AP Chemistry Summer Assignment
Teacher: Dr. Meredith Foley
foleym@gcufsd.net
To help you prepare for our course, I have compiled several packets that cover key
topics in the first four chapters of our textbook. Most of the problems are a review
of the material you studied during your first year of chemistry. If you have
difficulties, please do not worry. You will have a chance to review these four
chapters and discuss the problems during the first month of school. You may also
email me over the summer.
If you did not pick up a copy of the textbook, when logged into your school GMAIL
account, you can access the first four chapters of the textbook with this link:
https://drive.google.com/a/gardencity.k12.ny.us/file/d/19WMJsukfDgIqJBnDldmHfTJTRMhgafQ/view?usp=sharing

1. Please read Chapters 1, 2, 3, and 4.
2. Chapter 1 Topic Packet
Significant Figures and Calculations
3. Chapter 2 Topic Packets
Atoms and their Isotopes
Chemical Formulas and Names of Ionic Compounds
4. Chapter 3 Topic Packets
Empirical Formulas
What Happens If I Run Out of Ingredients (Reactants)?
5. Chapter 4 Topic Packets
Solubility Rules and Net Ionic Equations
Oxidation and Reduction Half-Reactions
This assignment will count towards 5% of your 1st quarter
grade and final submission will be due September 15, 2022.

Significant Figures and Calculations
Chemistry is an experimental science. We advance our understanding of chemistry by
proposing models and then testing them in the laboratory. When we make measurements there is
usually some uncertainty associated with it because most measurements are not exact. In this
packet, we look at how significant figures and scientific notation are used to convey the precision
of inexact measurements and how to apply significant figures in scientific calculations.

Model 1 Expressing the precision of your measurements and calculations.
Accuracy – how close a measurement is to the true or accepted value. For accurate
measurements, the measuring device must be carefully calibrated so it gives correct readings.
Precision – how close repeated measurements come to their average or how reproducible
measurements of the same quantity are to each other. In general, the more significant figures
in a measured quantity, the more precise the measurement.
Both precise and
accurate

Precise, but not
accurate

Accurate, but
not precise

Neither precise,
nor accurate

When we report measurements, we use significant figures to convey the precision and
reproducibility of the values obtained. The convention is that the last digit furthest to the right
is the first uncertainty. Imagine measuring the length of a room in yards, feet and inches. For
example, you use two different tools
Measuring tool
in yards in feet in inch
yard long stick with ½ yard
5
2 x 101 2 x 102
demarcations
12 in ruler with ½ foot demarcations
5.13
15.5
186
The more precise the number is the higher the number of significant figures.
Rules for significant figures
1. Digits that result from a measurement such that only the digit farthest to the right is not
known with certainty are called significant figures (or significant digits).
Ex. If something weighs 22.391g then you have 5 significant figures.
2. Nonzero digits are always significant.
3. A) Trailing zeros are always significant if they are after a decimal point.
Ex. 4.500 m and 630.0 g have 4 significant figures
B) Zeros to the left of the first nonzero digit, called leading zeros, are never
significant.
Ex. 2.3 mm is the same as 0.0023 m, both have 2 significant figures
1

C) Zeros on the end of a number that does not have a decimal point are assumed to
not be significant. In this case we use scientific notation to convey the precision
of the measurement.
Ex. 3000 miles is ambiguous, it has at least one significant figure
We can clarify the measurement by writing it as
3 × 103 miles (uncertain on a scale of thousands of miles, 1 sig fig)
3.0 × 103 miles (uncertain on a scale of hundreds of miles, 2 sig figs)
3.000 ×103 miles (uncertain on a scale of miles, 4 sig figs)
As a general rule, when you have an ambiguous number, you must assume the fewest
number of significant figures.
Hence in the example above, we assume that 3000 miles has 1 significant figure and
should be more clearly written as 3 × 103 miles.
If you mean exactly 3000 miles, then the correct way to write this is 3000. or 3.000 ×103
miles. Here the decimal point indicates that the three zeros are significant.
Scientific notation in this case is preferred as it indicates the correct number of significant
figures unambiguously.
Exercises:
1. How many significant figures are in the value 0.03400 mm?

2.

How many significant figures are in the value 10500 m3?

