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Understanding the properties of chemical compounds is fundamental in chemistry, especially when
dealing with their phase changes and thermodynamic behavior. Among these properties, the boiling
point of a liquid provides essential insights into its volatility and intermolecular forces. Specifically,
chloroform (CHCl₃) is a notable organic solvent with a boiling point of 334 K under standard
atmospheric pressure. When combined with its molar heat of vaporization, this data allows chemists
to explore various thermodynamic calculations, predict behavior under different conditions, and
apply this knowledge across multiple scientific and industrial fields.

In this article, we delve into the significance of the normal boiling point of chloroform, the role of its
molar heat of vaporization, and how these parameters are interconnected through thermodynamic
principles. We will explore the calculations involved, real-world applications, and the importance of
such data in chemical engineering, environmental science, and laboratory settings.

---

Understanding the Normal Boiling Point of Chloroform

What Is the Normal Boiling Point?

The normal boiling point of a liquid is the temperature at which its vapor pressure equals the
standard atmospheric pressure (1 atm or 101.3 kPa). At this temperature, the liquid transitions to a
vapor phase without any external pressure adjustments.

For chloroform, this temperature is 334 K, which translates to approximately 61°C. This relatively
moderate boiling point makes chloroform suitable for various applications, including solvent
extraction, anesthesia in the early 20th century, and laboratory research.

Significance of the Boiling Point

Knowing the boiling point is crucial for several reasons:

- Design of Industrial Processes: Accurate boiling point data helps in designing distillation and
purification systems.
- Safety Considerations: Understanding at what temperature a substance vaporizes minimizes risk



during storage and handling.
- Predicting Behavior: It informs about the compound's volatility, intermolecular forces, and thermal
stability.

---

The Role of Molar Heat of Vaporization

Definition of Molar Heat of Vaporization

Molar heat of vaporization (ΔHvap) is the amount of energy required to convert one mole of a liquid
into vapor at its boiling point, without changing temperature. It reflects the strength of
intermolecular forces within the liquid.

For chloroform, knowing ΔHvap allows us to:

- Calculate vapor pressures at different temperatures.
- Understand the energy dynamics during phase transition.
- Predict the behavior of chloroform in various thermodynamic processes.

Units and Typical Values

The molar heat of vaporization is typically expressed in units of kJ/mol. For chloroform, literature
values suggest ΔHvap is approximately 29.8 kJ/mol, but this can vary slightly depending on the
source and experimental conditions.

---

Thermodynamic Relationship Between Boiling Point
and Heat of Vaporization

Clausius-Clapeyron Equation

The relationship between vapor pressure and temperature is described by the Clausius-Clapeyron
equation:

\[
\ln P = -\frac{\Delta H_{vap}}{RT} + C
\]



Where:

- \( P \) is the vapor pressure,
- \( \Delta H_{vap} \) is the molar heat of vaporization,
- \( R \) is the universal gas constant (8.314 J/mol·K),
- \( T \) is the absolute temperature in Kelvin,
- \( C \) is a constant related to vapor pressure at a reference temperature.

At the boiling point, vapor pressure equals atmospheric pressure (1 atm), simplifying the
calculations.

Calculating the Vapor Pressure at Different Temperatures

Using the Clausius-Clapeyron equation, one can estimate vapor pressures at temperatures other
than the boiling point, which is essential in processes like distillation or evaporation.

Example Calculation:

Suppose we want to estimate the vapor pressure of chloroform at 300 K:

\[
\ln P_2 = \ln P_1 - \frac{\Delta H_{vap}}{R} \left( \frac{1}{T_2} - \frac{1}{T_1} \right)
\]

Where:

- \( P_1 \) is the vapor pressure at \( T_1 \) (the boiling point, where \( P_1 = 1 \) atm),
- \( T_2 = 300 \) K,
- \( T_1 = 334 \) K,
- \( \Delta H_{vap} \) is 29.8 kJ/mol (or 29800 J/mol).

Plugging in the values:

\[
\ln P_2 = 0 - \frac{29800}{8.314} \left( \frac{1}{300} - \frac{1}{334} \right)
\]

Calculating the terms:

\[
\frac{29800}{8.314} \approx 3584.5
\]

\[
\frac{1}{300} \approx 0.00333, \quad \frac{1}{334} \approx 0.00299
\]

\[
\ln P_2 = -3584.5 \times (0.00333 - 0.00299) = -3584.5 \times 0.00034 \approx -1.22



\]

\[
P_2 = e^{-1.22} \approx 0.295 \text{ atm}
\]

Thus, at 300 K, the vapor pressure of chloroform is approximately 0.295 atm.

---

Practical Applications of Boiling Point and Heat of
Vaporization Data

Industrial Distillation and Purification

Distillation relies heavily on boiling point data. Knowing chloroform’s boiling point of 334 K enables
engineers to:

- Design efficient distillation columns.
- Optimize heating rates.
- Determine suitable condenser conditions.

The molar heat of vaporization influences energy calculations, ensuring energy-efficient operations.

