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Chemistry and 
Physics of Water

Module 1

Water is the basis for life and we often take it for granted. It is so 
common in our surrounding that we rarely think of it as a chemical 
compound. In this module, we will cover the basic chemical and 
physical properties of water.  As we will see, water is far from 
common. In fact, it is highly unusual, possibly one of the most 
unusual substances in the Universe!

In this Module, we will overview the following:

Molecular properties of water
Physical properties of water
Thermal characteristics of water

Disclaimer: The contents of this presentation include original content as well as items compiled from a 
variety of sources. Though the sources are not attributed individually, they are not claimed as own and 
remain the copyright of respective owners. This presentation has been developed for educational and 
awareness use only and is under no circumstances to be used for commercial activities.
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INTRODUCTION

1

Over 70% of the Earth’s surface is 
covered by water.

However, this is not as much as it 
seems. All the water on our planet -- 
all oceans, glaciers, groundwater, 
water vapor, even water inside living 
things -- would fit into a ball with a 
430 miles radius. 
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INTRODUCTION

1

Almost all water on Earth, however, is saltwater. As such, it is 
unsuitable for the vast majority of human needs, including 
consumption and agriculture. We need fresh water!
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INTRODUCTION

1

Of all the water in the world, only about 2.5% is fresh water. 

Most of that fresh water is locked in ice or is deep underground.

Credit: Igor Shiklomanov, “World fresh water resources”, in Peter H. Gleick (ed.), 1993, Water in Crisis: A guide to the World’s Fresh Water Resources.

Only 0.0003% 
of world’s water 
is directly  
usable by us and 
accessible to us.

Chemistry and Physics of water
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INTRODUCTION

1

ACTIVITY:
How many drops of water fit on a penny?
How many drops of alcohol fit on a penny?

We will examine chemical and physical properties of water today. Let’s start with 
an activity that allows us to compare properties of water and other liquids. 

Chemistry and Physics of water

Thursday, May 16, 2013
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INTRODUCTION

1 Chemistry and Physics of water

ACTIVITY:
What items can you gently “float” on water 

surface? (e.g., paperclips, needles, etc.)

Try putting a paperclip gently on the water surface. 
Surface tension prevents the surface from breaking and paperclip does not sink. 
Try with heavier objects. Try with light objects but break the water surface.

Thursday, May 16, 2013
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Chemistry and Physics of water
FUNDAMENTALS

All matter is made of atoms. 

Atom - smallest component of an element 
that retains the properties of that element. 
It consists of a dense nucleus of neutrons 
and protons and one or more electrons 
around it. 

Protons, electrons, and neutrons are basic 
subatomic particles. Protons are positively 
charged, electrons are negatively charged. 
Neutrons have no charge.

The number of protons in an atom 
determines the identity of the element!

1
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Chemistry and Physics of water
FUNDAMENTALS

1
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Chemistry and Physics of water
FUNDAMENTALS

1

Number of protons
(if it’s not 6 it can’t be carbon!)

Number of electrons
(should be 6, but if it’s not, it’s 

an ion of carbon)

Pure carbon: graphite Pure carbon: diamond

Each element is denoted 
by one universal chemical 

symbol

Number of neutrons
(Rounded atomic mass minus number 

of protons. Should be 6, but if it’s not, it’s 
an isotope of carbon)

Thursday, May 16, 2013
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Chemistry and Physics of water
FUNDAMENTALS

1

Element - fundamental substance 
composed of only one type of 
atom, and which cannot be 
chemically broken down into 
simpler substances. The smallest 
component is an atom.

Compound - substance that 
contains two or more different 
elements in fixed proportions, 
and which can be chemically 
broken down into simpler 
substances. The smallest 
component is a molecule.

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
Chemistry and Physics of water
WATER MOLECULE

1

Water -- though it is all around us and we see it every day and think of it as normal 
-- is a highly unusual substance! 

Lets’s explore some of the chemical and physical properties that make water so 
different from almost everything else in the Universe...

WHAT DOES H2O REALLY MEAN?

WHAT MAKES THE H AND O ATOMS 

STICK TO EACH OTHER?
WHAT MAKES THE H2O MOLECULES 
STICK TO EACH OTHER?

