
804 N. 2nd Ave. E.
Rock Rapids, IA 51246-1759

800-622-3070
www.aop.com

SCIENCE
STUDENT BOOK

11th Grade | Unit 7



LIFEPAC Test is located in the 
center of the booklet. Please 
remove before starting the unit.

INTRODUCTION  |3

1. SOLUTIONS 5
MOLES  |6
TYPES OF SOLUTIONS  |8
CHARACTERISTICS OF SOLUTIONS  |9
SELF TEST 1  |20

2. SOLUBILITY EQUILIBRIUMS 23
DISSOLVING AND DISSOCIATING  |23
SOLUBILITY CONSTANTS  |27
APPLICATION  |35
SELF TEST 2  |39

3. ACID-BASE EQUILIBRIUMS 41
ACIDS  |42
BASES  |46
pH SCALE  |47
NEUTRALIZATION  |54
SELF TEST 3  |59

4. REDOX EQUILIBRIUMS 62
OXIDATION-REDUCTION  |62
APPLICATION  |72
SELF TEST 4  |77

  | 1 

Unit 7 | EQUILIBRIUM SYSTEMS

SCIENCE 1107
EQUILIBRIUM SYSTEMS



Author: 
Harold Wengert, Ed.D.

Editor: 
Alan Christopherson, M.S.

Media Credits: 
Page 5: © vinicef, iStock, Thinkstock; 8: © assistantua, iStock, Thinkstock; 9: © Ablestock.com, Thinkstock;  
41: © tonivaver, iStock, Thinkstock; 51: © JrnGeetaert, iStock, Thinkstock. 

804 N. 2nd Ave. E. 
Rock Rapids, IA 51246-1759

© MM by Alpha Omega Publications, Inc.  All rights reserved. 
LIFEPAC is a registered trademark of Alpha Omega Publications, Inc.

All trademarks and/or service marks referenced in this material are the property of their respective 
owners.  Alpha Omega Publications, Inc. makes no claim of ownership to any trademarks and/or service 
marks other than their own and their affiliates, and makes no claim of affiliation to any companies whose 
trademarks may be listed in this material, other than their own.

2 |  

EQUILIBRIUM SYSTEMS| Unit 7



Equilibrium Systems

Introduction
Our universe is in a constant state of decay. Since the Fall of man, our universe was locked into the bondage 
of corruption, which is plainly evident in the physical world.

Equilibrium systems exist throughout nature. You are a walking equilibrium system. When your system is 
out of equilibrium, you are probably sick. The force of increasing entropy countering the force of decreas-
ing enthalpy is at the heart of our study of equilibrium systems. Thus, after the Fall, the natural balance 
between these two forces was upset and the balance shifted to the decay, or random motion (entropy), side 
of the equilibrium. The energy source is running down and is lost to the environment. However, this state 
will be banished once the great work of redemption has been consummated by Christ, and the “new heav-
ens and new earth” (Isaiah 65:17; 66:22; 2 Peter 3:13; and Revelation 21:1) are established by the power of 
God.

This LIFEPAC® will help you to understand some of the common equilibriums around us, what affects their 
state, and how they can be altered. Much of what you have already learned will be applied in this LIFEPAC®.

Objectives
Read these objectives. The objectives tell you what you will be able to do when you have successfully com-
pleted this LIFEPAC. When you have finished this LIFEPAC, you should be able to:

1. Calculate gram-formula-weights.

2. Describe the three main characteristics of solutions.

3. Calculate molarity.

4. Define and identify ions.

5. Balance equations.

6. Apply the concepts of equilibrium to the dissolved-undissolved system.

7. Apply the Law of Chemical Equilibrium to the dissolved-undissolved system.

8. Predict if a precipitate will form given specific environments.

9. Describe the variables affecting the rate of dissolving.

10. Define and identify an acid.

11. Define and identify a base.

12. Describe neutralization.

13. Define and apply pH.

14. Apply equilibrium concepts to acid-base reactions.

15. Define and identify a salt.

16. Identify anions and cations.

17. Identify oxidizing and reducing agents.

18. Write half-reactions.

19. Balance redox reactions.
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Survey the LIFEPAC. Ask yourself some questions about this study and write your questions here.
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1. SOLUTIONS
Sodium chloride, sugar, glycerine, and water are 
four pure substances. Each is characterized by 
definite properties, such as vapor pressure, melt-
ing point, boiling point, density, crystalline shape, 
and so on. Suppose we mix some of these pure 
substances. Sodium chloride dissolves when placed 
in contact with water. The solid disappears and 
becomes part of the liquid. Likewise, sugar in con-
tact with water dissolves. When glycerine is added to 
water, the two pure substances mix to give a liquid 
similar in appearance to the original liquids. The 
saltwater mixture, the sugar-water mixture, and the 
glycerine-water mixture are called solutions. They 
differ from pure substances in that their proper-
ties vary, depending upon the relative amounts of 
the constituents. The behavior of these solutions 

during phase changes is dramatically different from 
that just described for pure substances. These 
differences provide a basis for making a distinction 
between pure substances and solutions and a basis 
for deciding whether a given material is a pure 
substance or a solution. If you need more review of 
these ideas, restudy Science LIFEPAC 1102.

