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Understanding the cooling process of bromine vapour as it transitions from a gaseous
state to a liquid and then to a solid is essential in chemistry, especially when analyzing
phase changes and thermodynamic properties. When bromine vapour is cooled from 100
°C to -20 °C, its temperature versus time graph forms a cooling curve that illustrates
various physical states and phase transitions. In this article, we will explore how to sketch

this cooling curve, interpret the key features, and understand the properties of bromine
that influence this process.

Overview of Bromine and Its Physical States

Before sketching the cooling curve, it’s important to understand the physical states of
bromine and the relevant phase transition points.

Properties of Bromine

e State at Room Temperature: Bromine is a reddish-brown liquid at approximately 20
°C.

e Boiling Point: 58.8 °C at standard atmospheric pressure.
e Melting Point: -7.2 °C at standard atmospheric pressure.
e Critical Temperature: 157.2 °C.

e Phase Transitions: Bromine can exist as a vapour, liquid, or solid depending on
temperature and pressure.

Phase Transition Points Relevant to the Cooling Curve

e Vapour to Liquid: Condensation occurs as vapour cools below the boiling point.

e Liquid to Solid: Freezing occurs as the liquid cools below the melting point.



Step-by-Step Process of Sketching the Cooling
Curve

To accurately sketch the cooling curve for bromine vapour cooling from 100 °C to -20 °C,
follow these steps:

1. Set Up the Axes

- Draw a vertical axis labeled "Temperature (°C)" ranging from at least -20 °C to 100 °C.
- Draw a horizontal axis labeled "Time" (or "Cooling Process") to the right of the
temperature axis.

2. Mark Key Temperatures and Phase Points

- At the top of the temperature axis, mark 100 °C, representing the starting point where
bromine vapour is at a high temperature.

- Mark 58.8 °C, the boiling point where condensation begins.

- Mark -7.2 °C, the melting point where bromine transitions from liquid to solid.

- At the bottom, mark -20 °C, the final temperature of the cooled bromine.

3. Sketch the Cooling Curve Step-by-Step

e Initial Cooling (100 °C to 58.8 °C): Draw a downward-sloping line from 100 °C to
58.8 °C. This represents the cooling of bromine vapour in the gaseous state, with
temperature decreasing over time.

e Condensation (58.8 °C): At this point, the vapour begins to condense into liquid
bromine. The temperature remains constant during this phase change because the
energy lost is used for the phase transition rather than temperature reduction. Draw
a horizontal line at 58.8 °C indicating this plateau.

¢ Cooling of Liquid Bromine (-7.2 °C): After condensation completes, the liquid
bromine continues to cool from just below 58.8 °C down to -7.2 °C. Draw a sloping
line descending from the end of the plateau to -7.2 °C.

e Freezing (Solidification at -7.2 °C): As the liquid bromine freezes into solid, the
temperature remains constant during this phase transition. Draw another horizontal
plateau at -7.2 °C to indicate this change.



¢ Cooling of Solid Bromine (-7.2 °C to -20 °C): Finally, the solid bromine cools
further from -7.2 °C to the final temperature of -20 °C. Draw a sloped line from the
end of the freezing plateau down to -20 °C.

Features of the Cooling Curve

Understanding the shape and features of the curve helps interpret phase changes and
thermodynamic properties.

Key Features and Their Significance

1. Sloped Sections: These sections represent the cooling of bromine in a particular
phase (vapour, liquid, or solid). The slope indicates the rate of cooling: a steeper
slope means faster cooling.

2. Plateaus (Horizontal Sections): These indicate phase changes where the
temperature remains constant despite ongoing cooling. The two plateaus correspond

to condensation and freezing processes.

3. Transition Points: The points where the curve changes from sloping to horizontal
mark the phase transition temperatures: boiling point and melting point.

Understanding the Thermodynamics Behind the
Curve

Delving into the thermodynamic principles helps explain why the curve has its specific
shape.

Latent Heat and Phase Changes

e During condensation, latent heat is released as vapour turns into liquid, which is why
the temperature remains constant during this phase change.

e Similarly, latent heat is released when liquid bromine freezes into solid, causing
another plateau at -7.2 °C.



Cooling Rate Influences

e The rate at which bromine cools can affect the slope of the curve. Faster cooling
results in steeper slopes, while slower cooling produces gentler slopes.

e External factors such as cooling environment and container insulation also influence
the shape of the curve.

Practical Applications and Significance

Understanding the cooling curve of bromine is crucial in various industrial and scientific
contexts.

Industrial Processes

e Designing cooling systems for bromine storage and handling.

e Controlling phase transitions during chemical manufacturing involving bromine.

Scientific Research

e Studying thermodynamic properties and phase diagrams of halogens.

e Investigating heat transfer and phase transition kinetics.

Summary and Final Notes

In summary, sketching a cooling curve for bromine as vapour is cooled from 100 °C to -20
°C involves plotting a graph with two phase change plateaus at the boiling and melting
points, separated by sloped sections indicating temperature decreases within each phase.
The key points include the initial cooling of vapour, condensation, cooling of the liquid,
freezing, and final cooling of the solid. Recognizing these features helps understand the
physical changes bromine undergoes during cooling, as well as the thermodynamic
principles underlying phase transitions.