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER MOLECULE

1
WHAT DOES H2O REALLY MEAN?

Molecule - smallest structural component of an 
element or compound, consisting of at least two 
atoms in a definite arrangement.

Water is a chemical 
compound H2O. 
Its molecule consists of 
1 atom of oxygen (O) and 
2 atoms of hydrogen (H).

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER MOLECULE

1
WHAT MAKES THE H AND O ATOMS 
STICK TO EACH OTHER?

Water molecule is made of two hydrogen atoms and one oxygen atom that are 
linked together in definite structure by a chemical bond. The chemical bond 
between the atoms is based on the sharing of pairs of electrons, and is known as 
covalent bond. 

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER MOLECULE

1
WHY ISN’T THE MOLECULE SYMMETRICAL?

The overall shape of the 
molecule is bent, with a 
central angle of 105° formed 
between the two O-H bonds. 
This angular shape makes the 
molecule asymmetrical. 

The shared electrons are 
pulled slightly closer to the 
oxygen atom, making the 
overall molecule partially 
charged. For that reason, water 
molecule is polar and has its 
partial positive and partial 
negative side. 
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Chemistry and Physics of water
WATER MOLECULE

1
WHAT MAKES THE H2O MOLECULES 
STICK TO EACH OTHER?

Hydrogen atoms in a 
water molecule hold a 
partial positive charge, 
while oxygen atoms 
have a partial negative 
charge. Because of this, 
neighboring molecules 
attract each other! They 
behave like tiny 
magnets linked together 
by electrostatic forces. 

These attractions are 
called hydrogen bonds. 
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Chemistry and Physics of water
WATER MOLECULE

1
HOW STRONG ARE THESE BONDS?

Covalent bonds: chemical bonds by
shared pairs of electrons
 

Hydrogen bonds: attraction between water 
molecules due to their partial charge

Hydrogen bond 
between molecules is 

about 5-10% as strong 
as covalent bond 

within a molecule.

Hydrogen 
bonds 
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Chemistry and Physics of water
WATER PROPERTIES

1

WHY DOES THE WATER STICK TO THINGS?
WHY DO DROPS OF WATER FORM AND 

WHY ARE THEY ROUND?

CAN THE SURFACE OF WATER BE 

STRETCHED?

The nature of the water molecules and their bonds determines important properties of 
water. It is the fundamental nature of those molecules that makes the water behave as 
we know it.

All that is controlled by fundamental properties of water.

WHY CAN WATER DISSOLVE SALT?HOW MUCH SALT CAN WATER DISSOLVE?

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1

Water drops form and are round due to a property of water known as COHESION.
Cohesion is the ability of water particles to stick to each other. 

Water drops have round 
shapes but as more water is 
added to them they flatten 
out. 

Molecules are attracted to 
each other and cause the 
water to pull itself together 
into a shape with the smallest 
surface area: a bead, sphere. 
But with more water added, 
the force of gravity takes over.

WHY DO DROPS OF WATER FORM AND 
WHY ARE THEY ROUND?

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1

ACTIVITY:
How many drops of water fit on a penny?

This time, let’s add soap to water.

WHY DO DROPS OF WATER FORM AND 
WHY ARE THEY ROUND?

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
CAN THE SURFACE OF WATER 
BE STRETCHED?

Cohesion of molecules at 
the surface of water create 
a strong boundary, making 
it look a bit like skin. This 
phenomenon is known as 
surface tension. It is the 
measure of how difficult it 
is to stretch or break 
surface of a liquid. 

This insect glides on water by relying on surface tension. If its 
legs break the water it will drown!

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
WHY DOES THE WATER STICK TO THINGS?

ACTIVITY:
Running water through screen to show

the capacity of water to stick to surfaces.

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
WHY DOES THE WATER STICK TO THINGS?

The tendency of water particles to stick to particles of other substances is called 
adhesion. We can easily observe it in the way water drops stick to different 
surfaces. Molecules of water are attracted to molecules of something else. 

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS CAPILLARY ACTION?

ACTIVITY:
Pull water and oil by straws of 

different thickness.

