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Introduction

 Most abundant liquid in the 
world

 Makes up at least half of all 
living organisms and up to 
95% of some species.

 75% of earth is submerged in 
water

 Naturally occurring water 
consists of 99.76% H2O
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Introduction

 Water makes life possible on 
Earth

 Water is the only common 
substance to exist in the 
natural environment in all 
three physical states of 
matter

 Water’s unique emergent 
properties help make Earth 
suitable for life

 The structure of the water 
molecule allows it to interact 
with other molecules
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Concept 3.1: Polar covalent bonds in water 
molecules result in hydrogen bonding

 In the water molecule, the 
electrons of the polar 
covalent bonds spend more 
time near the oxygen than 
the hydrogen.

 The water molecule is thus a 
polar molecule:
The overall charge is 
unevenly distributed.
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Concept 3.1: Polar covalent bonds in water 
molecules result in hydrogen bonding

 Polarity allows water 
molecules to form 
hydrogen bonds with 
each other.
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The Water Molecule
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Exit Checkpoint #1B
Levels & Student Derived Questions

LEARNING GOALS

STUDENT EVIDENCE

{Student developed 

Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

• Recognize or recall specific vocabulary, such as: 

1
With help, the student has a partial understanding of some 

of the simpler details and processes.
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Properties of Water

 There are six* properties 
of water that allows it to 
facilitate an 
environment for life on 
earth.

8/12/201911



Properties of Water

Density



Density
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 Water has a maximum density 
at 4ºC
 This is when water is in a liquid 

state
 The density will be 1.

 H2O (l) is more dense than H2O 
(s)
 Water expands as it freezes

 Water freezes from top 
downward allowing ice to 
form at the top

 Ice at top can insulate the 
warmer water below that layer 
from colder temperatures 
above

 Prevents large bodies of water 
from freezing solid and 
allowing the survival of 
aquatic organisms



Properties of Water

Cohesion, Surface Tension and Adhesion



Cohesion

 Cohesion

 Attraction of molecules 
of the same substance.

 Hydrogen bonds, 
holding water 
molecules together, 
allows the process of 
cohesion.

 Causes individual 
water molecules on the 
top to be drawn 
inward allowing for 
the appearance a 
smooth surface.



Cohesion & Surface Tension

 Surface tension is a 
measure of how difficult it 
is to break the surface of a 
liquid

 Water has an unusually 
high surface tension due to 
hydrogen bonding 
(cohesion) between the 
molecules at the air-water 
interface and to the water 
below.



Adhesion

 Adhesion

 Attraction of molecules 
of different substances.

 Example of water in a 
graduated cylinder.

 Example: - Water and 
plant cell walls



Cohesion & Adhesion…Movement of 
Water in Plants
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Properties of Water

Specific Heat



Specific Heat

 Specific heat is defined as the 
amount of heat, measured in 
calories, required to raise the 
temperature of one gram of a 
substance by one Celsius 
degree.

 Water has a very high 
specific heat

 It takes a long time for 
water to heat up.



Specific Heat

 Water’s high specific heat 
can be traced to hydrogen 
bonding

 Heat is absorbed when 
hydrogen bonds break

 Takes a lot of heat energy 
to break the hydrogen 
bonds.

 Heat is released when 
hydrogen bonds form



Properties of Water

Solubility



Water: The Solvent of Life

 A solution is a liquid that is a 
completely homogeneous 
mixture of substances

 The solvent is the dissolving 
agent of a solution

 The solute is the substance 
that is dissolved

 An aqueous solution is one 
in which water is the solvent

© 2017 Pearson Education, Inc.



Solubility I

 Water is a versatile solvent due 
to its polarity

 When together with a solute, an 
aqueous solution is formed.

 In an aqueous solution, water 
is always the solvent.

 When the solute, of an aqueous 
solution is an ion, the different 
regions of the polar water 
molecule can interact with those 
ionic compounds—causing them 
to dissolve.
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The different regions of the polar water molecule can 
interact with ionic compounds called solutes and dissolve 

them
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Solubility II

 Water is a versatile solvent due 
to its polarity

 When an ionic compound is 
dissolved in water, each ion is 
surrounded by a sphere of water 
molecules called a hydration 
shell.

 Water can also dissolve 
compounds made of nonionic 
polar molecules

 Even large polar molecules such 
as proteins
can dissolve in water if they 
have ionic and
polar regions
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Water & Proteins
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 Water can also interact with polar molecules such 
as proteins

This oxygen is 

attracted to a slight 

positive charge on 

the lysozyme 

molecule.

This oxygen is attracted to a slight 

negative charge on the lysozyme molecule.

(a) Lysozyme molecule 

in a nonaqueous

environment

(b) Lysozyme molecule (purple) 

in an aqueous environment 

such as tears or saliva

(c) Ionic and polar regions on the protein’s 

Surface attract water molecules. 

