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What turns food into energy, coal into fire,
and iron into rust? The answer is chemical
reactions. Chemical reactions are taking place
all around us and even inside our bodies.

Without chemical reactions, the world would be a very
boring place. A chemical reaction is any process that changes
one substance into another. Some reactions happen naturally,
such as when we digest food or when metal objects become
rusty. Other reactions are produced by people to improve their
lives. For example, we burn fuel to heat our homes or power an
automobile engine.

Reactions involve the interaction between two basic
components of the universe—matter and energy. Scientists
call any substance that takes up space matter. Rocks, water, and
air are all made of matter. Energy is the ability to do work—to
move or reshape matter in some way. Heat, light, and electricity
are types of energy. During a chemical reaction, energy works
to reorganize matter.

CHEMISTRY AND LIFE

Life could not exist without chemical reactions. Like the
bodies of all life-forms, the human body is powered by
chemical reactions. You inhale oxygen (O,) when you take
a breath of air. And when you eat food, your stomach
extracts useful chemicals, such as sugar, from it. Oxygen
reacts with the sugars in your body to produce carbon
dioxide (CO,) and water (H,0). Biologists call this chemical
reaction respiration. The reaction releases energy from
sugar, which keeps the body alive. You exhale the products
of respiration with each breath.

Plants complete the same chemical reaction in reverse—
a process called photosynthesis. The plants take in carbon
dioxide and water, and use the energy found in sunlight to
produce oxygen and sugar.

Inside matter

All matter on Earth is made of elements. An element cannot be

reduced to a simpler substance. All elements are made of atoms.
An atom is the smallest piece of an element that still has the
properties of that element. Atoms do have smaller parts, which
have other properties. Chemists represent each element with a
symbol of one or two letters.

Atom:s are often found in simple combinations called molecules.

A pure substance consists of only one type of molecule, which is
described by a molecular formula. The formula shows how many
atoms of each element are involved. One of the simplest molecules
is hydrogen (H,). This formula shows that the molecule contains
two hydrogen (H) atoms. The formula for water is H,O; two
hydrogen atoms are connected to one oxygen (O) atom.

Chemical reaction ingredients

The substances you start with in a chemical reaction are called



All chemical reactions involve change. Burning is one way of
converting chemicals such as coal or oil into other compounds,
releasing energy that can be used to power engines or provide heat.

the reactants. The new substances that are created are called
the products. Chemists write the reactants and products as
chemical equations. All chemical equations follow the same
format: Reactants—Products. Numbers are used in the equation
to indicate how much of each substance is needed. The arrow
indicates that a chemical reaction has taken place and a new
chemical has been produced.

A simple chemical reaction occurs when carbon dioxide (CO,)
forms. This molecule contains carbon (C) and oxygen atoms.
These two elements combine to produce carbon dioxide. The
equation of this reaction looks like this:

C+0,—C0,

A balanced chemical equation shows exactly how much of the
reactant and product are involved in the reaction. Chemists
balance equations to determine how many reactants are
needed to produce new substances. A balanced equation is
one where the number of atoms on one side is the same as the
number on the other.

Subatomic particles

The smaller parts of the atom are the pieces involved in a
chemical reaction. These parts are called subatomic particles. At
the center of the atom is the nucleus. The nucleus is a densely
packed ball of positively charged particles called protons. These
are mixed with neutral (noncharged) particles called neutrons.

Opposite charges attract, while like charges repel. The positively
charged protons in the nucleus attract negatively charged
particles called electrons. Electrons are much smaller than
protons. They move in clouds around the nucleus. It is the
electrons that allow an atom to form bonds with other atoms.
How the electrons from two atoms interact determines which
type of bond forms. Electrons can be given, taken, or shared to
create a bond between two or more atoms. During a chemical
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EVERYDAY CHEMISTRY

Using chemical reactions, chemists have created countless
products we use everyday. Look around your home and
you are bound to see many. Plastics are chains of different
types of chemicals strung together. Soaps and toothpastes
are made from fatty substances using chemical reactions.
And recipes tell us how to use chemical reactions to cook
food. Chemical reactions are everywhere.

