
Chemical Reactions

Have you ever tried to balance a book on the top of your head while walking 
across a room? How do you compensate if you begin to feel the book sliding 
to one side? You might lean in the opposite direction or hold out your hands 
to steady the book. A chemical reaction converts one or more substances 
into another. Writing a chemical equation can explain a chemical reaction. 
Chemical equations require balance of a different kind. What does it mean to 
balance a chemical equation? How does balancing a chemical equation 
reflect what happens during a chemical reaction? What types of things do 
you observe during a chemical reaction? Perhaps you hear loud sounds, 
see bright lights, and feel the warmth of the reaction. Do any of these 
indicate that a chemical reaction has taken place?

Writing Chemical Equations
All chemical reactions involve reactants and products.
• Reactants are the starting substances—the substances before the reaction happens. Reactants 

are normally written on the left side of a chemical equation.
• Products are the resulting substances—the substances after the reaction happens. Products are 

normally written on the right side of a chemical equation.
 
In a chemical equation, the reactants are separated from the products with an arrow showing the 
direction of the chemical reaction. Therefore, in a typical chemical equation, the arrow points from 
left (the reactants) to right (the products). The chemical equation below shows what happens when 
you open a can of soda. Soda contains liquid water (H2O) and carbon dioxide gas (CO2). (This is 
why soda is also called carbonated water.) The pressure inside a sealed can causes some of the 
water and carbon dioxide to combine into a substance called carbonic acid (H2CO3). Opening a 
soda can releases this pressure. As a result, the carbonic acid undergoes a chemical reaction and 
is converted back into liquid water and carbon dioxide gas. (You see the CO2 escaping into the air 
as fizz.)

H2CO3(aq) → H2O(l) + CO2(g)
(reactants) → (products)

The letters in parentheses next to the chemical formula for each molecule 
describe the physical state of each substance; they are called state 
symbols. For example, (aq) stands for aqueous and refers to a substance 
in solution; in addition, (s) refers to a solid, (l) refers to a liquid, and (g) 
refers to a gas.

Balancing Chemical Equations
During a chemical reaction, the atoms in one group of molecules (the reactants) rearrange to form 
new molecules (the products). According to the law of conservation of mass, the same atoms must 
be present in both reactants and products. Therefore, in a chemical equation, the same atomic 
symbols must appear to the left of the arrow and to the right of the arrow. Take another look at the 
chemical reaction from the previous example, in which calcium carbonate decomposes into 
calcium oxide and carbon dioxide:

CaCO3(s) → CaO(s) + CO2 (g)
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Chemical Reactions
On the reactants side of the equation, there is one atom of calcium 
(Ca), one atom of carbon (C), and three atoms of oxygen (O). Likewise, 
on the products side of the equation, there is one calcium atom, one 
carbon atom, and three oxygen atoms. The equation is balanced.

This is a relatively straightforward reaction. One molecule of reactant 
equals one molecule of one product and one molecule of another 
product. Most reactions are more complicated, however, involving 
different amounts of molecules on both sides of the equation. To 
balance the equation for such a reaction, you will need to use 
coefficients: numbers placed in front of a chemical formula to indicate 
the number of specific molecules present during a reaction.

Let’s look at an example involving the combustion (burning) of propane 
gas. In this reaction, propane (C3H8) reacts with oxygen (O2) to 
produce water vapor (H2O) and carbon dioxide (CO2): The combustion of 

propane allows the 
steak to be cooked on 
the grill.C3H8(g) + O2(g) → H2O(g) + CO2(g)

How can we tell if this equation is balanced? Begin by counting the atoms of each element on both 
sides of the equation. You can do this by making a table.

How many atoms in 
reactants? 

How many atoms in 
products? 

Are the atoms 
balanced?

Carbon (C) 3 1 No

Hydrogen (H) 8 2 No

Oxygen (O) 2 3 No

We will need to use coefficients to balance this equation. Where should we begin? Balancing an 
equation often involves trial and error, but here are some guidelines:

1. First, try to balance elements that appear in only one molecule on each side of the equation.
2. If several elements appear in only one molecule, begin with the element that has the fewest 

number of atoms.

