Molecular Geometry and Bonding Theories

Valence Shell Electron Pair Repulsion (VSEPR) Model

The Valence Shell Electron Pair Repulsion Model

Balloons tied together adopt arrangements which minimize steric clashes between neighbors:

Low energy arrangements of balloons!

Linear Trigonal Planar Tetrahedral

e Atoms are bonded together by electron pairs in valence orbitals

e Electrons are all negatively charged and tend to repel other electrons

e Bonding pairs of shared electrons tend to repel other bonding pairs of electrons in the valence
orbital

The best spatial arrangement of the bonding pairs of electrons in the valence orbitals is one in
which the repulsions are minimized

Like the balloon example:

Two electron pairs in the valence orbital are arranged linearly
Three electron pairs are organized in a trigonal planar arrangement
Four electron pairs are organized in a tetrahedral arrangement

Five electron pairs are arranged in a trigonal bipyramid

Six electron pairs are organized in an octahedral arrangement



Number Arrangement Electron- Predicted

of of pair bond
electron pairs electron pairs geometry angles
180°
2 Linear 180°
3 Trigonal 120°
planar
4
Tetrahedral  109.5°
8 Trigonal 90°
bipyramid 120°
6 Octahedral 90°




The shape of a molecule can be related to these five basic arrangements
Predicting Molecular Geometries
In Lewis structures there are two types of valence electron pairs:

o bonding pairs (shared by atoms in bonds)
e nonbonding pairs (also called lone pairs)

The Lewis structure of ammonia:

e Three bonding pairs of electrons
¢ One nonbonding pair of electrons

The electron shell repulsion between these four electron pairs is minimized in a tetrahedral
arrangement (i.e. the "electron pair geometry" is tetrahedral)

This arrangement is for the valence electron pairs. What about the afoms in a compound?

o The molecular geometry is the location of the atoms of a compound in space
e We can predict the molecular geometry from the electron pair geometry
¢ In the above example (ammonia), we would predict that the three hydrogens would form the
vertices of a tetrahedron, and the nonbonding electron pair the fourth. Thus, ammonia would
have a trigonal pyramide arrangement of its H atoms
Steps involved in determining the VSEPR model:

1. Draw the Lewis structure

2. Count total number of electron pairs around the central atom. Arrange them to minimize the
electron shell repulsion

3. Describe the molecular geometry in terms of the angular arrangement of the bonding pairs
Four or Fewer Valence-Shell Electron Pairs

Structural types for molecules or ions which obey the octet rule:
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INote: a double or triple bond 1s counted as one bonding pair when predicting geometry

Using the VSEPR model predict the molecular geometries of a) SnCl,” and b) O,
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The Effect of Nonbonding Electrons and Multiple Bonds on Bond Angles

The VSEPR model can be used to explain slight distortions from ideal bond geometries observed in
some structures.

Methane, ammonia and water all have tetrahedral electron-pair geometries, but the bond angles of
ammonia and water are slightly distorted from an ideal tetrahedron:

Methane



Ammonia N

Water ° / wH
H 104.5°

The bond angles decrease as the number of nonbonding electron pairs increases

Since the electron pairs of bonding atoms are somewhat delocalized from the individual atoms (i.e.
they are shared by two atoms), whereas the nonbonding electron pairs are attracted to a single
nucleus, the nonbonding pairs can be thought of as having a somewhat larger electron cloud near the
parent atom (kind of like being a somewhat larger balloon in the balloon analogy). This "crowds" the
bonding pairs and the geometry distortions reflect this.

Multiple bonds, which contain higher electron density than single bonds also distort geometry by
crowing the bonding pairs of single bonds:

Formaldehyvde
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Electrons in multiple bonds, like nonbonding electrons, exert a greater repulsive force on adjacent
electron pairs than do single bonds

Geometries of Molecules with Expanded Valence Shells



When the central atom has 'd' orbitals available (z = 3 and higher) then it may have more than 4
electron pairs around it. Such atoms exhibit a variety of molecular geometries:
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The trigonal bipyramidal arrangement for atoms with 5 pairs of valence electrons contains two
geometrically distinct types of electron pairs, axial and equitorial:

Trigonal
Bipyramidal
. Equitorial
eliéitlra:m electron
pairs pairs

If there is a non-bonding pair of electrons (a "larger" electron cloud), it will go in the axial
position to minimize electron repulsion

The octahedral structure contains 6 pairs of valence electrons. All positions are equivalent and at 90°
from other electron pairs.

If there is one nonbonding pair of electrons, it makes no difference where we place them. However, if
there are two nonbonding pairs of electrons, the second pair will be 180° from the first to minimize
steric interactions

Molecules with no central atom

The VSEPR model can be used to determine the geometry of more complex molecules
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e The first carbon has four pairs of valence electrons and will be tetrahedral
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planar
o The oxygen on the right has four and will be tetrahedral (only two have bonds and thus it will

appear as a "bent" conformation):

Examples of molecular geometry:

Linear Detahedral Square Planar T-5haped

Tetrahedral Trigonal Bipyrarnidal Trigonal Planar Trigonal Pyramidal
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