
Bonding, Lewis Structures_________ Z Ch 12.15, 13 
"There are therefore Agents in Nature able to make the Particles of Bodies stick together by very strong Attractions. And it is the
Business of Experimental Philosophy to find them out." Isaac Newton, 1717
"Two atoms may conform to the rule of eight, or the octet rule, not only by the transfer of electrons from one atom to another, but also
by sharing one or more pairs of electrons. These electrons which are held in common by two atoms may be considered to belong to
the outer shells of both atoms." Gilbert Newton Lewis, 1916
"We shall say that there is a chemical bond between two atoms or groups of atoms in case that the forces acting between them are
such as to lead to the formation of an aggregate with sufficient stability to make it convenient for the chemist to consider it as an inde-
pendent molecular species." Linus Carl Pauling, 1939
(Nobel Prize in Chemistry in 1954 "for his research into the nature of the chemical bond and its application to the elucidation of the
structure of complex substances" and Nobel Peace Prize in 1962.)

13.1   – Types of Chemical Bonds
12.15 – Periodic Trends (13.2, 13.4)
13.9 - 13.10 – Lewis Structures
13.11 – Resonance
13.12 – Exceptions to Octet Rule
13.13 – VSEPR

OMIT Ch 13.5 – 13.8 in Zumdahl
no s, p, d, f electron configuration

grade estimate on FRIDAY

no quiz this week



Classical Description of Bonding

Chemical bond – forces that hold a group of atoms together causing them to
function as a unit and lowering the energy of the system

Experimental evidence:
ionization energy – minimum energy to remove an electron in the gas
phase
electron affinity – energy change when an electron is added to a gaseous
atom



Classical Description of Bonding

1) ionic bond – e- transferred

Coulomb’s Law
(for force or energy):

F = k 𝑄𝑄1𝑄𝑄2
𝑟𝑟2

or  V = k 𝑄𝑄1𝑄𝑄2
𝑟𝑟

Q1Q2 <  0  =>  attractive 
Q1Q2 >  0  =>  repulsive 



Classical Description of Bonding

2) covalent bond –
e- shared



Classical Description of Bonding

3) polar covalent bond – partial transfer



Periodic Trends:  Ionization Energy

FIG I – First Ioniza-
tion Energies (IE) 
of the Elements:

X(g) →  X+(g) + e−

shell structure
noble gas 
configuration
good metals



Periodic Trends:  Size

FIG II – Size
of Atoms and 
Ions

reveals
shell structure



Periodic Trends:  Electron Affinity

FIG III – Electron Affinities
(EA) of the Elements

X(g) + e →  X-(g) 

noble gases have positive EAs
reveals
shell, subshell structure
noble gas configuration



Periodic Trends:  Electronegativity
FIG IV – Electronega-
tivities (EN) of the
Elements

ability of an atom in a
molecule to attract
shared electrons to
itself
combines IE and EA
into one property



Seven SIMPLE BONDING CONCEPTS
1)  Lewis structures – guidelines (13.10 – 13.12)
• determine total number of valence electrons from group numbers (GN); most atoms

obey octet rule – exceptions to octet rule:
2 – H, He
4 – Be
6 – B, Al
species with odd number of electrons
some species with an element beyond 2nd period

• draw structure with all bonding pairs and lone pairs using symmetry
• show all resonance structures (atoms do not move)
• determine formal charge (FC) on all atoms having any

FC = GN – number of lone pair electrons – ½ number of bonding pair electrons
• valence shell expand (VSE) if atom is beyond 2nd period and 1) has a formal charge

separation or 2) octet rule gives insufficient number of bonding electrons; VSE to mini-
mize FC separation while maximizing number of resonance structures (VSE for Week 6)
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Fl 

(289) 
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Lv 
(293) 
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Ts 

(294) 
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Og 
(294) 
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1)  Lewis Structures
1.  NH3 2.  C2H4 3.  C2H2

4.  N2 5.  NaOH 6.  S2O

VAL = 5 + 3 = 8 (/2 = 4 pairs)         VAL = 2(4) + 4 = 12 (/2 = 6 pairs)        VAL = 2(4) + 2 = 10 (/2 = 5 pairs)

VAL = 2(5) = 10 (/2 = 5 pairs)       VAL = 1 + 6 + 1 = 8 (/2 = 4 pairs)          VAL = 2(6) + 6 = 18
STAB = 3(8) = 24

:N ≡ N: Na – O – H                       BOND = 24 - 18 = 6 (/2 = 3 bp)
LONE = 18 - 6 = 12 (/2 = 6 lp)

Na+   − :O – H           − :O – S = O  <−>  O = S – O:

H                                H H
H – N – H                             C = C                                   H – C ≡ C – H

H           H
..

..

..
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..
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