3. In the table below, correctly express each of the measurements in scientific notation.
Number

# Sig. Figs.

Scientific Notation

a. 44,000 mi
b. 0.03056 ms
c. 4,533,020,000 g
d. 0.0000088030 pm
e. 305870. mg
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Model 2 Rules for Significant Figures in Calculations:
1. Multiplication and division—t he number of significant figures in the answer should not
be greater than the number of significant figures in the least precise measurement.
Ex. 1 1.03 m × 2.074 m × 3.9 m = 8.331458 m3 which rounds to 8.3 m3
2. Addition and subtraction—the answer should have the same number of decimal places
as the quantity with the fewest number of decimal places.
Ex. 2
10.0 g
1.03 g
+ 0.243 g
11.273 g rounds to 11.3 g
Exact numbers have an infinite number of significant figures; they do not affect the significant
figures in multiplication or division calculations. Note that the rounding is performed at the
end, not at the beginning of the calculation.
Ex. 3 There are exactly 100 cm in 1 meter.
If I need 5 significant figures in a conversion, I can write this as
100.00 cm = 1.0000 m
Rules for Order of Operations when problem has multiple steps. (PEMDAS)
1. Carry out operations in parentheses first
2. Next evaluate exponents
3. Multiplication and division
4. Addition and subtraction
5. Otherwise, work left to right!
Evaluate significant figures after each step.
Ex. 4

14.25 cm × 12.334 cm
(2.223 cm−1.04 cm)

=

Carry out the subtraction in parentheses first
(2.223 cm – 1.04 cm) = 1.183 cm or 1.18 correctly rounded to two decimal places.
Now carry out multiplication in numerator
14.25 cm  12.334 cm = 175.7595 cm2 or 175.8 cm2 correctly rounded to four
significant figures
Finally carry out the division and correctly round the answer to three significant figures
175.8 cm2
= 𝟗𝟔. 𝟏 𝐜𝐦
1.83 cm

Exercises:
4. Using the rules above, calculate the final values of the following calculations:
a. 34.425 g − 1.1 g =
b. 4.5 ft × 8 s =
c.

9.63 g
=
14.7 mL
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d. 108.70 kPa – 52.720 kPa =
e. 12.2 m + 7052.10 m + 0.0006 m =
5. For each of the following, calculate the answer and report it to the correct number of
significant figures.
a. (212.44 mm − 29.10 mm) × 5.22 mm =
b.
c.

6.

(3.607 L+0.0058 L)
=
(22.414 L/mole)
(776.4 g)

=
(1.209 L − 0.03 L)
(34.885 m−34.860 m)

d.

=
(0.760 min × 3.02 min)

e.

(1.045 g + 37.4 g + 14.05 g)
=
8.200 mL

Calculate the answer and report it to the correct number of significant figures.
(𝟕𝟔𝟒.𝟓 𝒕𝒐𝒓𝒓)(𝟑.𝟓𝟎𝟖𝟎 𝒎𝑳)
=
(𝟏𝟔.𝟒𝟎 𝒎𝑳)
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Atoms and Their Isotopes
Why?
Atoms and isotopes are identified by the numbers of protons, neutrons and
electrons that they contain. Before you can understand the properties of atoms,
how atoms combine to form molecules, and the properties of molecules, you must be
familiar with the number of protons, neutrons and electrons associated with atoms.

Success Criteria
•
•
•

Identify the composition of atoms and their isotopes in terms of the numbers of
protons, neutrons, and electrons.
Use atomic symbols to represent different atoms and their isotopes.
Efficient use of Periodic Table as a source of data.

Resources
•

Periodic Table

Information
From the perspective of a chemist, the entire world is composed of atoms, and
atoms are composed of protons, neutrons and electrons. Protons and neutrons are
about 2000 times heavier than an electron. A proton has a charge of +1, a neutron
has no charge and an electron has a charge of -1. The nucleus is very dense and
very small compared to the entire atom.
The properties of atoms are determined by the numbers of protons, neutrons
and electrons that they contain. Atoms with the same number of protons but
different number of neutrons are called isotopes of an element.
The isotopic notation for an atom includes the following information: symbol
of the element, the element's atomic number (Z) which specifies the number of
protons in the nucleus, and the mass number (A) which indicates the number of
protons plus neutrons in the nucleus. [The number of electrons in a neutral atom is
equal to the number of protons in the nucleus of the atom. The mass contributed by
the electrons in an atom is very small, so it is not included when calculating the
mass number.]
Atomic Symbol Notation

A
X
Z

Mass Number
Atomic Symbol
Atomic Number
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Subatomic Particles
Particle

