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Understanding the vapor pressure of acetone is essential for chemists, engineers, and
anyone working with this versatile solvent. Acetone, known scientifically as propanone, is a
common organic compound widely used in industries ranging from pharmaceuticals to
cleaning products. Its physical properties, particularly vapor pressure, influence how it
behaves in various applications, including evaporation rates, distillation processes, and
safety considerations. In this article, we will explore how the enthalpy of vaporization
(Hvap) and boiling point relate to acetone's vapor pressure, providing a comprehensive
understanding of this critical property.

Fundamentals of Vapor Pressure and Its
Importance

What Is Vapor Pressure?

Vapor pressure is the pressure exerted by a vapor in equilibrium with its liquid phase at a
given temperature. It reflects a substance's tendency to evaporate; the higher the vapor
pressure at a specific temperature, the more readily the substance transitions from liquid to
vapor.

Why Is Vapor Pressure Important?

- Determines Evaporation Rate: High vapor pressure indicates rapid evaporation, crucial in
applications like cleaning and solvent use.

- Affects Boiling Point: The boiling point is the temperature at which vapor pressure equals
atmospheric pressure.

- Safety and Handling: Knowledge of vapor pressure aids in assessing inhalation risks and
flammability hazards.

- Process Design: In distillation and separation processes, vapor pressure informs
temperature control and efficiency.

Key Physical Properties of Acetone

Before calculating vapor pressure, it's essential to understand the relevant physical
properties:



- Standard Enthalpy of Vaporization (Hvap): 29.1 kJ/mol
- Normal Boiling Point (Tb): 56.1°C (or 329.25 K)

- Molar Mass: 58.08 g/mol

- Assumed Atmospheric Pressure (Patm): 101.3 kPa

Relationship Between Hvap, Boiling Point, and
Vapor Pressure

The Clausius-Clapeyron equation forms the foundation for relating vapor pressure to
temperature and enthalpy of vaporization:

\[
\In P = -\frac{Hvap}{RT} + C
\]

Where:

-\( P\) = vapor pressure at temperature \( T\)

-\( Hvap \) = enthalpy of vaporization (J/mol)

-\( R\) = universal gas constant, 8.314 J/(mol-K)

-\( T\) = temperature in Kelvin

-\( C\) = integration constant, determined using known vapor pressure at a reference
temperature

Alternatively, when vapor pressure at the normal boiling point is known, the equation
simplifies to:

\[

\In \left( \frac{P_2}{P_1} \right) = -\frac{Hvap}{R} \left( \frac{1}{T 2} - \frac{1}{T 1}
\right)

\]

Where:
-\(P_1\)and \( P_2\) are vapor pressures at temperatures\( T_1\) and \( T_2\),
respectively.

For acetone, the normal boiling point \( T_b \) corresponds to a vapor pressure of 1 atm
(101.3 kPa).

Calculating Vapor Pressure of Acetone at
Different Temperatures

Using the known Hvap and boiling point, we can estimate the vapor pressure at various
temperatures through the Clausius-Clapeyron equation.



Step 1: Convert Hvap to Joules per Mole

\[
Hvap = 29.1\, \text{kJ/mol} = 29100\, \text{J/mol}

\]

Step 2: Determine the Constant \( C )
At the boiling point:

\[

P_1 =101.3\ \text{kPa}

\]

\[

T_1 =56.1"\circ C = 329.25\, \text{K}
\]

Using the relation:

\[
\In P_1 = -\frac{Hvap}{RT_1} + C
\]
\[
C=\InP_1 + \frac{Hvap}{RT 1}
\]

Calculating:

\[

C =\In(101.300) + \frac{29100}{8.314 \times 329.25}

\]

\[

C\approx 4.620 + \frac{29100}{2737.3} \approx 4.620 + 10.63 \approx 15.25
\]

Step 3: Calculate Vapor Pressure at a Different
Temperature
Suppose we want to find vapor pressure at \( T = 257 \circ C = 298.15\, \text{K} \):

\[

\In P = -\frac{29100} {8.314 \times 298.15} + 15.25

\]

\[

\In P \approx -\frac{29100}{2478.7} + 15.25\approx -11.73 + 15.25 = 3.52
\]

\[

P=e"{3.52} \approx 33.9\, \text{kPa}

\]



Thus, at 25°C, the vapor pressure of acetone is approximately 33.9 kPa, indicating it readily
evaporates at room temperature.

