
Chapter 1: 
Electronic Structure and Bonding

Or
A Brief Review of General Chemistry

Part 2: Quantum Mechanics and 
Molecular Orbital Theory

Review ideas from general chemistry: 
atoms, bonds, molecular geometry



Bonding in Ethene (Ethylene): A Double Bond
The sigma bond is unaffected by rotation of one 
of the CH2 groups.
The overlap of the p orbitals is disrupted by 
rotation of one of the CH2 groups. 
This would cause the double bond to break.

Hybrid Orbitals of Ethene, C2H4



An sp2-Hybridized Carbon -
 The bond angle in the sp2 carbon is 120°.
 The sp2 carbon is the trigonal planar carbon.

Hybrid Orbitals of Ethene, C2H4



Molecular Orbital Theory

Draw a Lewis Dot Structure for Ethyne

So let’s look at Ethyne (Acetylene) . . . 



Bonding in Ethyne (Acetylene) : A Triple Bond
A triple bond consists of one s bond and two p bonds. 
Bond angle of the sp carbon: 180°.

Hybrid Orbitals of Ethyne, C2H2



Molecular Orbital Theory

- ++



Molecular Orbital Theory

Summary 
The sharing of one pair of electrons is a single

bond.
The sharing of two pairs gives a double bond.
The sharing of three pairs gives a triple bond.
The greater the electron density in the region of 

orbital overlap, the stronger the bond.
The more s character, the shorter and stronger is 

the bond.
The more s character, the larger is the bond 

angle.
A  bond is weaker than a  bond.



Hybridization of Nitrogen and Oxygen
Elements other than C can have hybridized orbitals

H–N–H bond angle in ammonia (NH3) 107.3°
C-N-H bond angle is 110.3 °
N’s orbitals (sppp) hybridize to form four sp3 orbitals
One sp3 orbital is occupied by two nonbonding electrons, 
and three sp3 orbitals have one electron each, forming 
bonds to H and CH3.



Example Steric
number Hybridization

Arrangement 
of electron 
pairs

Arrangement of 
atoms 
(geometry)

CH4 4 sp3 Tetrahedral Tetrahedral

NH3 4 sp3 Tetrahedral Trigonal pyramidal

H2O 4 sp3 Tetrahedral Bent

Molecular Geometry – sp3 Geometry



Representing Molecules
Bonding Models  (C2H4O2)
 Lewis Dot structures

Line structures

 Condensed structures

Organic structures

H
OH

O

H C C
O

HH
H

O

H

O

OC C
H

H
H

• There are many ways to 
represent molecules. 
•If you were representing a 
large molecule with 20 or more 
atoms, which structure would 
be most time consuming to 
draw?
•Which structures give you the
most information about the 
structure?



• Like Lewis structures, lines are drawn between 
atoms to show covalent bonds:

• Atoms are bonded at angles (zigzag) that represent 
the actual geometry of the bond angles.

• Carbon atoms are not labeled, but a carbon is 
assumed to be located at every corner or endpoint 
on the zigzag.

Bond-line Structures

2-11

hexane 2-methyl pentane 2,3-dimethyl butane



The vast majority of molecules are 3-dimensional 
(3D), but it is difficult to represent a 3D molecule 
on a 2-dimensional (2D) piece of paper or 
blackboard.
We will use dashed and solid wedges to show 
groups that point back into the paper or out of 
the paper.

We’ll come back to this when we get to Chapter 5.

3D Bond-line Structures



 Single bonds are axes of rotation, so be aware that they 
can rotate.

 Heteroatoms (atoms other than C and H) should be 
labeled with all hydrogen atoms and lone pairs attached.

 NEVER draw a carbon with more than FOUR bonds!

Bond-line Structures

3-methyl pentane

3-methyl pentane
2-methyl hexane





For Next Time….

Wednesday Chapter 2 Sections 2.7-2.11
 Homework Practice Problems Chapter 1

#8,12,15,37,39,43,45,48,49,53,56

 Homework Practice Problems Chapter 2 
#1,5,12,16,25,34,40,47,48,54,55,64, 66
*know the functional groups in table 2.1


