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Expected Outcomes

In the end of this chapter, student will have the ability 

to: 

- Draw Lewis structure

- Identify ionic and covalent bond in a compounds

- Differentiate isomers and resonance Lewis 

drawing

- Explain characteristic and properties of 

constitutional isomers, enantiomers, 

diastereoisomers, and racemic mixture

- Predict the shape of molecules

- Draw condensed structures and skeletal structure
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• Bonding

• Lewis Structure

• Resonance

• Stereochemistry

• Molecular shapes

• Drawing organic structure



Organic Chemistry

• The branch of Science in which we study of the carbon 

containing compounds is called  Organic Chemistry.

OR

• The study of hydrocarbons and their derivatives known as 

Organic Chemistry.

• Over 10 million structures have been identified

– about 1000 new ones are identified each day! 

(Scifinder website)

• C is a small atom 

– it forms single, double, and triple bonds

– it is intermediate in electronegativity (2.5)

– it forms strong bonds with C, H, O, N, and some metals
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Structure and Bonding

 The nucleus contains positively 

charged protons and uncharged 

neutrons.

 The electron cloud is composed 

of negatively charged electrons.

P +ve charge

N no charge

E -ve charge

N = A – Z

 N = No. of proton
A = Atomic number = No. of proton  = No. of electron
Z = Mass Number or Atomic Mass = No. of proton + No. of neutron





Structure and Bonding

The Periodic Table

A periodic table of the common elements seen in organic chemistry



Structure and Bonding

• Elements in the same row are similar in size.

• Elements in the same column have similar electronic 

and chemical properties.

The Periodic Table
A comparison of two isotopes of the element carbon



Structure and Bonding

Second Row Elements

 Since each of the four orbitals available in the second shell can
hold two electrons, there is a maximum capacity of eight
electrons for elements in the second row.

 The second row of the periodic chart consists of eight
elements, obtained by adding electrons to the 2s and three 2p
orbitals.
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Most bonds are somewhere in between.

• Chemical bond: attractive force holding two or 
more atoms together.

There are 2 extreme forms of connecting or bonding 
atoms:

• Ionic Bond—complete transfer of electrons from 
one atom to another

• Covalent Bond—electrons shared between 
atoms

Structure and Bonding



Structure and Bonding

IONIC BOND FORMATION

2,8,1

Na+

2,8,7

Cl-
+ NaCl

2,8,8

Sodium loss one electron get positive charge and Chlorine get 

electron be come negative charge, both ions form ionic  bond 

through electrostatic force of attraction



Structure and Bonding

• An ionic bond generally occurs when elements on the

far left side of the periodic table combine with elements

on the far right side, ignoring noble gases.

• A positively charged cation formed from the element on

the left side attracts a negatively charged anion formed

from the element on the right side. An example is

sodium chloride, NaCl.



Structure and Bonding
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Covalent bond  is the sharing of the VALENCE

ELECTRONS of each atom in a bond

Recall: Electrons are divided between core
and valence electrons.

ATOM core valence

Na   1s2 2s2 2p6 3s1 [Ne] 3s1

Br    [Ar] 3d10 4s2 4p5 [Ar] 3d10 4s2 4p5

Br   Br

Covalent Bonding
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Covalent Bonding

The bond arises from the mutual attraction of 2 

nuclei for the same electrons.

H
B+ H

A
H

B
H

A

A covalent bond is a balance
of attractive and repulsive forces.



Covalent Bond

• Hydrogen forms one covalent bond.

• When two hydrogen atoms are joined in a bond, each

has a filled valence shell of two electrons.

COVALENT BOND in Hydrogen (H2)



Ionic and Covalent Bonds

Ionic and Covalent Bonds:
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Bond Formation

A bond can result from a “head-to-head” overlap of 
atomic orbitals on neighboring atoms. 

H H Cl
••

•

•

••

Cl
••

•

•

••

+

Overlap of H (1s) and Cl (2p)

This type of overlap places bonding electrons in a 

MOLECULAR ORBITAL along the line between

the two atoms and forms a SIGMA BOND (s).