Symbol

Relative
Charge

Absolute Mass

Relative Mass

electron

e-

-1

9.109 x 10-31 kg

0

proton

p+

+1

1.673 x 10-27 kg

1

neutron

n0

0

1.675 x 10-27 kg

1

Model: Two Isotopes of Sodium
The diagrams below show representations of sodium isotopes. [Note: the
diameter of an atom is about 10,000 times larger than the diameter of the atomic
nucleus so the relative sizes of the atom and the nucleus are not accurately depicted
in these diagrams.]
Isotope 1

23
Na
11

Nucleus – a tiny dot
(11 protons, 12 neutrons)

11 electrons
Isotope 2

24
Na
11

Nucleus – a tiny dot
(11 protons, 13 neutrons)

11 electrons
Key Questions
1. What information is provided by the atomic number, Z?
2. What information is provided by the mass number, A?
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Atoms and their Isotopes

3. What is the relationship between the number of protons and the number of
electrons in an atom?
4. Because of the relationship between the number of protons and number of
electrons in an atom, what is the electrical charge of an atom?
5. Where are the protons and neutrons located in an atom?
6. What do the two sodium isotopes shown in the model have in common with each
other?
7. How do the two sodium isotopes shown in the model differ from each other?
8. What distinguishes an atom of one element from an atom of another element?

Exercises
1. Describe the similarities between 1735Cl , and 1737 Cl .

2. Describe the differences between 1735 Cl , and 1737 Cl .

3. Write the atomic symbols for two isotopes of carbon, C, one with 6 neutrons
and the other with 7 neutrons.
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4. Use a periodic table to fill in the missing information in the following table.
Name

oxygen

Symbol
16
8

O

Atomic
Number Z

Mass
Number A

Number of
Neutrons

Number of
Electrons

8

16

8

8

7
34
16

7

S

18
1

84
36

Kr

1

1

3

12

24

12

25
238

92

84

36

Problems
1. The radius of a Cl nucleus is 4.0 fm, and the radius of a Cl atom is 100 pm. (1
fm = 1 x 10-15 m; 1 pm = 1 x 10-12 m).How many times larger is the diameter
of the Chlorine atom than the diameter of the Chlorine nucleus?

2. Identify two objects that have this same ratio of lengths.

3. How many times larger is the volume of the atom than the volume of the
nucleus?
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Chemical Formulas and Names of Ionic Compounds
WHY?
Going back to pre-historic times, humans have experimented with chemical processes that
helped them to make better tools, pottery and weapons. In the middle-ages, alchemists combined
various compounds in the search for the philosopher’s stone and the elixir of life. However, as
chemistry became a real science, chemists realized that all mater was made of atoms and that
chemical processes were simply a rearrangement of these atoms. Chemists needed some simple,
shorthand way to show this fact, and thus created chemical formulas.
Success criteria
You should be able to write the correct formula for any ionic compound
Prerequisites
Knowledge of atoms and isotopes

Model 1: An atomic look at three compounds
The diagrams below represent some ionic compounds at the atomic level.

Sodium chloride
Chemical formula:

NaCl

Calcium chloride

Chemical formula:

CaCl2
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Aluminum oxide
Chemical formula:

Al2O3

Key Questions
1. What are the names of the elements found in the compounds above?

2. How does the name of the elements in each compound differ from that of the free
elements?

3. How many sodium ions are there in the sodium chloride sample shown above? How
many chloride ions? What is the ratio between the two?

4. How many calcium ions are there in the calcium chloride sample shown above? How
many chloride ions? What is the ratio between the two?

5. How many aluminum ions are there in the aluminum oxide sample shown above? How
many oxide ions? What is the ratio between the two?

6. What is the relationship between the chemical formula for the compounds above and the
ratio of the ions in them?

7. What is the charge of a sodium ion? What is the charge of a chloride ion?
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8. What is the charge of the calcium ion? What is the charge of the chloride ion?

9. What is the charge of the aluminum ion? What is the charge of the oxide ion?

10. All samples of sodium chloride have a ratio of one sodium ion for one chloride ion.
What must be true of the total (net) charge for any sample of sodium chloride?

11. All samples of calcium chloride have a ratio of one calcium ion for two chloride ions.
What must be true of the total (net) charge for any sample of calcium chloride?

12. All samples of aluminum oxide have an atomic ratio of two aluminums for three oxide
ions. What must be true of the total (net) charge for any sample of aluminum oxide?

