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Understanding the three-dimensional arrangement of atoms within a molecule is fundamental in
chemistry. The electron geometry describes the spatial arrangement of all electron groups (bonding
pairs and lone pairs) around the central atom, while the molecular geometry considers only the
positions of atoms (bonding pairs). Idealized bond angles are the angles between bonds in a
perfectly symmetrical environment, which help predict molecular shape and reactivity. This article
provides an in-depth analysis of how to determine these geometries and angles for various
molecules, illustrating key concepts with examples.

Key Concepts in Molecular Geometry Determination

Electron Groups and Their Influence

- An electron group can be a bonding pair (shared electrons in a bond) or a lone pair (non-bonding
electrons).

- The number of electron groups around the central atom primarily determines the electron
geometry.

- Lone pairs influence molecular geometry because they occupy space and can affect bond angles.

Valence Shell Electron Pair Repulsion (VSEPR) Theory

- VSEPR theory predicts molecular shapes based on the idea that electron groups repel each other
and arrange themselves to minimize repulsion.

- The arrangement of electron groups around a central atom determines the electron geometry.

- The positions of bonding atoms define the molecular geometry.

Common Electron Geometries and Their
Characteristics



Linear Electron Geometry

- Number of electron groups: 2

- Typical molecules: BeClz, CO2

- Bond angles: ~180°

- Description: Electron groups are arranged in a straight line, minimizing repulsion in a 180°
configuration.

Trigonal Planar Electron Geometry

- Number of electron groups: 3

- Typical molecules: BF3, SOs

- Bond angles: ~120°

- Description: Electron groups are arranged at the corners of an equilateral triangle.

Tetrahedral Electron Geometry

- Number of electron groups: 4

- Typical molecules: CHs, CCls

- Bond angles: ~109.5°

- Description: Electron groups are symmetrically positioned at the corners of a tetrahedron.

Trigonal Bipyramidal Electron Geometry

- Number of electron groups: 5

- Typical molecules: PCls, AsFs

- Bond angles: 120° (equatorial), 90° (axial)

- Description: Electron groups are arranged with three in a plane (equatorial) and two above and
below (axial).

Octahedral Electron Geometry

- Number of electron groups: 6

- Typical molecules: SFs, XeF4

- Bond angles: 90°

- Description: Electron groups occupy the corners of an octahedron, with bond angles at 90°.

Determining Molecular Geometry from Electron
Geometry

Once the electron geometry is known, the molecular geometry depends on the number of bonding
pairs and lone pairs:



Linear Molecules

- Electron groups: 2

- Lone pairs: 0

- Molecular geometry: Linear
- Example: CO2

- Bond angle: ~180°

Trigonal Planar Molecules

- Electron groups: 3

- Lone pairs: 0

- Molecular geometry: Trigonal planar
- Example: BFs

- Bond angles: ~120°

Tetrahedral Molecules

- Electron groups: 4

- Lone pairs: 0

- Molecular geometry: Tetrahedral
- Example: CHa

- Bond angles: ~109.5°

Trigonal Pyramidal Molecules

- Electron groups: 4

- Lone pairs: 1

- Molecular geometry: Trigonal pyramidal

- Example: NHs

- Bond angles: Slightly less than 109.5°, approximately 107°

Bent (V-Shaped) Molecules

- Electron groups: 4

- Lone pairs: 2

- Molecular geometry: Bent

- Example: H20

- Bond angles: Approximately 104.5°

Seesaw Molecules

- Electron groups: 5

- Lone pairs: 1

- Molecular geometry: Seesaw

- Example: SF4

- Bond angles: Around 90°, 120°, and less than 90° due to lone pairs



T-Shaped Molecules

- Electron groups: 5

- Lone pairs: 2

- Molecular geometry: T-shaped

- Example: ClF3

- Bond angles: Less than 90° due to lone pair repulsion

Octahedral Molecules

- Electron groups: 6

- Lone pairs: 0

- Molecular geometry: Octahedral
- Example: SFe

- Bond angles: 90°

Square Pyramidal and Square Planar Molecules

- Electron groups: 6

- Lone pairs: 1 (square pyramidal) or 2 (square planar)

- Example (square pyramidal): BrFs

- Example (square planar): XeF4

- Bond angles: 90° between adjacent bonds; angles vary depending on the structure

