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Chapter 11
Chemical Reactions

What is a chemical reaction?

Chemical Reaction: process by which one or 
more substances are changed into one or 
more different substances.

Indications of a chemical reaction (Review from Ch 2)

1. Evolution of energy as heat and light
2. Production of a gas
3. Formation of a precipitate
4. Color Change

Chemical Equations
A chemical equation is a representation of a 
chemical reaction; the formulas for the reactants (on 
the left) are connected by an arrow with the formulas 
of the products (on the right).
A skeletal equation    is a chemical equation that 
does not indicate the relative amounts of the reactant 
and products.

Fe + O2          Fe2O3

Fe(s) + O2(g)          Fe2O3(s)
We can add more to our equations which we will look at next! 

In order to have a chemical reaction you need 
3 things:

1. The particles must collide (touch)
2. They must collide with enough energy
3. They must collide in the proper orientation

Activation Energy (Ea)

The minimum energy required for a reaction 
to occur.

Factors that affect reaction rate:

1. Temperature (particle energy)
2. Particle size
3. Surface area
4. Particle contact (stirring)
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Endothermic vs. Exothermic

1. endothermic reaction: requires energy
example: Water with KCl

2. exothermic reaction: releases energy
example: Adding acid to water

Symbols used in chemical equations

(s) solid
(l) liquid
(g) gas
(aq) aqueous

"yields"
reversible reaction

Practice: Writing a skeleton equation
1. Solid sulfur burns in oxygen gas to form sulfur 
dioxide gas.  Write a skeleton equation for this 
chemical reaction.  Include appropriate symbols.

2. Write a sentence the describes this chemical 
reaction.

Na(s) + H2O(l)         NaOH(aq) + H2(g)

Practice Word and Formula Equations

1. Write a word and formula equation for the chemical 
reaction that occurs when solid sodium oxide is added 
to water at room temperature and forms sodium 
hydroxide (dissolved in water).

2. Translate the following chemical equations into 
sentences:

a. CS2(l) + 3O2(g)        CO2(g) + SO2(g)

b. NaCl(aq) + AgNO3(aq)        NaNO3(aq) + AgCl(s)

Balancing Chemical Equations

C(s) + O2(g)        CO2(g)

C(s) + O2(g)         CO(g)
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Steps for Balancing Equations
(See Handout)

1. Determine the correct formulas for all of the reactant and 
products.
2. Write the formulas for the reactant on the left and products on 
the right with an arrow in between
3. Count the number of atoms in each element in the reactants 
and products.  A polyatomic ion appearing unchanged on both 
sides is counted as a single unit.
4. Balance the elements one at a time using coefficients.

A coefficient is a small whole number that appears in front of a 
formula of an equation.  When no coefficient is written, it so 
assumed to be 1.  (It is best to begin with an element OTHER than 
hydrogen or oxygen)
5. Check each atom or polyatomic ion to be sure that the equation 
is balanced.
6. Finally, make sure that all the coefficients are in the lowest 
possible ratio.

Tips and Tricks for Balancing!Tip #1: 
Put a star next to any element appearing more than once 
on the same side of the product or reactant side.  Balance 
this last.

Tip #2: 
Recognize polyatomic ions and treat them as single units.

Tip #3: 
If you have H and OH on one side, and H2O on the other, 
it is helpful to re-write the H2O as H(OH)

Practice: Balancing Equations

1. Hydrogen and oxygen react to form 
water.  Write a balanced equation for the 
reaction.

Practice
1. Balance each equation:

a. __AgNO3 + __H2S                __Ag2S  + __HNO3

b. __Zn(OH)2 + __H3PO4         __Zn3(PO4)2 + __H2O

Practice
2. Rewrite these word equations as a balanced 
chemical equation:

a. hydrogen + sulfur          hydrogen sulfide

b. iron (III) chloride + calcium hydroxide
                    iron (III) hydroxide + calcium chloride

More Practice
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Section 11.2 Types of Chemical Reactions
5 types of chemical reactions:
1. Combination Reaction

A + B        AB
2. Decomposition Reaction

AB          A + B
3. Single-Replacement Reaction

AB + C           A + BC
4. Double-Replacement Reaction

AB + CD        AC + BD
5. Combustion Reaction

A  + O2        CO2 + H2O
6. Acid/Base

Acid + Base        Salt + H2O

1. Combination Reaction/Synthesis
A chemical change in which two or more substances react 
to form a single new substance.

Sometimes it is possible for more than one product to form:

S(s) + O2(g)       SO2(g)
2S(s) + 3O2(g)       2SO3(g)

Practice with Combination Reactions

1. Complete the equation for the combination between 
copper and sulfur:

Cu(s) + S(s)         (two reactions possible)

What do we know about copper that makes two reactions 
possible??

