
LECTURE 8: 

CHEMISTRY OF LIFE

Botany scientific study of plant life



Pairing for the Greater Good
When atoms come together by sharing 
electrons the bond is a covalent bond .

A molecule is 
formed when 
two or more 
atoms are 
bound 

H2

bound 
together 
covalently.



Drawing It Out

The sharing of a pair of electrons between 
atoms (a covalent bond ) is shown as:

H-H (for H2)or H-O-H (for H2O)

or (for CH4)(for CH4)



Water - A Most Important Molecule

Note how bonding fills all outer electron shells.



Valence Electrons
• The electrons found in the outer “shell” of an 

atom are known as valence electrons
• The valence of an atom is the number of 

electrons an atom must receive to become 
chemically stable (i.e., less reactive)

• For many atoms Valence = 8 - # valence • For many atoms Valence = 8 - # valence 
electrons
• Oxygen: 6 valence electrons, valence = 2
• Nitrogen: 5 valence electrons, valence = 3
• Carbon: 4 valence electrons, valence = 4



Valence Electrons
• In Biology (even in chemistry) there 

are always exceptions:
• Hydrogen: 1 valence electron, valence = 1
• Phosphorus: 5 valence electrons, valence 

= 5= 5
• These ideas of valence electrons and 

an atom’s valence will take on more 
meaning as we discuss chemical bonds 
and molecular structure



Valences of Various Elements
1

4 3 2

5 1



Polar and Non-
Polar Covalent 

Bonding Bonding 



Polar and Non-Polar Covalent Bonding 
A polar substance is one in which the molecule has 
a negative side and a positive side

Some atoms have an equal 
affinity for electrons. 
If so, the shared electrons spend 
equal amounts of time around 

The covalent bonds of H 2 and CH 4 are non-
polar and so are the molecules.

equal amounts of time around 
each atom and the covalent 
bond is non-polar .



Polar and Non-Polar Covalent Bonding 

Some atoms have an unequal affinity for electrons. 
If so, the shared electrons spend more time around one 
atom relative to another and the covalent bond is polar .

Oxygen draws electrons to 

H2O

Therefore, the covalent bonds of H 2O are highly 
polar and so is the molecule.

Oxygen draws electrons to 
itself much more strongly 
than hydrogen.



Polar and Non-Polar Covalent Bonding 



Polar and Non-Polar Covalent Bonding 

The polar versus non-polar distinction determines 
which molecules will dissolve in a particular solute. 

For example, sugar dissolves in 
water, but fat doesn’t.
The general rule is like dissolves 
like.like.

The familiar case of oil and water
Water = polar molecule
Fat = non-polar molecule
Soap = polar and non-polar 
molecule



Some Atoms Do Almost Anything to Fill Electron Shel ls

Sodium donates a lonely electron to chlorine to complete its 
outer electron shell. Chlorine is only too happy to accept. 

The result is ion formation.  

An ion is an atom or molecule with one or more full 
positive or negative charges.



Ions and Ion Formation



IONIC BONDINGIONIC BONDING



Ionic Bonds
Two oppositely charged ions bind together.
This type of chemical bond is an ionic bond .

Salts are solids 
held together by 
ionic bonds.
Ionic bonds are 
common and 
important in 
biology.



Ionic bonding
• High electronegativity 

difference strips 
valence electrons 
away from another 
atom

• Electron transfer 
creates ions (charged creates ions (charged 
atoms)

• Cation (positive ion); 
anion (negative ion)

• Ex: Salts (sodium 
chloride)
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Ionic Bonding

Ionic bonds result from 
one atom essentially 
giving an electron to 

another atom 

� Ionic bonds represent an 
extreme of polarity and 
are represented in 
biological systems as the 
salt bridges within proteins



Ionic bonding
Ionic bonding involves 3 steps (3 energies)

1) loss of an electron(s) by one element,
2) gain of electron(s) by a second element,
3) attraction between positive and negative

+Na e– Na+Ionization energy
+Na e– Na++Na e– Na+NaNa e– Na+Na+Ionization energy

Cl e–+ Cl–
Electron affinity

Lattice energy
+ Cl– Na+Cl– Na+

Cl e–+ Cl–ClCl e–+ e–+ Cl–Cl–
Electron affinity

Lattice energy
+ Cl– Na+Cl– Na++ Cl–Cl– Na+Na+Cl–Cl– Na+Na+



Ionic bonding: energiesIonic bonding: energies
• By convention, a requirement for energy is given 

a + sign (we have to put energy in) and is called 
endothermic, a release of energy is given a – sign 
and is called exothermic.

+Na e– Na+
Ionization energy

+ 496+NaNa e– Na+Na+
Ionization energy

+ 496+Na e Na+

Cl e–+ Cl–
Electron affinity

Lattice energy
+ Cl– Na+Cl– Na+

+ 496

– 349

– 766

+NaNa e Na+Na+

ClCl e–+ Cl–Cl–
Electron affinity

Lattice energy
+ Cl–Cl– Na+Na+Cl–Cl– Na+Na+

+ 496

– 349

– 766
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In solid phase 
ionic bonds 
can be very 

strong
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But in aqueous 
phase ionic 

bonds tend to 
be weaker than 
covalent bonds



Hydrogen Bonding
Oxygen and nitrogen are much more “hungry” for 
electrons than hydrogen.

Bonds between nitrogen or 
oxygen and hydrogen are 
highly polar.
This allows bonds to form 

The result is a hydrogen 
bond.

This allows bonds to form 
between partially positive 
and partially negative 
atoms in different or (in 
large molecules) the same 
molecule. 



Hydrogen Bonding Gives Water Unique 
Properties



Relative Bond Strengths

> >

Covalent Ionic Hydrogen

> >



Molecular Shape
Molecules have distinct shapes – and shape matters.



Molecular 
Shape

A regulatory 
protein molecule 
(yellow) binding to  (yellow) binding to  
DNA. Without 
complementary 
shapes, binding 
would not occur.



Molecular Shape Matters

We perceive and 
distinguish odors 
because of the 
particular shape of 
the odorant (the 
molecule we 
smell) and smell) and 
receptor 
molecules on 
nose cells.



Biological Chemistry Takes Place 
in Solutions

Molecules are 
often described 
as hydrophilic 
(water-loving) or 
hydrophobic hydrophobic 
(water-fearing) 
on the basis of 
their solubility in 
water. 



The End
THANK YOU

MATURNUWN