Let’s take another look at the equation for the combustion of propane:

C3H8(g) + O2(g) → H2O(g) +CO2(g)

Both carbon (C) and hydrogen (H) appear in one reactant molecule and one product molecule. 
Because the unbalanced equation contains fewer carbon atoms, let’s begin with this element. The 
reactants side of the equation contains three carbon atoms, and the products side contains one 
carbon atom. To balance the carbon atoms, add a coefficient of 3 to the CO2 molecule on the 
products side of the equation:

C3H8(g) + O2(g) → H2O(g) + 3CO2(g)
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Chemical Reactions
This coefficient means the products side of the equation contains three molecules of CO2.
As a result, both sides of the equation now contain three carbon atoms. In addition, the products 
side of the equation now contains seven oxygen atoms (H2O contains one oxygen atom, and 3CO2 
contains six oxygen atoms). Because it appears in several products, however, let’s wait to balance 
oxygen until we have balanced hydrogen.
 
The reactants side of the equation contains eight hydrogen atoms, and the products side contains 
two hydrogen atoms. To balance the hydrogen atoms, add a coefficient of 4 to the H2O molecule 
on the products side of the equation:

C3H8(g) + O2(g) → 4H2O(g) + 3CO2(g)

This coefficient means the products side of the equation now contains four molecules of H2O. As a 
result, both sides of the equation now contain eight hydrogen atoms. In addition, the products side 
of the equation now contains 10 oxygen atoms (4H2O contains four oxygen atoms and 3CO2 
contains six oxygen atoms).
 
We may now balance oxygen. The reactants side of the equation contains only two oxygen atoms. 
Fortunately, they appear together in a molecule with no other atoms (O2). We can add a coefficient 
of 5 to O2 without affecting the balance of other atoms in the equation. Here is the balanced 
equation for the combustion of propane:

C3H8(g) + 5O2(g) → 4H2O(g) + 3CO2(g)

To confirm, count the atoms of each element on both sides of the equation. The products side 
contains three carbon atoms, eight hydrogen atoms, and 10 oxygen atoms. The reactants side also 
contains three carbon atoms, eight hydrogen atoms, and 10 oxygen atoms. The equation is 
balanced.
 
If, after working with each element, you have still not balanced the equation, you will need to 
change your coefficients. As before, begin with the element that appears in the fewest number of 
atoms. Continue to try new combinations of coefficients until you have balanced the equation.

Do not confuse coefficients with subscripts.
• When you change a subscript in a chemical formula, you are changing the type of molecule 

involved in the reaction. Never change subscripts to balance a reaction!
• When you change a coefficient in a chemical formula, you are changing the number of 

molecules involved in the reaction.
 
For example, consider the reaction of oxygen gas (O2) and hydrogen gas (H2) to produce water 
vapor (H2O).

H2(g) + O2(g) → H2O(g)
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Chemical Reactions
The products side of the equation contains two hydrogen atoms and two oxygen atoms. The 
reactants side of the equation contains two hydrogen atoms and one oxygen atom. What happens 
if you add a subscript of 2 to the oxygen atom in the product?

H2(g) + O2(g) → H2O2(g)

By changing the subscript, you have changed the molecule. Instead of water (H2O), the product is 
now hydrogen peroxide (H2O2). Instead, add a coefficient of 2 in front of the water molecule:

Equations for Everyday Reactions
There are several different categories of chemical reaction. Reviewing the chemical equations for 
common reactions in each category is an excellent way to practice balancing equations. 

Here are five important reaction types: synthesis, decomposition, combustion, single-replacement, 
and double-replacement. Provide your child with the unbalanced form of each equation below 
(remove the coefficients), and challenge your child to balance the equation.

• Synthesis Reaction: Two or more reactants combine to form a larger product. This is also 
called a synthesis reaction. An example of a synthesis reaction is an alkali metal reacting with a 
halogen. Here is the balanced equation:

A + B → AB
K(s) + Cl2(g) → 2KCl(s)

• Decomposition Reaction: A larger reactant breaks down into two or more products. A 
decomposition reaction happens inside an automobile’s airbag. A substance called sodium azide 
breaks down into sodium and nitrogen gas, which inflates the airbag:

AB → A + B
2NaN3(s) → 2Na(s) + 3N2 (g)

 

C3H8(g) + 3O2(g) → H2O(l) + CO2(g) 

Changing a subscript may not seem like a big 
deal, but there is a big difference between a 
molecule of water (left) and a molecule of 
hydrogen peroxide (right). 