Laboratory and Research Settings

In research laboratories, precise knowledge of boiling points and vaporization heats aids in:

- Conducting controlled evaporation experiments.
- Designing solvent recovery systems.
- Ensuring safety during handling and disposal.

Environmental and Safety Considerations

Chloroform is toxic and volatile. Its boiling point informs safety protocols:

- Adequate ventilation at temperatures approaching 61°C.
- Proper storage conditions to prevent accidental vaporization.
- Emissions control during industrial processes.

---



Additional Factors Influencing Boiling Point and
Vaporization

Pressure Dependency

The boiling point varies with external pressure. For chloroform:

- At pressures below 1 atm, boiling occurs at lower temperatures.
- At higher pressures, the boiling point increases.

Understanding this helps in environments with varied pressure conditions, such as high-altitude
operations.

Impurities and Mixtures

Impurities or mixing with other substances can alter the boiling point and vaporization energy:

- Elevate or lower the boiling point.
- Affect vapor pressure.
- Change the heat of vaporization.

Proper purification ensures accurate thermodynamic calculations.

---

Summary and Key Takeaways

- The normal boiling point of liquid chloroform is 334 K (approximately 61°C), which signifies the
temperature at which vapor pressure equals 1 atm.
- Molar heat of vaporization (~29.8 kJ/mol) quantifies the energy required for phase transition.
- The Clausius-Clapeyron equation connects these properties, enabling predictions of vapor pressure
at various temperatures.
- Accurate knowledge of these parameters is essential for designing chemical processes, ensuring
safety, and conducting precise scientific research.
- External factors such as pressure variations and impurities influence boiling behavior,
underscoring the importance of controlled conditions.

---



Conclusion

The interplay between the boiling point and the molar heat of vaporization of chloroform
underscores the importance of thermodynamic principles in chemistry. Understanding these
properties allows scientists and engineers to optimize processes involving chloroform, whether in
industrial distillation, laboratory experiments, or safety management. As with many chemical
substances, precise data and thermodynamic calculations form the foundation for safe, efficient, and
effective application across various domains.

By mastering these concepts, professionals can better predict the behavior of chloroform under
different conditions, ensure safety protocols are maintained, and improve the efficiency of processes
involving this versatile solvent.

Frequently Asked Questions

What is the normal boiling point of liquid chloroform?
The normal boiling point of liquid chloroform is 334 K.

How does molar heat of vaporization relate to the boiling point
of chloroform?
The molar heat of vaporization influences the boiling point; a higher heat of vaporization generally
results in a higher boiling point for chloroform.

What is the significance of knowing the boiling point of
chloroform at 334 K?
Knowing the boiling point helps in understanding its phase change behavior, designing distillation
processes, and handling safety protocols for chloroform.

How can the Clausius-Clapeyron equation be used to relate
vaporization heat and boiling point of chloroform?
The Clausius-Clapeyron equation relates the vapor pressure and temperature, allowing calculation of
the molar heat of vaporization from the boiling point and vapor pressure data.

Why is the normal boiling point of chloroform important in
industrial applications?
It helps determine optimal conditions for distillation, purification, and storage, ensuring safety and
efficiency in industrial processes involving chloroform.



If the molar heat of vaporization of chloroform is known, how
can it be used to predict its boiling point at different
pressures?
Using the Clausius-Clapeyron equation, the molar heat of vaporization can help estimate boiling
points at various pressures beyond the normal boiling point.

What assumptions are made when calculating the molar heat
of vaporization of chloroform using its boiling point?
Assumptions include that the vapor behaves ideally and that the heat of vaporization remains
constant over the temperature range considered.

Additional Resources
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Understanding the fundamental properties of chemical substances is crucial for scientists,
engineers, and industry professionals alike. Among these properties, the boiling point of a liquid
provides vital insights into its volatility, phase changes, and suitability for various applications. In
the case of chloroform, a historically significant solvent with diverse industrial and laboratory uses,
the normal boiling point is precisely documented at 334 Kelvin (K). This value, however, is just one
piece of the puzzle. When combined with other thermodynamic data—particularly the molar heat of
vaporization—it unfolds a rich narrative about the substance’s behavior under different conditions,
phase transition energetics, and practical handling.

This article delves into the significance of chloroform's boiling point, explores the concept of molar
heat of vaporization, and demonstrates how these properties interplay to inform both theoretical
understanding and practical applications of this chemical compound.

Understanding the Boiling Point and Its Significance

What Is the Normal Boiling Point?

The boiling point of a liquid is the temperature at which its vapor pressure equals the external
atmospheric pressure. When this occurs, the liquid transitions into vapor throughout the entire
volume, a process known as boiling. The term "normal boiling point" specifically refers to the
temperature at which this phase change happens at standard atmospheric pressure, which is 1
atmosphere (101.3 kPa).

For chloroform (trichloromethane, CHCl₃), the normal boiling point is precisely 334 K, equivalent to
about 61°C. This temperature indicates that at standard atmospheric pressure, chloroform readily
vaporizes at just above room temperature, making it a relatively volatile solvent.



