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Understanding the vapor pressure of benzene at various temperatures is essential for
chemists, engineers, and safety professionals working with this widely used aromatic
hydrocarbon. This article explores how vapor pressure varies with temperature,
specifically focusing on calculating the vapor pressure of benzene at 60.6°C, given its
vapor pressure at 7.6°C. We will delve into the concepts of vapor pressure, the
significance of Antoine’s equation, and step-by-step methods to perform the calculation.

---

What Is Vapor Pressure and Why Is It Important?

Vapor pressure is the pressure exerted by a vapor in thermodynamic equilibrium with its
condensed phases (solid or liquid) at a given temperature within a closed system. It
indicates how readily a substance vaporizes — the higher the vapor pressure at a
particular temperature, the more volatile the substance.

Key points about vapor pressure include:

- It influences boiling points: a higher vapor pressure correlates with a lower boiling point.
- It affects evaporation rates and volatility.
- It plays a critical role in safety assessments, especially for flammable liquids like
benzene.
- Vapor pressure varies with temperature, often exponentially increasing as temperature
rises.

---

Understanding Benzene’s Vapor Pressure Data

Benzene (C₆H₆) is a volatile, flammable liquid with widespread industrial applications. Its
vapor pressure data at specific temperatures is crucial for process design and safety
protocols.

Given data:

- Vapor pressure at 7.6°C: 40.1 mmHg



- Desired vapor pressure at 60.6°C: ? (to be calculated)

This data suggests a significant increase in vapor pressure with temperature, typical for
volatile liquids.

---

The Role of Antoine’s Equation in Vapor Pressure
Calculations

Antoine’s equation provides an empirical relationship between vapor pressure and
temperature for many substances:

\[ \log_{10} P = A - \frac{B}{C + T} \]

Where:

- P is the vapor pressure (mmHg)
- T is the temperature in degrees Celsius
- A, B, C are substance-specific Antoine coefficients

Why Antoine’s equation?

- It allows for accurate estimation of vapor pressure over a temperature range.
- It simplifies calculations compared to direct experimental measurement.
- It’s widely used in chemical engineering and safety analysis.

To calculate vapor pressure at a new temperature, the process involves:

1. Determining or obtaining Antoine coefficients for benzene.
2. Using known vapor pressure data at a known temperature to find the coefficients.
3. Applying the equation at the target temperature.

---

Step-by-Step Calculation of Benzene’s Vapor
Pressure at 60.6°C

Step 1: Obtain Antoine Coefficients for Benzene

For benzene, typical Antoine coefficients over the temperature range 0°C to 80°C are:

| Coefficient | Value | Source/Note |
|--------------|------------------|----------------------------------------------|
| A | 6.90665 | Derived from literature |



| B | 1211.033 | |
| C | 220.790 | |

(Note: Different sources may provide slightly varied coefficients. The above are common
values used in calculations.)

Step 2: Calculate Vapor Pressure at 7.6°C Using Antoine’s Equation

Using the coefficients:

\[
\log_{10} P_1 = A - \frac{B}{C + T_1}
\]

Where:

- \( T_1 = 7.6^\circ C \)
- \( P_1 = 40.1\, \text{mmHg} \)

Calculate:

\[
\log_{10} P_1 = 6.90665 - \frac{1211.033}{220.790 + 7.6} = 6.90665 -
\frac{1211.033}{228.390}
\]

\[
\log_{10} P_1 = 6.90665 - 5.295
\]

\[
\log_{10} P_1 \approx 1.61165
\]

Verify:

\[
P_1 = 10^{1.61165} \approx 40.9\, \text{mmHg}
\]

This closely matches the given vapor pressure of 40.1 mmHg, confirming the validity of
the coefficients.

Step 3: Calculate Vapor Pressure at 60.6°C

Similarly:

\[
\log_{10} P_2 = A - \frac{B}{C + T_2}
\]



Where:

- \( T_2 = 60.6^\circ C \)

Calculate:

\[
\log_{10} P_2 = 6.90665 - \frac{1211.033}{220.790 + 60.6} = 6.90665 -
\frac{1211.033}{281.39}
\]

\[
\log_{10} P_2 = 6.90665 - 4.301
\]

\[
\log_{10} P_2 \approx 2.60565
\]

Calculate:

\[
P_2 = 10^{2.60565} \approx 10^{2.60565} \approx 402.3\, \text{mmHg}
\]

---

Final Result: Vapor Pressure of Benzene at 60.6°C

Based on the calculations, the vapor pressure of benzene at 60.6°C is approximately 402.3
mmHg.

This significant increase from 40.1 mmHg at 7.6°C demonstrates the high volatility of
benzene at elevated temperatures, highlighting the importance of proper handling and
safety measures.

---

Understanding the Implications of Vapor Pressure
Data

Safety and Industrial Relevance

- Boiling Point: Benzene’s boiling point is about 80.1°C at standard atmospheric pressure.
The vapor pressure approaching atmospheric pressure (~760 mmHg) at higher
temperatures indicates when benzene will boil.