Examples of Specific Molecules and Their Geometries

Example 1: Methane (CHa4)

- Central atom: Carbon

- Electron groups: 4 (all bonding pairs)
- Electron geometry: Tetrahedral

- Molecular geometry: Tetrahedral

- Bond angles: ~109.5°

Example 2: Ammonia (NHs)

- Central atom: Nitrogen

- Electron groups: 4 (3 bonding pairs, 1 lone pair)

- Electron geometry: Tetrahedral

- Molecular geometry: Trigonal pyramidal

- Bond angles: ~107°, slightly less than tetrahedral due to lone pair repulsion



Example 3: Water (H20)

- Central atom: Oxygen

- Electron groups: 4 (2 bonding pairs, 2 lone pairs)
- Electron geometry: Tetrahedral

- Molecular geometry: Bent (V-shape)

- Bond angles: ~104.5° due to lone pair repulsion

Example 4: Phosphorus pentachloride (PCls)

- Central atom: Phosphorus

- Electron groups: 5 (all bonding pairs)

- Electron geometry: Trigonal bipyramidal

- Molecular geometry: Trigonal bipyramidal
- Bond angles: 120° (equatorial), 90° (axial)

Example 5: Sulfur hexafluoride (SFs)

- Central atom: Sulfur

- Electron groups: 6 (all bonding pairs)
- Electron geometry: Octahedral

- Molecular geometry: Octahedral

- Bond angles: 90°

Impact of Lone Pairs on Bond Angles and Shapes

Lone pairs occupy space and repel bonding pairs, often compressing bond angles from their
idealized values. For example:

- In NHjs, the lone pair reduces the bond angle from 109.5° to about 107°.

- In H20, the two lone pairs cause a further decrease to approximately 104.5°.

- The greater the number of lone pairs on the central atom, the more distorted the bond angles tend
to be, deviating from idealized geometries.

Summary and Practical Approach

To determine the electron and molecular geometries and idealized bond angles:

1. Count the total number of electron groups (bonding pairs + lone pairs) around the central atom.
2. Identify the electron geometry based on this count using VSEPR theory.

3. Determine the molecular geometry by considering only the bonding pairs and the influence of lone
pairs.

4. Estimate the idealized bond angles based on the electron geometry and whether lone pairs are
present.



This systematic approach enables chemists to predict molecular shapes accurately, which is
essential in understanding reactivity, polarity, and physical properties.

In conclusion, understanding electron and molecular geometries along with idealized bond angles is
fundamental in molecular chemistry. These concepts underpin the shape of molecules, influencing
their behavior and interactions in chemical reactions. Mastery of VSEPR theory and the ability to
interpret electron arrangements provide essential tools for chemists in both academic and practical
applications.

Frequently Asked Questions

How do you determine the electron geometry of a molecule?

The electron geometry is determined by counting the total number of electron domains (bonding
pairs and lone pairs) around the central atom. Using VSEPR theory, the arrangement that minimizes
electron-electron repulsion defines the electron geometry.

What is the difference between electron geometry and
molecular geometry?

Electron geometry considers all electron domains (bonding and lone pairs), whereas molecular
geometry focuses only on the positions of atoms (bonding pairs), ignoring lone pairs for the
molecular shape.

How can I determine the idealized bond angles for a given
molecular geometry?

Idealized bond angles are based on the electron domain geometry: for example, tetrahedral (109.5°),
trigonal planar (120°), linear (180°). These angles are idealized and may vary slightly due to lone
pairs or differences in atom sizes.

What is the electron and molecular geometry of a molecule
with 3 bonding pairs and 1 lone pair?

The electron geometry is tetrahedral, while the molecular geometry is trigonal pyramidal. The ideal
bond angles are approximately 109.5° for the tetrahedral electron arrangement.

How does the presence of lone pairs affect bond angles?

Lone pairs exert greater repulsion than bonding pairs, often compressing the bond angles between
atoms. For example, in a tetrahedral molecule, lone pairs can reduce the bond angles from 109.5° to
slightly less.

What is the molecular geometry of a molecule with 2 bonding



pairs and 2 lone pairs?

The molecular geometry is bent or v-shaped, with idealized bond angles around 104.5°, as seen in
water (H20). The electron geometry remains tetrahedral.

Why is it important to know the idealized bond angles in
molecular geometry?

