
Life’s Chemical Basis

Chapter 2

OH NO!!!!  CHEMISTRY!!!



 Each of us is a collection of elements
 Elements are fundamental substances that consist of only one kind of atom
 An atom is the smallest unit of an element that still retains the element’s 

properties

Impacts, Issues:  What Are You Worth 



Impacts, Issues:
What Are You Worth?

 Fifty-eight elements make 
up the human body

All of the elements in the human body could 
be bought for $118.63.



Most Common Elements in Living 
Organisms

Oxygen

Hydrogen

Carbon

Nitrogen

The periodic table is an arrangement of 
elements based on their chemical properties 



Elements

 Fundamental forms of matter
 Can’t be broken apart by normal means
 92 occur naturally on Earth



Characteristics of Atoms

 Atoms are the building blocks of all substances
• Made up of electrons, protons and neutrons

 Electrons (e-) have a negative charge
• Move around the nucleus

 Charge is an electrical property
• Attracts or repels other subatomic particles



Characteristics of Atoms

 The nucleus contains protons 
and neutrons
• Protons (p+) have a positive 

charge
• Neutrons have no charge

 Atoms differ in number of 
subatomic particles
• Atomic number (number of 

protons) determines the element
• Atomic number of hydrogen = 1
• Atomic number of carbon = 6

• Elements consist only of atoms 
with the same atomic number

What’s the atomic number of 
Boron (B)?

5

How many protons does 
Boron have?

5



Characteristics of Atoms
 Isotopes 

• Different forms of the same element, with 
different numbers of neutrons 

• Carbon 12 has 6 protons, 6 neutrons
• Carbon 14 has 6 protons, 8 neutrons

 Mass number
• Total protons and neutrons in a nucleus
• Used to identify isotopes 

How many protons does Carbon 16 have?
How many neutrons does Carbon 16 have?
What is the mass number of an atom with 8 protons and 12 
neutrons?

6

10

20



Atoms



Key Concepts:
Atoms and Elements

 Atoms are particles that are the building 
blocks of all matter; they can differ in 
numbers of protons, electrons, and neutrons

 Elements are pure substances, each 
consisting entirely of atoms with the same 
number of protons



Why Electrons Matter

 Atoms acquire, share, and donate electrons

 Whether an atom will interact with other 
atoms depends on how many electrons it has



Shell Model

 First shell 
• Lowest energy
• Holds 1 orbital 

with up to 2 
electrons

 Second shell
• 4 orbitals hold 

up to 8 
electrons

H Y D R O G E N
1p+ , 1e-

H E L I U M
2p+ , 2e-

C A R B O N
6p+ , 6e-

O X Y G E N
8p+ , 8e-

S O D I U M
11p+ , 11e-

C H L O R I N E
17p+ , 17e-

Problem:  Draw a shell model for the made up 
atom Renfieldium, which has 22 protons.



An atom of Renfieldium has 22 protons, which means it has 22 
electrons

22p+



Atoms and Ions

 Ion
• An atom with a positive or negative charge 

due to loss or gain of electrons in its outer 
shell

• Examples: Na+, Cl-



Ion Formation



From Atoms to Molecules

 Chemical bond
• An attractive force existing between two atoms 

when their electrons interact

 Molecule
• Two or more atoms joined in chemical bonds



Important Bonds in 
Biological Molecules

Ionic Bonds
Covalent Bonds

Hydrogen Bonds 



Ionic Bonding

 Ionic bond
• A strong mutual attraction between two 

oppositely charged ions (an electron is not 
transferred)

• Example: NaCl (table salt)



Ionic Bonds



Covalent Bonding

Atoms share a pair or pairs of electrons to fill 
outermost shell

•Single covalent bond
•Double covalent bond
•Triple covalent bond



Characteristics of Covalent Bonds

 Nonpolar covalent bond
• Atoms sharing electrons equally

 Polar covalent bond
• Atoms do not share electrons equally; one atom has a 

more negative charge, the other is more positive



Covalent Bonds



Hydrogen Bonding

 Hydrogen bond
• A weak attraction between an atom and a 

hydrogen atom taking part in a separate polar 
covalent bond

• Hydrogen bonds do not form molecules and 
are not chemical bonds

• Hydrogen bonds stabilize the structures of 
large biological molecules



Hydrogen Bonds



Yay Water!!!