- Flammability: Higher vapor pressures mean more vapors are present in the air,
increasing flammability risk, especially near open flames or heat sources.
- Storage Conditions: Knowing vapor pressure helps determine safe storage temperatures
and ventilation requirements.

Practical Applications

- Designing distillation processes.
- Developing safety protocols for handling benzene.
- Predicting evaporation rates in environmental scenarios.

---

Additional Factors to Consider When Using
Antoine’s Equation

While Antoine’s equation provides a reliable estimate, consider the following:

- Temperature Range Validity: The coefficients are valid within specific temperature
ranges; extrapolation beyond these ranges may reduce accuracy.
- Pressure Units: Ensure units are consistent; Antoine’s equation typically uses mmHg.
- Multiple Coefficients: Different sources may provide slightly different A, B, C values;
always use the most accurate for your application.
- Real-World Conditions: Vapor pressure calculations assume ideal conditions; factors like
impurities, pressure deviations, or phase interactions can influence actual vapor pressure.

---

Summary

- The vapor pressure of benzene at 7.6°C is approximately 40.1 mmHg.
- Using Antoine’s equation with appropriate coefficients, we calculated the vapor pressure
at 60.6°C to be approximately 402.3 mmHg.
- This exponential increase underscores benzene’s volatility and the importance of safety
measures at higher temperatures.
- Accurate vapor pressure data aid in process design, safety management, and
environmental considerations.

---

Conclusion

Understanding and calculating the vapor pressure of benzene across different
temperatures is crucial for safe handling and process optimization in chemical industries.



Antoine’s equation serves as a powerful tool for estimating vapor pressures when
experimental data is unavailable. Recognizing how vapor pressure escalates with
temperature enables professionals to mitigate risks associated with benzene’s
flammability and volatility, ensuring safer industrial practices.

---

References and Further Reading

- Antoine Equation and Coefficients for Benzene:
- Yaw's "Chemical Engineering" Handbook
- CRC Handbook of Chemistry and Physics
- Safety Data on Benzene:
- OSHA Benzene Safety Guidelines
- CDC/NIOSH Pocket Guide to Chemical Hazards
- Vapor Pressure Data and Calculations:
- Perry’s Chemical Engineers’ Handbook
- PubChem Database

---

Disclaimer: Always verify calculations with multiple sources and consider experimental
data when available for critical safety assessments.

Frequently Asked Questions

How can the vapor pressure of benzene at 60.6°C be
calculated given its vapor pressure at 7.6°C?
The vapor pressure at different temperatures can be estimated using the Clausius-
Clapeyron equation, which relates vapor pressure and temperature through the enthalpy
of vaporization.

What is the Clausius-Clapeyron equation and how does
it apply to benzene's vapor pressure calculation?
The Clausius-Clapeyron equation is ln(P2/P1) = -ΔHvap/R (1/T2 - 1/T1), where P1 and P2
are vapor pressures at temperatures T1 and T2. It allows us to estimate vapor pressure at
a new temperature if the vapor pressure at a known temperature and the enthalpy of
vaporization are known.

What additional data is needed to accurately calculate



benzene's vapor pressure at 60.6°C?
The enthalpy of vaporization (ΔHvap) of benzene is required, along with its vapor pressure
at 7.6°C, to use the Clausius-Clapeyron equation for the calculation.

Why does vapor pressure increase with temperature for
benzene?
Vapor pressure increases with temperature because higher temperatures provide
molecules with more energy to escape from the liquid phase into the vapor phase, leading
to more molecules in the vapor and higher vapor pressure.

Is it possible to estimate benzene's vapor pressure at
60.6°C without the enthalpy of vaporization?
Without the enthalpy of vaporization, a precise calculation isn't possible. However,
approximate values can sometimes be estimated using empirical correlations or by
assuming typical ΔHvap values for benzene.

What is the typical enthalpy of vaporization for benzene,
and how does it impact the calculation?
The enthalpy of vaporization for benzene is approximately 30.8 kJ/mol. Knowing this value
allows you to accurately apply the Clausius-Clapeyron equation to determine vapor
pressure at different temperatures.

Additional Resources
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Understanding how the vapor pressure of a substance varies with temperature is
fundamental in chemistry, especially when dealing with volatile organic compounds like
benzene. Benzene, a widely recognized aromatic hydrocarbon, possesses distinctive
physical properties that influence its behavior in different environments. Knowing its
vapor pressure at various temperatures is crucial for applications ranging from industrial
manufacturing to safety protocols. This article delves into the thermodynamic principles
behind vapor pressure, explores how to calculate the vapor pressure of benzene at 60.6°C
based on its known value at 7.6°C, and discusses the broader implications of these
calculations.

---

What Is Vapor Pressure and Why Does It Matter?

Vapor pressure is the pressure exerted by a vapor in equilibrium with its liquid or solid
form at a given temperature. It reflects the tendency of molecules to escape from the



liquid phase into the gaseous phase. Several key points about vapor pressure include:

- Temperature Dependence: Vapor pressure increases with rising temperature because
higher thermal energy enables more molecules to overcome intermolecular forces.
- Boiling Point: When vapor pressure equals atmospheric pressure, the liquid boils. For
benzene, this is approximately 80.1°C at standard atmospheric pressure.
- Implications in Safety and Industry: Vapor pressure influences volatility, flammability,
and exposure risk. Compounds with high vapor pressures evaporate quickly and pose
inhalation hazards.