Knowing the idealized bond angles helps predict the molecule's shape, polarity, and reactivity, which
are crucial for understanding chemical behavior and interactions.

Can the electron and molecular geometries be different? If so,
when?

Yes, they differ when there are lone pairs on the central atom. Electron geometry considers all
electron domains, while molecular geometry considers only bonded atoms, leading to different
shapes.

How do you determine the electron and molecular geometries
for molecules with multiple central atoms?

You analyze each central atom separately by counting its electron domains to determine its
individual electron and molecular geometries. The overall molecular shape depends on the
arrangement of these geometries.

Additional Resources

Determine The Electron Geometry, Molecular Geometry, And Idealized Bond Angles For
Each Of The Following

Understanding the three-dimensional arrangements of atoms within molecules is fundamental to the
study of chemistry. Electron geometry, molecular geometry, and idealized bond angles are essential
concepts that describe how atoms are arranged and how they influence the physical and chemical
properties of molecules. These geometric considerations are rooted in the Valence Shell Electron
Pair Repulsion (VSEPR) theory, which posits that electron pairs around a central atom repel each
other and arrange themselves to minimize repulsion, thus determining the overall shape of the
molecule.

This article aims to provide a comprehensive, detailed analysis of how to determine the electron
geometry, molecular geometry, and idealized bond angles for various molecular structures. By
exploring the principles behind these geometries and applying them to specific examples, the
discussion will elucidate the underlying patterns and rules that govern molecular shapes.



Fundamental Concepts: Electron and Molecular
Geometries

Before delving into specific molecules, it is essential to clarify the key concepts:

Electron Geometry

Electron geometry describes the spatial arrangement of all electron groups (bonding pairs and lone
pairs) around the central atom in a molecule. It considers electron pairs as regions of electron
density, which repel each other and adopt a configuration that minimizes repulsion. The electron
geometry provides a fundamental framework from which the molecular shape is derived.

Molecular Geometry

Molecular geometry, on the other hand, describes the spatial arrangement of only the atoms
(bonding pairs) in a molecule, ignoring lone pairs. It reflects the actual shape of the molecule, which
determines many of its physical and chemical properties, such as polarity, reactivity, and interaction
with other molecules.

Idealized Bond Angles

Idealized bond angles are the angles between bonds in a molecule, assuming perfect symmetry and
no distortions from lone pairs or other influences. These angles are predicted based on the electron
geometry and are crucial for understanding molecular shape and reactivity.

Determining Electron and Molecular Geometries

The process of determining the geometry involves several steps:

1. Identify the Central Atom: Usually the atom with the highest number of valence electrons or the
atom bonded to the most substituents.

2. Count Electron Groups: Count all regions of electron density (bonding pairs and lone pairs)
around the central atom.

3. Apply VSEPR Theory: Use the number of electron groups to identify the electron geometry.

4. Determine Molecular Geometry: Focus on the arrangement of only bonding atoms, considering
the influence of lone pairs.

The following sections analyze common geometries and provide detailed examples.



Common Electron and Molecular Geometries

Below are the key electron and molecular geometries, along with their idealized bond angles and
examples.

1. Linear Geometry

Electron Geometry: Linear
Molecular Geometry: Linear
Number of Electron Groups: 2
Ideal Bond Angle: 180°

Description:

When there are only two regions of electron density around the central atom, such as two bonding
pairs with no lone pairs, the molecule adopts a linear shape. The atoms are arranged in a straight
line, maximizing the distance between electron groups.

Examples:

- Carbon dioxide (CO2): The carbon atom is double-bonded to two oxygen atoms, with no lone pairs
on carbon, resulting in a linear shape with 180° bond angles.

- BeCl2: Beryllium chloride exhibits a linear structure with bond angles of approximately 180°.

Implications:
Linear molecules tend to be nonpolar if the substituents are identical, and their physical properties
reflect this symmetry.

2. Trigonal Planar Geometry

Electron Geometry: Trigonal Planar
Molecular Geometry: Trigonal Planar
Number of Electron Groups: 3

Ideal Bond Angle: 120°

Description:
Three regions of electron density around the central atom, with no lone pairs, lead to a trigonal
planar shape. The three atoms are positioned at the corners of an equilateral triangle in a plane.

Examples:

- Boron trifluoride (BFs): The boron atom is bonded to three fluorine atoms, with bond angles close
to 120°.