+
–



Hydrophilic and Hydrophobic 
Substances

 A hydrophilic substance is one 
that has an
affinity for water

 A hydrophobic substance is one 
that does not have an affinity for 
water

 Oil molecules are 
hydrophobic because they
have relatively nonpolar 
bonds

 Hydrophobic molecules 
related to oils are the major 
ingredients of cell membranes
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Solute Concentration in Aqueous 
Solutions

 Most biochemical reactions in 
organisms involve solutes 
dissolved in water

 When carrying out 
experiments, mass is used to 
calculate the number of 
solute molecules in an 
aqueous solution
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Molarity

 Molecular mass is the sum of all 
masses of all atoms in a molecule

 Numbers of molecules are 
usually measured in moles, 
where 1 mole (mol) = 6.02  1023 

molecules 

 Avogadro’s number and the 
unit dalton were defined such 
that 6.02  1023 daltons = 1 g

 Molarity (M) is the number of 
moles of solute
per liter of solution

 M = (n/V)

 n = moles of solute

 V = volume of solution (L)

 M = mol/L
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Water & Biochemical Reactions

 Most biochemical reactions, 
that occur within cells of the 
body, occur in water

 Since most biochemical 
reactions occur in water, it is 
important to calculate the 
concentration of solutes in an 
aqueous solution.
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 How does one determine the concentration of a 
solution?
 The concentration of a solution is a measure of the 

amount of solute that is dissolved in a given 
quantity of solvent. 
 A dilute solution is one that contains a small amount of 

solute. 

 A concentrated solution contains a large amount of 
solute.

Concentration



Putting it All Together—
Evaporative Cooling (Sweating)
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 Evaporation (or vaporization) is 
transformation of a substance 
from liquid to gas

 Heat of vaporization is the heat 
a liquid must absorb for 1 g to be 
converted to gas

 As a liquid evaporates, its 
remaining surface cools, a 
process called evaporative 
cooling

 Evaporative cooling of water 
helps stabilize temperatures in 
organisms and bodies of water



Properties of Water

Major 
Properties of 

Water

Density

Cohesion

Surface Tension

Adhesion

High Specific 
Heat

Solubility
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Exit Checkpoint #2B
Levels & Student Derived Questions

LEARNING GOALS

STUDENT EVIDENCE

{Student developed 

Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

• Recognize or recall specific vocabulary, such as: 

1
With help, the student has a partial understanding of some 

of the simpler details and processes.
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pH
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pH

 The pH scale indicates 
how willing a 
compound is in giving 
hydrogen ions (H+)
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Concept 3.3: Acidic and basic 
conditions affect living organisms

 A hydrogen atom in a hydrogen 
bond between two water 
molecules can shift from one to 
the other

 The hydrogen atom leaves its 
electron behind and is 
transferred as a proton, or 
hydrogen ion (H+)

 The molecule that lost the 
proton is now a hydroxide 
ion (OH–)

 The molecule with the extra 
proton is now a hydronium 
ion (H3O

+), though it is often 
represented as H+

© 2017 Pearson Education, Inc.



pH & Pure Water

 Concentrations of H+ and 
OH– are equal in
pure water

 Adding certain solutes, 
called acids and bases, 
modifies the concentrations 
of H+ and OH–

 Biologists use the pH scale to 
describe whether a solution is 
acidic or basic (the opposite 
of acidic)
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Acids and Bases

 An acid is a substance that increases the H+

concentration of a solution

 A base is a substance that reduces the H+

concentration of a solution

 Strong acids and bases dissociate completely
in water

 Weak acids and bases reversibly release and accept 
back hydrogen ions, but can still shift the balance of 
H+ and OH– away from neutrality
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pH—Acid & Base Reaction

 Bronsted-Lowry Acid

 A substance that donates a 
hydrogen ion (H+)

 An acidic solution has a 
higher concentration of H+, 
than pure water and have pH 
values below 7

 Bronsted-Lowry Base

 A substance that accepts a 
hydrogen ion (H+)

 A basic, or alkaline solution, 
contain lower concentrations 
of H+ than pure water and 
have pH values above 7. 8/12/2019 10:41:20 PM43



The pH Scale

 In any aqueous solution at 25ºC, the product of H+

and OH– is constant and can be written as

[H+][OH–] = 10–14

 The pH of a solution is defined by the negative 
logarithm of H+ concentration, written as

pH = –log [H+]

 For a neutral aqueous solution, [H+] is 10–7, so

pH = –(–7) = 7 
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pH Scale

 Acidic solutions have 
pH values less than 7

 Basic solutions have pH 
values greater than 7

 Most biological fluids 
have pH values in the 
range of 6 to 8
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Buffers

 The internal pH of most 
living cells is close to 7

 Buffers are substances that 
minimize changes in 
concentrations of H+ and OH–

in a solution

 Most buffer solutions contain 
a weak acid and its 
corresponding base, which 
combine reversibly with H+

ions
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Exit Checkpoint #3B
Levels & Student Derived Questions

LEARNING GOALS

STUDENT EVIDENCE

{Student developed 

Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

• Recognize or recall specific vocabulary, such as: 

1
With help, the student has a partial understanding of some 

of the simpler details and processes.
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Review
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