Copper can have two oxidation states 
1. Copper (I)
2. Copper (II)

Try this!
1. Complete and balance the equation for:
                        Be + O2   

2. Write and balance the equation for the formation of 
magnesium nitride (Mg3N2) from its elements.

2. Decomposition Reaction
A chemical change in which a single compound breaks 
down into two or more simpler products.

Practice with Decomposition Reactions
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1. Write the formula for the binary compound that 
decomposes to the products H2 and Br2.

3. Single-Replacement Reactions
A chemical change in which one element replaces a 
second element in a compound.

Whether one metal will displace another metal from a 
compound depends upon the relative reactivities of the 
two metals.

The activity series of metals lists metal in order of 
decreasing reactivity.

Example with activity series

Example with activity series

Br2(aq) + NaI(aq)      NaBr(aq) + I2(aq)

Bromine is more active than Iodine so 
this occurs

Br2(aq) + NaCl(aq)       No Reaction

Why is there no reaction here?

Goup 7A: activity decreases as you go 
down!

Practice with Single Replacement
Write a balanced chemical equation for each single-
replacement reaction.  The reactions take place in aqueous 
solution. Write "no reaction" if a reaction does not occur.

a. Zn(s) + H2SO4(aq)

b. Cl2(aq) + NaBr(aq)

c. Al + Mg(NO3)2(aq)

d. Fe(s) + CuCl2(aq)

4. Double-Replacement Reactions
A chemical change involving an exchange 
of positive ions between two compounds.
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For a double-replacement reaction to occur, one 
of the following is usually true:

*This generally involves two ionic compounds in aqueous 
solution.
1. One of the products is only slightly soluble and precipitates 
from solution.

Na2S(aq) + Cd(NO3)2(aq)        CdS(s) + 2NaNO3(aq)

2. One of the products is a gas.
2NaCN(aq) + H2SO4(aq)        2HCN(g) + Na2SO4(aq)

3. One product is a molecular compound such as water.
Ca(OH)2(aq) + 2HCl(aq)      CaCl2(aq) + 2H2O(l)

(Acid/Base!)

Practice with Double-Replacement Reactions

Write a balanced chemical equation for each:

1. CaBr2(aq) + AgNO3(aq)      (A precipitate of silver bromide 
is formed)

2. FeS(s) + HCl(aq)           (Hydrogen sulfide gas)

3. NaOH(aq) + Fe(NO3)3(aq)       (Iron(III) oxide precipitates)

4. KOH(aq) + H3PO4(aq)

5. Combustion Reactions
A chemical change in which an element or compound 
reacts with oxygen, often producing energy in the form of 
heat and light.
A complete combustion 

reacts O2 + a Hydrocarbon and produces H2O and CO2

Practice with Combustion Reactions

Write a balanced equation for the complete combustion 
of these compounds:

1. benzene C6H6(l)

2. ethanol CH3CH2OH(l)

3. heptane C7H16(l)

How to Predict the Products of a 
Chemical Reaction

The number of elements and/or compounds reacting is a 
good indicator of possible reaction type and thus possible 
products.

Following the general guidelines of the five reaction types 
and from there you can predict the products formed!
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How to Predict the Products of a Chemical 

Reaction
1. Combination/Synthesis

Generally two elements where one is a molecular 
compound.

2. Decomposition
General single binary compound or a compound 

with a polyatomic ion.

3. Single Replacement
A single cation or anion and a binary ionic compound.  

An element replaces another element (either 
cationic or anionic)

4. Double Replacement
Two ionic compounds exchange their cations and 

anions to make two different compounds.
Acid/Base: Products are a salt and water!

5. Combustion
Oxygen and carbon containing compound react to 

form carbon dioxide and water.

Predict the Products of the 
following reactions

1. Mg (s) + H2SO4 (aq)

2. Cu (s) + O2(g)

3. C5H12 (l) + O2 (g)

4. KOH (aq) + HBr (aq)

Honors: Net Ionic Equations

When one solution is added to another, a precipitate may 
form. Writing net ionic equations helps chemists determine 
the species actually present in solution.

1. Molecular Equation: shows formula of all products mixed
2. Complete Ionic Equation: Shows particles as they interact 
with water.
3. Net Ionic Equation: Shows particles that change in the 
reaction.  This equation eliminates the spectator ions (ions 
that are common on both sides of the equation).
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Honors: Net Ionic Equations

1. Molecular Equation

2. Complete Ionic Equation

3. Net Ionic Equation

Honors: Net Ionic Equations Practice

1. Molecular Equation

2. Complete Ionic Equation

3. Net Ionic Equation

Honors: Net Ionic Equations Practice

1. Molecular Equation

2. Complete Ionic Equation

3. Net Ionic Equation