Implications of Vapor Pressure for Acetone Usage

Understanding acetone's vapor pressure helps in multiple practical scenarios:

- Industrial Applications: Ensuring proper ventilation during use to prevent inhalation of
vapors.

- Safety Precautions: Recognizing flammability risks due to high vapor pressure at room
temperature.

- Process Optimization: Adjusting distillation temperatures to efficiently separate acetone
from mixtures.

- Environmental Impact: Managing evaporation to reduce VOC emissions.

Additional Factors Affecting Acetone's Vapor
Pressure

While the calculations above provide a good estimate, real-world vapor pressure can be
influenced by:

- Impurities: Presence of contaminants can alter vapor pressure.

- Temperature Fluctuations: Slight changes in temperature significantly impact vapor
pressure due to the exponential relationship.

- Pressure Conditions: External pressure variations can influence evaporation and
condensation behaviors.

Conclusion: Key Takeaways

- Acetone has a relatively high vapor pressure at room temperature, facilitating rapid
evaporation.

- Its Hvap of 29.1 KJ/mol and boiling point of 56.1°C are critical parameters for calculating
vapor pressure.

- Using the Clausius-Clapeyron equation, vapor pressure at various temperatures can be
estimated with reasonable accuracy.

- Knowledge of vapor pressure is vital for safe handling, process design, and environmental
management of acetone.

Summary of Key Points

- Vapor pressure reflects a substance's tendency to evaporate.
- Acetone's vapor pressure at 25°C is approximately 33.9 kPa.



- High vapor pressure indicates flammability and rapid evaporation.
- Calculations rely on thermodynamic principles, notably the Clausius-Clapeyron equation.
- Understanding this property informs safe handling and industrial process optimization.

Final Thoughts

Mastering the relationship between enthalpy of vaporization, boiling point, and vapor
pressure enables chemists and engineers to predict how acetone behaves under various
conditions. Such insights are crucial for ensuring safety, efficiency, and environmental
responsibility in applications involving this widely used solvent. Whether you're designing a
distillation process or evaluating safety protocols, understanding vapor pressure is
fundamental in managing acetone effectively.

Meta Description: Discover how acetone's enthalpy of vaporization and boiling point
determine its vapor pressure. Learn to calculate vapor pressure and understand its
significance in industrial and safety applications.

Frequently Asked Questions

How can the vapor pressure of acetone be estimated
using its Hvap and boiling point?

Using the Clausius-Clapeyron equation, vapor pressure can be estimated if Hvap,
temperature, and a reference vapor pressure are known. By rearranging the equation, you

can calculate vapor pressure at different temperatures based on Hvap and the known
boiling point.

What is the significance of acetone's Hvap value of 29.1
kJ/mol in determining its vapor pressure?

The Hvap value indicates the energy required to vaporize acetone. A lower Hvap suggests
higher vapor pressure at a given temperature, meaning acetone evaporates more readily. It
helps in calculating vapor pressure at various temperatures using thermodynamic
equations.

Given acetone's normal boiling point of 56.1°C, what is
its approximate vapor pressure at this temperature?

At the normal boiling point (56.1°C), the vapor pressure of acetone is approximately 101.3
kPa (1 atm) by definition, since boiling occurs when vapor pressure equals atmospheric
pressure.



How does the vapor pressure of acetone change with
temperature, based on its Hvap and boiling point?

As temperature increases, the vapor pressure of acetone increases exponentially, following
the Clausius-Clapeyron relation, because more molecules have enough energy to escape
into the vapor phase.