Try placing a straw in glass of water. Observe how water climbs up in a straw. 
This happens because water molecules are attracted to molecules of the straw. 
When one water molecules moves closer to the molecules in straw, other water 
molecules follow it. This is limited by gravity and size of straw. The thinner the 
straw, the higher up capillary action will pull the water. 
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS CAPILLARY ACTION?

ACTIVITY:
Transfer water from glass to glass 

by piece of cotton. 

Try placing an empty glass of water at a 
position slightly taller than a glass full of water. 
connect the glasses by a piece of cotton. 
Observe how the water climbs and travels 
through the piece of cotton from the full glass 
to the empty glass.
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS CAPILLARY ACTION?

We can clearly see the strength of adhesion in the way water 
enters small pores, even against gravity, a phenomenon known 
as capillary action. This is extremely important in bringing water 
to all the tissues in plants, event the tallest of trees.

This is how the water gets up 
from roots to the treetops!

Capillary action is 
the reason why 
sponges, with their 
countless pores, are 
so effective in 
absorbing water!
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Chemistry and Physics of water
WATER PROPERTIES

1
WHY CAN WATER DISSOLVE SALT?

ACTIVITY:
Dissolving salt in water.

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
WHY CAN WATER DISSOLVE SALT?

Water is an excellent solvent. Its high ability to dissolve other substances is 
related to the polarity of its molecules. Polar molecules of water can separate 
those compounds whose atoms are held together by opposite electrical charges. 
Salts, such as kitchen salt, NaCl, consist of a positive and a negative ion that stick 
together -- water molecules interfere with this.

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
HOW MUCH SALT CAN WATER DISSOLVE?

ACTIVITY:
Dissolving salt in water 

to saturation point.

Try adding salt to a glass of water. Observe how the solid crystals of salt easily 
separate into ions dissolved in water. Notice how after a certain amount of salt 
added, no more can be dissolved. Why is this?
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Chemistry and Physics of water
WATER PROPERTIES

1
HOW MUCH SALT CAN WATER DISSOLVE?

Water easily dissolves salt 
because positive hydrogen end of 
a water molecule attracts 
negative chlorine ion, and 
negative oxygen end of a water 
molecule attracts the positive 
sodium ion.

The amount of salt that water can 
dissolve is determined by the 
number of water molecules 
available to stick to atoms that 
make up a salt.
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Chemistry and Physics of water
WATER PROPERTIES

1
HOW MUCH SALT CAN WATER DISSOLVE?

When no more salt can 
be dissolved, the 
solution has reached the 
saturation point. There is 
just not enough water to 
dissolve all the salt. 
What it really means is 
that there are no 
available spaces between 
water molecules to 
surround any more Na+ 
and Cl- ions. Increase in temperature generally increases the 

saturation point. Warm water can dissolve more salt 
and faster than cold water. 

So what happens if you have a saturated solution and 
- cool it off? 
- warm it up?
- add more water?
- evaporate water?
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Chemistry and Physics of water
WATER PROPERTIES

1
HOW DO WE EXPRESS THE AMOUNT 
OF SALT IN WATER?

Salinity is the dissolved salt content 
of water. It reflects the saltiness of 
water and is usually represented in 
grams of salts per kilogram of water, 
or parts per thousand.

Fresh water has salinity of less than 
0.5 g/L
Seawater has salinity around 35 g/L

High salinity of seawater affects its 
various properties and behavior.

Low salinity High salinity
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS DENSITY?

ACTIVITY:
Let’s put a can of Coke and Diet Coke 

in water. (Diet Coke should float).
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS DENSITY?

decreasing density

Density is mass 
per unit volume. 

Some examples of density values:

Water:1 g/cm3 Air: 0.0012 g/cm3 Wood: 0.6 g/cm3 
(at 4oC) (mangrove)

Rock: 2.7 g/cm3

(granite)

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS DENSER:
FRESH WATER OR SEAWATER?

Density of water increases as its salinity increases. Water of lower salinity has 
lower density, and it will ‘float’ on water of higher salinity. Fresh water is about 
1/40th less dense than sea water. Fresh water floats of sea water.

Sea water
1025 g/L

Fresh water
1000 g/L
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Chemistry and Physics of water
WATER PROPERTIES

1
WHY DOES WATER FREEZE?

Density changes as temperature changes. 
Almost all substances become denser as they get colder (their density 
increases when temperature decreases). 

