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Understanding the molecular geometries of chemical species is fundamental in chemistry, as it
influences their reactivity, polarity, phase, and overall behavior. In this article, we will explore the
molecular structures of three distinct molecules: selenium trioxide (SeO₃), bromine trioxide cation
(BrO₃¹⁻), and chlorine pentafluoride cation (ClF₂¹⁺). We will analyze their Lewis structures, electron
domain geometries, and ultimately their molecular geometries, providing a comprehensive
understanding of each species.

Predicting Molecular Geometries: The Basics

Before diving into each species, it's essential to understand the general principles used in predicting
molecular geometries:

Valence Shell Electron Pair Repulsion (VSEPR) Theory

VSEPR theory states that electron pairs around a central atom will arrange themselves as far apart as
possible to minimize repulsion. This arrangement determines the electron domain geometry, which,
combined with the positions of bonding atoms, leads to the molecular geometry.

Steps for Prediction

1. Draw the Lewis structure.
2. Count the number of bonding electron domains (bond pairs) and lone pairs.
3. Determine the electron domain geometry based on total electron domains.
4. Adjust for lone pairs to find the molecular geometry.

Now, let's analyze each species individually.

SeO₃ (Selenium Trioxide)



Lewis Structure of SeO₃

- Central atom: Selenium (Se)
- Surrounding atoms: Three oxygen atoms
- Total valence electrons:
- Se: 6 valence electrons
- Each O: 6 valence electrons, total 18
- Total: 6 + (3×6) = 24 electrons

- Drawing the structure:
- Selenium is the central atom.
- Connect three oxygens to selenium with single bonds.
- Distribute remaining electrons to satisfy octet:

- Each oxygen gets three lone pairs (6 electrons), and the double bonding is more appropriate here to
satisfy octet and minimize formal charge.

- Resonance structures: The actual structure involves double bonds between selenium and each
oxygen, leading to a symmetrical structure.

Electron Domain Geometry of SeO₃

- Bonding domains: 3 (double bonds with each oxygen)
- Lone pairs on selenium: 0 (since selenium forms three double bonds)
- Electron domains: 3

Using VSEPR theory, 3 electron domains arrange themselves in a trigonal planar geometry.

Molecular Geometry of SeO₃

Since there are no lone pairs on selenium, and all three regions are bonding pairs, the molecular
geometry is trigonal planar.

Polarity and Other Properties

- The molecule is symmetric, with bond dipoles canceling out.
- Result: SeO₃ is nonpolar.
- Implication: Its trigonal planar structure contributes to its chemical reactivity, especially as an
oxidizing agent.

BrO₃¹⁻ (Bromine Trioxide Ion)



Lewis Structure of BrO₃¹⁻

- Central atom: Bromine (Br)
- Surrounding atoms: Three oxygen atoms
- Total valence electrons:
- Br: 7 electrons
- Each O: 6 electrons, total 18
- Plus 1 extra electron for the negative charge
- Total: 7 + 18 + 1 = 26 electrons

- Constructing the structure:
- Bromine is the central atom.
- Connect three oxygens to bromine with single bonds.
- Distribute remaining electrons to satisfy octet:

- Each oxygen receives three lone pairs (6 electrons).
- The remaining electrons are placed on bromine and oxygens.

- Resonance structures: The actual structure involves resonance with some double-bond character
between bromine and oxygens.

Electron Domain Geometry of BrO₃¹⁻

- Bonding domains: 3 (with possible resonance contributing to bond order)
- Lone pairs on bromine: 2 (since bromine has 7 valence electrons, and it shares three pairs with
oxygens, leaving two lone pairs)
- Electron domains: 5 (3 bonding pairs + 2 lone pairs)

According to VSEPR theory, 5 electron domains arrange themselves in a trigonal bipyramidal
geometry.

Molecular Geometry of BrO₃¹⁻

- The two lone pairs occupy equatorial positions, repelling bonding pairs.
- The three oxygens occupy the remaining positions, resulting in a trigonal pyramidal shape around
bromine.
- Note: The actual molecular geometry considers the positions of atoms, so the species is trigonal
pyramidal.