13. From the pattern seen in the last three questions, what is the rule for the total charge for a
compound?
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Chemical Formulae

Exercises
1. Write the name and the chemical formula for the compound depicted below.
Name: ____________________________________

Chemical formula:

Model 2: Ionic Charges
Many ions have the same charge whenever they are found in a compound. Some of these ions are
listed in the table below.
Group
Charge

1
+1
Lithium
Li+
Sodium
Na+
Potassium
K+
Rubidium
Rb+
Cesium
Cs+

2
+2

3
+3

Magnesium
Mg2+
Calcium
Ca2+
Strontium
Sr2+
Barium
Ba2+

Aluminum
Al3+

15
−3
Nitride
N3−
Phosphide
P3−

16
−2
Oxide
O2−
Sulfide
S2−
Selenide
Se2−

17
−1
Fluoride
F−
Chloride
Cl−
Bromide
Br−
Iodide
I−

Key Questions
14. What patterns do you notice about the charges of the ions with respect to their positions
in the periodic table (or their Group number in the periodic table).
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Exercises
2. Following the rule you established in the last key question, write correct chemical
formula for each of the following compounds
Compound

Formula

(a) Lithium chloride
(b) Magnesium iodide
(c) Strontium selenide
(d) Rubidium fluoride
(e) Lithium oxide
(f) Sodium sulfide
(g) Potassium chloride
(h) Calcium phosphide
(i) Barium oxide
(j) Aluminum sulfide

3. Use your answers to the Key Questions and the Exercise Questions to draw a conclusion
about the ratio of ions in two compounds if the elements in the compounds are from the
same groups (example: aluminum oxide and aluminum sulfide; lithium chloride and
potassium chloride).
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Empirical and Molecular Formulas
Mass percent is a common unit that is used for reporting the analysis of elements in a given
substance—elemental analysis. These can be used to determine the mole ratios of compounds and
ultimately their empirical formulas which tells the smallest whole number ratios of elements in a
compound. Molecular formulas, also called chemical formulas, tell you how many atoms of each
element are present in a molecule. Molecular formulas can be determined by measuring the mass of
each element present in a sample of the compound and the molar mass.

Model 1: Empirical Formulas
An empirical formula for a compound is the formula with the smallest whole number ratio of
the atoms of different elements in a compound.
The molecular formula is some whole number multiple of the empirical formula. Additional
information, for example the molar mass, is needed to determine the molecular formula from the
empirical formula.
Ex. The empirical formula of caffeine is C4H5N2O, but its molecular formula, the actual
composition of one molecule is C8H10N4O2.
There are several types of empirical formula problems.
1. If you are given the masses of each element present in a sample, you must convert the mass of
each element to moles of each element, then compare the relative numbers of moles to obtain
the empirical formula. See example below.
2. If you are given the percent mass composition of a compound, you must first convert that to
grams of each element in the compound. To do this, assume that you have exactly 100 grams
of sample, this allows each percentage to become grams of sample. Once you have the masses
of each element, then solve as shown below.
Chemical Analysis of Acetic Acid
Acetic acid is the active ingredient in vinegar. A chemical analysis of 157.50 g of acetic acid
found that there were 63.00 g of carbon, 10.57 g of hydrogen and the reminder was oxygen.
Calculate the empirical formula.
First we must determine the grams of oxygen.
Total mass of sample = mass of carbon + mass of hydrogen + mass of oxygen.
Solving for oxygen
mass of oxygen = total mass of sample – mass of carbon – mass of hydrogen
mass of oxygen = 157.50 g – 63.00 g – 10.57 g = 83.93 g
Next we calculate the moles of each element using the relationship
mass of element
moles of element =
molar mass of element
For carbon
63.00 g C
1 mol C
moles of C =
= 63.00 g C 
= 5.246 mol C
12.011g C/1 mol C
12.011g C
1

Next we divide by the smallest number of moles
5.246 mol C
=1
5.246 mol C
Element
Mass of
Moles of
Element (g)
Element
carbon
63.00
5.246
hydrogen
10.57
10.486
oxygen
83.93
5.246

Ratios
5.246 / 5.246 = 1
10.486 / 5.246 = 2
5.246 / 5.246 = 1

The 1:2:1 ratio in the last column means that the empirical formula is (CH2O).
If this ratios are NOT all whole numbers, then you need to multiply all of the ratios by the same
integer so that all of the ratios are whole numbers. For example, if your ratios came out as C
1.33, H = 1 and O = 2.66 you would need to multiply each ratio by 3 to clear the fractions.
C ratio = 1.33  3 = 4

H ratio = 1  3 = 3

O ratio = 2.66  3 = 8

In this case the empirical formula would be C4H3O8.
Key Questions
1. How was the number of moles of each element in the acetic acid sample calculated?