Dish soap uses to clean dirty pans plates is prodrced by a chemical
heaction.

reaction, bonds linking some atoms are broken and new bonds
are built between others. When atoms of different elements
bond they create a substance called a compound. Compounds
often look very different from the reactants that produced
them. For example, sugar is a compound of carbon, hydrogen,
and oxygen. Pure hydrogen and oxygen are both invisible gases
and pure carbon forms diamonds, or graphite, the substance
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WHAT IS A CHEMICAL REACTION?

used as pencil lead. Together these elements form many
compounds called carbohydrates. These include the sweet-

tasting crystals known as sugar.

Inside energy

Energy is an essential part of chemical reactions. It is required
to break a chemical bond, and energy is released when another
bond forms. Heat is one type of energy often involved in

chemical reactions. Some reactions will take in heat. Other

chemical reactions

Putting it all together

When compounds undergo a chemical reaction, energy works

to rearrange the bonds between the atoms. For example,

consider the equation: AB + C—A + BC.

Elements A and B are bonded to form the AB compound. The

AB compound and C are the reactants. During the reaction, the
bond between A and B breaks and a bond between B and Cis
built. A and the BC compound are the products.

In this reaction, one bond was broken and a new bond

Group 1 S .
1p will give off heat, such between two different atoms was made. The atoms themselves
H as burning fuel. did not change—A did not change to D, for instance. The
Period 1 . e
Narigen - reaction changed only how the elements were joined.
1 roup 2
3 Pe
Period 2 l.i
Lithium y oge
7 9 Transition metals
=N | -
Period 3 Na :
2sium Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9
-i, 1 22 23 24 25 26 27
Period 4 K Sc Ti Vv Cr Mn Fe Co
Potassium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt
39 a5 e 51 52 55 56 59
i 37 = 39 40 4 42 43 44 45
Period 5 Rb r Y Zr Nb Mo Tc Ru Rh
Rubidium ' " m Yttrium Zirconium Niobium Molybdenum | Technetium Ruthenium Rhodium
85 K 89 91 93 926 (98) 101 103
=1 )‘ - 72 73 74 75 76 77
Period 6 Cs ' Lanthanides Hf Ta w Re Os Ir
Caesium ar ' Hafnium Tantalum Tungsten Rhenium Osmium Iridium
133 137 179 181 184 186 190 192
87 ’ 104 105 106 107 108 109
Period 7 Fr i Actinides ! Rf Db Sg Bh HS Mt
Francium e Rutherfordium | Dubnium Seaborgium Bohrium Hassium Meitnerium
223 226 (263) (268) (266) (272) (277) (276)
Atomic (proton) B 57 rf - 58 F F" 60 = 61
number i it b
Lanthanides | La Ce y Pr Nd Pm
' AR : rare-earth ~ Lanthanum ( Cerium Pnuodymlum Neodymium | Promethium
| \emica symbo lemeirs 39 140 = 144 (145)
- ED 89 20 ( 91 92 93
 As Actiigis Ac Th Pa V) Np
Arsenic —|—— Element name Actinium Thorium Protactinium Uranium Neptunium
75 —— Atomic mass 227 232 231 238 (237)
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"= The periodic table

The periodic table—shown below—is an organized list

( SCIENCE WORDS

® Atom: The smallest piece of an element that still retains providing information about individual and groups of elements.

The vertical columns are called groups, or families, of elements.

the properties of that element. :
prop Members of each group usually react in the same way.

