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Understanding the molecular structure of bromine dioxide (BrOD) is essential for grasping its chemical
properties, reactivity, and role in various chemical processes. Drawing the molecule involves placing

atoms accurately on a grid, connecting them with bonds, and accounting for all nonbonding electrons,
also known as lone pairs. This detailed guide will walk you through the process step-by-step, ensuring

a comprehensive understanding of BrOD’s structure, including all nonbonding electrons.

Introduction to Bromine Dioxide (BrO[l)

What is Bromine Dioxide?

Bromine dioxide (BrOD) is a chemical compound composed of one bromine atom and two oxygen
atoms. It is a reactive, red-brown gas known for its strong oxidizing properties and is often used in

chemical synthesis and oxidation reactions.

Importance of Structural Drawing

Visualizing the molecular structure of BrOD helps chemists understand:

e The bond arrangements and angles



¢ The distribution of electrons, including lone pairs
e The molecule’s polarity and reactivity

¢ Potential sites for chemical reactions

Step-by-Step Guide to Drawing BrO[l

Step 1: Count the Total Valence Electrons

To accurately draw the molecule, start with the total number of valence electrons:
1. Identify the valence electrons for each atom:
o Bromine (Br): 7 valence electrons

o Oxygen (O): 6 valence electrons each

2. Calculate total valence electrons:
o 1 bromine atom: 7 electrons
o 2 oxygen atoms: 2 x 6 = 12 electrons

o Total =7 + 12 = 19 electrons



3. Since molecules prefer even numbers for pairing, and 19 is odd, the molecule will have a formal
charge or a radical structure. However, in the case of BrOD, it’s a neutral molecule with a formal

charge distribution that we will explore through bonding.

Step 2: Arrange the Atoms on the Grid

Using a simple grid or coordinate system:
¢ Place the bromine atom at the center as the central atom.

¢ Position the two oxygen atoms around bromine, typically at an angle to minimize electron

repulsion.

Step 3: Connect Atoms with Bonds

Draw single bonds initially:
e Connect each oxygen atom to bromine with a single line representing a bond.

¢ The initial structure looks like:

0-Br-20



Step 4: Complete the Octets and Assign Electron Pairs

Distribute remaining electrons:

1. Count the electrons used in bonds:

o Two single bonds: 2 bonds x 2 electrons each = 4 electrons

2. Subtract from total electrons:

o Total valence electrons = 19

o Electrons used in bonds = 4

o Remaining electrons = 19 - 4 = 15 electrons

3. Distribute lone pairs to oxygen atoms to satisfy octet rule:

o Each oxygen needs 6 electrons to complete octet, but since they share one bonding pair,

they need 3 lone pairs (6 electrons). With two oxygens, total lone pairs = 6.

Step 5: Adjust for Multiple Bonds

Because oxygen atoms often form double bonds to satisfy octet and account for formal charges:



¢ Replace one of the single bonds with a double bond to each oxygen, resulting in a structure with

two double bonds to oxygen.

¢ This reduces the formal charge on the atoms and provides a more stable structure.

Drawing the Final Structure of BrOD

Step 6: Add Multiple Bonds and Lone Pairs

The most stable Lewis structure involves:

¢ Two double bonds between bromine and each oxygen:

¢ Place lone pairs on the oxygen atoms:

o Each oxygen has two lone pairs (4 electrons).

¢ Determine the lone pairs on bromine:

o Bromine has three lone pairs (6 electrons), completing its octet.



Step 7: Confirm Electron Distribution and Formal Charges

Calculate formal charges:

1. Formal charge = (Valence electrons) — (Nonbonding electrons + %2 bonding electrons)

2. For bromine:

o Valence electrons = 7

o Nonbonding electrons = 0 (assuming no lone pairs on bromine in the double bond

structure)

o Bonding electrons = 4 (two double bonds)

o Formal charge = 7 — (0 + 4) = +3 (which suggests some structures may have formal

charges)

3. For oxygen:

Valence electrons = 6

[¢]

o

Nonbonding electrons = 4 (lone pairs)

[¢]

Bonding electrons = 4 (double bonds)

[¢]

Formal charge =6 - (4 +2)=0



The overall molecule is neutral, but the formal charges help determine the most stable Lewis structure.