2.

How were the ratios of the elements in acetic acid determined from the moles of each element
present in the sample?

3.

How is the empirical formula determined from the ratios of the elements present in the sample?

4.

What information does the empirical formula provide?

5.

What is the relationship between the ratio of moles of each element present in the sample and
the ratio of the number of atoms of each element present in each molecule of acetic acid?

2

Exercises:
1. If you find the moles of S and O to be S = 0.5 mol and O = 1.5 mol, what would be the
empirical formula?

2.

In a sample of magnetite, an oxide of iron, contains 72.36 g of Fe and 27.64 g of O. What is
the empirical formula of magnetite?

3. A sample of dolomite, a carbonate mineral, is 21.73% Ca, 13.18% Mg, 13.03% C, and 52.06%
O. What is its empirical formula?
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Model 2. Determining the Molecular Formula
In order to determine the molecular formula we need the molecular mass. If the
experimentally determined molecular mass is not the same as the mass calculate based on the
empirical formula, it is some integer multiple of it, such as 2×, 3× or 4× and so forth. To find out
what multiple we divide the experimental molecular mass by the calculated empirical formula
mass. That gives us the whole number multiple. Then to get the molecular formula we multiply
all of the element subscripts by the same factor.
Ex. For acetic acid, the experimentally determined molecular mass is 60.0 g. What is the
molecular formula of acetic acid?
The empirical formula mass of acetic acid =
(1×12.011 g/mol) + (2 × 1.008 g/mol) + (1 × 16.00 g/mol) = 30.03 g/mol
The whole number multiple is
60.0 g/mol
= 2.0
30.03 g/mol
So there are really 2 units of CH2O in each acetic acid molecule, so its molecular formula is
C(2×1) H(2×2) O(2×1) = C2H4O2.
Key Questions
6. In addition to the empirical formula, what information do we need to calculate the molecular
formula?

7.

Why do we need to determine the empirical mass?

8.

Why must we multiply the empirical formula by 2 to get the molecular formula for acetic acid
in the model above?
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Exercises:
4. The composition of eicosane is 85.63% C and 14.37% H. Its molar mass is 280 g/mol. What is
the molecular formula of eicosane?

5. Determine the empirical and molecular formula of a compound that contains 43.64% P and
56.36% O and has a molar mass of 284 g/mol.
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What Happens If I Run Out Of Ingredients (Reactants)?
Why?
A baker is in a hurry to prepare a cake for a special order that has just been
received. There is no time to go shopping so only the ingredients that are in the
bakery can be used. What if one ingredient is short of the required amount called
for in the recipe? Can a cake still be made? Yes, but will it big enough? Stay tuned
and find out.

Success Criteria
•

Be able to determine the limiting reactant (reagent) in a chemical reaction and
determine the amount of product that can be produced.

Prerequisites
•

Chemical reaction equations and stoichiometric relationships

New Concept
•

Limiting reactants

Reference
•

David Hanson and Troy Wolfskill, "Process Workshops – A New Model for
Instruction", Journal of Chemical Education, Vol. 77, pp120 – 130, January
2000.
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Limiting Agents

Model
A cake recipe calls for:
2 cups water

4 eggs

4 cups sugar

8 oz butter

4 cups flour

8 squares chocolate

Ingredients on hand:

6 eggs

lots of water

16 oz butter

4 cups sugar

12 squares of chocolate

5 cups flour

Key Questions
1. According to the model, how much of each ingredient is necessary to make a
cake?
Water

Flour

Chocolate

Sugar

Butter

Eggs

2. If you follow the recipe, using only the ingredients on hand in the model, how
much of each ingredient will be left over after you have prepared the cake?
Water

Flour

Chocolate

Sugar

Butter

Eggs
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3. Which ingredients on hand were in excess of the quantities required for the
recipe?
4. Which ingredient on hand was completely consumed when making the cake?
5. Which ingredient limits or prevents you from making a larger cake?
6. If only two eggs are available when a cake is being made, fill in the chart to
indicate the quantity of each of the other ingredients will be used in order to
maintain the same ratio between all of the components in the cake.
Water

Flour

Chocolate

Sugar

Butter

Eggs

7. If the cake is made with the ingredients as shown in question 6, how will the size
of the cake compare to the cake made with the ingredients shown in question 1?