Polarity and Chemical Behavior

- Due to the asymmetry introduced by lone pairs, BrO₃¹⁻ is polar.
- Its geometry influences its reactivity, especially in oxidation reactions.



ClF₂¹⁺ (Chlorine Difluoride Cation)

Lewis Structure of ClF₂¹⁺

- Central atom: Chlorine (Cl)
- Surrounding atoms: Two fluorines
- Total valence electrons:
- Cl: 7 electrons
- Each F: 7 electrons, total 14
- Plus positive charge: subtract 1 electron
- Total: 7 + 14 - 1 = 20 electrons

- Constructing the structure:
- Chlorine is central.
- Connect two fluorines via single bonds.
- Distribute electrons:

- Each fluorine gets three lone pairs.
- The remaining electrons are placed on chlorine as lone pairs.

- Bonding and charge consideration:

- Since the species is positively charged, one electron is removed compared to a neutral ClF₂
molecule, resulting in a structure with three bonding domains and possibly lone pairs on chlorine.

Electron Domain Geometry of ClF₂¹⁺

- Bonding pairs: 2 (Cl–F bonds)
- Lone pairs on chlorine: 1 (since Cl has 7 electrons, shares two bonds, and has one lone pair)
- Electron domains: 3 (2 bonding + 1 lone pair)

According to VSEPR, 3 electron domains arrange in a trigonal planar geometry.

Molecular Geometry of ClF₂¹⁺

- With one lone pair and two bonded atoms, the molecular geometry is bent or V-shaped.
- The lone pair occupies one position, causing the bonded fluorines to be angled away from each
other.

Polarity and Implications

- The molecule is polar due to the bent shape.



- The positive charge influences its reactivity, especially in electrophilic reactions.

Summary of Geometries

| Species | Electron Domain Geometry | Molecular Geometry | Polarity |
|--------------------|--------------------------|---------------------|------------|
| SeO₃ | Trigonal planar | Trigonal planar | Nonpolar |
| BrO₃¹⁻ | Trigonal bipyramidal | Trigonal pyramidal| Polar |
| ClF₂¹⁺ | Trigonal planar | Bent | Polar |

Conclusion

Predicting molecular geometries provides insights into the physical and chemical properties of
molecules. SeO₃, with its symmetrical trigonal planar structure, exhibits nonpolar characteristics,
making it stable and reactive in oxidation processes. BrO₃¹⁻, adopting a trigonal pyramidal shape due
to lone pairs, is polar and participates actively in redox reactions and as an oxidizer. ClF₂¹⁺, with a
bent geometry around the central chlorine atom, is polar and reactive, especially in fluorination and
other electrophilic reactions.

Understanding these geometries not only aids in predicting reactivity and physical properties but also
enhances our grasp of molecular behavior in various chemical contexts. The principles of VSEPR
theory serve as invaluable tools in this predictive process, providing a straightforward approach to
visualizing molecular shapes from Lewis structures.

---
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Frequently Asked Questions

What is the molecular geometry of SeO3?
SeO3 has a trigonal planar molecular geometry due to the central selenium atom bonded to three
oxygen atoms with no lone pairs.

How does the presence of a positive charge in BrO3+ affect



its molecular shape?
The positive charge in BrO3+ often leads to a trigonal pyramidal or trigonal planar shape depending
on electron distribution; in this case, it typically adopts a trigonal planar geometry with three bonding
pairs around bromine.

What is the predicted molecular geometry of ClF2+?
ClF2+ exhibits a linear molecular geometry, as it has two bonding pairs and no lone pairs on the
central chlorine atom, resulting in a linear shape.

Why is SeO3 considered to have a trigonal planar structure?
SeO3 has a trigonal planar structure because the central selenium atom forms three double bonds
with oxygen atoms and has no lone pairs, leading to a symmetrical planar shape to minimize electron
repulsion.

