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What is a chemical bond?

• A chemical bond is the connection of different elements through the sharing,
transferring or pooling of electrons.

Why do atoms bond?
• ionic bonding lowers the potential energy between positive and negative ions
• covalent bonds form is to follow the Octet rule, in which the element is then

surrounded by 8 valence electrons

How do atoms bond?
• An ionic bond involves the transferring of an electron from one element to another

element.
• A covalent bond involves the sharing of electron(s) between elements.
• A metallic "bond" isn't really a bond. Think of electrons as being loosely connected

or "pooling" on the surface of many metals.



8-1 Lewis Symbols and the Octet Rule

 Valence e- play a fundamental role in chemical bonding.

 e- transfer leads to  ionic bonds.

 Sharing of e- leads to covalent bonds.

 e- are transferred of shared to give each atom a noble 
gas configuration 

• the octet.

Gilbert Newton Lewis

(1875 – 1946)



Lewis Symbols

 A chemical symbol represents the nucleus and the core e-.

 Dots around the symbol represent valence e-.
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The Octet Rule

 Atoms tend to gain, lose, or share electrons until they are surrounded by eight valence 
electrons.



8-2 Ionic Bonding
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EXAMPLE 

Writing Lewis Structures of Ionic Compounds.  

Write Lewis structures for the following compounds: (a) BaO; (b) MgCl2 ; (c) aluminum 

oxide.
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EXAMPLE 

Al2O3



8-3 Covalent Bonding

__2__ bond pairs

__2__ lone pairs

__2__ bond pairs

__8__ lone pairs



Coordinate Covalent Bonds
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Multiple Covalent Bonds
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Satisfies the octet rule

4 bond pairs (2 double bonds)

4 lone pairs
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8 e- on O

8 e- on C



Multiple Covalent Bonds
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octet rule

3 bond pairs

(one triple bond)

2 lone pairs



Quiz

Octet rule: https://forms.office.com/r/NbPSPDqkjR

https://forms.office.com/r/NbPSPDqkjR


Paramagnetism of Oxygen

Yet oxygen is paramagnetic as it is attracted into a strong magnetic field
(Oxygen has a weak magnetic property)

The correct explanation comes from Molecular Orbital theory.

The Lewis structure of O2 gives a misleading impression. It shows that all the electrons in 
oxygen are paired, so oxygen should be diamagnetic.



EXAMPLE 

Given the Lewis symbols for nitrogen          and fluorine        , predict the formula of the 

stable binary compound (a compound composed of two elements) formed when nitrogen 

reacts with fluorine and draw its Lewis structure.

Nitrogen must share a pair of

electrons with three fluorine

atoms to complete its octet



8-4 Bond Polarity and Electronegativity

 Bond polarity is a measure of how equally or unequally the electrons in any covalent 

bond are shared. 

• In a nonpolar covalent bond, the electrons are shared equally, as in Cl2 and N2. 

• In a polar covalent bond, one of the atoms exerts a greater attraction for the 

bonding electrons than the other. 





Polar Molecules



Electronegativity



Percent Ionic Character



EXAMPLE 

In each case, which bond is more polar? B-Cl or C-Cl. Indicate in each case which atom 
has the partial negative charge.

The chlorine atom is common to both bonds. ➔ we just need to compare the
electronegativities of B and C.

B is to the left of C in the periodic table, we predict that boron has the lower
electronegativity.

Cl is on the right side of the table, has high electronegativity.

➔The B-Cl bond is more polar;

➔The chlorine atom carries the partial negative charge because it has a higher
electronegativity



8-5 Drawing Lewis Structures

All the valence e- of atoms must appear.

Usually, the e- are paired.

Usually, each atom requires an octet.

• H only requires 2 e-.

Multiple bonds may be needed.

• Readily formed by C, N, O, S, and P.



Skeletal Structure

 Hydrogen atoms are always terminal atoms.

(H can only accommodate two electrons)

 Central atoms are generally those with the lowest electronegativity.

(H and O are common exceptions to rule 2)

 Carbon atoms are always central atoms.

 Generally structures are compact and symmetrical.

(Organic compounds are not always compact nor symmetrical)

Identify central and terminal atoms:

C

H

H

H

HC

H

H

O



Strategy for 

Writing Lewis 

Structures



Writing a Lewis Structure for a Polyatomic Ion. Write the Lewis structure for the 

nitronium ion, NO2
+.