Why Is the Boiling Point Important?

The boiling point is a key property that influences how a substance is used and handled:

- Solvent Selection: The volatility of chloroform, indicated by its boiling point, determines its
suitability for extractions, cleaning, or as a reagent.
- Safety and Handling: Knowledge of boiling points helps in designing safe distillation procedures
and avoiding accidental vaporization.
- Industrial Processes: Many manufacturing processes rely on precise temperature control based on
boiling points.
- Thermodynamic Calculations: The boiling point is essential for understanding phase diagrams,
vapor-liquid equilibria, and thermodynamic modeling.

Role of Molar Heat of Vaporization in Thermodynamics

Defining Molar Heat of Vaporization

The molar heat of vaporization (ΔHvap) is the amount of heat energy required to convert one mole of
a liquid into vapor at its boiling point, under constant pressure. It reflects the strength of
intermolecular forces within the liquid phase; higher ΔHvap indicates stronger attractions between
molecules, requiring more energy to overcome these forces during vaporization.

Mathematically, it is expressed in units of joules per mole (J/mol). For chloroform, ΔHvap is
approximately 29.2 kJ/mol at its boiling point.

Significance of ΔHvap in Thermodynamics

Understanding ΔHvap allows scientists to:

- Calculate Vapor Pressure at Different Temperatures: Using the Clausius-Clapeyron equation, the
vapor pressure at temperatures other than the boiling point can be estimated.
- Predict Phase Behavior: It helps in constructing phase diagrams and understanding the conditions
under which a substance transitions between phases.
- Assess Energy Requirements: In industrial distillation, knowing ΔHvap informs energy consumption
estimates.

Interrelation Between Boiling Point and Molar Heat of
Vaporization



Theoretical Foundations

The relationship between the boiling point and ΔHvap can be described thermodynamically using
the Clausius-Clapeyron equation:

\[
\ln P = -\frac{\Delta H_{vap}}{RT} + C
\]

where:

- \( P \) is the vapor pressure,
- \( \Delta H_{vap} \) is the molar heat of vaporization,
- \( R \) is the universal gas constant,
- \( T \) is the temperature in Kelvin,
- \( C \) is a constant related to the vaporization process.

At the normal boiling point, the vapor pressure equals atmospheric pressure (1 atm), so the equation
simplifies to:

\[
\ln P_{atm} = -\frac{\Delta H_{vap}}{RT_b} + C
\]

This relationship underscores how ΔHvap influences the boiling point: larger ΔHvap values typically
lead to higher boiling points, assuming other factors remain constant.

Calculating the Boiling Point Using ΔHvap

Suppose the molar heat of vaporization of chloroform is known (say, 29.2 kJ/mol). Using the
Clausius-Clapeyron relation, one can estimate the vapor pressure at different temperatures or,
conversely, use known vapor pressure data to validate or refine ΔHvap values.

For example, with the vapor pressure data at various temperatures, plotting \(\ln P\) against \(1/T\)
yields a straight line whose slope is \(-\Delta H_{vap}/R\). This method allows experimental
determination of thermodynamic parameters, fundamental for process design and safety.

Implications for Industrial and Laboratory Applications

Distillation and Purification

Given chloroform's boiling point of 334 K, distillation processes can be designed with precise
temperature controls. Knowing ΔHvap allows engineers to estimate the energy input required to
vaporize chloroform efficiently and to optimize distillation conditions to achieve high purity.



Solvent Handling and Safety

Because chloroform vaporizes at relatively low temperatures, proper ventilation and temperature
regulation are vital to prevent accidental inhalation or fire hazards. Understanding its vapor
pressure profile helps in designing safe storage and handling protocols.

Environmental and Health Considerations

Chloroform's volatility, linked to its boiling point and vaporization energy, raises concerns about
environmental release and health exposure. Accurate thermodynamic data underpin safety
guidelines, exposure limits, and environmental impact assessments.

Broader Context and Comparative Analysis

Chloroform in the Spectrum of Halomethanes

Compared with other halomethanes, chloroform's boiling point is moderate. For example:

- Dichloromethane (DCM): Boiling point around 340 K (67°C)
- Carbon Tetrachloride: Boiling point around 483 K (210°C)

These differences reflect variations in intermolecular forces, molecular weight, and structure,
influencing their applications and handling.

Environmental and Regulatory Perspectives

Due to its volatility and potential health hazards, chloroform usage is now heavily regulated. Its
boiling point and vaporization characteristics are critical factors in risk assessments and
environmental controls.

Conclusion

The boiling point of chloroform at 334 K, combined with its molar heat of vaporization, offers a
window into the molecular interactions and thermodynamic behavior of this compound. These
properties are not just academic; they influence how chloroform is used safely and effectively across
various industries. By understanding the interplay between boiling point and vaporization energy,
scientists and engineers can optimize processes, ensure safety, and predict the behavior of
chloroform under diverse conditions. As the landscape of chemical safety and environmental
responsibility evolves, such fundamental thermodynamic insights remain essential tools in the
responsible management of chemical substances.
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