Liquids are denser than solids. 
Solids are denser than liquids. 

Less dense substances float on more dense substances.
Gas should float on liquid. Liquids should float on solid.

But ice floats on water! How is that possible?

Water is an exception! It behaves normally down to 4oC. 
Below that, it acts in a very strange way.

Thursday, May 16, 2013
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Chemistry and Physics of water
WATER PROPERTIES

1
WHY DOES WATER FREEZE OVER?

Unlike almost any other substance, water becomes less dense when it freezes. This 
is very unusual. Solids are nearly always better packed than liquids, but molecules 
of water are actually packed more efficiently than in ice, so ice is less dense than 
liquid water and it floats. The space taken by 24 water molecules in solid hexagonal 
lattice of ice can be occupied by 27 water molecules in liquid state. This is because 
angle between H and O atoms increases from 105 to 109 in ice. So water expands 
about 9% when crystals form.

Water “freezes over” 
and does not “freeze 
under” (as would be 
normal).
(density of liquid water 
at 0°C = 0.999g/cm3, 
density of ice at 0°C is 
0.917g/cm3)
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS DENSER:
COLD WATER OR WARM WATER?

As liquid water cools, 
density increases (and 
volume decreases) (A). 
Density reaches its 
maximum at 4oC and 
then starts to decrease 
(B)!! At 0oC, change of 
state occurs from liquid 
(C) to solid ice (D) and 
density changes 
drastically. Further 
cooling of ice can make 
it denser (E), but never 
as dense as liquid water.
 

Cold water is 
generally denser 
than warm water, 
but ice is less dense!
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Chemistry and Physics of water
WATER PROPERTIES

1
WHAT IS DENSER:
COLD WATER OR WARM WATER?

Are you sure?

Thursday, May 16, 2013
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Chemistry and Physics of water
THERMAL CHARACTERISTICS

1

WHAT IS HEAT?WHAT EXACTLY IS TEMPERATURE?

WHAT IS HEAT CAPACITY?

Compared to nearly every other known compound, water has very unusual thermal 
characteristics. This has a huge impact on our planet, climate, and the living world.

WHY IS IT HARD TO HEAT WATER?
WHAT ARE THE STATES OF WATER?
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Chemistry and Physics of water1

WHAT EXACTLY IS TEMPERATURE?THERMAL CHARACTERISTICS

TEMPERATURE:
• Temperature expresses the common 

notions of hot and cold. It is the result of 
motion of particles in a body or system 
in response to an input or removal of 
heat.

• Measure of average kinetic energy 
(motion) of molecules in a body or 
system. The faster the molecules are 
vibrating, the higher the temperature.

• On the average, molecules in hot water 
vibrate faster than molecules in cold 
water.

• Unit is degrees oC, oF, or oK

Thursday, May 16, 2013
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Chemistry and Physics of water1

WHAT IS HEAT?THERMAL CHARACTERISTICS

TEMPERATURE:
• Temperature expresses the common 

notions of hot and cold. It is the result of 
motion of particles in a body or system 
in response to an input or removal of 
heat.

• Measure of average kinetic energy 
(motion) of molecules in a body or 
system. The faster the molecules are 
vibrating, the higher the temperature.

• On the average, molecules in hot water 
vibrate faster than molecules in cold 
water.

• Unit is degrees oC, oF, or oK

HEAT:
• Heat is energy contained by a body 

as a result of random vibration of 
its atoms and molecules. This 
energy can be transferred from one 
body or system to another.

• Measure of total kinetic energy 
(motion) of molecules in a body or 
system. The more and faster the 
molecules are vibrating, the more 
heat.

• Unit is calorie (=heat required to 
raise temperature of 1 g of water by 
1 oC)
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Chemistry and Physics of water1

WHAT IS HEAT?THERMAL CHARACTERISTICS

ACTIVITY:
Consider which possesses higher temperature? 

Which has more heat?
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Chemistry and Physics of water1

WHAT IS HEAT CAPACITY?THERMAL CHARACTERISTICS

Heat capacity of any substance is the amount of heat needed to raise (or lower) the 
temperature of its 1 gram by 1oC. Water has very high heat capacity = 1 cal/g/˚C, 
which means it can gain or lose large quantities of heat without large changes in 
temperature. 