Step 1: Total valence e- = 5 + 6 + 6 – 1 = 16 e-

Step 3: Plausible structure: O—N—O 

Step 4: Add e- to terminal atoms: O—N—O ••

•• ••

•• ••

••

Step 2: Identify the central and terminal atoms

EXAMPLE 

Step 5: Determine e- left over: 16 – 4 – 12 = 0

Step 6: Use multiple bonds to satisfy octets.
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+

[       ]



Formal Charge

FC = #valence e- - #lone pair e- - #bond pair e-2

1

FC(O) = 6 - 4 – (4) = 0
2

1

FC(N) = 5 - 0 – (8) = +1
2

1

•• ••

•• ••
O=N=O 

+



Alternative Lewis Structure
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Alternative Lewis Structures

 Sum of FC is the overall charge.

 FC should be as small as possible.

 Negative FC usually on most electronegative elements.

 FC of same sign on adjacent atoms is unlikely.

+

••O≡N—O  ••

••

••

-+



Using the Formal Charge in Writing Lewis Structures. Write the most plausible Lewis 

structure of nitrosyl chloride, NOCl, one of the oxidizing agents present in aqua regia.

EXAMPLE 

• Nitrogen is less electronegative than oxygen or chlorine, it is the central atom

• Total valence electrons: 5(N) + 6(O) + 7(Cl) = 18

• Assign four electrons

• Assign twelve more electrons 

• Assign the last two electrons

• A lone pair of electrons on a terminal atom must be used to form a bonding pair with N.
+–



8-6 Resonance Structures
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8-7 Exceptions to the Octet Rule

Odd e- species.
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Exceptions to the Octet Rule

Incomplete octets.

B

F

FF

••

••

••
B

F

FF

-

+

••

••

••

B

F

FF

••

-

+

••

••



Exceptions to the Octet Rule

Expanded octets.
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Expanded Valence Shell

• The octet rule can be ‘expanded’ by some elements by utilizing 

the d-orbitals found in the 3rd principal energy level and beyond 

(period 3 and below)

• There are more than eight electrons around one atom.

• Sulfur, phosphorus, silicon, and chlorine are common 

examples of elements that form an expanded octet.



Expanded Valence Shell



Terminology

 Bond length – distance between nuclei.

 Bond angle – angle between adjacent bonds.

 VSEPR Theory

• Electron pairs repel each other whether they are in chemical bonds (bond 

pairs) or unshared (lone pairs).  Electron pairs assume orientations about an 

atom to minimize repulsions.

 Electron group geometry – distribution of e- pairs.

 Molecular geometry – distribution of nuclei.



8-8 Strengths and Lengths of Covalent Bonds

Bond Order

• Single bond, order = 1

• Double bond, order = 2

Bond Length 

• Distance between two nuclei

Higher bond order

• Shorter bond

• Stronger bond





Bond Energies





Calculating an Enthalpy of Reaction from Bond Energies.  The reaction of methane 

(CH4) and chlorine produces a mixture of products called chloromethanes.  One of these is 

monochloromethane, CH3Cl, used in the preparation of silicones.  Calculate H for the 

reaction.

EXAMPLE 

ΔHrxn =  ΔH(product bonds) - ΔH(reactant bonds)

=  ΔH bonds formed -  ΔH bonds broken

= - (339kJ/mol + 431kJ/mol1) - [-(414kJ/mol + 243kJ/mol)

= -770 kJ/mol + 657 kJ/mol = -113 kJ/mol



Key terms

Bond energy: năng lượng liên kết

Bond length: chiều dài liên kết

Bond pair of electron: cặp điện tử liên kết

Bond polarity: tính phân cực của liên kết

Covalent bond: liên kết cộng hóa trị

Diamagnetism: nghịch từ

Double bond: liên kết đôi

Electronegativity: độ âm điện

Formal charge: điện tích hình thức

Ionic bond: liên kết ion

Lewis structure: cấu trúc Lewis

Lone pair of electron: cặp điện tử không liên kết

Metalic bond: liên kết kim loại

Octet rule: quy tắc bát tử

Paramagnetism: thuận từ

Polar covalent bond: liên kết cộng hóa trị phân cực

Polar molecule: phân tử phân cực

Resonance structure: cấu trúc cộng hưởng

Single bond: liên kết đơn

Skeletal structure: Cấu trúc khung xương

Triple bond: liên kết ba

Valence electron: điện tử hóa trị



Quiz

 Regardless of the formal charge, write all possible Lewis structures of HClO2
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 Use formal charge to determine the most plausible Lewis structure of HClO2

 Compare the bond lengths of O = Cl and O – Cl in HClO2

 Compare the bond strengths of O = Cl and O – Cl in HClO2