In this section you will review gram-formula-weights, 
moles, and equations; and you will learn about 
types and characteristics of solutions. Although 
many kinds of solutions exist, most of what you will 
study will involve water solutions. All of your study 
in this section will be a background for the next 
three sections of this LIFEPAC; therefore, study the 
first section carefully and thoroughly.

Section Objectives
Review these objectives. When you have completed this section, you should be able to:

1. Calculate gram-formula-weights.

2. Describe the three main characteristics of solutions.

3. Calculate molarity.

4. Define and identify ions.

5. Balance equations.
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MOLES
You have learned that moles are units used to 
describe a certain fixed number of objects or items. 
Avogadro’s Number, N, is used to define the num-
ber of objects in a mole. A mole is 6.02 x 1023 units, 
22.4 liters of gas at STP, or one gram-formula-weight 
of any substance. The mass necessary to produce 
a mole is equal to the sum of atomic mass units 
(expressed in grams). The number of units in a mole 
is always the same, but the mass of a mole of one 
substance may vary from the mass of one mole of 
another substance.

This section of the LIFEPAC will review Science LIFE-
PAC 1103. If you are in doubt, review for added help.

Gram-formula-weight. Study the Periodic Table of 
Elements that came with Science LIFEPAC 1101. Also 
review Section 5 of Science LIFEPAC 1103. A mole 
of any substance is equal to the sum of the atomic 

masses of the elements in the substance expressed 
in grams. Study the following examples. 

The gram-formula-weight (g.f.w.) of NaOH is 
calculated:

1 – Na = 23 grams/mole
1 – O = 16 grams/mole
1 – H = 1 grams/mole
NaOH = 40 grams/mole = 1 g.f.w.

The gram-formula-weight of Na2CO3 is calculated:

2 – Na = 46 grams/2 moles
1 – C = 12 grams/mole
3 – O = 48 grams/3 moles
Na2CO3 = 106 grams/mole = 1 g.f.w.

Complete these activities.

1.1  What is the atomic mass of one mole of Na?    ___________________________

1.2  What is the atomic mass of one mole of H?    ___________________________

1.3  What is the atomic mass of one mole of O?    ___________________________

1.4  What is the g.f.w. of one mole of H2O?    ___________________________

1.5  What is the atomic mass of one mole of C?    ___________________________

1.6  What is the g.f.w. of one mole of CO2?    ___________________________

1.7  What is the g.f.w. of one mole of NaHCO3?    ___________________________

1.8  What is the g.f.w. of one mole of H2CO3?    ___________________________

1.9  What is the g.f.w. of one mole of CO?    ___________________________

Balancing equations. A balanced equation is one 
that has the same number of atoms of each kind 
on both sides of the reaction. A balanced equation 

shows a Conservation of Mass. Review Science 
LIFEPAC 1103, Section 5, to refresh your memory on 
the techniques for balancing equations.
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Complete these activities.

1.10  Draw a circle around each coefficient (mole ratio number) and underline each subscript.

 a.  N2 + 3 H2  2 NH3

 b.  3 Fe + 4 H2O  Fe3O4 + 4 H2

1.11  Explain the meanings of each of the following equations.

 a.  Fe + S  FeS

 b.  2 KClO3  2 KCl + 3 O2

 c.  CH4 + 2 O2  CO2 + 2 H2O

1.12 In the following equations list the reactants and products.

 a.  2 H2 + O2  2 H2O   reactants:    ___________________________

    products:    ___________________________

 b.  2 Hg  2 Hg + O2   reactants:    ___________________________

    products:    ___________________________

1.13  Balance the following equations.

             Reaction  Balanced Equation

 a.  H2O                      H2 + O2  a.  _____________________________________________

 b.  HCl + Z  ZnCl2 + H2  b.  _____________________________________________

 c.  H2O2   H2O + O2  c.  _____________________________________________

 d.  H2 + CO  CH3OH  d.  _____________________________________________

 e.  Fe + O2  Fe3O4  e.  _____________________________________________

 f.  Al + O2  Al2O3  f.  _____________________________________________

 g.  NH4OH + AlCl3  Al(OH)3 + NH4Cl  g.  _____________________________________________

CHECK _____________ _______________
Teacher Date

electric current
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TYPES OF SOLUTIONS
Some parts of the earth are heterogeneous—they 
have many unlike parts. Some of the parts are uni-
form throughout—they are homogeneous. Familiar 
examples of heterogeneous materials are granite, 
which consists of various minerals suspended in 
another mineral; an oil and vinegar salad dressing, 
which consists of droplets of oil suspended in aque-
ous acetic acid; and black smoke, which consists 
of particles of soot suspended in air. Examples of 
homogeneous materials are diamond, water, salt-
water, and clear air. Heterogeneous materials are 
hard to describe and classify but we can describe 
homogeneous materials rather precisely.