Note the difference in heat capacity between water and other substances.
How much heat (calories) is needed to raise the temperature of 1 kg of 
alcohol by 1ºC? How much would that be for 1 kg of water?
What does that mean?

Heat capacity is a 
measure of how 
well a substance 
can store heat.

Change temperature easily 
and give up heat easily.

Change temperature slowly, 
absorb and keep the heat.
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Chemistry and Physics of water1

WHAT IS HEAT CAPACITY?THERMAL CHARACTERISTICS

ACTIVITY:
Warming up oil and water.

Which temperature will rise faster?

Thursday, May 16, 2013
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Chemistry and Physics of water1

WHY IS IT HARD TO HEAT WATER?THERMAL CHARACTERISTICS

Water has some of the highest heat 
capacity of any known substance.

Its strong hydrogen bonds cause it to resist 
change in temperature.

It requires lots of heat to be added to create 
a relatively small temperature raise.

It requires lots of heat to be removed to 
create a relatively small temperature drop.

Why does water have high heat 
capacity? Because of its strong 
hydrogen bonds, changing 
temperature of water is not easy. 
Lots of heat is needed to make a 
small change in temperature. To 
actually boil water all the bonds 
have to be broken!

This is the reason why 
temperature changes in water 
bodies are slow, especially when 
compared to land or air. 
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Chemistry and Physics of water1

WHAT IS HEAT CAPACITY?THERMAL CHARACTERISTICS

ACTIVITY:
Lighter held against balloons

filled with air and water respectively.

Addition or loss of heat changes water’s temperature and other physical 
properties that go with it. Addition of heat to water --> molecules vibrate more, 
temperature slowly rises. Removal of heat --> molecules vibrate less, temperature 
drops. While this is happening, energy is absorbed/released as heat slowly, 
which prevents rapid temperature drop.
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Chemistry and Physics of water1

WHAT ARE THE STATES OF WATER?THERMAL CHARACTERISTICS

Water is the only substance that naturally occurs in all three states: gas, liquid, and solid. 

G
A

S
SO

LID
LIQ

U
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Chemistry and Physics of water1
THERMAL CHARACTERISTICS WHAT MAKES WATER CHANGE 

FROM ONE STATE TO ANOTHER?

A liquid is a substance that flows 
freely in response to unbalanced 
forces but has a free upper 
surface in container it does not 
fill. Liquids compress slightly 
under pressure. 

A solid is a substance that 
resists changes of shape or 
volume. A solid can typically 
withstand stresses without 
yielding permanently. A solid 
usually breaks suddenly. 

Change of state is due to change in 
kinetic energy (motion) of molecules.

A gas is a substance that flows 
freely in response to 
unbalanced forces and has no 
free surface as it fills a 
container. Gasses compress 
significantly under pressure. 

LOW HIGH
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Chemistry and Physics of water1
THERMAL CHARACTERISTICS DOES IT TAKE MORE ENERGY TO 

MELT ICE OR BOIL WATER?

State is expression of internal form of a substance. Changes of state can occur due 
to addition or loss of heat. Addition of heat to ice makes molecules vibrate faster 
and break from their crystal structure. Molecules break loose but remain stuck to 
each other by hydrogen bonds. Addition of more heat breaks the hydrogen bonds. 
Molecules go away free, water evaporates.
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Chemistry and Physics of water1
THERMAL CHARACTERISTICS WHERE DOES THAT ENERGY GO?

Heat (calories / gram)
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Chemistry and Physics of water1

KEY POINTS

★ Water consists of 1 atom of oxygen and 2 atoms of hydrogen in a highly specific 
arrangement. 

★ The water molecule is polar. It has a partial positive and partial negative side.

★ The differently charged sides attract each other like tiny magnets. These bonds are 
called hydrogen bonds. 

★ Hydrogen bonds give water its cohesive properties and allows it to be such an 
excellent solvent.

★ Thanks to hydrogen bonds, liquid water is generally more dense than solid water 
(ice), which is very unusual compared to other compounds.

★ Thanks to hydrogen bonds, water has extremely high specific heat and resists 
temperature change.
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