8. Based on information presented in the model, what is meant by the term
limiting reactant (ingredient or reagent)?
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Exercises
1. Describe a procedure that could be used to identify the limiting component in a
manufacturing process.

Test your procedure by answering the following questions:
2. You want to make 10 dozen standard-size cookies as specified by a recipe that requires
16 oz butter, 4 eggs, 3 cups flour and 4 cups sugar. When taking inventory of your
supplies you find that you have 16 oz butter, 6 eggs, 3 cups of flour, and 3 cups of sugar.
a. Which ingredient will limit the number of cookies you can make?
b. How many standard-size cookies can you make?
3. You have 100 bolts, 150 nuts and 150 washers. You assemble a nut/bolt/washer set
using the following recipe or equation:
2 washers + 1 bolt + 1 nut = 1 set
a. How many sets can you make from your supply?
b. Which is the limiting component?
4. 150 H2 molecules and 100 O2 molecules are reacted to produce water. This reaction is
described by the following recipe or reaction equation:
2 H2 + O2 Æ 2 H2O
a. How many water molecules can you produce from your supply of hydrogen and
oxygen?
b. Which is the limiting reactant?

5. If you had 100 molecules of H2 instead of 150 molecules of H2, but still had 100
molecules of O2, how many water molecules could you produce?
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6. If you had 500 H2 molecules and 1000 O2 molecules, how many water molecules could
you produce?

7. If you had 500 H2 molecules, how many O2 molecules would you need to completely
react all of the H2?

8. Do not solve the following problem, but explain how it could be answered.
500 g of H2 and 1000 g O2 are placed in a reaction vessel. How many grams of water
could be produced?
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Solubility Rules and Net Ionic Equations
Why?
Solubility of a salt depends upon the type of ions in the salt. Some salts are
soluble in water and others are not. When two soluble salts are mixed together in
water they may form a third insoluble salt. Net ionic equations are a way of
showing the reactions that take place between two substances dissolved in water.

Learning Objectives
•

Students will write simple net ionic equations for double displacement
(replacement) reactions

Success criteria
•
•

Students will be able to correctly predict the products of a double displacement
(replacement) reaction.
Students will be able to the write net ionic equation(s), given the reaction
equation.

Prerequisites
•
•
•
•

Naming of compounds and writing chemical formulae
Writing and balancing chemical reactions
Names of polyatomic ions
Classifying types of reactions

Vocabulary
•
•
•
•
•
•

Cation
Anion
Soluble
Insoluble
Precipitate
Double replacement or double displacement reaction

Definitions
•
•
•
•

An aqueous solution is a solution with water as the solvent.
A compound is said to be soluble if it readily dissolves in water and does not
precipitate if left undisturbed for an extended period of time.
A spectator ion is an ion that is present during a reaction but does not take part
in the reaction.
A net ionic equation an equation that only shows the ions that undergo changes
during a chemical reaction. (Spectator ions are omitted from net ionic equations.)
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Model I: Rules of Solubility in Aqueous Solutions
Several solid compounds are placed in water to determine if they are soluble. The
results are shown in the chart below. An X indicates that the compound does not
dissolve in water. If it does dissolve no mark is made.
The top row shows the cation in the compound. The far left column shows the anion
in the compound. For example: Mg(OH)2 is insoluble, MgBr2 is soluble, AgCl is
insoluble.
Table 1 - This table presents an overview of solubility of selected salts in water.
−

NH4+

NO3
C2H3O2−
Cl−
Br−
I−
SO42−
OH−
S2−
CO32−
PO43−

Li+

Na+

K+

Mg+2

X
X
X
X

Ca2+

Sr2+

Ba2+

X

X

X

X
X
X

X
X
X

X
X
X

Ag+

Pb2+

Hg22+

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

Fe3+

Cu2+

Zn2+

X
X
X
X

X
X
X
X

X
X
X
X

Key Questions
1. Is calcium carbonate soluble or insoluble?
2. Is silver bromide soluble or insoluble?
3. Is iron (III) sulfate soluble or insoluble?
4. For what cations and anions are the compounds always soluble in water?
5. (a) For what anions are most of the compounds usually soluble?
(b) For those anions that usually form soluble compounds, which cations result
in the formation of insoluble compounds? List each cation separately.
6. For what anions are most of their compounds usually insoluble?
7. What patterns can be found in your answers to questions 4 and 5? Consider
the location of the elements on the Periodic Table as you develop your
response.
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Exercises
1. Write a short set of rules (three-five) that summarize which compounds are
soluble and which are not. Make your rules specific.