• Combustion Reaction: All combustion reactions involve oxygen as a 
reactant and release heat. (Burning is a type of combustion—the process of 
burning always involves oxygen and releases heat.) Water is a common 
product in many combustion reactions. For example, a burning candle 
produces water vapor. Burning propane is another example of a 
combustion reaction. Here is the balanced equation for the formation of 
carbon dioxide and water by the combustion of propane, shown in the 
photograph at right:
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Chemical Reactions
• Single-Replacement Reactions: In a typical single-replacement reaction, the reactants include 

a compound and a single atom. During the reaction, the single atom changes places with one of 
the ions in the compound. In other words, a single-replacement reaction looks like this:

AX + B → BX + A
 
The reaction of aluminum and copper(II) chloride to form copper and aluminum chloride is an 
example of a single-replacement reaction:

3CuCl2 + 2Al → 2AlCl3 + 3Cu
 
• Double-Replacement Reactions: In a double-replacement reaction, two reactants appear to 

exchange ions as they form two products. In other words, a double-replacement reaction looks 
like this:

AX + BY → AY + BX

The reaction of lead nitrate and potassium iodide, shown in the photograph at right, is an example 
of a double-replacement reaction. Notice how the nitrate molecule (NO3) and the iodide ion (I–) 
appear to change places in this equation:

Pb(NO3)2(aq) + 2KI(aq) → PbI2 (s) + 2KNO3(aq)

Let’s examine the different types of reactions above. What makes certain reactants react when 
mixed together? Reactivity is based on a chemical’s valence electrons and its properties. 
Elements have been organized on the periodic table based on valence electrons (electrons in the 
outermost shell). Elements in the same group (or column) have the same number of electrons in 
their valence shells, which means they tend to behave similarly during chemical reactions. 
Elements react based on the number of their valence electrons. Atoms want a full valence shell. In 
order for this to happen (for many elements), they must bond with other atoms. These valence 
electrons can either be transferred nor shared to create a bond. In general, alkali metals are the 
most reactive metals (because they only need to lose one electron) and halogens are the most 
reactive nonmetals (because they only need to gain one electron). Also, as the element increases 
in period number (or rows), the reactivity decreases. Therefore, the periods closest to the top of the 
periodic table are more reactive than those toward the bottom of the periodic table.
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Chemical Reactions

Now that we’ve discussed balancing chemical reactions, let’s look at how to identify different types 
of reactions. Take a look at the following photographs. The picture on the left shows rusty nails. 
The picture in the middle shows a lit matchstick. The picture on the right shows a rotting pumpkin. 
These images are all examples of chemical reactions taking place. In each image, how do you 
know a chemical reaction is occurring?

We can observe evidence of chemical reactions.
Scientists confirm that a chemical reaction occurs by determining if a new substance, with new 
properties, is formed. Scientists may perform additional chemical reactions and use 
instrumentation to confirm these new substances. Yet, there are signs or indicators that can 
suggest that a chemical reaction has occurred. The only way to know for sure that
a chemical reaction has occurred is to identify the new substance. If you observe one or more of 
these signs, this provides evidence that a chemical reaction may have taken place. Remember, not 
all chemical reactions will produce one of these signs.
 
Let’s look at the signs that provide evidence of a chemical reaction.
 
• Production of a gas: One very common reaction that involves the production of a gas is mixing 

sodium bicarbonate, also known as baking soda (NaHCO3), with an acid such as vinegar 
(CH3COOH). The products of this reaction are water (H2O), carbon dioxide (CO2), and a 
substance called sodium acetate (CH3COONaNaOOCCH3). During this reaction, you can see 
bubbles in the solution, as shown in the picture on the next page. These bubbles are caused by 
the carbon dioxide gas escaping into the air as the reaction takes place. The chemical equation 
for this reaction is:

 
CH3COOH + NaHCO3 ➞ CH3COONaNaOOCCH3 + H2O + CO2

(vinegar) + (baking soda) ➞ (sodium acetate) + (water) + (carbon dioxide)

• Production of light: The burning of logs in a fireplace is the 
reaction of the wood and oxygen along with a heat initiation source. 
Wood is made of cellulose, a combination of different substances 
that contain carbon, hydrogen, and oxygen. This reaction produces 
a large amount of energy. This energy is in the form of both heat 
and light. This type of reaction is a combustion reaction. It is similar 
to the reaction that produces the bright light and heat in fireworks.

