	

	Empirical formula of the compound using sig. figs.
	
	
	

	Empirical formula of the compound using whole numbers
	
	
	


Analysis Questions
1.
. If some unreacted magnesium metal remains in the crucible how will this affect the empirical formula? Explain!
The final mass of the sample would be less than expected. That would translate to less oxygen and therefore higher magnesium to oxygen ratio.
2.
If there is insufficient oxygen from the air some magnesium nitride (Mg3N2) will form. If this is not converted to magnesium oxide, will the ratio of oxygen to magnesium appear to be high or low. Explain your answer.
Since the same amount of magnesium would yield less Mg3N2 than MgO, the amount of considered oxygen would be less yielding higher magnesium to oxygen ratio.
Synthesis Questions (use available resources to help answer)

1. 
Using available reference sources what is the accepted empirical formula of magnesium oxide
The empirical formula appears to be Mg1O1.
2. 
Compare your results to the accepted empirical formula for magnesium oxide. What sources of experimental error can you think of and what could be done to prevent them?
Imperfect burning could be one reason. More thorough mixing with the wire between heating cycles could help the exposure of unreacted magnesium to air. Also, if insufficient amounts of water is added, not all Mg3N2 decomposes. If some of the sample was stuck on the wire that would introduce error as well. All of these sources of error would result in lower final mass than expected therefore lower oxygen to magnesium ratio.
3.
Based  on the smell that you sensed try to remember where have you smelled ammonia in the past.
One can smell ammonia on the human body after running or in urine as it is the byproduct of the metabolism process. Also it is an ingredient of household cleaners such as the chemicals used to clean windows. 

Multiple Choice Questions

1. 
The molar ratio between magnesium and oxygen in magnesium oxide is calculated from 

a) the number of moles of magnesium weighed out and the final mass of the sample which is the mass of the oxygen from which the number of moles of oxygen can be calculated.

b) the number of moles of magnesium weighed out and the increment of mass of the sample which comes from oxygen from which the number of moles of oxygen can be calculated.

c) the number of moles of magnesium weighed out and the increment of mass of the sample which comes from the nitrogen and oxygen from which the number of moles of oxygen can be calculated.

d) the number of moles of magnesium weighed out and the increment of mass of the sample which comes from nitrogen from which the number of moles of nitrogen can be calculated.

2. 
You had to add water and reheat the sample because
a) without water Mg would not react with O2
b) water is necessary to convert Mg(OH)2, which is a byproduct of the reaction, to MgO
c) water is necessary to convert Mg3N2, which is a byproduct of the reaction, to MgO

d) water is a catalyst of the reaction
e) all of the above 

3. 
In a experiment we obtained Mg1.5O1 empirical formula. Which of the following errors can be the reason for the error?
a) There was unreacted metal left in the end of the experiment. 

b) There was unreacted Mg3N2 left in the end of the experiment. 
c)  Some of the sample got stuck on the tip of the mixing wire. 

d) All of the above can be responsible for the error. 

e) None of the above can be the reason for this kind of error. 

4. 
Why do you think unreacted magnesium can be left after the heating process? 

a) Magnesium is extremly hard to burn
b) The most important reason for such an error is the contamination of the elemental magnesium
c) The presence of nitrogen is the reason for such an error as a byproduct, Mg3N2 forms 

d) Insufficient amounts of oxygen gas results in left over magnesium metal.
Key Term Challenge 

Magnesium reacts with oxygen to form magnesium oxide. The reaction allows us to determine the empirical formula of magnesium oxide which is _______. The reaction has to be performed in a controlled environment in a covered crucible because ______________________________________ _____________________________________.  Since magnesium burns at such a high temperature it will react not only with oxygen but also _____________ to form a byproduct __________. This byproduct can be converted to the desired product, MgO by reacting it with ____________ and heating it.  
Extended Inquiry Suggestions

Discuss with your students the reaction between aluminum and iron oxide.  Aluminum starts to burn somewhat more difficult than magnesium, however, once it starts it burns at equally high temperature to form Al2O3. Therefore it is used mixed with Fe2O3 to weld rails together in railroad constructions. In this reaction Al removes the oxygen from Fe2O3 to form Fe which melts and welds the rails together. The chemical reaction for this is: 
2Al + Fe2O3 → 2Fe + Al2O3 
Another reaction to look at is that between magnesium and Sand (Silicon Dioxide): 

2Mg + SiO2 → 2MgO + Si.  
A mixture of Mg powder and sand when lit by a Mg strip burns at such a high temperature that magnesium takes the oxygen from the SiO2 to from MgO and amorphous Si.  This can be done as a demo experiment
Weigh the clean crucible and Mg sample
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Weigh the crucible containing the reacted magnesium
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Determine the Empirical Formula
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Make sure the crucible is clean in order to remove the contaminants
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React the Mg with Air by heating the crucible and exposing the Mg to air
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Convert the magnesium nitride to magnesium oxide
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