By mastering how to interpret and sketch such cooling curves, students and professionals
can better analyze phase behavior, design efficient cooling systems, and gain deeper



insight into the properties of halogens like bromine. Remember, the shape of the curve
offers a visual representation of complex processes like latent heat release, phase
changes, and temperature-dependent thermodynamic behavior—making it an essential
concept in physical chemistry.

If you need further assistance with phase diagrams, thermodynamics, or other related
topics, exploring detailed diagrams and experimental data can provide additional clarity
and understanding.

Frequently Asked Questions

What is a cooling curve and how does it relate to
bromine vapor cooling from 100°C to -20°C?

A cooling curve is a graphical representation showing how the temperature of a substance
changes over time as it cools. For bromine vapor cooling from 100°C to -20°C, the curve
illustrates temperature changes, phase transitions, and the points at which bromine
condenses and solidifies.

What are the key features to include when sketching the
cooling curve of bromine vapor from 100°C to -20°C?

Key features include the initial temperature at 100°C, the gradual decrease in
temperature, plateau regions indicating phase changes like condensation and freezing,
and the final temperature at -20°C. The curve should show steep and flat segments
corresponding to different phases.

At what temperature does bromine vapor condense
during the cooling process?

Bromine vapor condenses at its boiling point, which is approximately 58.8°C under
standard atmospheric pressure. On the cooling curve, this appears as a plateau where
temperature remains constant during condensation.

What phase changes occur as bromine vapor cools from
100°C to -20°C?

The phase changes include condensation of bromine vapor into liquid bromine at around
58.8°C, followed by cooling of the liquid, and then solidification into bromine solid at
approximately -7.2°C, before reaching -20°C.

Why does the temperature remain constant during the
phase change on the cooling curve?

The temperature remains constant during phase changes because energy is used for



overcoming intermolecular forces, such as during condensation and solidification, rather
than changing temperature.

How does the cooling curve of bromine differ from that
of other substances?

The cooling curve of bromine features specific phase change points at its melting and
boiling points, which are unique to bromine. The shape of the curve reflects bromine's
phase transition temperatures and the nature of its phase changes.

What does the slope of the cooling curve indicate about
bromine's cooling process?

The slope indicates the rate of temperature change; steeper slopes suggest rapid cooling,
while gentler slopes indicate slower temperature decreases. During phase changes, the
slope flattens, showing temperature remains constant during the transition.

What is the significance of sketching a cooling curve for
bromine in understanding its physical properties?

Sketching the cooling curve helps visualize phase transition points, understand the energy
involved in phase changes, and provides insights into bromine’s melting and boiling
points, which are crucial for practical applications and scientific analysis.

Additional Resources

Cooling Curve for Bromine: An Expert Analysis of Bromine Vapour Cooling from 100°C to
-20°C

When studying the physical properties and phase transitions of chemical elements,
bromine presents a fascinating case due to its unique phase behavior and volatility. As a
halogen with a distinctive reddish-brown color and a significant vapor pressure at room
temperature, bromine's cooling characteristics provide insightful data relevant to
chemists, materials scientists, and industrial practitioners alike. This detailed review
explores the process of constructing a cooling curve for bromine as its vapour transitions
from 100°C to -20°C, emphasizing the key features and phases involved, and the
implications of its physical properties during cooling.

Understanding Bromine: An Overview

Before delving into the cooling curve specifics, it is essential to understand the
fundamental properties of bromine that influence its phase changes and thermal behavior.



Physical State and Properties:

- At Room Temperature (around 20°C): Bromine exists as a reddish-brown liquid with a
pungent odor.

- Boiling Point: Approximately 58.8°C at atmospheric pressure.

- Melting Point: About -7.2°C.

- Vapor Pressure: High enough at room temperature to produce significant vapour, making
bromine volatile.

- Density: Denser in the liquid state (~3.12 g/cm?3) than in the vapour.

Phase Behavior:

- Bromine transitions from vapor to liquid and then to solid as temperature decreases.
- The phase change points are well-defined under standard pressure but can shift with
pressure variations.

Constructing the Cooling Curve: Key
Considerations

A cooling curve graphically depicts the temperature of a substance versus time as it cools.
When plotting bromine vapour cooling from 100°C to -20°C, several critical features and
phase transitions will be observed.

Key Elements of the Cooling Curve:

- Temperature Axis (Y-axis): Ranges from 100°C down to -20°C.

- Time or Process Axis (X-axis): Represents the cooling progression.

- Phase Regions: Vapor, mixed phases (vapor-liquid, liquid-solid), and solid.

Important Phases and Transitions:

1. Superheated Vapour: Bromine vapour at 100°C, above boiling point.

2. Condensation: Transition from vapour to liquid as the temperature decreases to the
boiling point.

3. Cooling of Liquid Bromine: From just below boiling point down to its melting point.
4. Solid Bromine Formation: From liquid to solid as temperature drops below melting
point.

