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What did you learn?
1. What is the current atomic model called? 

2. If an element has four protons, how many electrons does it have? 

3. The chemical formula for water is H2O. How many atoms of 
hydrogen and how many atoms of oxygen does a water 
molecule have? 

4. Sand is a mixture. Write to explain 
how elements and compounds combine to form sand. Include 
details from the book to support your answer. 

5. Compare and Contrast Many common products and 
foods are made with acids and bases. Describe the similarities 
and differences between acids and bases.
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How did we learn 
about atoms?
Structure of the Atom

Charcoal and aluminum foil look different, but both are made up 
of atoms joined together. The carbon in charcoal and the aluminum 
in aluminum foil are both pure substances. The smallest whole piece 
of a pure substance is an atom. 

Atoms are too small to study directly. Scientists make models of 
atoms to help picture them. Over the years, the model of the atom 
has changed because scientists have learned more and more about it. 
The model of the atom that scientists use today is called the electron 
cloud model.

In the electron cloud model, the atom is divided into two main 
parts. These are the nucleus and the electron cloud. The nucleus 
is in the center of the atom and contains protons and neutrons. 
A proton is a particle that has a positive charge. A neutron is a 
particle that has no charge.

The electron cloud surrounds the nucleus. It contains electrons 
and a lot of empty space. An electron is a particle that has a 
negative charge. 

Scientists have found other smaller particles. These particles 
make up protons and neutrons. Scientists are still learning more 
about these particles. 

Charcoal

Aluminum foil 

Electron

Model of 
carbon atom

Neutron

Proton

Model of 
aluminum atom

2

Scientists study atoms using machines like this.
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History of the Atom
The model of the atom has changed over the past two thousand 

years. The first person to say that matter was made up of smaller 
particles was probably the Greek philosopher Leucippus. Democritus, 
a student of Leucippus, called the particles atomos, which means 
“indivisible.” Democritus believed that atoms were all hard solids in 
different shapes and sizes, but made of the same material. He also 
believed they could not be destroyed.

Aristotle, another Greek philosopher, believed that matter could be 
divided again and again. Many people accepted Aristotle’s ideas up 
until the 1600s.

1803  John Dalton proposed that atoms are 
small solid spheres. His model of the atom 
looked like a billiard ball.

5th century B.C.  Democritus proposed 
that all matter is made up of indestructible 
particles called atoms.

1897  Joseph John Thomson proposed the 
plum pudding model. In this model, atoms are 
positively-charged spheres that have negatively-
charged particles embedded in them.

1911  Ernest Rutherford found that 
most of the mass of the atom is in 
its center. He called the center of 
the atom a nucleus. In his model, 
negatively-charged electrons orbit a 
dense, positively-charged nucleus. 
His model looks like a model of the 
solar system.

1913  Niels Bohr proposed that electrons 
travel in fixed orbits called shells. Electrons 
cannot move from one shell to another 
without gaining or losing energy.

1920s  Erwin Schrodinger and Werner 
Heisenberg proposed the electron cloud 
model of the atom.

In 1803 a British scientist named John Dalton used scientific 
methods to prove that atoms exist. Dalton developed an atomic 
theory, that stated all matter is made of atoms, which cannot be 
created, divided, or destroyed.

The chart below shows how the model of the atom has changed 
over time. Today, scientists generally agree that the electron cloud 
model is a good working model of the atom. As technology improves, 
scientists continue to learn more about the atom. 
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How are elements 
grouped?
Elements

Look around you. Everything you see 
is made of tiny atoms. Most matter is 
made of more than one kind of atom. 
For example, water is made of hydrogen 
atoms and oxygen atoms. 

An element is a substance made up of 
only one kind of atom. Elements cannot 
be broken down into other substances, so 
they are also called pure substances. You 
are probably familiar with some elements 
such as carbon, aluminum, gold, silver, 
and copper. 

About 100 elements are found naturally on Earth. They make up 
everything that has been found on Earth and in space. The 26 letters 
of the alphabet combine to form different words. Similarly, elements 
combine in different ways to make different types of matter.