Can we determine the vapor pressure of acetone at
temperatures other than its boiling point using the
given Hvap? If so, how?

Yes, by applying the Clausius-Clapeyron equation, you can calculate vapor pressure at
different temperatures using Hvap, the temperature of interest, and the vapor pressure at a
known reference point, typically the boiling point.

Additional Resources
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Understanding the vapor pressure of a substance like acetone is fundamental in chemistry,
especially in fields such as industrial processes, environmental science, and laboratory
applications. Acetone, a common solvent known for its volatility and widespread use, has
specific thermodynamic properties—namely, a molar heat of vaporization (Hvap) of 29.1
kJ/mol and a normal boiling point of 56.1°C—that allow chemists to predict its vapor
pressure under various conditions. This article delves into the concepts behind vapor
pressure, how it relates to acetone’s thermodynamic properties, and the methods used to
calculate it accurately.

Understanding Vapor Pressure: The Basics

Before exploring how to determine acetone's vapor pressure, it's essential to grasp what
vapor pressure entails and why it’s significant.

What Is Vapor Pressure?

Vapor pressure is the pressure exerted by a vapor in thermodynamic equilibrium with its
condensed phases (liquid or solid) at a given temperature. It reflects how readily a
substance transitions from its liquid (or solid) state to the vapor phase. High vapor
pressures indicate that a substance evaporates easily, which is characteristic of volatile
liquids like acetone.

Why Is Vapor Pressure Important?

- Industrial Applications: Vapor pressure influences processes such as distillation, solvent
recovery, and evaporation.



- Environmental Impact: It affects how substances volatilize into the atmosphere, impacting
air quality and pollution.

- Safety Considerations: Understanding vapor pressure helps assess flammability and
explosion risks.

The Thermodynamics of Vaporization: Connecting Hvap, Boiling Point, and Vapor Pressure

To calculate vapor pressure, it is crucial to understand the thermodynamic principles
governing phase changes.

Molar Heat of Vaporization (Hvap)

Hvap is the energy required to convert one mole of a liquid into vapor at constant
temperature and pressure. For acetone, this value is 29.1 kJ/mol, which indicates how much
energy must be supplied for molecules to escape the liquid phase.

Normal Boiling Point (Tb)

The normal boiling point is the temperature at which the vapor pressure equals
atmospheric pressure (101.3 kPa or 1 atm). For acetone, this is 56.1°C.

Relationship Between Hvap, Tb, and Vapor Pressure

The Clausius-Clapeyron Equation provides a quantitative relationship between vapor
pressure and temperature:

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

\]

Where:

-\( P\) is the vapor pressure at temperature \( T\),

-\(\Delta H_{vap} \) (Hvap) 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 an integration constant.

At the boiling point \( T_b'\), the vapor pressure \( P_b\) equals standard atmospheric
pressure (1 atm or 101.3 kPa). This boundary condition allows us to determine \( C\),
leading to the simplified form:

\[

\In \left(\frac{P}{P_b}\right) = - \frac{\Delta H _{vap}}{R} \left(\frac{1}{T} -
\frac{1}{T_b}\right)

\]

This equation enables the calculation of vapor pressure at any temperature below the
boiling point.



Calculating Acetone’s Vapor Pressure: Step-by-Step

Given the thermodynamic data, we can now assess how to compute acetone’s vapor
pressure at various temperatures, including room temperature.