Including All Nonbonding Electrons (Lone Pairs)

Lone Pairs on Oxygen

e Each oxygen atom in BrOD has two lone pairs (4 electrons) placed on the oxygen atom outside

the bonding region.

¢ This accounts for the electron density not involved in bonds, stabilizing the molecule and

affecting its shape.

Lone Pairs on Bromine

¢ In the Lewis structure, bromine may have lone pairs depending on the bonding pattern.

e For BrOI:l, bromine typically has three lone pairs (6 electrons) to complete its octet, especially in

hypervalent molecules.



Visual Representation of the Molecule with Lone Pairs

(Dots represent lone pairs)

Understanding the Molecular Geometry of BrO[I

VSEPR Theory Application

Based on the Lewis structure:
¢ Bromine is the central atom with two double bonds and three lone pairs.

¢ Electron pairs around bromine are arranged to minimize repulsion, resulting in a bent or V-

shaped molecular geometry.

Bond Angles and Shape

e The bond angle between the two oxygen atoms is approximately 120°, consistent with a trigonal

planar electron pair geometry.

¢ The actual molecular shape is bent due to lone pairs on bromine repelling bonding pairs.



Conclusion and Summary

Drawing the BrOD molecule involves careful placement of atoms on a grid, connecting them with
bonds, and accurately assigning all electrons, including lone pairs. The most stable Lewis structure
features bromine double-bonded to each oxygen atom, with lone pairs on oxygen and bromine to
satisfy octet rules and minimize formal charges. Including all nonbonding electrons provides a
complete picture of the molecule’s electron distribution, which is essential for understanding its
geometry, reactivity, and properties. Mastering this drawing process enhances your understanding of

molecular structures, fundamental in both academic and practical chemistry applications.

Frequently Asked Questions

What is the molecular structure of BrO[l, including all nonbonding
electron pairs?

BrOD consists of a central bromine atom bonded to two oxygen atoms with single bonds. The bromine
atom has one lone pair of electrons, and each oxygen atom has two lone pairs, resulting in a total of

three nonbonding pairs. The molecule adopts a bent shape due to electron pair repulsion.

How do | draw the Lewis structure of BrOD with all nonbonding
electrons shown?

Start by counting valence electrons: Br (7), O (6 each), total 19 electrons. Place Br in the center,
connect it to two oxygens with single bonds (4 electrons). Add lone pairs to satisfy octets: each oxygen
gets three lone pairs (6 electrons each), and bromine gets one lone pair (2 electrons). Show all lone

pairs as dots around atoms to include nonbonding electrons.



What is the molecular geometry of BrO[l considering nonbonding
electron pairs?

Including lone pairs, BrO[l has a bent or V-shaped geometry around the bromine atom due to the two
bonding pairs and one lone pair on bromine. The nonbonding electrons on bromine influence the

molecule's shape, resulting in a bent structure.

How many bonding and nonbonding electrons are present in BrO[I‘?

BrOD has four bonding electrons (two single bonds) and 12 nonbonding electrons (lone pairs): six on
each oxygen (three lone pairs) and two on bromine (one lone pair), totaling 16 electrons involved in

nonbonding pairs.

Can BrOD exhibit resonance structures, and how do nonbonding
electrons affect this?

BrOD primarily exists with the Lewis structure shown, with lone pairs localized on oxygen and bromine.
Resonance is limited because the structure involves single bonds and lone pairs, but some
delocalization can occur if multiple structures are considered with electron shifts. Nonbonding electrons

do not significantly contribute to resonance in this case.

What is the hybridization of the bromine atom in BrO[l, considering all
electrons?

The bromine atom in BrOD is sp?® hybridized. It forms two sigma bonds with oxygen atoms and has
one lone pair, which corresponds to a tetrahedral electron geometry, but molecularly the shape is bent

due to lone pair repulsion.

How does the presence of nonbonding electron pairs influence the



physical properties of BrO[l‘?