We identify each element by how many protons are found in its 
nucleus. No two elements have the same number of protons. For 
example, we know that any atom that has 79 protons in its nucleus 
is a gold atom. 

The atoms of elements have an even number of protons and 
electrons. If an element has 79 protons in its nucleus, there must be 
79 electrons in its electron cloud. With the same number of protons 
and electrons, atoms have no electrical charge.

Gold is an 
element that is 
often used in 
jewelry.

Silver and copper 
are elements that 
are used in jewelry 
and electrical wiring.

Elements in the Human Body

All living and nonliving things 
are made up of elements. 
This circle graph shows most 
of the elements that make up 
your body. 
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Symbols for Elements
Scientists use abbreviations for writing the 

names of the elements. These abbreviations 
are called chemical symbols, and they are 
made up of one, two, or three letters. 

A chemical symbol is usually the first 
letter of the element’s name. Another letter 
from the name is added if that symbol is 
already used by another element. 

Some elements that were discovered in 
ancient times were given Greek or Latin 
names. The symbols for some of these 
elements were taken from their old name. 
For example, gold was given the symbol Au 
after its Latin name aurum. 

When a new element is discovered, it’s 
given a temporary three-letter name. The 
name is based on the Latin name for the 
number of protons found in its nucleus.

Classifying Elements
The properties of an element are 

determined by the number of protons 
and electrons in its atoms. Depending on 
its properties, each element is classified 
as a metal, a nonmetal, or a metalloid. 

Metals are elements that are usually 
hard, conduct heat and electricity 
well, and can be drawn into wires and 
hammered into sheets. Nonmetals are 
elements that are usually brittle, conduct 
heat and electricity poorly, and cannot 
be formed into wires or sheets. Metalloids 
are elements that have some properties 
of both metals and nonmetals.

Mercury is the only 
metal that is liquid at 
room temperature.

Neon is a nonmetal that 
is used in colorful signs.

Silicon is an element 
that is used to make 
computer parts.

