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FILL IN THE BLANK At 298 K And 1 Atm, Bromine Is A Liquid With A High Vapor Pressure, Whereas
Chlorine is a compelling statement that highlights the contrasting physical properties of two halogen
elements under standard conditions. To fully understand this difference, it is essential to explore the
nature of these elements, their atomic and molecular structures, and the factors influencing their
physical states and vapor pressures at room temperature and atmospheric pressure. This article
delves into the properties of bromine and chlorine, examining why bromine remains a liquid with a high

vapor pressure at 298 K and 1 atm, whereas chlorine exists as a gas under the same conditions.

Introduction to Halogens and Their Physical States

Overview of Halogen Elements
The halogen elements are a group of five nonmetals found in Group 17 (or Group 7A) of the periodic
table. These include fluorine (F), chlorine (CI), bromine (Br), iodine (l), and astatine (At). They are
characterized by their high reactivity and the ability to form salts with metals. Their physical states at
room temperature vary significantly:

e Fluorine: Gas

e Chlorine: Gas

¢ Bromine: Liquid



¢ |odine: Solid

¢ Astatine: Predominantly solid or unknown due to radioactivity

The transition from gas to liquid and solid states across the halogen series is primarily due to

increasing atomic mass and molecular interactions.

The Significance of Vapor Pressure

Vapor pressure is the pressure exerted by a vapor in equilibrium with its condensed phases (liquid or

solid) at a given temperature. It reflects the tendency of molecules to escape into the vapor phase:
* High vapor pressure indicates molecules escape easily, characteristic of volatile substances.

¢ Low vapor pressure suggests strong intermolecular forces, making the substance less volatile.

Understanding vapor pressure helps to predict the physical state of a substance at a given
temperature and pressure, which is crucial for applications ranging from industrial processing to

environmental chemistry.

Physical Properties of Bromine and Chlorine at 298 K and 1

atm



Chlorine: A Gas at Room Temperature

Chlorine (CI2) exists as a diatomic gas at 298 K and 1 atm:
¢ Molecular Structure: Diatomic molecule with a double bond between two chlorine atoms.
e Physical State: Gas, with a boiling point of approximately -34.0°C.

¢ Vapor Pressure: Near atmospheric pressure at room temperature, making it readily vaporize.

Chlorine's gaseous state is due to relatively weak intermolecular forces, primarily Van der Waals

interactions, which are insufficient to hold the molecules in a condensed phase at room temperature.

Bromine: A Liquid at Room Temperature

Bromine (Br2) is a reddish-brown liquid at 298 K:

¢ Molecular Structure: Diatomic molecule similar to chlorine, with a heavier atomic mass (~80

g/mol).
* Physical State: Liquid, with a melting point of -7.2°C and boiling point of 58.8°C.

» Vapor Pressure: High at room temperature, indicating significant volatility.

The liquid state of bromine at room temperature results from a delicate balance between molecular

interactions and thermal energy, which prevents the molecules from escaping entirely into the vapor

phase.



Factors Influencing the Physical States and Vapor Pressures

Atomic and Molecular Mass

The atomic mass of an element correlates with its physical properties:
¢ Heavier molecules have stronger London dispersion forces (a type of Van der Waals interaction).

e Bromine's higher atomic mass (~80 g/mol) compared to chlorine (~70.9 g/mol) enhances these

intermolecular forces.

This increase in intermolecular attraction raises the boiling point, allowing bromine to remain liquid at

room temperature.

Intermolecular Forces

The primary intermolecular forces affecting halogens are London dispersion forces:

¢ These forces increase with molecular size and polarizability.

» Heavier halogens like bromine are more polarizable, leading to stronger dispersion forces.

Stronger intermolecular forces mean molecules are held more tightly within the liquid phase, increasing

vapor pressure but still maintaining the liquid state at room temperature.



Vapor Pressure and Boiling Points

Vapor pressure and boiling points are inversely related:
* A higher vapor pressure at a given temperature indicates weaker intermolecular forces.

¢ Bromine's high vapor pressure at 298 K shows that its molecules escape easily from the liquid

phase, yet the intermolecular forces are strong enough to keep it as a liquid at this temperature.

¢ Chlorine's vapor pressure at room temperature is so high that it exists predominantly as a gas.

Comparison of Bromine and Chlorine: Molecular Dynamics and

Applications

Differences in Molecular Interactions

While both are diatomic molecules, their differences stem from:
e Atomic size: Bromine's larger atomic radius increases polarizability.
¢ Electron cloud: Bromine's more diffuse electron cloud enhances London dispersion forces.

¢ Bond strength: The CI-Cl bond is slightly stronger than the Br-Br bond, but the molecular

interactions differ due to size and polarizability.

