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2.2.6: Valence Shell Electron-Pair Repulsion

Introduction to VSEPR

The Valence Shell Electron Repulsion (VSEPR) model can predict the structure of most molecules and polyatomic ions in which
the central atom is a nonmetal; it also works for some structures in which the central atom is a metal. VSEPR builds on Lewis
electron dot structures (discussed in Section 3.1); Lewis structures alone predict only connectivity while the Lewis structure and
VSEPR together can predict the geometry of each atom in a molecule. The main idea of VSEPR theory is that pairs of electrons (in
bonds and in lone pairs) repel each other. The pairs of electrons (in bonds and in lone pairs) are called "groups". Because electrons
repel each other electrostatically, the most stable arrangement of electron groups (i.e., the one with the lowest energy) is the one
that minimizes repulsion. Groups are positioned around the central atom in a way that produces the molecular structure with the
lowest energy. In other words, the repulsion between groups around an atom favors a geometry in which the groups are as far apart
from each other as possible. Although VSEPR is simplistic because it does not account for the subtleties of orbital interactions that
influence molecular shapes, it accurately predicts the three-dimensional structures of a large number of compounds.

We can use the VSEPR model to predict the geometry around the atoms in a polyatomic molecule or ion by focusing on the
number of electron pairs (groups) around a central atom of interest. Groups include bonded and unbonded electrons; a single bond,
a double bond, a triple bond, a lone pair of electrons, or even a single unpaired electron each count as one group. The molecule or
polyatomic ion is given an AX,,F,, designation, where A is the central atom, X is a bonded atom, valence
electron group (usually a lone pair of electrons), and m and n are integers. The number of groups is equal to the sum of m and

Using this information, we can describe the molecular geometry around a central atom, that is, the arrangement of the bonded
atoms in a molecule or polyatomic ion. The geometries that are predicted from VSEPR when a central atom has only bonded
groups (1 = 0) are listed below in Table 2.2.6.1 The cases where lone pairs contribute to the total groups (n > 1) are discussed in
the next section about lone pair repulsion.

Table 2.2.6.1. Geometries predicted using VSEPR theory (bonded groups only).
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Groups around central
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Practice

X VSEPR to predict Molecular Geometry

You can follow these four steps to predict the geometry around an atom using VSEPR:

1. Draw the Lewis electron structure of the molecule or polyatomic ion.

2. For the central atom of interest, assign the AX, E,, designation and the total number of groups (m+n).
3. Determine the electron group arrangement around the central atom that minimizes repulsions.

4. Describe the molecular geometry.

Use the procedure above to complete the exercises below

? Exercise 2.2.6.1

Predict the geometry around the central atom in BeH; and CO».

Answer BeH,

1. The central atom, beryllium, contributes two valence electrons, and each hydrogen atom contributes one. The Lewis
electron structure is

H:Be:tH or H—Be—H
Lewis structure
2. There are two groups around the central atom, and both groups are single bonds. Thus BeH; is designated as AX.
3. We see from Table 2.2.6.1that the arrangement that minimizes repulsions places the groups 180° apart.
4. From Table 2.2.6.1we see that with two bonding pairs, the molecular geometry that minimizes repulsions in BeH, is
linear.
Answer CO,

1. The central atom, carbon, contributes four valence electrons, and each oxygen atom contributes six. The Lewis electron
structure is

2. The carbon atom forms two double bonds. Each double bond is counted as one group, so there are two groups around the
central atom. Once again, both groups around the central atom are bonds, so CO, is designated as AX,.

3. Like BeHp, the arrangement that minimizes repulsions places the groups 180° apart.

4. VSEPR only recognizes groups around the central atom (the carbon). Thus the lone pairs on the oxygen atoms do not
influence the molecular geometry. With two bonded groups on the central atom and no lone pairs, the molecular geometry
of CO, is linear (Table 2.2.6.1). The structure of CO, is shown in Table 2.2.6.1
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Predict the geometry around the central atom in BCl; and CO52".

Answer BCl,
1. The central atom, boron, contributes three valence electrons, and each chlorine atom contributes seven valence

electrons. The Lewis electron structure is

:t|.| 3
B
ol
Lewis structure

2. There are three groups around the central atom and all are single bonds. The structure is designated as AX3.

3. To minimize repulsions, the groups are placed 120° apart (Table 2.2.6.]).

4. From Table 2.2.6.1we see that with three bonding pairs around the central atom, the molecular geometry of BCI3
is trigonal planar.

Answer CO32'

1. The central atom, carbon, has four valence electrons, and each oxygen atom has six valence electrons. The Lewis
electron structure of one of three resonance forms is represented as

2_
C

A N

o o

Lewis structure

2. The structure of CO3%™ is a resonance hybrid. It has three identical bonds, each with a bond order of 1 % All
electron groups are bonds. With three bonding groups around the central atom, the structure is designated as AXj.

3. We minimize repulsions by placing the three groups 120° apart (Table 2.2.6.]).
4. We see from Table 2.2.6.1that the molecular geometry of CO3*" is trigonal planar with bond angles of 120°.

Molecular geometry
(trigonal planar)

? Exercise 2.2.6.3

Predict the geometry around the central atom in CH,, PCl; and SFg,.

Answer CHy

1. The central atom, carbon, contributes four valence electrons, and each hydrogen atom has one valence electron, so the
full Lewis electron structure is
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Lewis structure

2. There are four electron groups around the central atom. All electron groups are bonding pairs, so the structure is
designated as AXj,.

3. As shown in Table 2.2.6.1 repulsions are minimized by placing the groups in the corners of a tetrahedron with bond
angles of 109.5°.

4. With four bonding pairs, the molecular geometry of methane is tetrahedral (Table 2.2.6.]).

' )

Molecular geometry
(tetrahedral)

Answer PCls5

1. Phosphorus has five valence electrons and each chlorine has seven valence electrons, so the Lewis electron structure of
PCl; is

:Eh
o /N o
<.l

2. There are five bonding groups around phosphorus, the central atom. All electron groups are bonds, so the structure is
designated as AX:.

3. The structure that minimizes repulsions is a trigonal bipyramid, which consists of two trigonal pyramids that share a base
(Table 2.2.6.1).

4. The molecular geometry of PCls is trigonal bipyramidal, as shown below. The molecule has three atoms in a plane in
equatorial positions and two atoms above and below the plane in axial positions. The three equatorial positions are
separated by 120° from one another, and the two axial positions are at 90° to the equatorial plane. The axial and equatorial
positions are not chemically equivalent.

PCl

5

Answer SFg
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1. The central atom, sulfur, contributes six valence electrons, and each fluorine atom has seven valence electrons, so the
Lewis electron structure is

Lewis structure

With an expanded valence, this species is an exception to the octet rule.

2. There are six electron groups around the central atom, each a bonding pair. We see from Figure 2.2.6.2that the geometry
that minimizes repulsions is octahedral.

3. With only bonding pairs, SFg is designated as AXg. All positions are chemically equivalent, so all electronic interactions
are equivalent.

4. There are six nuclei, so the molecular geometry of SFg is octahedral.

¢

Molecular geometry
(octahedral)
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