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Matter

Matter is anything 
that has mass and 
takes up space.

The various forms                                
of matter are 
composed of one or 
more elements; 
pure substances 
that consist of only 
one type of atom.
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Gold is an element.

https://en.wikipedia.org/wiki/Gold#/media/File:Native_gold_nuggets.jpg


Elements

Elements are 
organized 
according to 
their 
structure on 
a chart called 
“The Periodic 
Table of 
Elements”.
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Elements in Living Things

The 4 most abundant 
elements in living 
things are:

OXYGEN

CARBON

HYDROGEN

NITROGEN

5

https://commons.wikimedia.org/wiki/File:201_Elements_of_the_Human_Body-01.jpg


Compounds

When two or 
more elements 
chemically 
combine in a 
fixed ratio, more 
complex types of 
matter called 
compounds are 
formed.

Carbon dioxide, CO2, 

is a compound 

composed of 

1 atom of carbon and 

2 atoms of oxygen.
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Chemical & Physical Properties

A compound’s 
properties may 
differ greatly from 
those of the 
component 
elements.

For example, water 
is a liquid at room 
temperature, but 
both hydrogen and 
oxygen are gases.
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https://commons.wikimedia.org/wiki/File:Water_splash_1.jpg


Atoms

The smallest piece or 
particle of an element 
is an atom.

Atoms have 3 
subatomic particles:

 Protons; positive 
charge

 Neutrons; neutral

 Electrons; negative 
charge

8



Location of Subatomic Particles

 Protons and neutrons are found in the 
nucleus.

 Electrons are found surrounding the 
nucleus in the electron cloud.

 Atoms are neutral 
because they have an 
equal number of protons 
(+) and electrons (-).

 Example: Oxygen has 8 
protons and 8 electrons.
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Atomic Number

The atomic number 
is the number of 
protons in each 
atom of an element.

An element’s atomic 
mass is also found 
on the periodic 
table.
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Isotopes

 Some elements have different forms with 
different numbers of neutrons – these are 
called isotopes.
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 Radioactive isotopes have 
an unstable nucleus that 
breaks down and releases 
radiation.

 Used to treat cancer, kill 
bacteria on food, and 
“trace” the movement of 
substances within 
organisms.

https://commons.wikimedia.org/wiki/File:Nl_petct.jpg


Question: 

List the three subatomic 
particles that make up an atom.
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Answer: 

Protons, electrons and neutrons
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Question: 

Name the four most abundant 
elements of the human body.
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Answer: 

Oxygen, Carbon, Hydrogen and 
Nitrogen
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Electrons form Chemical Bonds 

Compounds are held 
together with bonds 
using electrons.

The electrons that 
form bonds are the 
outer or valence 
electrons.

Valence electrons are 
involved in forming 
ionic & covalent 
bonds.

valence 
electron
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Ionic Bonds

Formed when one 
or more electrons 
are transferred 
from one atom to 
another.

 Ions are atoms 
with either a 
positive or 
negative charge.
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Ionic Bond

 An atom that loses 
electrons becomes 
a positive ion and 
an atom that gains 
electrons becomes 
a negative ion.

 The attraction 
between 
oppositely-charged 
ions forms an ionic 
bond.Science Island

19



Covalent Bond

Formed when electrons are shared by 
the atoms.

Each electron pair forms a covalent 
bond.

Sharing allows each atom to attain a 
stable or full outer electron shell.
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Number of Covalent Bonds

 The number of bonds an 
atom can form is 
generally the same as 
the number of electrons 
needed to fill its outer 
energy level.

 For example, nitrogen 
can form 3 bonds, 
carbon can form 4 
bonds, and hydrogen 
can form 1 bond.

Science Island

Science Island
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Van der Waals Forces

 A van der Waals 
force is a slight 
attraction 
between 
molecules that 
can develop 
between 
oppositely 
charged regions 
of nearby 
molecules.

Van der Waals 
forces form 
between 
molecules on 
surface of 
gecko’s foot 
and molecules 
on surface of 
wall.
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Chemical Reactions

Chemical reactions occur when 
molecules become rearranged as 
existing bonds break and new bonds are 
formed.
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Reactants & Products

 In this reaction, the reactants, or 
starting materials, are carbon dioxide 
and water.

The products, or ending materials, are 
glucose and oxygen.
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Question: 

Does the compound pictured 
here show covalent bonding or 

ionic bonding?  Explain.
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Answer: 

Covalent – each hydrogen atom 
is sharing electron pairs with 

the nitrogen atom.
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Question: 

What is the importance of 
valence electrons?
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Answer: 

Valence electrons are able to 
form bonds.
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Water is a Polar Molecule

Polar molecule – a 

molecule in which the 

charges are unevenly 

distributed.