9
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H
Hydrogen

Lithium

3

Li

Sodium

11

Na

Potassium

19

K

Rubidium

37

Rb

Cesium

55

Cs

Francium

87

Fr

Beryllium

4

Be

Magnesium

12

Mg

Calcium

20

Ca

Strontium

38

Sr

Barium

56

Ba

Radium

88

Ra

Scandium

21

Sc

Yttrium

39

Y

Lutetium

71

Lu

Lawrencium

103

Lr

Titanium

22

Ti

Zirconium

40

Zr

Hafnium

72

Hf

Rutherfordium

104

Rf

Lanthanum

57

La

Actinium

89

Ac

Vanadium

23

V

Niobium

41

Nb

Tantalum

73

Ta

Dubnium

105

Db

Cerium

58

Ce

Thorium

90

Th

Chromium

24

Cr

Molybdenum

42

Mo

Tungsten

74

W

Seaborgium

106

Sg

Praseodymium

59

Pr

Protactinium

91

Pa

Manganese

25

Mn

Technetium

43

Tc

Rhenium

75

Re

Bohrium

107

Bh

Neodymium

60

Nd

Uranium

92

U

Iron

26

Fe

Ruthenium

44

Ru

Osmium

76

Os

Hassium

108

Hs

Promethium

61

Pm

Neptunium

93

Np

Cobalt

27

Co

Rhodium

45

Rh

Iridium

77

Ir

Meitnerium

109

Mt

Samarium

62

Sm

Plutonium

94

Pu

Nickel

28

Ni

Palladium

46

Pd

Platinum

78

Pt

110

Europium

63

Eu

Americium

95

Am

Copper

29

Cu

Silver

47

Ag

Gold

79

Au

Unummunium

111

Uuu

Gadolinium

64

Gd

Curium

96

Cm

Zinc

30

Zn

Cadmium

48

Cd

Mercury

80

Hg

Unumbium

112

Uub

Terbium

65

Tb

Berkelium

97

Bk

Boron

5

B

Aluminum

13

Al

Gallium

31

Ga

Indium

49

In

Thallium

81

Tl

Dysprosium

66

Dy

Californium

98

Cf

Carbon

6

C

Silicon

14

Si

Germanium

32

Ge

Tin

50

Sn

Lead

82

Pb

Holmium

67

Ho

Einsteinium

99

Es

Nitrogen

7

N

Phosphorus

15

P

Arsenic

33

As

Antimony

51

Sb

Bismuth

83

Bi

Erbium

68

Er

Fermium

100

Fm

Oxygen

8

O

Sulfur

16

S

Selenium

34

Se

Tellurium

52

Te

Polonium

84

Po

Thulium

69

Tm

Mendelevium

101

Md

Fluorine

9

F

Chlorine

17

Cl

Bromine

35

Br

Iodine

53

I

Astatine

85

At

Ytterbium

70

Yb

Nobelium

102

No

2

He
Helium

Neon

10

Ne

Argon

18

Ar

Krypton

36

Kr

Xenon

54

Xe

Radon

86

Rn

Ununquaternium

114

Uuq
Darmstadtium

Ds

Not found in nature

Solid

Liquid

Gas

Phase at room temperature
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The Periodic Table
Scientists have organized all of the known elements in the 

periodic table. The periodic table lists the elements in order 
according to their atomic number. An element’s atomic number is the 
number of protons in the nucleus of its atom. The elements are listed 
from left to right in order from the lowest atomic number to 
the highest. 

The metals are found on the left side of the table, and the 
nonmetals are found on the right side. Between the metals and 
nonmetals are the metalloids, which run in a zigzag line. Aluminum 
is an exception. Even though it is found along the zigzag line, 
aluminum is a metal.

At the bottom of the periodic table are two rows of elements called 
the Lanthanide series and the Actinide series. The first element in 
the Lanthanide series, lanthanum, has an atomic number of 57. It 
should follow barium, which has an atomic number of 56. Actinium, 
the first element in the Actinide series, should follow radium. These 
rows were placed at the bottom of the table so that the table would 
not be too wide to fit on a page.

Helium has 
2 protons in its 
nucleus. It is 
a nonmetal.
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Information on the Periodic Table
You can find a great deal of information about the elements in 

the periodic table. Each element has its own individual block, which 
contains information about that element. 

Look at the block for the element chromium below. It shows the 
element’s name, atomic number, and chemical symbol. It also tells 
that chromium is a metal and that it is a solid at room temperature.

The word periodic means “a regular, repeated pattern.” The 
elements in the periodic table are organized in a pattern. 
Their properties change in a predictable way from left to right 
and from top to bottom. 

There are 18 columns in the periodic table. They are called groups 
or families. All the elements within a particular family react with 
other substances in similar ways. For example, all the elements 
in Group 1 (except for hydrogen) react strongly with water. The 
elements in Group 18 react very little with other elements. These 
are called inactive elements.

The seven rows in the periodic table are called periods. The 
elements in a period have very different properties from one another. 
The first element of each period reacts violently. The last element of 
each period is always inactive.

The atomic number 
tells that a chromium 
atom has 24 protons 
in its nucleus. 

Chemical symbol

Name of 
element

Period 4

The color tells that this 
element is a solid.

Group 
16

Polonium has properties that are 
more similar to those of tellurium 
than oxygen. 

Potassium is a very 
active metal.

Krypton is 
an inactive 
nonmetal.

A row of elements
is called a period.

A column 
of elements 
is called a 
group or 
family.

Germanium and 
arsenic are metalloids.
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What are 
compounds 
and mixtures?
Atoms Together

Most atoms are found in nature as part 
of compounds rather than as elements. 
A compound is a substance made up of 
two or more elements that are chemically 
combined to form a new substance with 
different properties. Salt is a compound 
made of sodium and chlorine. Many 
substances in your body are compounds, 
including water, proteins, and DNA.

Compounds are formed when 
elements combine in exact ratios. 
The properties of compounds 
are different from those of 
the elements that make 
them up.

Every particle of a compound is made of the same ratio of 
elements. For example, in table salt there is one chlorine atom for 
every sodium atom. 

The properties of a compound are different from the properties of 
the elements that make it up. For example, sodium is a silvery white 
metal, and chlorine is a poisonous gas. These two elements combine 
to form a substance you eat every day—table salt!

