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Lesson Objectives
I can:
· perform one-step stoichiometry calculations to find moles of product formed.
· perform multi-step stoichiometry calculations to find the yield in moles, molecules, grams, and liters (of gas at STP).


Reading Guide
Read sections 12.1 and 12.2 (p. 353-363).  
1. Define stoichiometry from p. 354.
2. List the problem solving steps for solving stoichiometry problems in section 12.1. 
3. What is the mole ratio and how is it used? (p.356) 

Class Notes
	Quick Review: Moles
We can convert between different quantities of substances using the unit mole, which represents 6.02 × 1023 items.

1 mole
	= 6.02 × 1023 particles 
		(molecules, formula units, atoms)
	= {molar mass} g
		(Molar Mass from Periodic Table)
	= 22.4 L of gas at STP


Stoichiometry		 stoikheion  +  metry
					[Gk. Element]	[Eng. Measure]
We want to be able to compare quantities between substances in a chemical reaction.  For example, if we react a certain amount of a substance, we want to know how much of a product can be formed.

Example: Suppose we have the following reaction:
N2 (g) + 3 H2 (g)  2 NH3 (g)
In the following container, predict how many NH3 can be formed.  Then show how they react to form the product.
	Before Reaction		
 (
     
nitrogen
 atom
     
hydrogen
 atom
)
	
		After Reaction



The coefficients in front of the formulas in the balanced equation give relative number (or moles) of the substance that react or form.  However, they do NOT represent the relative mass of the substances.
	N2 (g) + 3 H2 (g)	 2 NH3 (g)
	1 molecule N2 + 3 molecule H2	 2 molecules NH3
	1 mole N2 + 3 moles H2	 2 moles NH3
	28.02 g N2 + 3.024 g H2	 34.07 g NH3

We can use the coefficients from the balanced equation to set up the mole ratio between substances.
1 mol N2 = 2 mol NH3		3 mol H2 = 2 mol NH3		1 mol N2 = 3 mol H2


Examples:
· 3 mol N2 = ? mol NH3




· 4.5 mol NH3 = ? mol H2




We can perform conversions only between moles of substances.  
· If we are given quantities that are in units other than moles (i.e. molecules, grams, or liters of gas), our first step is always to convert the quantity to moles.  
· If we are asked to provide quantities that are in units other than moles (i.e. molecules, grams, or liters of gas), our last step is to convert from moles of that substance to the units desired.

Here are steps for working through stoichiometry problems.
1. Write the Balanced Equation.
2.  (
molecules
 of A
moles
 
of A
moles
 
of B
molecules
of B
grams
 
of A
grams
 
of B
liters
of A (g)
liters
of B (g)
1 mol A = 
{molar mass} g A
1 mol B = 
{molar mass} g B
1 mol A = 
6.02 × 10
23
 molecules A
1 mol B = 
6.02 × 10
23
 molecules B
1 mol A = 
22.4 L A
1 mol B = 
22.4 L B
Mole ratio (balanced equation)
)Write down the quantity (number, units, substance) that is Given.  
Write down the quantity (units, substance) that is Desired.
3. Start by writing the Given quantity.  Set up Conversion Factors.
a. Convert to moles of Given substance.
b. Use the mole ratio to convert 
from moles of Given substance 
to moles of Desired substance.
c. Convert to Desired units.
4. Write your Answer.
We can use a “Reaction Map” to help us determine the steps to take.

Examples:
· 4.29 g H2 = ? mol NH3




· 15.1 L NH3 = ? g N2




· 4.50 × 1023 molecules N2 = ? L H2




(Look at Problem Set question #5 to extend stoichiometry problems for solutions.)
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Problem Set
	1.  Nitrogen gas reacts with hydrogen gas, forming ammonia gas (NH3).

	(a)
	Write the balanced equation for the reaction.



	(b)
	Find the molar masses of the substances in the reaction.



	(c)
	Find the moles of NH3 (g) formed when 5.00 moles of H2 (g) reacts.




	(d)
	Find the moles of H2 (g) required when 3.5 grams of N2 (g) reacts.




	(e)
	Find the grams of H2 (g) needed to form 21.1 grams of NH3 (g).




	(f)
	Find the liters of NH3 (g) produced at STP when 9.62 grams of N2 (g) is used.




	2.  Solid potassium chlorate decomposes to form solid potassium chloride and oxygen gas.

	(a)
	Write the balanced equation for the reaction.



	(b)
	Find the molar masses of the substances in the reaction.



	(c)
	Find the mass of KCl (s) produced when 42.0 grams of KClO3 (s) decomposes.




	(d)
	Find the volume of O2 (g) produced at STP when 42.0 grams of KClO3 (s) decomposes.