Does the positive charge in BrO3+ alter its electron geometry
or molecular shape?
The positive charge reduces the number of electrons and can influence bond angles, but BrO3+
typically retains a trigonal planar molecular shape similar to its neutral counterpart.

What role do lone pairs play in determining the molecular
geometry of species like ClF2+?
Lone pairs affect the molecular geometry by repelling bonding pairs; in ClF2+, with no lone pairs on
chlorine, the molecule remains linear, but additional lone pairs would alter the shape.

What is the overall electron geometry of SeO3 and how does
it relate to its molecular geometry?
The overall electron geometry of SeO3 is trigonal planar because all bonding electron pairs are
localized in bonds with oxygen, and there are no lone pairs on the selenium, resulting in a trigonal
planar molecular geometry.

Additional Resources
Predict the Molecular Geometries of the Following Species, Respectively: SeO3, BrO3¹, ClF2¹⁺. A.
Trigonal

---

Introduction

Understanding the molecular geometries of chemical species is fundamental to the field of chemistry,
providing insights into their reactivity, polarity, physical properties, and role in various chemical



processes. The ability to predict these geometries relies on principles rooted in valence shell electron
pair repulsion (VSEPR) theory, electron distribution, and molecular orbital considerations. This article
aims to thoroughly analyze and predict the molecular structures of three specific species: selenium
trioxide (SeO3), bromate ion (BrO3¹), and the chlorofluorine cation (ClF2¹⁺). Particular emphasis is
placed on their potential trigonal geometries, exploring the underlying electronic structures and steric
factors influencing their shapes.

---

Background and Significance

The molecular geometry of a species directly influences its physical and chemical behavior. For
instance, the trigonal planar shape, common among certain molecules with central atoms bonded to
three substituents, impacts properties such as dipole moments and reactivity pathways. Accurate
geometric predictions aid in the design of materials, understanding biological interactions, and
elucidating reaction mechanisms.

In this context, the three species under consideration serve as exemplary models for examining
trigonal arrangements:

- SeO3: An inorganic oxide with potential for trigonal planar configuration.
- BrO3¹: A polyatomic ion with resonance structures influencing its shape.
- ClF2¹⁺: A positively charged halogen species whose geometry is affected by electron pair repulsions
and oxidation state.

---

Theoretical Framework for Molecular Geometry Prediction

VSEPR Theory

Valence Shell Electron Pair Repulsion (VSEPR) theory remains a primary tool for predicting molecular
shape. It posits that electron pairs (bonding and non-bonding) around a central atom tend to arrange
themselves to minimize repulsion, resulting in specific geometric arrangements.

Electron Domain Considerations

- Count the total number of electron domains (bonding pairs + lone pairs).
- Determine the spatial arrangement that minimizes electron-electron repulsions.
- Recognize the influence of formal charges and resonance on actual structures.

Additional Factors

- Electronegativity differences.
- Size of atoms.
- Resonance stabilization.
- Oxidation states and their effects on electron distribution.

---

Case Study 1: Selenium Trioxide (SeO3)



Electronic Structure and Lewis Structure

SeO3 features a selenium atom centrally bonded to three oxygen atoms. Selenium, with atomic
number 34, has six valence electrons, and each oxygen has six valence electrons.

- Lewis Structure: The central Se atom forms double bonds with each oxygen, fulfilling octet rules.
- Formal Charges: Zero, indicating a stable configuration.

Electron Domains and Geometry

- Bonding Domains: 3 (three double bonds).
- Lone Pairs: 0 on the selenium atom.
- Electron Domains: 3.

Given three bonding pairs and no lone pairs, VSEPR predicts a trigonal planar geometry around
selenium.

Predicted Molecular Geometry

- Shape: Trigonal planar.
- Bond Angles: Approximately 120°.
- Implications: Symmetry and planarity contribute to its chemical reactivity, especially in oxidation
reactions and as a Lewis acid.

---

Case Study 2: Bromate Ion (BrO3¹)

Electronic Structure and Lewis Structure

Bromate (BrO3¹) contains a central bromine atom bonded to three oxygen atoms, with an overall
negative charge distributed over the structure.