Chemical Formulas
Every compound has its own chemical formula. It includes a 

chemical symbol for every element in the compound. It also includes 
subscripts that tell how many atoms of each element are in the 
compound. If there is no subscript beside a chemical symbol, there 
is only one atom of that element in the compound. For example, the 
chemical formula for water is H2O. This means water is made up of 
two hydrogen atoms and one oxygen atom. 

When sodium combines with chlorine, 
it forms sodium chloride (table salt). 
When sodium combines with water, it 
reacts violently to form hydrogen gas 
and sodium hydroxide. 

Water

Chlorine

Sodium 
chloride
(table salt)

Sodium hydroxide 
and hydrogen

+

+
=

=

15

Sodium
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Mixtures
If matter is not an element or a compound, it is probably a 

mixture. A mixture is a combination of substances in which the 
atoms of the substances are not chemically combined. Mixtures 
may contain elements, compounds, or both.  

The substances in a mixture keep their own properties. The 
carrots, potatoes, and other vegetables that make up the bowl 
of soup below are all separate and easy to identify. Also, the 
components of a mixture may be present in any ratio. One bowl of 
soup may have more potatoes than another bowl.

Separating Mixtures
Mixtures can be separated easily. If you like, you can pick the 

carrots out of the soup and eat them first. 
To separate other types of mixtures, you need to know the 

physical properties of the substances that make them up. Suppose 
you wanted to separate a mixture of salt, iron filings, and sand. 
The iron filings are magnetic, so you could use a magnet to 
remove them. You could then add water to the salt and sand. The 
salt will dissolve, enabling you to filter out the sand using filter 
paper. Finally, you can evaporate the water from the mixture of 
water and salt so that only solid salt particles remain. 

Mixtures
• Made of two or more substances
• Do not have a symbol or formula
• Can be separated by physical means

Elements
• Made of only one kind of atom
• Have a chemical symbol
• Can’t be divided into simpler substances

SandSea shells 
(Calcium 
carbonate)

Quartz 
(Silicon 
dioxide)

Calcium

Carbon

Oxygen
Silicon

This soup is a mixture. 
Its components are not 
chemically combined.

Compounds
•  Made of two or more 

elements
• Have a chemical formula
•  Can be broken down 

into simpler substances





18 19

Solutions
When you look at a bowl of vegetable soup, you can see several 

different substances. But some mixtures look the same throughout. 
These are called solutions. A solution forms when one substance 
dissolves in another. Salt water is a common solution. 

The two components that make up a solution are the solute 
and the solvent. The solute is the substance that is dissolved. 
The solvent is the substance in which the solute is dissolved. 
In salt water, the solute is salt and the solvent is water.

Whenever a solute dissolves in a solvent, the solute breaks down 
into very small particles and mixes evenly with the particles 
of the solvent. You can’t see the salt particles in salt water because 
they are too small.

Solids and gases also form solutions. Stainless steel is a solution 
of three solids—chromium, nickel, and iron. Kitchen utensils such 
as forks are made with stainless steel. Air is a solution made up of 
several gases. The main gases in air are nitrogen, oxygen, and argon. 

Chromatography
Substances in a mixture can be identified based on how soluble 

they are. This can be done using a process called chromatography. 
In this example, the mixture of color pigments found in rose petals 
is being separated. As the liquid moves up the paper strip, particles 
of the pigments dissolved in the liquid form bands. Each band is a 
different pigment. Many police departments use chromatography to 
identify all kinds of substances.

Yellow gold used in 
jewelry is a solution 
of gold and copper.

Chromography is being used 
to identify the pigments in 
these rose petals.
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Concentration
Solutions may contain different amounts of solute and solvent. 

Concentration is the measure of the amount of solute dissolved in a 
solvent. A solution may be described as being either concentrated or 
dilute. A concentrated solution has more solute per volume of solvent 
than a dilute solution has. The white vinegar in your kitchen is a 
dilute solution of acetic acid and water. More concentrated acetic acid 
solutions are used in laboratories and food manufacturing facilities.