Pure substances and solutions are both homoge-
neous. A homogeneous material that contains only 
one substance is called a pure substance. A solution 
is a homogeneous material that contains more than 
one substance.

We have used the terms gas phase, liquid phase, 
and solid phase. A phase is a homogeneous part of 
a system—a part that is uniform and alike through-
out. A system is any region, and the material in 
that region is that which we wish to consider. A 
system may include only one phase or more than 
one phase. For a further review of solutions, reread 
Science LIFEPAC 1102.

Gaseous solutions. All gas mixtures are 
homogeneous, hence all gas mixtures are solutions. 
Air is an example. Air is only one phase—the gas 
phase—and all the molecules, whatever the source, 
behave as gas molecules. The molecules themselves 
may have come from gaseous substances, liquid 
substances, or solid substances. Whatever the 
source of the constituents, this gaseous solution, 
air, is a single, homogeneous phase. As with other 
solutions the constituents of air are separated by 
phase changes.

Solid solutions. Solid solutions are more rare. 
Crystals are stable because of the regularity of the 
positioning of the atoms. A foreign atom interferes 
with this regularity and decreases the stability of 
the crystal. Therefore, as a crystal forms, it tends 
to exclude foreign atoms. Crystallization, as a 
result, provides a good method for purification of 
substances from a mixture.

Only in metals are solid solutions relatively com-
mon. The atoms of one element may enter the crys-
tal of another element if their atoms have similar 

size. Gold and copper form such solid solutions. 
The gold atoms can replace copper atoms in the 
copper crystal, and in the same way copper atoms 
can replace gold atoms in the gold crystal. Such 
solid solutions are called alloys. Some solid metals 
dissolve hydrogen or carbon atoms. For example, 
steel is iron containing a small amount of dissolved 
carbon.

Liquid solutions. In your laboratory work, you will 
deal mostly with liquid solutions. Liquid solutions 
can be made by mixing two liquids (for example, 
water and glycerine), by dissolving a gas in a liquid 
(for example, carbon dioxide and water), or by 
dissolving a solid in a liquid (for example, sugar 
and water). The result is a homogeneous system 
containing more than one substance: a solution. 
In such a liquid, each component is diluted by the 
other component. In saltwater the salt dilutes the 
water and the water dilutes the salt. The solution 
is only partly made up of water molecules and the 
vapor pressure of the solution is correspondingly 
lower than the vapor pressure of pure water. 
Whereas water must be heated to 100°C to raise the 
vapor pressure to 760 mm, a salt solution must be 
heated above 100°C to reach this vapor pressure. 
Therefore, the boiling point of saltwater is above the 
boiling point of pure water. The amount the boiling 
point is raised depends upon the relative amounts 
of water and salt. As more salt is added, the boiling 
point increases.

| SiO2 crystals
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In a similar way, a lower temperature is required to 
crystallize ice from saltwater or from a glycerine/
water solution than from pure water. “Antifreeze” 
substances added to automobile radiators act on 
this principle—they dilute the water in the radiator 
and lower the temperature at which ice can crys-
tallize from the solution. Putting salt on ice around 
the container of an ice cream freezer lowers the 
freezing point of the ice-water bath so that the ice 

cream freezes. Again the amount that the freezing 
temperature is lowered depends upon the relative 
amounts of water and the “antifreeze” compound.

In general, the properties of a solution depend upon 
the relative amounts of the components. We should 
be able to specify quantitatively what is present in a 
solution, that is, to specify its composition. The com-
position of a solution can be specified in many ways, 
but one method will suffice for our purposes.

Answer true or false.

1.14   _____________  All gaseous mixtures are solutions.

1.15   _____________  Solid solutions are common.

1.16   _____________  Vapor pressure of water is not affected by the amount of salt added.

1.17   _____________  Alloys are examples of solid solutions.

1.18   _____________  Crystallization is a good way to purify solids.

1.19   _____________  Salt acts as an antifreeze.

CHARACTERISTICS OF SOLUTIONS
The components of a solution are the pure sub-
stances that are mixed to form the solution. If the 
solution contains two components, one is some-
times called the solvent and the other the solute. 
These terms are used merely for convenience. Since 
both must intermingle to form the final solution, 
we cannot make any important distinction between 
them. When chemists make a liquid solution from 
a pure liquid and a solid, they usually call the liquid 
component the solvent.

Concentrations. To indicate the composition of 
a particular solution, we must show the relative 
amounts as well as the kind of components. These 
relative amounts chemists call concentrations. 
Chemists use different ways of expressing 
concentration for various purposes. You will study 
two different ways to calculate concentrations in 
this LIFEPAC, one in this section and one in the third 
section.

Chemists often indicate the concentration of a 
substance in water solution by the number of moles 
dissolved per liter of solution. This concentration is 
called the molar concentration. A one-molar (1 M) 

solution contains one mole of the solute per liter of 
total solution, a 2-molar solution (2 M) contains two 
moles of solute per liter, and a 0.1-molar solution 
(0.1 M) contains one-tenth mole of solute per liter. 
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