Life began in water
Single most important molecule on Earth
All organisms are 70-90% water
Water has unique properties that make it a life-
supporting substance.



Properties of Water

Polarity
Solvent

Temperature-Stabilizing
Cohesive & Adhesive

Varying Densities



Water Is a Polar 
Covalent Molecule

 Molecule has no net charge

 Oxygen end has a slight 
negative charge

 Hydrogen end has a slight 
positive charge

 Why do you think this is 
important?

+ +

HH

O



Water Is a Good Solvent
 Some molecules dissolve easily in water  

 When solute dissolves, water molecules cluster around 
its ions or molecules and keep them separated
• Polar molecules dissolved by water are hydrophilic 

(water-loving)
• Nonpolar (hydrophobic) molecules are not dissolved by 

water
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 Temperature-Stabilizing Effects

 Liquid water can absorb much heat before its 
temperature rises

 Why? 

 Much of the added energy disrupts hydrogen bonding 
rather than increasing the movement of molecules

 Temperature of water rises and falls slowly

 Why do you think this is important?



Evaporation of Water
 Large energy input can 

cause individual 
molecules of water to 
break free into air

 As molecules break free, 
they carry away some 
energy (lower 
temperature)

 Evaporative water loss is 
used by mammals to 
lower body temperature



Water Cohesion & Adhesion
 Hydrogen bonding holds 

molecules in liquid water together

 Water is an excellent transport 
system both inside and outside 
organisms.

 Why is this important?



Water’s Varying Density
 Water is less dense than ice.  Ice 

floats.  

 Why is this important?



Acids and Bases
 Water dissociates 

into an equal number 
of hydrogen ions (H+) 
and hydroxide ions 
(OH-)

O
H H

O
H H

O
H H

OH–

OH–
H+

H+



• Substances that 
dissociate in water, 
releasing H+ ions

• Adding an acid to 
water increases the 
number of H+ ions.

• What are some 
examples of acids?

HCl        H+  +  Cl-

Hydrochloric acid

O
H H

O
H H

O
H H

OH–

Cl–

Cl–

OH–

HCl

H+

H+ H+

H+

Addition of hydrochloric 
acid (HCl)

Acids



• Substances that either 
take up hydrogen ions 
or release hydroxide 
ions

• Adding a base to water 
either increases the 
number of OH- ions or 
decreases the number 
of H+ ions.

NaOH        Na+  +  OH-

Sodium hydroxide

O
H H

O
H H

O
H H

OH–

OH–

OH–

OH–

NaOH

Na+

Na+

H+

H+

Bases
Addition of sodium 
hydroxide (NaOH), a base



The pH Scale

 pH is a measure of the number of hydrogen ions 
in a solution
• pH scale ranges from 0 to 14

• pH below 7 acidic – more [H+] than [OH-]
• pH above 7 basic – more [OH-] than [H+]
• pH of 7 neutral –     [H+] equal to [OH-]



The pH Scale



Salts & Buffers

 Salts are compounds that release ions other 
than H+ and OH- when dissolved in water  

 Example: NaCl releases Na+ and Cl– 

 Buffers are substances that keep pH within 
normal limits.  They resist pH change by taking 
up excess H+ or OH-
• For example, buffers in the blood maintain the pH 

of blood at 7.4
• Why is this important?  



Importance of buffers – an example

•If the pH of the body 
gets too low (below 
7.4), a condition known 
as acidosis results.
•Many of the chemical 
reactions that occur in 
the body, especially 
those involving 
proteins, are pH-
dependent. 
•If the pH drops below 
6.8 or rises above 7.8, 
death may occur. 
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