These factors lead to bromine's ability to be a liquid at room temperature, whereas chlorine remains



gaseous.

Industrial and Practical Implications

Understanding these properties has several applications:

1. Disinfection and Water Treatment: Chlorine's gaseous nature makes it easy to use in water

chlorination processes.

2. Refrigeration and Fire Retardants: Bromine's liquid state and high vapor pressure are useful in

specialized applications, such as flame retardants and certain pharmaceuticals.

3. Safety and Handling: The volatility of chlorine necessitates careful handling to avoid inhalation

hazards, while bromine's liquid form poses different risks.

Conclusion

The contrasting physical states of bromine and chlorine at 298 K and 1 atm are fundamentally rooted
in their molecular structures, atomic masses, and the strength of their intermolecular forces. Bromine's
larger atomic size and higher polarizability result in stronger London dispersion forces, which stabilize
it as a liquid despite its high vapor pressure. Conversely, chlorine's smaller size and weaker
intermolecular forces lead it to exist as a gas under the same conditions. These differences exemplify
how subtle variations at the atomic and molecular levels can lead to significant differences in physical

properties, influencing their practical uses and handling requirements.

Understanding these properties is crucial for chemists and engineers working with halogen
compounds, as it informs appropriate storage, transportation, and application strategies, ensuring
safety and efficiency. The interplay between molecular structure, intermolecular forces, and vapor

pressure remains a fundamental aspect of physical chemistry, illustrating the intricate relationship



between microscopic interactions and macroscopic phenomena.

Frequently Asked Questions

At 298 K and 1 atm, why does bromine exist as a liquid while
chlorine is a gas?

Because bromine has stronger intermolecular forces and higher vapor pressure, making it a liquid at

these conditions, whereas chlorine's weaker forces make it a gas.

How does the vapor pressure of bromine compare to that of chlorine

at 298 K and 1 atm?

Bromine has a high vapor pressure, indicating it readily vaporizes, while chlorine's vapor pressure is

relatively lower, reflecting its gaseous state under these conditions.

What is the significance of bromine being a liquid with high vapor
pressure at room temperature?

It means bromine can easily evaporate into the atmosphere at room temperature, influencing its

handling and environmental impact.

Why does chlorine tend to be a gas at 298 K and 1 atm, unlike
bromine?

Because chlorine has weaker intermolecular forces and a lower boiling point, making it exist as a gas

under these conditions.



How do the physical states of bromine and chlorine at 298 K and 1
atm affect their industrial applications?

Bromine's liquid state allows for easier handling in liquid form, whereas chlorine's gaseous state is

suited for applications like disinfection and chemical synthesis involving gases.

Additional Resources

At 298 K And 1 Atm, Bromine Is A Liquid With A High Vapor Pressure, Whereas Chlorine

The physical state of chemical substances at standard temperature and pressure (STP) is a
fundamental aspect of their chemical behavior, industrial applications, and environmental impact.
Among halogens, bromine and chlorine are particularly notable for their contrasting physical properties
at 298 K (approximately 25°C) and 1 atmosphere of pressure. While bromine exists as a liquid under
these conditions, chlorine is a gas. This divergence is primarily driven by their molecular structures,
intermolecular forces, and thermodynamic properties, especially vapor pressure. Understanding these
differences provides insights into their reactivity, storage, handling, and roles in various chemical

processes.

Introduction to Halogens and Their Physical States

Halogens, the group 17 elements of the periodic table, include fluorine, chlorine, bromine, iodine, and
astatine. These elements display a range of physical states at room temperature, influenced by their
molecular structures and intermolecular interactions. Fluorine and chlorine are gases, bromine is a

liquid, and iodine and astatine are solids. This gradation stems from the increasing atomic mass and

the corresponding changes in intermolecular forces as we move down the group.



Key Concepts:

- Molecular Structures: All halogens exist as diatomic molecules (XD).

- Intermolecular Forces: Their physical states depend on Van der Waals (dispersion) forces, which
increase with molecular size and polarizability.

- Vapor Pressure: A measure of a substance’s tendency to vaporize; it depends on temperature and

intermolecular forces.

Physical Properties of Bromine and Chlorine at 298 K and 1

atm

Chlorine (CID):

- State: Gas

- Boiling Point: -34.04°C

- Melting Point: -101.5°C

- Vapor Pressure at 25°C: Approximately 2.4 atm

- Color and Odor: Greenish-yellow gas with a pungent smell
Bromine (Brl:l):

- State: Liquid

- Boiling Point: 58.8°C

- Melting Point: -7.2°C

- Vapor Pressure at 25°C: About 0.2 atm (significantly lower than chlorine)

- Color and Odor: Reddish-brown liquid with a strong, suffocating odor



The stark contrast in physical states at the same temperature and pressure highlights the differences
in their intermolecular attractions and vaporization tendencies. Bromine’s high vapor pressure indicates

it readily evaporates but remains predominantly as a liquid under standard conditions.