2. Using your rules from Exercise 1, indicate whether the following compounds are
soluble (S) or insoluble (I). Double check by consulting the table in the Model.
a. Calcium carbonate

b. Strontium hydroxide

c. Silver chloride

d. Silver iodide

e. Calcium sulfate

f. Potassium nitrate

g. Sodium phosphate

h. Barium acetate

i. Iron (III) nitrate

j. Lead (II) carbonate

k. Rubidium hydroxide

l. Magnesium phosphate

3. Using your rules from above, write the chemical formula of five compounds that
are insoluble, other than those found in Exercise 2 (a-i).

4. Using your rules from above, write the chemical formulae of five compounds
that are soluble, other than those found in Exercise 2 (a-i).
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Model 2: Net ionic reactions
When a soluble salt is placed in water, it separates into its ions. For example,
sodium chloride is soluble.
water
NaCl( s ) ⎯⎯
⎯→ Na + ( aq ) + Cl − ( aq )
Example 1: Sodium nitrate reacts with potassium acetate in an aqueous
solution.
In double displacement (replacement) reactions, two ionic compounds react and
switch ions.
NaNO3 + KC2H3O2 → KNO3 + NaC2H3O2
According to this “pencil and paper” reaction, potassium nitrate and sodium acetate
are produced. However, if this reaction is actually carried out in an aqueous
solution, nothing appears to happen.
If we investigate this system using the concept of a net ionic reaction we can see
why it appears that nothing happens. First, we write all of the compounds in the
equation, showing the ions that are formed when the reaction is carried out in
water.
Na+(aq) + NO3−(aq) + K+(aq) + C2H3O2−(aq) → K+(aq) + NO3−(aq) + Na+(aq) + C2H3O2−(aq)
Next, we cross out any ions that are present on both the left (reactant) side and
right (product) side of the reaction.
Na+(aq) + NO3−(aq) + K+(aq) + C2H3O2−(aq) → K+(aq) + NO3−(aq) + Na+(aq) + C2H3O2−(aq)
The ions we cross out, which are the same on both sides, are called spectator ions
(they are just “standing around watching”, hence the term spectator).
Both of the compounds on the left hand side of the reaction (reactants) and the right
hand side of the reaction (products) are soluble. Therefore, no solid forms and no
reaction occurs. The ions are all simply floating around together in the solution.
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Example 2: Strontium nitrate solution reacts with potassium sulfate
solution.
Sr(NO3)2 + K2SO4 → 2 KNO3 + SrSO4
Predict products
Sr2+(aq) + 2 NO3−(aq) + 2 K+(aq) + SO42−(aq) → 2 K+(aq) + 2 NO3−(aq) + SrSO4(s)
Write soluble compounds as ions and insoluble compounds in combined form.
Sr2+(aq) + 2 NO3−(aq) + 2 K+(aq) + SO42−(aq) → 2 K+(aq) + 2 NO3−(aq) + SrSO4(s)
Cross out spectator ions
Sr2+(aq) + SO42−(aq) → SrSO4(s)
Final net ionic equation
In this example, writing a net ionic equation is useful because it indicates those
chemical species that participate in the chemical reaction and form an insoluble
product.

Key Questions
1. In Example 1, what ions are spectators?
2. In Example 2, what ions are spectators?
3. In Example 2, what insoluble compound is formed?
4. Why is there no reaction when solutions of NaNO3 and KC2H3O2 are mixed?
Exercises
1. Use the steps as shown in Example 2 to help you predict the products and
write the net ionic equation for each of the following reactions. Make sure
your net ionic equation is properly balanced.
(a) Fe(C2H3O2)3 + Ca(OH)2 →

(b) KI + Pb(NO3)2 →

(c) MgSO4 + AgNO3 →
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(d) Dilute potassium sulfide is added to a solution of barium chloride.