	3.  Zinc metal is placed in a solution of hydrochloric acid.

	(a)
	Write the balanced equation for the reaction.



	(b)
	Find the mass of Zn (s) required to produce 12.6 L of H2 (g) at STP.




	(c)
	Calculate the moles of HCl (aq) required to produce 12.6 L of H2 (g) a STP.




	(d)
	If the volume of HCl (aq) in part (c) is 1.20 L, calculate the concentration of the HCl solution.




	4.  A solution of lead(II) acetate is combined with a solution of hydrochloric acid. 

	(a)
	Write the balanced equation for the reaction.



	(b)
	Find the molar masses of the substances in the reaction.




	(c)
	Find the mass of lead(II) acetate required to react to form 94.5 g of lead(II) chloride.




	(d)
	Calculate the molecules of acetic acid produced when 94.5 g of lead(II) chloride is formed.




	5.  A titration is a laboratory setup in which a base solution is added to and completely reacts with an acid solution, which is called the equivalence point.  In a titration experiment, a solution of calcium hydroxide is added to a solution of hydrochloric acid.

	(a)
	Write the balanced equation for the reaction.



	(b)
	24.0 mL of a 0.120 M Ca(OH)2 solution is required to titrate 160 mL of an HCl solution to its equivalence point.  Find the moles of HCl and its concentration in molarity.  Hint: use n = V × M to find moles of Ca(OH)2.






	(c)
	What mL of a 0.150 M Ca(OH)2 solution is required to titrate a 200.0 mL of a 0.060 M HCl solution to its equivalence point?  Hint: Use the concentration as a conversion factor, i.e. 0.150 M Ca(OH)2 can be expressed as  or 






	(d)
	Extend your Reaction Map to include “L of solution.”  




Additional Practice
Chapter 4: Study Questions 12, 14, 16, 18, 20, 42, 48
Chapter 5: Study Questions 72, 74, 76, 78, 82


Answers
1. 	(a)	N2 (g) + 3 H2 (g)  2 NH3 (g)
	(b)	N2: 2(14.01) = 28.02 g/mol
		H2: 2(1.008) = 2.016 g/mol
		NH3: 1(14.01) + 3(1.008) = 17.03 g/mol
	(c)	5.0 mol H2 = 3.3 mol NH3
	(d)	3.5 g N2 = 0.37 mol H2
	(e)	21.1 g NH3 = 3.75 g H2
	(f)	9.62 g N2 = 15.4 L NH3

2. 	(a)	2 KClO3 (s)  2 KCl (s) + 3 O2 (g)
	(b)	KClO3: 1(39.10) + 1(35.45) + 3(16.00) = 122.55 g/mol
		KCl: 1(39.10) + 1(35.45 = 74.55 g/mol;
		O2: 2(16.00) = 32.00 g/mol
	(c)	42.0 g KClO3 = 25.5 g KCl
	(d)	42.0 g KClO3 = 11.5 L O2

3.	(a)	Zn (s) + 2 HCl (aq)  H2 (g) + ZnCl2 (aq)
	(b)	12.6 L H2 = 36.8 g Zn
	(c)	12.6 L H2= 1.13 mol HCl
	(d)	M = = = 0.938 M

4.  	(a)	Pb(C2H3O2)2 (aq) + 2 HCl (aq)  PbCl2 (s) + 2 HC2H3O2 (aq)
	(b)	Pb(C2H3O2)2: 1(207.2) + 4(12.01) + 6(1.008) + 4(16.00) = 325.29 g/mol
		HCl: 1(1.008) + 1(35.45) = 36.46 g/mol
		PbCl2: 1(207.2) + 2(35.45) = 278.10 g/mol
		HC2H3O2: 2(12.01) + 4(1.008) + 2(16.00) = 60.05 g/mol
(c)	94.5 g PbCl2	= 111 g Pb(C2H3O2)2
	(d)	94.5 g PbCl2
			= 4.09 × 1023 molecules HC2H3O2



5.  	(a)	Ca(OH)2 (aq) + 2 HCl (aq)  CaCl2 (aq) + 2 H2O (ℓ)
	(b)	nCa(OH)2 = V × M = (0.0240 L)= 0.00288 mol Ca(OH)2
		0.00288 mol Ca(OH)2 = 0.00576 mol HCl
		[HCl] =  = = 0.0360 M HCl
	(c)	(0.2000 L)= 40.0 mL
	(d)	 (
L 
of A
 (
aq
)
moles
 
of A
moles
 
of B
L 
of B
 (
aq
)
Use 
Molarity
x mol = 1 L
Mole ratio (balanced equation)
Use 
Molarity
x mol = 1 L   or
n = V
 
×
 M
)