Electronic Configuration

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s

What is Electronic Configuration of Na (11), Mg (12) 

and Cl (17) atoms

Cl  = 
(17)

1s22s22p63s23p5 2 + 2 + 6 + 2 + 5 = 17 e



Electronic Configuration

Mg =
(12)

2 + 2 + 6 + 2 = 12 electrons

Na =
(11)

Is2, 2s2, 2p6,3s1 2 + 2 + 6 + 1 = 11 electrons

Is2, 2s2, 2p6,3s2



Structure and Bonding

• Second row elements can have no more than eight

electrons around them. For neutral molecules, this has

two consequences:

Atoms with one, two, or three valence electrons form one,

two, or three bonds, respectively, in neutral molecules.

Atoms with four or more valence electrons form enough

bonds to give an octet. This results in the following equation:

When second-row elements form fewer than four bonds their

octets consist of both bonding (shared) and nonbonding

(unshared) electrons. Unshared electrons are also called lone

pairs.
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• Electron distribution is depicted with Lewis 
electron dot structures

Electrons are distributed as:

• shared or BOND PAIRS and 

• unshared or LONE PAIRS.

Electronic Contribution in Molecule
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Bond and Lone Pairs

• Electrons are distributed as shared or BOND PAIRS
and unshared or LONE PAIRS.

••

H Cl
••

•
•

This is a LEWIS ELECTRON DOT structure.

shared or bond pair

Unshared or

lone pair (LP)



Rule for Lewis Dot Structure:

1. Identify the central atom (less electronegative atom) of molecule.
- Connect the central atom with other atoms with single bonds. 

2. Calculate the number of the electron in pi-bonds (multiple bonds) using formula 1 
as given below:
P = 6n + 2 – V ------------------------------- (1)
where as  P is the number of electrons in pi-bond
n is the number of atom in the molecule

&  V is the valence electrons in the molecule = (Sum of atom group numbers) – Charge

3. Add double or triple bonds to the structure in Step 1 according to the results 
obtained in Step 2. 

- Add unshared pairs of electrons around each atom so that all of them have 
octets around them (except for the H atom) 

4. Calculate the Formal Charge of the atoms in the molecule as follows: 
Formal Charge of Element = 
Group Number – Total number of electrons “owned” by the atom concerned 



Structure and Bonding

Summary: The usual number of bonds of common neutral atoms



26

Valence Electrons

1A

2A 3A 4A 5A 6A 7A

8ANumber of valence electrons = Group number



How Covalent bonds Form

The process of sharing electrons is known as covalent bonding.

Hydrogen atoms each need one electron;

Carbon atoms each need four electrons;

Nitrogen atoms each need three electrons;

Oxygen atoms each need two electrons;

Fluorine atoms each need one electron;

Neon atoms already have a full outer electron shell.

In order to achieve a full outer shell...



Structure and Bonding

• An sigma orbital has a sphere of electron density and is lower in

energy than the other orbitals of the same shell.

• A p orbital has a dumb bell shape and contains a node of electron

density at the nucleus. It is higher in energy than an s orbital.

TYPES OF COVALENT BOND or Molecular Orbitals

Sigma & pi-bond: *overlapping of orbitals.



Structure and Bonding

Since there is only one orbital in the first shell, and each shell can hold a maximum

of two electrons, there are two elements in the first row, H and He.

Each element in the second row of the periodic table has four orbitals

available to accept additional electrons: one 2s orbital, and three 2p

orbitals.



Structure and Bonding

Types of sigma bonds:
1. s-s
2. s-p
3. p-p
4. sp3

*All single bond is sigma bond.



Structure and Bonding

• The second kind of bonding is pi (π) bonding. It occurs when p 

orbitals overlap side by side or parallel to each other.

The increased electron density is concentrated above and below the 

nuclear axis.

bonding occurs in molecules with multiple bonds.

Pi- bond: 



Structure and Bonding



Structure and Bonding



Structure and Bonding



Structure and Bonding

Bonding in Ethylene

Bonding in Formaldehyde



Structure and Bonding



Structure and Bonding

Bonding in Acetylene



Structure and Bonding

s-bond

Single bond = s bond

Double bond = s + 

-bond

(weaker)

Triple bond = s + 2

e.g.

H-H             CO2         N2

F-F              CS2          HCN

H-F

H3C-CH3



Resonances

Resonances: occurs whenever a molecule can be represented by two or more 

structures differing only in the arrangement of electrons, without shifting any atoms. It 
only involves the delocalization of electrons.