Known Data:

-\(\Delta H_{vap} = 29.1\, \text{k)/mol} = 29100\, \text{)/mol} \)
-\(T b =56.1"\circ C =56.1 + 273.15 = 329.25\, \text{K} \)

-\( P_b = 1\, \text{atm} = 101.3\, \text{kPa}\)

Step 1: Convert Hvap to consistent units

Hvap is already in Joules per mole, compatible with \( R'\).
Step 2: Apply the Clausius-Clapeyron Equation

To find vapor pressure at a temperature \( T\), use:

\[
\In P = -\frac{\Delta H_{vap}}{R} \left(\frac{1}{T} - \frac{1}{T _b}\right) +\In P_b

\]

Rearranged:

\[

P = P_b \times \exp \left[ - \frac{\Delta H_{vap}}{R} \left(\frac{1}{T} -
\frac{1}{T_b}\right) \right]

\]

Step 3: Calculate vapor pressure at a specific temperature

Suppose we want to find the vapor pressure at 25°C (room temperature):
-\(T =25+ 273.15 = 298.15\, \text{K} \)

Plugging into the equation:

\[

P = 101.3\, \text{kPa} \times \exp \left[ - \frac{29100} {8.314} \left(\frac{1} {298.15} -
\frac{1}{329.25}\right) \right]

\]

Calculations:

\( \frac{29100}{8.314} \approx 3500\, \text{K} \)
\(\frac{1}{298.15} \approx 0.003355\, \text{K}~{-1} )
\(\frac{1}{329.25} \approx 0.003038\, \text{K}~{-1} )
Difference: \( 0.003355 - 0.003038 = 0.000317\, \text{K}~{-1})



Now:

\[
P = 101.3\, \text{kPa} \times \exp \left( -3500 \times 0.000317 \right)

\]

\[
P = 101.3\, \text{kPa} \times \exp (-1.109)

\]

\[
P \approx 101.3\, \text{kPa} \times 0.330

\]

\[
P \approx 33.4\, \text{kPa}

\]

Result: At 25°C, acetone’s vapor pressure is approximately 33.4 kPa.

Practical Implications and Significance

The calculated vapor pressure indicates that acetone is highly volatile at room temperature,
with a vapor pressure about one-third of atmospheric pressure. This property explains its
rapid evaporation and widespread use as a solvent.

Key implications include:

- Safety: Its high vapor pressure facilitates rapid evaporation, increasing the risk of
inhalation exposure and flammability. Proper ventilation and storage are essential.

- Industrial Use: Its volatility makes it ideal for applications like cleaning, thinning paints,
and chemical syntheses where quick evaporation is beneficial.

- Environmental Perspective: Acetone's tendency to vaporize easily contributes to its
dispersion in the atmosphere, where it undergoes photochemical reactions.

Factors Influencing Vapor Pressure Beyond Thermodynamics

While the Clausius-Clapeyron equation provides a theoretical foundation, real-world vapor
pressure measurements can be affected by:

- Impurities: Presence of contaminants can alter vapor pressure.

- Temperature fluctuations: Deviations from ideal conditions may require correction factors.
- Surface area and container shape: Influence evaporation rates but not the equilibrium
vapor pressure.



Limitations and Assumptions in Theoretical Calculations

Although the Clausius-Clapeyron approach offers valuable insights, it relies on certain
assumptions:

- Constant Hvap: Assumes that the molar heat of vaporization remains unchanged across
temperatures, which may not be accurate at extremes.

- ldeal behavior: Assumes ideal vapor and liquid interactions, neglecting intermolecular
forces that could influence vapor pressure.

- Narrow temperature range: The equation works best over small temperature intervals
near the boiling point.

In practice, experimental methods such as manometry or vapor pressure osmometry
provide precise measurements that can validate or refine theoretical estimates.

Conclusion: The Interplay of Thermodynamic Data and Vapor Pressure

The thermodynamic properties of acetone—specifically its heat of vaporization and boiling
point—allow chemists to estimate its vapor pressure across various temperatures using the
Clausius-Clapeyron equation. At standard room temperature, acetone exhibits a vapor
pressure of roughly 33.4 kPa, underscoring its high volatility.

This understanding not only aids in designing safe handling and storage protocols but also
enhances our appreciation of how molecular-level properties influence macroscopic
behaviors. As such, the link between Hvap, boiling point, and vapor pressure exemplifies
the profound connection between thermodynamics and practical chemistry, illuminating
why acetone remains a cornerstone solvent in laboratories and industries worldwide.
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