Understanding vapor pressure allows chemists and engineers to predict a substance's
behavior under different conditions, ensuring safe handling and effective utilization.

---

Thermodynamic Foundations: The Clausius-Clapeyron Equation

To estimate the vapor pressure of benzene at a higher temperature, we employ the
Clausius-Clapeyron equation, a fundamental relation in thermodynamics that describes
how vapor pressure varies with temperature:

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

Where:

- \( P_1 \) and \( P_2 \) are the vapor pressures at temperatures \( T_1 \) and \( T_2 \)
respectively.
- \( \Delta H_{vap} \) is the molar enthalpy of vaporization.
- \( R \) is the universal gas constant (8.314 J/mol·K).
- Temperatures \( T_1 \) and \( T_2 \) are expressed in Kelvin (K).

This equation assumes that \( \Delta H_{vap} \) remains approximately constant over the
temperature range, which is reasonable over moderate temperature differences.

---

Gathering Known Data and Converting Units

Given data:

- \( P_1 = 40.1\, \text{mmHg} \) at \( T_1 = 7.6^\circ C \)
- \( T_2 = 60.6^\circ C \)

First, convert temperatures from Celsius to Kelvin:

\[
T_1 = 7.6 + 273.15 = 280.75\, \text{K}
\]



\[
T_2 = 60.6 + 273.15 = 333.75\, \text{K}
\]

The vapor pressure \( P_2 \) at \( T_2 \) is unknown and to be calculated.

---

Estimating the Enthalpy of Vaporization of Benzene

Accurate calculation requires \( \Delta H_{vap} \) for benzene. Literature values suggest:

\[
\Delta H_{vap} \approx 30.8\, \text{kJ/mol}
\]

This value is consistent across many sources and provides a reliable basis for calculations.

---

Step-by-Step Calculation

Using the Clausius-Clapeyron equation:

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

Plugging in the known values:

\[
\ln \left( \frac{P_2}{40.1} \right) = - \frac{30,800\, \text{J/mol}}{8.314\, \text{J/mol·K}}
\left( \frac{1}{333.75} - \frac{1}{280.75} \right)
\]

Calculate the numerator:

\[
\frac{30,800}{8.314} \approx 3702.5
\]

Calculate the difference in reciprocals of temperatures:

\[
\frac{1}{333.75} \approx 0.002996\, \text{K}^{-1}
\]
\[
\frac{1}{280.75} \approx 0.003558\, \text{K}^{-1}
\]
\[



0.002996 - 0.003558 = -0.000562\, \text{K}^{-1}
\]

Multiply:

\[
-3702.5 \times -0.000562 \approx 2.082
\]

Now, exponentiate to find \( P_2 \):

\[
\frac{P_2}{40.1} = e^{2.082} \approx 8.02
\]
\[
P_2 = 40.1 \times 8.02 \approx 321.3\, \text{mmHg}
\]

---

Interpreting the Results

Based on thermodynamic principles and known physical data, the vapor pressure of
benzene at 60.6°C is approximately 321 mmHg. This significant increase from 40.1 mmHg
at 7.6°C underscores the heightened volatility of benzene at elevated temperatures.

This calculation aligns with the expected behavior: as temperature increases, the vapor
pressure rises exponentially, reflecting increased molecular activity.

---

Broader Implications and Practical Applications

Understanding benzene’s vapor pressure at different temperatures is vital across various
domains:

- Industrial Safety: High vapor pressures at elevated temperatures mean benzene can
rapidly vaporize, increasing inhalation risks and flammability hazards in manufacturing
plants.
- Environmental Monitoring: Vapor pressure influences how benzene disperses in the
atmosphere, affecting air quality and pollution control measures.
- Chemical Process Design: Accurate vapor pressure data inform the design of distillation
columns and storage conditions, ensuring efficiency and safety.

---

Limitations and Considerations

While the Clausius-Clapeyron equation provides a robust estimation, certain factors can
influence accuracy:



- Temperature Range: The assumption that \( \Delta H_{vap} \) remains constant is an
approximation; in reality, it varies slightly with temperature.
- Purity of Benzene: Impurities can alter vapor pressure readings.
- Pressure Conditions: Atmospheric pressure deviations can impact the actual vapor
pressure.

For precise applications, experimental measurements or more complex models may be
necessary.

---

Conclusion

The vapor pressure of benzene is a critical parameter that informs its handling, safety, and
environmental impact. Starting from a known vapor pressure at 7.6°C, utilizing
thermodynamic principles allows us to estimate its vapor pressure at 60.6°C to be
approximately 321 mmHg. This exponential relationship emphasizes the importance of
temperature control in processes involving benzene and similar volatile compounds. As
science advances, refining these calculations continues to enhance safety standards and
optimize industrial practices involving benzene and other hydrocarbons.
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