Nonbonding electron pairs on bromine and oxygen increase the electron density around the molecule,
affecting its polarity, reactivity, and intermolecular interactions. The bent shape caused by lone pairs

contributes to a polar molecule, which influences boiling points and solubility.

Additional Resources

BrOD‘? The Molecule of Bromine Dioxide: An In-Depth Exploration

Understanding the molecular structure of chemical compounds is fundamental to grasping their
properties, behaviors, and applications. Among these compounds, bromine dioxide (BrOD) stands out
due to its intriguing chemical characteristics and significance in various scientific contexts. This article
provides a comprehensive analysis of BrO[l, focusing on its molecular structure, bonding patterns, and
electron distribution. We will explore how to draw the molecule on a grid, considering all atoms, bonds,
and nonbonding electron pairs, thus offering a detailed visualization and understanding of this elusive

molecule.

Introduction to Bromine Dioxide (BrO[l)

Bromine dioxide (BrOD) is a chemical compound composed of a bromine atom bonded to two oxygen
atoms. It belongs to a class of molecules known as halogen oxides, which are significant in
atmospheric chemistry and oxidation processes. Bromine dioxide is known to be a reactive,
paramagnetic radical with a bent molecular shape, owing to the presence of unpaired electrons and

electron lone pairs.

Key properties of BrOI:l include:



- Molecular weight: Approximately 105.9 g/mol
- State: Typically exists as a reddish-brown gas
- Reactivity: Highly reactive, especially as an oxidizing agent

- Occurrence: Found in atmospheric reactions involving bromine and ozone

Understanding its molecular structure is crucial because it influences reactivity, stability, and interaction

with other molecules.

Atomic Composition and Electron Configuration

Atoms involved:

- Bromine (Br): Atomic number 35, electron configuration [Ar] 3d’|:| 4s? 4p|:|

- Oxygen (O): Atomic number 8, electron configuration 1s? 2s2 2p|:|

In BrOD, the bromine atom is bonded to two oxygen atoms. The bonding involves sharing electrons to
form covalent bonds, but the molecule also contains nonbonding electron pairs (lone pairs) on the
bromine and oxygen atoms, which greatly influence the geometry.

Valence electrons:

- Bromine: 7 valence electrons

- Oxygen: 6 valence electrons each
Total valence electrons in BrOD:

7 (Br) + 2x6 (O) = 19 electrons



However, considering the neutrality and typical bonding patterns, the actual electron distribution

involves covalent bonds and lone pairs that satisfy octet rules where possible, with some exceptions.

Drawing BrOD on a Grid: Step-by-Step Guide

Visualizing the molecule requires a systematic approach:

1. Establish the Central Atom
Given the bonding patterns, bromine often acts as the central atom due to its larger size and ability to

expand its octet.
2. Place the Oxygen Atoms
Position the two oxygen atoms on either side of the bromine atom, forming a bent or V-shaped

structure.

3. Connect Atoms with Bonds

Draw single bonds initially:

- Br—0 (left)
- Br—0 (right)

4. Assign Bonding Electrons

Each single bond: 2 electrons
Total electrons used in bonds: 2 bonds x 2 electrons = 4 electrons

Remaining electrons:



- Total valence electrons: 19
- Electrons in bonds: 4

- Remaining electrons: 19 - 4 = 15 electrons
Distribute these electrons as lone pairs to satisfy octet rules as much as possible.

5. Fill Octets with Lone Pairs

- Oxygen atoms: Each needs 8 electrons to complete octet.
Oxygen already has 2 electrons in the bond; needs 6 more as lone pairs:
- 3 lone pairs (6 electrons) on each oxygen atom.

- Bromine: With 2 bonds (4 electrons), it has 3 lone pairs (6 electrons) to reach an expanded octet (up

to 10 electrons possible in some cases).

6. Recognize the Radical Character
Since the total electrons do not fit neatly into octets without exceeding typical valence, BrOD is often a

radical with unpaired electrons, which must be considered in the structure.