(e) A solution of calcium hydroxide is added to a solution of potassium sulfate

2. In Model 2, Example 1, solutions of sodium nitrate and potassium acetate are
mixed together forming soluble products. If the solution were to be
evaporated to dryness, name all of the compounds that might be found in the
container.

POGIL 2005, 2006
Authored by Dr. Stephen Prilliman. Revised by B. Horan, B. Black.
Edited by Linda Padwa and David Hanson, Stony Brook University

6/6

Oxidation and Reduction Half-Reactions
Why?
Oxidation and reduction reactions (redox) involve the loss and gain of
electrons. Half-reactions are a way for us to keep track of how many electrons are
gained or lost by a particular species during a chemical reaction. These halfreactions can be useful in understanding how batteries work, and how other
reactions that occur in your body and in nature work as well.

Success Criteria
•
•
•

Write balanced half-reactions, given a redox reaction.
State which species is oxidized and which species is reduced.
Use balanced half-reactions to determine how many electrons have been lost or
gained by each species in the reaction.

Prerequisites
•
•

Oxidation numbers
Balancing equations

New Concepts & Vocabulary
•
•
•

Oxidization
Reduction
Conservation of charge

Definitions
•
•
•

Oxidation
Reduction
Conservation of charge
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Model: Strategy for Balancing Redox Equations
Redox reactions can be balanced using the steps listed below:
Sample redox reaction:
Cu(NO3)2 + Al Æ Al(NO3)3 + Cu

(Unbalanced equation)

Step 1: Assign oxidation numbers to each species in the equation
Cu+2 N+5 O-2 + Al0 Æ Al+3 N+5 O-2 + Cu0
Step 2: Identify the species with an increase in charge
Al0 (on left side of equation) increases to Al+3 (on right side of equation)
Oxidation Half-reaction:
Al0 Æ Al+3 + 3eNote that the overall (net) charge on both sides of the half reaction is equal
Step 3: Identify the species with reduction in charge
Cu+2 (on left side of equation) reduced to Cu0 (on right side of equation)
Reduction Half-reaction:
Cu+2 + 2e- Æ Cu0
Note that the overall (net) charge on both sides of the half reaction is equal
Step 4: Multiply each half-reaction by a factor to make the number of electrons
gained in one half-reaction equal to the number of electrons lost in the other. Add the
two half-reactions together.
2 [Al0
Æ Al+3 + 3e- ]
3 [Cu+2 + 2e- Æ Cu0]

2Al0
3Cu+2 + 6e-

Æ 2Al+3 + 6eÆ 3Cu0

-----------------------------------------------------------------

(Total of 6 electrons gained and 6
electrons lost. Electrons disappear
from the final equation.)

2Al0 + 3Cu+2

Æ 2Al+3 + 3 Cu0

Step 5: Balance the overall equation.
3 Cu(NO3)2 + 2 Al Æ 2 Al(NO3)3 + 3 Cu
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Key Questions
1. In the model, are electrons lost or gained during oxidation?
Are electrons lost or gained during reduction?

2. In the model, what happens to oxidation number during oxidation?

What happens to the oxidation number during reduction?

3. What is the relationship between the number of electrons gained and the
number of electrons lost in the reaction?

4. What part of the equation can you change if the reaction is not balanced as
written?

Exercises
1. Assign an oxidation number to each species in the redox reaction below.
2 H2O Æ 2 H2 + O2
2. For the reaction above, identify the following:
a. Species oxidized:
b. Species reduced:
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3. Write the half-reaction for oxygen and the half-reaction for hydrogen in the
redox reaction above.
a. Oxygen half-reactionb. Hydrogen half-reaction4. Number of electrons lost/gained by each species:

Problem
1. Redox reactions save lives! Airbags in automobiles are inflated with nitrogen gas
produced by two redox reactions. The gas generator in some bags contains
sodium azide (NaN3) and iron (III) oxide (Fe2O3). The mixture is automatically
ignited during a head-on collision. When this happens, the sodium azide
decomposes in a redox reaction to form sodium and nitrogen. The sodium
produced by this reaction then reacts with the iron (III) oxide as represented in
the unbalanced equation:
Na(s) + Fe2O3(s) Æ Na2O(s) + Fe(s)
Write the balanced oxidation and reduction half-reactions for the above redox
reaction.
2. Balance the equation for the reaction shown in Problem 1.

Reflection on Learning
Name three insights that your team discovered about oxidation and reduction halfreactions after examining the model.
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