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A Chemical Connection to Biology

✓ Biology is a multidisciplinary science

✓ Living organisms are subject to basic laws of 

physics and chemistry



Elements and Compounds

• Organisms are composed of compounds 

=matter

• Matter is anything that takes up space and has 
mass and made up of elements 

An element is a substance that
cannot be broken down to other 

substances by chemical
reactions

A compound is a substance consisting 

of two or more elements in a fixed ratio, 

and has characteristics different from

those of its elements



• Each element consists of unique atoms

• Atoms are composed of subatomic particles

• Relevant subatomic particles include:

– Neutrons (no electrical charge)

– Protons (positive charge)

– Electrons (negative charge)



Essential Elements of Life

About 25 of the 92 elements are 
essential to life

Carbon, hydrogen, oxygen, and 
nitrogen make up 96% of living 
matter

Most of the remaining 4% 
consists of calcium, phosphorus, 
potassium, and sulfur

Trace elements are those 
required by an organism in minute 
quantities





(a) Nitrogen deficiency (b) Iodine deficiency

Figure :demonstrate the deficiency of some trace elements could 

rise a serious health problem for example iodine deficiency 



Water and Life



The water that supports all of 
life

• Water is the biological medium on Earth

• All living organisms require water more than
any other substance

• Most cells are surrounded by water, and cells 
themselves are about 70–95% water

• The abundance of water is the main reason
the Earth is habitable



The Structure of Water

https://www.youtube.com/watch?v=ASLUY2U1M-8

Watch this video and answer the 

flowing 

• 1- what is the water made of (list 

the elements ?

• 2-does the water consider a polar 

molecules or nonpoler ?

• 3- what type of bond that form 

between water molecules?

• 4- list Water’s Life-supporting 

Properties ?

https://www.youtube.com/watch?v=ASLUY2U1M-8


The Structure of Water

• The water molecule is a polar 

molecule: The opposite ends have 

opposite charges

• Polarity allows water molecules 

to form hydrogen bonds with 

each other

• The structure of water 

molecules explains most of 

water’s life-supporting 

properties.



Water’s Life-supporting Properties
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The Cohesion of water

• Collectively, hydrogen bonds hold water 
molecules together, a phenomenon called 
cohesion

• Cohesion is the attraction between
molecules of the same kind

• Adhesion is an attraction between 
different substances, for example, 
between water and plant cell walls



Fig. 3-3
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• Surface tension is a measure of how hard it is to 
break the surface of a liquid

• Surface tension is related to cohesion



Moderation of 
Temperature

• Water has a stronger resistance to 
temperature change than most other 
substances.

• When water is heated, the heat is first 
used to break hydrogen bonds rather 
than raise the temperature.

• When water cools, hydrogen bonds 
form, releasing a considerable amount of 
heat.



Moderation of Temperature

• Water is effective as a heat bank 

because it can absorb or release a 

relatively large amount of heat with 

only a slight change in its own 

temperature.

• Evaporative cooling of water helps 

stabilize temperatures.

• EX: Sweating helps dissipate our

excess body heat



Floating of Ice on 
Liquid Water

• Ice floats in liquid water 
because hydrogen bonds 
in ice are more “ordered,” 
making ice less dense

• If ice sank, all bodies of 
water would eventually 
freeze solid, making life 
impossible on Earth



The Solvent  
of Life

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

• A 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



Effects of Changes in pH

➢ In aqueous solution, most of water molecules 
are intact. However, some of the water 
molecules break apart into hydrogen ions (H+) 
and hydroxide ions (OH-)

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

➢ Biologists use something called the pH scale 
to describe whether a solution is acidic or 
basic (the opposite of acidic)



Acids and Bases

➢ An acid is any substance that 

increases the H+ concentration 

of a solution

➢ A base is any substance that 

reduces the H+ concentration of 

a solution



➢ The pH scale - a measure 
of the hydrogen ion (H+) 
concentration in a 
solution.

➢ 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



The chemistry of life is sensitive to 
acidic and basic conditions

• Even a slight change in pH can be 
harmful to an organism because the 
molecules in cells are extremely 
sensitive to H+ and OH concentration.

• Biological fluids contain buffers, 
substances that minimize changes in 
pH by

• • accepting H+ when it is in excess.

• • donating H+ when it is depleted.
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