 In water, the negative 

pole is near the 

oxygen atom and the 

positive pole is 

between the  hydrogen 

atoms.

O

H H
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Hydrogen Bonds

Hydrogen bonds 
form due to the 
attraction 
between a 
hydrogen atom 
on one water 
molecule and the 
oxygen atom on 
another.
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https://commons.wikimedia.org/wiki/File:3D_model_hydrogen_bonds_in_water.jpg


Unique Properties of Water

Water has unique properties caused by 
its polarity and the effects of hydrogen 
bonding which include:

1. Cohesion and adhesion

2. Specific heat capacity

3. Lower density of ice compared to 
liquid water

4. Water’s ability to dissolve other 
substances
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Cohesion & Adhesion 

Cohesion – the 
attraction 
between 
molecules of the 
same substance.

Adhesion – the 
attraction 
between unlike 
molecules.
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Cohesion & Adhesion in Plants

 Adhesion between water 
molecules and the walls 
of plant vessels draws 
water out of roots and up 
into stems and leaves.

 Cohesion between water 
molecules holds the 
column of water together 
as it rises.

 This is capillary action.
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https://commons.wikimedia.org/wiki/File:Transpiration_Overview.svg


Surface Tension

Cohesion also pulls 
water molecules 
tightly together at 
the surface 
forming an 
invisible boundary.

This effect is called 
surface tension.

35
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Question: 

Where are hydrogen bonds 
formed?
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Answer: 

Between a hydrogen atom on 
one water molecule and the 

oxygen atom on another water 
molecule.
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Specific Heat Capacity

 Specific heat capacity – amount of heat 
energy required to raise temperature of 1 
gram of a material by 1 degree Celsius.

Water’s high 
specific heat 
capacity allows 
bodies of water 
to absorb large 
amounts of 
heat with only 
small changes 
in temperature.
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https://commons.wikimedia.org/wiki/File:Anomalous_expansion_of_water_Summer_Winter.svg


Body Temperature Regulation

In humans, 
sweating lowers 
body 
temperature as 
water evaporates 
from the surface 
of the skin.
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https://commons.wikimedia.org/wiki/Category:Perspiration#/media/File:Boy_Face_from_Venezuela.jpg


Low Density Ice

Most substances have a more dense solid 
state than liquid state.

Water is unusual because ice has less 
densely packed molecules than liquid water 
which allows ice to float.

Liquid water Ice
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https://commons.wikimedia.org/wiki/File:Liquid-water-and-ice.png


Why is it important that ice floats?

Living 
organisms have 
access to 
nutrients at the 
bottom of lakes 
and ponds.

 Ice insulates 
the liquid water 
below.
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Ability to Dissolve other 
Substances 
 Solution – uniform 

mixture of two or more 
substances. (Example: 
saltwater)

 Solvent – substance that 
dissolves the other 
substance; present in 
greater amount.

 Solute – substance that is 
dissolved by the solvent; 
present in lesser amount.
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Aqueous Solution

An aqueous solution 
is any solution in 
which water is the 
solvent.

 In an aqueous 
solution some water 
molecules break 
apart into:
 Hydrogen ions (H+)
 Hydroxide ions (OH-)
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pH Scale

The pH scale is a measurement system 
used to indicate the concentration of H+ 
ions in solution.
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Acids

 Acids are compounds 
that form H+ ions in 
solution.

 Acids have a pH 
lower than 7.

Examples include:

HCl – Hydrochloric acid

H2SO4 – Sulfuric acid

C6H8O7 – Citric acid
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Bases

 Bases are compounds 
that produce hydroxide 
ions (remove H+ from 
solutions).

 Bases have a pH 
higher than 7.

Examples include:

NaOH – Sodium                          
hydroxide

NaHCO3 – Sodium 
bicarbonate or 
baking soda
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Buffers

 A buffer is a weak acid or base that can 
react with strong acids or bases to prevent 
sharp, sudden changes in pH.

 Buffers play an important role in 
maintaining homeostasis in organisms.
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 For example, buffers 
in the bloodstream 
maintain  pH within 
the narrow range of 
7.35 – 7.45.



Question: 

Describe one unique property of 
water caused by its polarity and 

hydrogen bonding.
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Answer: 
(one of the following)

1. Cohesion and Adhesion
2. Specific heat capacity
3. Lower density of ice
4. Ability to dissolve other 

substances
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Question: 

How do pH values differ 
between acids and bases?
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Answer: 

Acids have a pH value below 7 
and bases have a pH value 
above 7 on the pH scale.
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The End

The Chemistry of Life
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