6



Chemical Reactions
• Change in temperature: Chemical reactions can either give off heat or use heat. Perhaps you 

have had an injury and applied a chemical heat pack to the area. A chemical heat pack is an 
example of a reaction that produces heat. A common substance in a heat pack is magnesium 
sulfate (MgSO4). When the heat pack is activated, the magnesium sulfate reacts with water. The 
result is the production of heat, which you use to soothe your injury. Chemical cold packs work in 
an opposite way to use heat when they mix with water. They may feel very cool to the touch. 
These temperature changes are evidence of a chemical reaction.

• Formation of a precipitate: A precipitate is a solid substance that 
forms and separates from a solution. A precipitate often settles to 
the bottom of a liquid reaction. One common chemical reaction that 
forms a precipitate is the reaction of solutions of lead nitrate 
(Pb(NO3)2) and potassium iodide (KI). Each of these substances in 
a solution is clear and colorless. But if you mix a solution of each 
substance, lead iodide (PbI2) and potassium nitrate (2KNO3) form
as products. Lead iodide is insoluble, so it separates from the solution as a yellow precipitate 
(shown in the image on the right). The potassium nitrate remains in the solution. The chemical 
equation for this reaction is:

Pb(NO3)2+PbKl ➞ Pbl2+2KNO3

• Change in color: You may have seen rust form on a steel object, such as a chain or an 
automobile. In this chemical reaction, iron (Fe) in the steel reacts with oxygen (O2) in the air, as 
well as water (H2O), to produce rust (Fe(OH)3). The properties of steel are different from the 
properties of rust. Steel is a shiny silver metal made from iron and other elements. Rust is a 
flaky reddish substance. The change in color from silver to red provides evidence that a 
chemical reaction has happened. 

7



Chemical Reactions

Type of Reactions Indicator of a Reaction (production of a gas, light, 
change in temperature, color change, or 

formation of a precipitate) 

Exploding fireworks

Baking a cake

Burning paper

Mixing an antacid tablet and 
water

Making chalk from two liquids

Blue litmus paper turning red in 
acid

A salt solution turning cold as 
the salt dissolves

A copper penny tarnishing

Oxygen gas and hydrogen gas 
producing water and heat 

Testing for carbon dioxide by 
bubbling a gas in lime-water to 
produce a milky white solution 
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Certain evidence indicates that a chemical reaction may have occurred. This evidence includes the 
production of a gas, the production of light, a change in temperature, a color change, and the 
formation of a precipitate. Look at the types of reactions given below. For each reaction, decide 
which of the five types of evidence would be observed. Write your answer in the space below that 
evidence in the column on the next page. More than one type of evidence may be possible for each 
example.



Chemical Reactions

Investigating Chemical Reactions
To help your child learn more about chemical reactions, work together to determine how to identify 
the evidence that may be observed when a chemical reaction occurs. To do so, gather the 
following materials:

• 3 Glasses of water
• 2 Effervescent tablets
• 1 Tablespoon of sugar
• 1 Tablespoon of Epsom salt
• Thermometer
 
While performing the chemical reactions, encourage your child to record all observations. Let the 
first glass contain the control sample in which no chemical reaction occurs. Add a tablespoon of 
sugar to the water in the glass and stir until the sugar dissolves completely. Record all 
observations until the sugar dissolves.
 
Remember that this control sample does not involve a chemical reaction because sugar dissolving 
in water is only a physical change. Then have your child add both of the effervescent tablets to the 
second glass of water. Record any observations for at least two minutes while the tablets dissolve. 
Finally, place the thermometer in the third glass and record the initial water temperature. If a 
thermometer is not available, feel the outside of the glass and record if it feels hot, warm, or cold. 
Then add a tablespoon of Epsom salt and gently stir the liquid using the thermometer. Make sure 
to watch the temperature closely and determine how the temperature changes when the salt is 
added.
 
After performing the reactions, discuss the following questions with your child:

1. In which of the glasses did a chemical reaction take place? How do you know?
2. Why can you assume that a chemical reaction did not take place in all three glasses? How 

could you confirm that a chemical reaction took place in the glasses?
3. Can you write a balanced chemical equation to describe each chemical reaction that occurred?
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