- Bromine: Atomic number 35, with 7 valence electrons.
- Oxygen: 6 valence electrons each.
- Charge Considerations: The -1 charge suggests additional electrons are delocalized.

Resonance and Electron Distribution

Resonance structures involve delocalization of the negative charge over the oxygens, stabilizing the
species. The Lewis structure generally shows one of the bonds with a single bond and the others with
double bonds, or a resonance hybrid where the bonds are equivalent.

Electron Domains and Geometry

- Bonding Domains: 3 (three sigma bonds).
- Lone Pairs: 0 on the central bromine.
- Electron Domains: 3.

Applying VSEPR, the geometry is again trigonal planar, with bond angles close to 120°, though slight
deviations can occur due to differences in bond order and resonance effects.



Structural and Reactive Implications

The trigonal planar arrangement impacts the ion's electrophilicity and its behavior in redox reactions,
enabling it to participate in oxidation processes and coordinate with other species.

---

Case Study 3: Chlorine Difluoride Cation (ClF2¹⁺)

Electronic Configuration and Charge Distribution

ClF2¹⁺ is a positively charged species involving a chlorine atom bonded to two fluorines, with an
overall positive charge.

- Chlorine: Atomic number 17, with 7 valence electrons.
- Fluorine: Atomic number 9, with 7 valence electrons each.
- Charge: +1, indicating an electron deficiency.

Lewis Structure and Electron Count

- Bonding: Two single bonds between Cl and each F atom.
- Lone Pairs on Cl: Cl initially has 7 valence electrons; after forming two bonds (2 electrons each), 3
electrons remain, which can be assigned as lone pairs.

- Lone Pairs: 3 on Cl (one lone pair and two bonding pairs).
- Electron Domains: 5 (2 bonding pairs + 3 lone pairs).

Geometry Prediction

- Electron Geometry: Based on 5 electron domains, the arrangement is trigonal bipyramidal.
- Molecular Geometry: Because of the two bonding pairs and three lone pairs, the molecular shape
simplifies to a see-saw if lone pairs occupy equatorial positions.

However, since the species is a cation and involves a positive charge, the actual geometry can be
influenced by electron pair repulsions and the oxidation state.

In the simplified context, focusing on the bonding pairs, the species takes on a trigonal planar or T-
shaped geometry depending on the number of lone pairs and their positions. Given the charge and
the number of lone pairs, the most stable predicted geometry is T-shaped, with the two fluorines
occupying equatorial positions and lone pairs occupying the remaining positions.

---

Integrating the Geometries: A Comparative Perspective

While the first two species, SeO3 and BrO3¹, conform to a classic trigonal planar structure, the ClF2¹⁺
cation exhibits a more complex geometry due to lone pairs and charge considerations. The primary
factor dictating their shapes is the count and distribution of electron domains around the central
atom, as per VSEPR theory.

---



Broader Implications and Applications

Reactivity and Chemical Behavior

- SeO3: Its trigonal planar shape facilitates electrophilic attack, making it a potent oxidizer in organic
synthesis.
- BrO3¹: Its resonance-stabilized structure influences its role as an oxidant in inorganic chemistry.
- ClF2¹⁺: Its T-shaped geometry affects its reactivity in halogen exchange and fluorination reactions.

Material Science and Environmental Chemistry

Understanding these geometries aids in designing compounds for specific applications, such as
catalysts, disinfectants, or in environmental monitoring where oxidative species play critical roles.

---

Conclusion

Predicting molecular geometries through VSEPR theory and electronic structure analysis provides a
robust framework for understanding the shape and reactivity of diverse chemical species. In the case
of SeO3, BrO3¹, and ClF2¹⁺, the geometries range from trigonal planar to T-shaped, dictated by
electron domain considerations, resonance stabilization, and charge distribution. Such insights not
only deepen fundamental understanding but also inform practical applications across chemistry
disciplines.

---
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By combining theoretical principles with structural analysis, this review elucid
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