& Chemical reaction: A process in which atoms of
Each group has a set of known properties. For example, the column

different elements join together or break apart. o :
on the left of the periodic table is known as the alkali metals. These

& Element: A substance made up of just one type of atom.

are very reactive elements, such as sodium and potassium. Instead
& Matter: Anything that can be weighed. ) of memorizing the properties for every element, chemists simply
consult the periodic table. Group 18
D ACTINIDES D HYDROGEN
E NOBLE GASES [:] ALKALI METALS Group 13 Group 14 Group 15 Group 16 Group 17
D NONMETALS E ALKALINE-EARTH METALS 5 6 7 s ry
E] METALLOIDS I:] METALS B C N o F
El LANTHANIDES Boron Carbon Nitrogen Oxygen Fluorine
11 12 14 16 19
T 13 14 s 16 17
Al Si P S Cl
Group 10 Group 11 Group 12 Aluminium Silicon Phosphorus Sulfur Chlorine
27 28 31 32 35
)‘ 28 29 30 31 32 33 34 35
~ Ni Cu Zn Ga Ge As Se Br
Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine
59 64 65 70 73 75 79 80
B 46 47 48 49 50 51 52 53
Pd Ag Cd In Sn Sb Te I
Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine
106 108 112 115 119 122 128 127
| 78 79 80 81 82 83 84 85
Pt Au Hg TI Pb Bi Po At
Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine
195 197 201 204 207 209 1209) (210)
110 111 112 113 114 115 116 117
Ds Rg Cn Uut Uuq Uup Uuh Uus
| Darmstadtium Roentgenium | Copernicium Ununtrium Ununquadium | Ununpentium | Ununhexium | Ununseptium
(281) (280) (285) (284) (289) (291) (293) (295)
g 63 64 " 65 66 h 67 68 - 71
- Eu - Gd Tb | Dy Ho ~ Er !ﬂ - Lu
Europium Gadolinium Terbium Dysprosium Holmium | Erbium Lutetium
152 157 159 163 165 167 | 169 173 175
95 96 97 98 I 929 “ ] 100 10 102 | 103
Am Cm Bk cf Es Fm Md No Lr
Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
(243) (247) (247) (251) (252) (257) (258) (259) (260)
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Chemical bonds allow atoms to stick
together in different combinations. How
a bond between atoms forms depends
on the number and location of the atom's
electrons. '

Chemical bonds are created when atoms give, take, or share
electrons. There are three types of chemical bonds: ionic, covalent, and
metallic. The type of bond formed between atoms depends on how
many electrons they have in the atom and how they are arranged.

Electron locations

The location of electrons in an atom is one factor that
determines how that atom will form bonds. Scientists use two
models to explain the location of electrons in the atom—the
Bohr model and the quantum mechanics model.

The Bohr model describes electrons orbiting (circling) the nucleus
of an atom like the planets orbit the Sun. As electrons travel in
circles around the nucleus, they are held in place by the pull of
the nucleus. The nucleus has a positive charge, which attracts the
negative charges of the electrons. This model for the atom works
well for very simple atoms, such as hydrogen.

The quantum mechanics model is more modern and
mathematical. It describes volumes of space called electron
clouds, inside which electrons reside. It is not possible to

K

SCIENCE WORDS \

& Metal: A hard but flexible element. Metals are good
conductors. Their atoms have only a few outer electrons.

& Metalloid: An element that has both metallic and
nonmetallic properties.

& Nonmetal: An element that is not a metal. Nonmetals -

are poor conductors. Their atoms tend to have several
K outer electrons. ! j

know exactly where each electron is

or how fast it is moving inside a cloud.
However, their average positions can
be calculated. The quantum mechanics
model is a much more complicated and more accurate way of
describing how an atom is put together than the Bohr model.

Energy levels

In both models, electrons sit at different energy levels. An energy
level determines how likely an electron is to be involved in a
chemical reaction and form a bond. Electrons in energy levels
farthest from the nucleus are most likely to become involved in a
reaction because they are held only weakly by the nucleus.

Atoms can have several energy levels. The level closest to the
nucleus can only hold two electrons. Chemists call this the
lowest energy level. The levels farther from the nucleus can
hold more than two electrons. Electrons need more energy to
sitin the outer energy levels.

The energy levels are sometimes called orbitals—the areas

in which electrons orbit around the nucleus. Chemists also
describe them as electron shells because they can be thought
of as layers, or shells, surrounding the nucleus.