7. Include Nonbonding Electron Pairs

Lone pairs on each atom:

- Oxygen: 3 lone pairs each

- Bromine: 1 or 2 lone pairs, depending on structure

8. Finalizing the Structure
The molecule adopts a bent shape, with an angle less than 120°, influenced by lone pairs repelling

bonding pairs.



Detailed Bonding and Electron Arrangement

1. Lewis Structure of BrO[l

- The central bromine atom forms two sigma bonds with oxygen atoms.

- Each oxygen atom has three lone pairs, satisfying octet or expanded octet.

- Bromine may have one or two lone pairs, depending on the resonance and radical nature.

- The overall structure is bent, with bond angles approximately 120° or less.

2. Electron Domain Geometry

The electron domains around bromine include:

- Two bonding pairs (Br—O bonds)

- One or two lone pairs (on bromine)
This results in a trigonal planar electron geometry, but the molecular geometry is bent or V-shaped.

3. Nonbonding Electron Pairs

Nonbonding pairs are crucial because:

- They influence bond angles
- They contribute to the molecule's polarity

- They impact reactivity

Lone pairs on oxygen atoms are localized and do not participate in bonding, but their repulsion affects

molecular shape.



Resonance and Electron Distribution

Bromine dioxide exhibits resonance structures, especially considering the unpaired electrons and

possible delocalization of electrons between the oxygen atoms and bromine.

Resonance Structures:

- One with a double bond between Br and one O, and a single bond to the other, with lone pairs
adjusting accordingly.

- Alternate structures with the double bond switching between oxygen atoms.

This delocalization stabilizes the molecule and influences its reactivity patterns.

Electron Density:

- Electron density is concentrated around the bonds and lone pairs.

- Unpaired electrons contribute to radical behavior, making BrO[l highly reactive.

Polarity and Molecular Shape

The presence of lone pairs and the difference in electronegativities between bromine (approx. 2.8) and

oxygen (approx. 3.5) lead to a polar molecule.
Molecular shape:

- Bent or V-shaped due to lone pairs on bromine

- Bond angles approximately 110°-120°, influenced by lone pair repulsion

Polarity:



- The molecule has a dipole moment pointing from bromine toward the oxygen atoms

- This polarity affects physical properties like boiling point and reactivity

Implications of the Molecular Structure

Understanding the detailed structure of BrOD informs various scientific and practical considerations:
- Reactivity: The radical nature and electron distribution make it a potent oxidizer.
- Atmospheric chemistry: Its role in ozone depletion and bromine-mediated reactions.

- Material interactions: How it interacts with other molecules, surfaces, or catalysts.

1. Stability Considerations

The unpaired electron makes BrOI:l a transient species, often existing only under specific conditions.
2. Spectroscopic Characteristics
The electron arrangement influences its absorption spectra, enabling identification via techniques like

UV-Vis spectroscopy.

3. Safety and Handling

Due to its reactivity and radical behavior, handling requires precautions to avoid uncontrolled reactions.

Conclusion

Bromine dioxide (BrOD) exemplifies a complex molecule where electron configuration, bonding, and



lone pairs intricately define its structure and behavior. By systematically placing atoms on a grid,
connecting them with bonds, and accounting for nonbonding electron pairs, we gain a vivid picture of
its molecular geometry. The bent shape, polar nature, and radical character of BrOD are direct
consequences of its electron distribution, influencing its reactivity and role in atmospheric and chemical
processes. Understanding these structural details is vital for chemists working in fields ranging from
atmospheric science to materials chemistry, highlighting the importance of detailed molecular

visualization in comprehending chemical phenomena.

References:

- Atkins, P., & de Paula, J. (2014). Physical Chemistry. Oxford University Press.
- House, J. E. (2007). Modern Inorganic Chemistry. Wiley.

- Solomon, S., et al. (2010). Atmospheric Chemistry and Physics. Wiley.

- Lide, D. R. (2004). CRC Handbook of Chemistry and Physics. CRC Press.

Note: The exact structure of BrOD can vary depending on experimental conditions and interpretations;
the described model provides a comprehensive and typical view based on molecular orbital theory and

valence bond considerations.
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