When one or more valid Lewis dot diagram can be drawn. e.g.  HNCO and SO3

no change in
1. net # of e
2. net charge
3. sigma bond (connectivity)

Resonance contribution
1. closed shells 
2. minimize Formal charge
3. If F.C. is present then

(-) with electronegative atoms
(+) w/o electronegative atoms



• A compound with delocalized e- is said to 
have resonance
– resonance contributor

– resonance structure

– contributing resonance structure

Resonance Hybrid



• Benzene
– contributing resonance structures

Resonance Hybrid



Drawing resonance hybrids

• Only e- move (not atoms)

• Only  and non-bonding e- move

• Total # e- stays same (as does unpaired e-)

Resonance Hybrids



e- can be moved only by…

 e- move toward + or toward  bond

Resonance Hybrids



e- can be moved only by…

Nonbonding pair e- toward a  bond

Resonance Hybrids



e- can be moved only by…

Nonbonding single e- toward a  bond

Resonance Hybrids



• Drawing resonance hybrids of nitro ethane

Resonance Hybrids



Isomers

Isomers

In drawing a Lewis structure for a molecule with several atoms, sometimes more than one

arrangement of atoms is possible for a given molecular formula.

Example:

Both are valid Lewis structures and both molecules exist. These two

compounds are called isomers.

Ethanol and dimethyl ether are constitutional isomers.

Isomers have same molecular formula but  different molecular structure called  

isomer.



Isomers

CH2= CH-CH2-CH3

I-butene

CH3-CH=CH-CH3

2-butene

C4H8 C4H8

CH3-CH2-CH2-OH

1-Propanol

CH3-CH-CH3

OH 2-Propanol

C3H8O

Examples of isomers:

C3H8O



Structure and Bonding 

Determining Molecular Shape
Two variables define a molecule’s structure: bond length and bond angle.

• Bond length decreases across a row of the periodic table

as the size of the atom decreases.

• Bond length increases down a column of the periodic table as

the size of an atom increases.



Structure and Bonding



Structure and Bonding

Bond angle determines the shape around any atom bonded

to two other atoms.

Determining Molecular Shape—Bond Angle

• The number of groups surrounding a particular atom

determines its geometry. A group is either an atom or a lone

pair of electrons.



Structure and Bonding

Determining Molecular Shape—Bond Angle

Two groups around an atom—



Structure and Bonding 

Determining Molecular Shape—Bond Angle

Three groups around an atom—



Structure and Bonding 

Determining Molecular Shape

Four groups around an atom—



Structure and Bonding

Drawing Three Dimensional Structures

• A solid line is used for a bond in the plane.

• A wedge is used for a bond in front of the plane.

• A dashed line is used for a bond behind the plane.



Structure and Bonding  

Drawing Three Dimensional Structures

The molecule can be turned in many different ways,

generating many equivalent representations. All of the

following are acceptable drawings for CH4.



Structure and Bonding 

A Nonbonded Pair of Electrons is Counted as a “Group”

In water (H2O), two of the four groups attached to the central O atom

are lone pairs. The two H atoms and two lone pairs around O point to

the corners of a tetrahedron. The H-O-H bond angle of 105° is close to

the theoretical tetrahedral bond angle of 109.5°. Water has a bent

shape, because the two groups around oxygen are lone pairs of

electrons.



Structure and Bonding 

Methane (CH4)

Ammonia (NH3)

Water (H2O)

In both NH3 and H2O, 

the bond angle is smaller 

than the theoretical 

tetrahedral bond angle 

(109.5) because of 

repulsion of the lone 

pairs of electrons. The 

bonded atoms are 

compressed into a 

smaller space with a 

smaller bond angle.



Structure and Bonding

Predicting Geometry Based on Counting of Groups 

Around the Central Atom



Structure and Bonding

Drawing Organic Molecules—Condensed Structures

• All atoms are drawn in, but the two-electron bond lines are generally omitted.

• Atoms are usually drawn next to the atoms to which they are bonded.

• Parentheses are used around similar groups bonded to the same atom.

• Lone pairs are omitted.



Structure and Bonding

Examples of Condensed Structures



Structure and Bonding

Examples of Condensed Structures Containing a C-O Double Bond



Structure and Bonding

Skeletal Structures

• Assume there is a carbon atom at the junction of any two lines or at the end of 

any line.

• Assume there are enough hydrogens around each carbon to make it 

tetravalent.

• Draw in all heteroatoms and hydrogens directly bonded to them.



Structure and Bonding

Examples of Skeletal Structures


