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Learning Objectives

What atoms are made of

By completing this tutorial, you will learn:

How ions are formed

What information is found in 
an element symbol

What isotopes are & how 
their properties are different

How atoms elements and
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How atoms, elements and 
molecules are related

Concept Map
Chemistry

Studies

Previous content

New content

Matter

Atoms

Made of

Of the same 
# of protons Of different 

l bi

Ions
Lose or gain electrons
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Element CompoundsCompounds

p
elements combine

With different    # of neutrons

Isotopes
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What is an Atom?

5/36

Definition: Atom

Atom – The smallest 
piece of matter that has 
the chemical properties 
of the element.

6/36

Often called the 
“Building Block of Matter”
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What’s in an Atom?
An atom is made of three sub-atomic particles.

Particle Location Mass

1

Charge

Nucleus

Nucleus

Outside the 
nucleus

1 amu = 
1.67×10-27 kg

1 amu = 
1.67×10-27 kg

0.00055 amu
9.10×10-31 kg

+1

0

-1

Proton

Neutron

Electron
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1 amu (“atomic mass unit”) = 1.66 × 10-27 kg

Inside the Nucleus

Nucleus

Protons

The nucleus is in 
the center of the atom.

Neutrons

Overall 

Protons

1 amu +1 
charge

Neutrons

0 
charge 1 amu
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positive 
charge in 
nucleus

# protons + # neutrons 
=  nucleus mass 

(in amu)
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Outside the Nucleus
Electron 

cloud

Electrons

The electrons are found 
outside the nucleus.

Overall

Electrons

0.0005
5 amu

-1 
charge
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Overall 
negative 

charge outside 
the nucleus

0.05% of the mass of a 
proton or 

neutron…very small!

The Whole Atom
Nucleus

Ch

Electron 
cloud

M Very small 
relative mass

Charge = 
- (# of 

electrons)

Charge = 
# of protons

Mass = 
# of protons

+ # of neutrons

Overall Charge 
= 

# of protons 
- (# of

10/36

(# of 
electrons)

Overall Mass = 
# of protons 

+ # of neutrons
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Protons Versus Electrons

Protons Electrons

+ Charge - Charge

Found in nucleus

# determines the “identity” 
of the atom

Found outside nucleus

# and configuration 
determine how the atom will 
react

Contributes to mass of 
atom

Does not contribute 
significantly to mass of atom

11/36

Cannot be lost or gained 
without changing which 
element it is (nuclear 
reaction)

The ratio of protons to electrons determines the charge on 
the atom

Can be lost or gained—
results in an atom with a 
charge (ion)

Density of the Nucleus

Since the majority of the mass of the atom is contained 
in the nucleus, it is very dense.

The electron cloud has very little

12/36

The electron cloud has very little 
mass and a lot of empty space—
it has a very low density.
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Ions
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Definition: Ion

Ion – An atom with a 
charge (uneven # of 
protons and 
electrons).
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How Are Ions Formed?

B f Ch Aft Ch

Anion - Atom with a negative charge (less 
protons than electrons).

Before Change

Add 2 
electrons

After

Oxygen anion
8 protons
10 electrons

Charge

O2-

Oxygen atom

8 protons

8 neutrons

Cation - Atom with a positive charge (more

15/36

Loses 1 
electron

Sodium cation
11 protons
10 electrons

Na+

Sodium atom

11 protons

11 electrons

Cation Atom with a positive charge (more 
protons than electrons).

Chemical 
Symbology

16/36
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The Periodic Table
The periodic table organizes the elements.

17/36

The element symbols are one or two letters—the 
first is always capitalized.
e.g.    O = Oxygen; Cl = Chlorine; Cu = Copper

The Periodic Table Organization
Elements are organized by increasing atomic 
number.

The atomic number = # of protonsThe atomic number  # of protons

Each element has a different atomic #…

Therefore, each element has a 
different # of protons…

That’s what makes an element that

18/36

That s what makes an element that 
element - the # of protons.
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Element Symbols

Element Symbol
1 2 l tt f d

A lot of information can be displayed with an 
element’s symbol.

XA C
Z #

Charge
# protons - # electrons

1 or 2 letters, found 
on the periodic table

Mass number
# protons + # neutrons

19/36

XZ #
Atomic number

# of protons Number
How many atoms do you 
have?

Example: Element Symbols

Element Symbol
O O

O16 -2
8

Charge
-2

O = Oxygen

Mass number
16

20/36

O8
Atomic number

8 Number
Assumed to be “1” if blank
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Isotopes

21/36

Definition: Isotopes

Isotopes - Atoms of the same 
element (therefore having theelement (therefore having the 
same number of protons) with a 
different number of neutrons.