Intermolecular Forces and Their Impact on Physical State

The fundamental reason behind the differing states of chlorine and bromine lies in their intermolecular

forces:

Van der Waals (Dispersion) Forces

- Magnitude: Increase with molecular size and polarizability.

- Effect: Larger, more polarizable molecules have stronger dispersion forces, requiring more energy to
vaporize.

Chlorine (CID):

- Small Molecular Size: Leads to weaker dispersion forces.

- Result: Easily vaporizes at room temperature, existing as a gas with high vapor pressure.
Bromine (BrD):

- Larger Molecular Size: Greater electron cloud and polarizability.

- Result: Stronger dispersion forces, which stabilize the liquid phase at room temperature and keep

vapor pressure relatively high but lower than chlorine’s.

Summary of Forces:



| Property | Chlorine (CID) | Bromine (BrD) |
I | |

| Molecular size | Smaller | Larger |

| Polarizability | Lower | Higher |
| Intermolecular forces | Weaker | Stronger |
| Physical state at 298 K | Gas | Liquid |

| Vapor pressure at 298 K | ~2.4 atm | ~0.2 atm |

This correlation underscores how molecular size and polarizability directly influence the physical state

and vapor pressure of halogens at room temperature.

Thermodynamics of Vaporization

Vapor pressure reflects the dynamic equilibrium between the phase of a substance in the liquid or

solid state and its vapor. Several thermodynamic parameters govern this equilibrium:

- Vaporization Enthalpy (DHvap): Energy required to convert a mole of liquid into vapor at constant
temperature.
- Vaporization Entropy (DSvap): Change in entropy during vaporization.

- Clausius-Clapeyron Equation: Describes the temperature dependence of vapor pressure.
Comparing Bromine and Chlorine:

- Chlorine: Has a lower DHvap (~20 kJ/mol) due to weaker intermolecular forces, resulting in higher
vapor pressures.
- Bromine: Exhibits a higher DHvap (=31 kJ/mol), indicating more energy needed to vaporize,

consistent with its stronger dispersion forces.



The higher vapor pressure of chlorine signifies that it more readily transitions into the vapor phase at

room temperature compared to bromine, which tends to stay as a liquid owing to its higher DHvap.

Industrial and Environmental Implications

The contrasting physical states and vapor pressures of bromine and chlorine have significant

consequences in various applications:
Storage and Handling

- Chlorine: As a gas, it requires pressurized containers or liquefaction under specific conditions. Its
high vapor pressure and toxicity necessitate stringent safety protocols.

- Bromine: Being a liquid at room temperature simplifies storage but requires corrosion-resistant
materials due to its reactivity. Its vapor pressure, while lower than chlorine, still warrants careful

handling to prevent inhalation hazards.
Industrial Applications

- Chlorine: Widely used in water treatment, disinfectants, and the synthesis of organic compounds like
PVC. Its gaseous state facilitates large-scale chlorination processes.
- Bromine: Used in flame retardants, pharmaceuticals, and as a catalyst in certain reactions. Its liquid

form allows for precise dosing in chemical syntheses.
Environmental Impact
- Volatility: Chlorine’s high vapor pressure makes it more prone to escape into the atmosphere, posing

environmental hazards.

- Persistence: Bromine’s lower vapor pressure and higher reactivity influence its environmental fate,



often leading to localized contamination or incorporation into organic matter.

Reactivity and Chemical Behavior Related to Physical State

The physical state influences the chemical reactivity and interaction potential of halogens:

- Chlorine: Its gaseous form allows for rapid diffusion and reaction with various substrates. Its high
vapor pressure facilitates widespread dispersal in environmental contexts but also complicates
containment.

- Bromine: As a liquid, bromine can be easily controlled and dosed in reactions, making it

advantageous in certain synthetic pathways.

Additionally, the different physical states affect their oxidation potentials, with chlorine being a stronger

oxidizer in many contexts, partly due to its high availability in the gaseous form.

Conclusion

The contrasting physical states of bromine and chlorine at 298 K and 1 atm—liquid versus gas—are a
direct manifestation of their molecular size, polarizability, and the strength of intermolecular forces.
Bromine’s high vapor pressure and liquid state facilitate diverse industrial applications, while chlorine’s
gaseous form at room temperature enables rapid reactions and broad usage in disinfection and
synthesis. Understanding these properties not only informs practical handling and storage but also
provides deeper insights into their chemical behaviors, environmental impacts, and roles in modern

chemistry. As the scientific community continues to explore halogen chemistry, these fundamental



differences remain central to optimizing their safe and effective utilization across various sectors.
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