5. Further Cooling of Solid Bromine: Down to -20°C.

Step-by-Step Analysis of Bromine Vapour Cooling
from 100°C to -20°C



1. Starting Point: Superheated Bromine Vapour at
100°C

At 100°C, bromine vapour is in a superheated state, meaning it is above its boiling point
and exists as a stable gas under the given pressure. The temperature remains relatively
constant initially, assuming heat loss is gradual.

Physical Characteristics:

- High kinetic energy of molecules.

- Low density compared to liquid bromine.
- No phase change occurring at this stage.

Implication for the Cooling Curve:

- The temperature decreases gradually as the vapour cools, but no phase change occurs
yet.

- This phase is represented by a gentle, nearly linear decline in the curve.

2. Approaching the Boiling Point: Onset of
Condensation

As the temperature approaches 58.8°C, the vapour begins to condense. This process
involves the formation of liquid bromine droplets from vapour molecules.

Key Features:

- Latent Heat of Vaporization (L v): Bromine requires approximately 31 kJ/mol to
condense.

- Phase Transition: Vapor to liquid.

- Cooling Effect: During condensation, the temperature remains constant despite
continued heat removal, leading to a plateau on the cooling curve.

Visual Representation:
- A horizontal line at around 58.8°C indicates the phase change where temperature stays
steady as latent heat is released.

3. Liquid Bromine Cooling from 58.8°C to Its Melting
Point

Once condensation completes, the system contains liquid bromine. The temperature then
decreases from 58.8°C down to the melting point of -7.2°C.

Physical Behavior:

- The liquid's temperature drops steadily.

- Bromine's specific heat capacity (approx. 0.18 J/g-°C) governs the rate of cooling.
- No phase change occurs until the melting point is reached.



Implications:
- The curve shows a smooth decline during this phase.
- Energy is removed from the system, decreasing molecular kinetic energy.

4. Crystallization: Liquid to Solid Bromine at -7.2°C
At -7.2°C, bromine begins to solidify.

Phase Transition Details:

- Latent Heat of Fusion (L f): Approximately 4.8 kJ/mol.

- Plateau on the Cooling Curve: As the solid forms, temperature remains constant during
the release of latent heat.

Physical Changes:
- The liquid bromine molecules organize into a crystalline solid structure.
- The process releases energy into the surroundings, maintaining a constant temperature.

5. Cooling Solid Bromine from -7.2°C to -20°C

After complete solidification, the temperature decreases further below the melting point.
Behavior:
- The curve resumes a downward slope.

- The temperature drops from -7.2°C to -20°C, indicating continued removal of heat.
- The solid bromine remains stable in this temperature range.

Summary of the Cooling Curve Features

| Phase/Feature | Temperature Range | Key Characteristics | Energy Changes |

|
| Superheated vapour | 100°C to ~58.8°C | Gradual cooling, no phase change | Sensible

heat loss |

| Condensation (liquid formation) | ~58.8°C (constant) | Phase change from vapour to
liquid, plateau | Latent heat released |

| Liquid bromine cooling | ~58.8°C to -7.2°C | Steady temperature decrease | Sensible
heat loss |

| Solidification (freezing) | -7.2°C (constant) | Phase change from liquid to solid, plateau |
Latent heat released |

| Solid bromine cooling | -7.2°C to -20°C | Further temperature decrease | Sensible heat
loss |




Practical Applications and Significance

Constructing and analyzing the cooling curve of bromine provides essential insights into
its thermodynamic behavior, which are pivotal in various industrial and scientific contexts:

- Industrial Processes: Bromine's role in flame retardants, pharmaceuticals, and dyes
necessitates understanding its phase changes during manufacturing, storage, and
transportation.

- Safety Considerations: Bromine vapour is toxic and corrosive; knowledge of its
condensation and solidification points aids in designing safe handling protocols.

- Material Science: Understanding how bromine transitions between phases helps in
developing materials or containment systems resistant to bromine's aggressive nature.
- Chemical Engineering: Precise control of cooling rates and phase transitions optimizes
processes involving bromine, such as distillation or extraction.

Conclusion: The Significance of Bromine’s
Cooling Curve

The detailed construction of bromine's cooling curve from 100°C to -20°C encapsulates
the intricate interplay of thermodynamics, phase transitions, and physical properties.
Recognizing the plateau points—where latent heats are involved—and the continuous
temperature changes enables scientists and engineers to predict behavior under various
conditions accurately.

Key Takeaways:

- Bromine’s phase changes involve distinct latent heats, evidenced by plateaus on the
cooling curve.

- Its high vapor pressure and volatility necessitate careful handling during cooling
processes.

- The curve reflects the fundamental principles of thermodynamics and phase chemistry,
serving as a vital tool in both theoretical studies and practical applications.

By appreciating the detailed progression from vapour to solid, and understanding the

associated energy exchanges, professionals can harness bromine’s properties more
effectively and safely in a broad spectrum of scientific and industrial endeavors.
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