- Formaldehyde (H2CO): The carbon atom forms three sigma bonds, adopting a trigonal planar
geometry.

Implications:



The symmetry of trigonal planar molecules contributes to their nonpolar nature when substituents
are identical.

3. Tetrahedral Geometry

Electron Geometry: Tetrahedral
Molecular Geometry: Tetrahedral
Number of Electron Groups: 4
Ideal Bond Angle: 109.5°

Description:

Four electron groups around the central atom, with no lone pairs, adopt a tetrahedral shape. Atoms
are positioned at the corners of a regular tetrahedron, maximizing the distance between electron
pairs.

Examples:

- Methane (CHa): The carbon atom is bonded to four hydrogen atoms, forming a tetrahedral
structure with bond angles close to 109.5°.

- Ammonia (NHs): When considering only bonding pairs, it resembles a tetrahedral electron
geometry, but with one lone pair influencing the molecular shape.

Implications:
Tetrahedral molecules are often nonpolar if all substituents are identical; deviations can lead to
polarity.

4. Trigonal Pyramidal Geometry

Electron Geometry: Tetrahedral

Molecular Geometry: Trigonal Pyramidal

Number of Electron Groups: 4 (with one lone pair)

Ideal Bond Angle: Approximately 107° (slightly less than 109.5° due to lone pair repulsion)

Description:

When a central atom has three bonding pairs and one lone pair, the molecular shape resembles a
pyramid with a triangular base. The lone pair occupies one position, pushing the bonding pairs
closer together.

Examples:

- Ammonia (NHs): The nitrogen atom has three hydrogen atoms bonded and one lone pair, resulting
in a trigonal pyramidal shape.

- Phosphine (PHs): Similar geometry with phosphorus.

Implications:



Lone pairs exert greater repulsive force, slightly compressing bond angles and influencing polarity.

5. Bent (V-Shaped) Geometry

Electron Geometry: Tetrahedral

Molecular Geometry: Bent (or V-shaped)

Number of Electron Groups: 4 (with two lone pairs)

Ideal Bond Angle: Approximately 104.5° (less than tetrahedral due to lone pair repulsion)

Description:
When there are two bonding pairs and two lone pairs, the molecule adopts a bent shape. The lone
pairs compress the bond angles between the bonded atoms.

Examples:

- Water (H20): The oxygen atom has two lone pairs and two hydrogen atoms, leading to a bent shape
with bond angles around 104.5°.

- Sulfur dioxide (SOz2): Similar geometry with a lone pair influencing the shape.

Implications:
The bent shape imparts polarity to the molecule and influences its physical properties, such as
boiling point.

6. Trigonal Bipyramidal Geometry

Electron Geometry: Trigonal Bipyramidal

Molecular Geometries: Trigonal Bipyramidal, Seesaw, T-Shaped, Linear (depending on lone pairs)
Number of Electron Groups: 5

Ideal Bond Angles: 120° (equatorial), 90° (axial)

Description:
Five electron groups occupy a trigonal bipyramidal arrangement, with three in the equatorial plane
and two axial positions. The molecular shape depends on the number of lone pairs.

Examples:

- Phosphorus pentachloride (PCls): Exhibits a trigonal bipyramidal shape with no lone pairs.

- Chlorine trifluoride (ClFs): Has three bonding pairs and two lone pairs, resulting in a T-shaped
molecular geometry.

Implications:
The differing bond angles influence the molecule's reactivity and intermolecular interactions.



7. Octahedral Geometry

Electron Geometry: Octahedral

Molecular Geometry: Octahedral, Square Pyramidal, Square Planar (depending on lone pairs)
Number of Electron Groups: 6

Ideal Bond Angle: 90°

Description:

Six electron groups around the central atom arrange themselves at the corners of an octahedron,
with bond angles of 90°. The molecular shape depends on the presence of lone pairs.

Examples:

- Sulfur hexafluoride (SFe): Exhibits octahedral geometry with no lone pairs.

- Xenon tetrafluoride (XeF4): Has two lone pairs, resulting in a square planar shape.

Implications:

Octahedral geometries are common in transition metal complexes, influencing their electronic and
magnetic properties.

Applying the Concepts to Specific Molecules

Let's examine how these principles are applied to real molecules:

Example 1: Carbon Tetrachloride (CCla)

- Step 1: Central atom: Carbon
- Step 2: Electron groups: 4 (four
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