Some isotopes are radioactive 
but not all many are quite

22/36

- but not all…many are quite 
stable!
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Properties of Isotopes
Atoms of the 
same element eg: Carbon

Different # of 
neutrons

Neutrons 
have 0 
charge

Neutrons 
have 

mass = 1 
amu

6 
neutrons

7
neutrons

Charge = 0
Mass # = 12

23/36

Isotopes of the same 
element have different 

masses.

Isotopes of the same 
element have the same 

charge.

Mass #  12

Charge = 0
Mass # = 13

Identifying Isotopes
Isotopes can be differentiated by their different 
mass numbers in the element symbol.

12C 13C

Carbon 12 Carbon 13

24/36

Carbon-12 Carbon-13

Or by the mass number following their name.
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Mass Number Vs Atomic Mass

Mass Number Atomic Mass

# of protons + # of neutrons Average of actual masses

For one specific isotope 
only

Is not fo nd on the periodic

Weighted average of all 
isotopes found in nature

Always a whole number Not a whole number

25/36

Is not found on the periodic 
table Is found on the periodic table

Calculating Average Atomic Mass
Average atomic mass is a weighted average (it 
takes into account how often each isotope occurs).

Average 
atomic = Σ Abundance of 

isotope
Mass of 
i t

×( )
“Sum of”

Actual mass 
(not mass 
number)

26/36

mass Σ isotope isotope( )
What fraction of the time is that 

isotope present?
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Example: Atomic Mass
Example: Find the atomic mass of chlorine if 

Chlorine-35 has a mass of 34.969 amu 
and Chlorine-37 has a mass of 36.966 amu and is 
present 24.22% of the time.

Step
35Cl = 34.969 amu

Avg Atomic mass = ? amu

K

U

Write down

37Cl = 36.966 amu

37Cl = 24.22% therefore 35Cl = 75.78%

27/36

Atomic mass = Σ [(abundance of isotope)×(mass of isotope)]D

O

S

Atomic mass = (0.7578)(34.969 amu) + (0.2422)(36.966 amu)
Atomic mass = 35.45 amu

This is the average atomic mass found for chlorine on the periodic table.  
Therefore, the answer is correct.

AtomsAtoms, 
Elements & 
Compounds

28/36
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Definition: Molecule & Compound

Molecule - At least two 
atoms combined (can beatoms combined (can be 
same or different element) 
to form a new “unit.”

Compound - Atoms of two 
different elements

29/36

different elements 
combined to form a new 
“unit.”

Atoms, Elements & Compounds

Atom Element Compounds

Composed of 
t

Pure Substance Pure Substance
protons, 
neutrons & 
electrons

Smallest piece of 
matter 
displaying 
chemical 
properties of 

Every atom 
contains the 
same # of 
protons

Atoms may 
contain 
varying # of 
neutrons

Atoms of more 
than one 
element 
chemically 
bond

Display different 
properties 
from the

30/36

an element

“Building Block 
of matter”

neutrons 
(isotopes)

Found on the 
periodic table

from the 
original 
elements
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Molecular Formulas
Just as there are symbols for the elements, those 
symbols are joined together to show the 
composition of a molecule.

NaCl

Sodium

Chl i

NaCl (table salt) is made 
from a chemical bond 
between two elements.

31/36

Chlorine

Subscripts in Molecular Formulas
Element symbols are used to show which type of 
atom.  

No subscript = 1 atom

Calcium chloride is used 
Calcium

Subscripts are used to show how many of each type.

32/36

CaCl2

Subscript = 2 atoms

to de-ice roads.

Chlorine
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More on Molecular Formulas
Usually, the most metallic element (closest to the 
far left column on the periodic table) is written first.

CaCl not Cl Ca

Organic molecules are an exception to this rule—
they are often written in the order the atoms are 
bonded in.

CaCl2, not Cl2Ca

CH CH OH

33/36

CH3CH2OH

Isotopes are 
atoms of the 

same element

Isotopes are 
atoms of the 

same element
All matter is All matter is 

Atoms of the same 
type make up 

elements, while 

Atoms of the same 
type make up 

elements, while 

Learning Summary

Element symbols can Element symbols can 

same element 
with a different # 

of neutrons.

same element 
with a different # 

of neutrons.

made of atoms.made of atoms. atoms of different 
elements combine 

to form 
compounds.

atoms of different 
elements combine 

to form 
compounds.
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y
give information 

about the 
components of the 

atom.

y
give information 

about the 
components of the 

atom.

Atoms are made of 
protons, neutrons & 

electrons.

Atoms are made of 
protons, neutrons & 

electrons.
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Congratulations

You have successfully completed 
the tutorial

Atoms and Molecules

Rapid Learning Center

Rapid Learning Center

Wh t’ N t

Chemistry :: Biology :: Physics :: Math

What’s Next …

Step 1: Concepts – Core Tutorial (Just Completed)

Step 2: Practice – Interactive Problem Drill

Step 3: Recap – Super Review Cheat Sheet
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Go for it!
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