Solubility is the maximum amount of solute that can be dissolved 
in a solvent at a certain temperature. We express solubility as grams 
of solute per milliliter of solvent. The amount of solute that can 
dissolve in a solvent is affected by the temperature of the solvent. For 
example, it is more difficult to dissolve sugar in iced tea than in hot 
tea. Adding the ice changes the tea’s temperature. This affects the 
sugar’s solubility in the tea. 

You can make a substance dissolve faster by mixing or stirring the 
solution. Increasing the temperature of the solvent or crushing the 
solute into smaller pieces also makes substances dissolve faster. 

Have you ever noticed that sugar sometimes falls to the bottom 
of a glass of iced tea? That’s because the solution has reached its 
saturation point. This is the point at which no more solute can be 
dissolved in the solvent. All solutions have a saturation point, which 
limits how much solute can be dissolved in the solvent. 

Pressure also affects solubility. Carbon dioxide gas and flavored 
water form a solution when they’re under pressure. When you open 
a soda bottle or can, the gas is no longer under pressure and is no 
longer soluble. The gas comes out of the solution, rises to the top of 
the container, and escapes into 
the atmosphere. 

Whipped cream is a 
solution of a liquid 
and a gas. The liquid 
is butter fat and the 
gas is air.

21

Soda is a solution of carbon 
dioxide gas and flavored water.






22 23

0 1 2 3 4 5 6

More acidic

7 8 131211109 14

Acids and Bases
Many people think of acids as dangerous chemicals. Some acids 

can be strong enough to burn your skin, but many acids are weak. 
Some weak acids are found in foods that you eat, such as sour candy, 
pickles, milk, and citrus fruits. Weak acids in your body cells are 
important to your health.

Because some acids are dangerous, never touch an acid to identify 
it. Instead, use an indicator—a compound that changes color when it 
comes in contact with an acid. Blue litmus paper is an indicator that 
turns red when acid touches it. 

Bases are commonly found in household products such as 
shampoo, oven cleaners and drain cleaners. Strong bases are just as 
dangerous as strong acids. Many are poisonous and can burn your 
skin. Red litmus paper turns blue when dipped in a base. 

The pH Scale
Scientists use the pH scale to 

describe the strength of acids and 
bases. The measurements of the 
pH scale range from 0 to 14. If a 
substance has a pH between 0 and 
7, it is an acid. The strength of an 
acid decreases as pH increases. If a 
substance has a pH between 7 and 
14, it is a base. The strength of a 
base increases as pH increases. 
A pH of 7 is neutral.

Stomach 
lining

Hydrochloric 
acid

Carbonated 
beverage

Rainwater

Milk

Drinking 
water

Eggs

Human 
blood

Liquid 
soap

Ammonia

Neutral More basic

Potato

More basicMore basicMore basic

Acids
•  Taste sour (Never taste a 

substance to test for the  
presence of acids.)

•  React strongly with some metals 
to form new compounds

•  Change blue litmus paper 
to red

Bases
•  Taste bitter (Never taste 

a substance to test for the 
presence of bases.)

• Feel slippery
•  Change red litmus paper 

to blue

Salt water
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Glossary
compound   a substance made up of two or more elements 

that are chemically combined to form a new 
substance with different properties

concentration  the measure of the amount of solute dissolved 
in a solvent

element  a substance made up of only one kind of atom

mixture   a combination of substances in which the atoms 
of the substances are not chemically combined

periodic table  a table in which the elements are listed in order 
according to their atomic number

solubility   the maximum amount of solute that can be 
dissolved in a solvent at a certain temperature

solute    a substance that is dissolved in another 
substance

solution   a mixture that forms when one substance 
dissolves in another

solvent  a substance in which a solute is dissolved
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What did you learn?
1. What is the current atomic model called? 

2. If an element has four protons, how many electrons does it have? 

3. The chemical formula for water is H2O. How many atoms of 
hydrogen and how many atoms of oxygen does a water 
molecule have? 

4. Sand is a mixture. Write to explain 
how elements and compounds combine to form sand. Include 
details from the book to support your answer. 

5. Compare and Contrast Many common products and 
foods are made with acids and bases. Describe the similarities 
and differences between acids and bases.
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