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Understanding how temperature influences vapor pressure is fundamental in fields such as chemistry,

chemical engineering, and environmental science. Vapor pressure, a key property of liquids,

determines how readily a liquid evaporates and is crucial in processes like distillation, boiling, and

evaporation. When the temperature of a liquid increases, its vapor pressure also increases, often

dramatically. In this article, we explore the phenomenon where the vapor pressure of a liquid doubles

when the temperature is increased from 85°C to 95°C, providing insight into the underlying principles,

calculations, and practical implications.

What Is Vapor Pressure?

Vapor pressure is defined as the pressure exerted by a vapor in thermodynamic equilibrium with its

condensed phases (liquid or solid) at a given temperature in a closed system. It reflects the tendency

of molecules to escape from the liquid phase into the vapor phase. The higher the vapor pressure at a

specific temperature, the more volatile the liquid.

Key points about vapor pressure:

- It increases with temperature.

- It is specific to each substance.

- It influences boiling points and evaporation rates.



- It is crucial for designing distillation processes and understanding phase changes.

The Relationship Between Temperature and Vapor Pressure

The vapor pressure of a liquid is strongly dependent on temperature. As temperature rises, molecules

gain kinetic energy, increasing their likelihood of escaping the liquid surface into the vapor phase. This

relationship is often described by the Clausius-Clapeyron equation, which provides a quantitative link

between vapor pressure and temperature.

The Clausius-Clapeyron Equation

The Clausius-Clapeyron equation is expressed as:

\[

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

\]

Where:

- \( P \) is the vapor pressure,

- \( \Delta H_{vap} \) is the enthalpy of vaporization,

- \( R \) is the universal gas constant (\(8.314\, J\, mol^{-1}\, K^{-1}\)),

- \( T \) is the absolute temperature in Kelvin,

- \( C \) is a constant related to the substance.

This equation indicates that vapor pressure increases exponentially with temperature, assuming

\(\Delta H_{vap}\) remains constant over the temperature range.



Why Does Vapor Pressure Double When Temperature Rises

From 85°C to 95°C?

The observation that vapor pressure doubles when the temperature increases from 85°C to 95°C can

be explained through the exponential nature of the vapor pressure-temperature relationship.

Specifically, small increases in temperature can lead to significant increases in vapor pressure

because of the Arrhenius-like dependence.

Key points to understand:

- The vapor pressure at 85°C and 95°C can be linked using the Clausius-Clapeyron equation.

- A doubling of vapor pressure signifies a substantial change in molecular kinetic energy.

- The temperature interval (10°C) is enough to cause this dramatic increase due to the exponential

dependence.

Quantitative Analysis of Vapor Pressure Doubling

Assuming the vapor pressure doubles from \( P_1 \) at 85°C to \( 2P_1 \) at 95°C, we can analyze the

relationship mathematically.

First, convert Celsius temperatures to Kelvin:

- \( T_1 = 85 + 273.15 = 358.15\, K \)

- \( T_2 = 95 + 273.15 = 368.15\, K \)

Applying the Clausius-Clapeyron equation:

\[

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



\]

Given that \( P_2 = 2 P_1 \), then:

\[

\ln 2 = - \frac{\Delta H_{vap}}{R} \left( \frac{1}{T_2} - \frac{1}{T_1} \right)

\]

Rearranged to solve for \(\Delta H_{vap}\):

\[

\Delta H_{vap} = - R \frac{\ln 2}{ \left( \frac{1}{T_2} - \frac{1}{T_1} \right)}

\]

Calculating the denominator:

\[

\frac{1}{T_2} - \frac{1}{T_1} = \frac{1}{368.15} - \frac{1}{358.15} \approx 0.002718 - 0.002791 =

-0.000073\, K^{-1}

\]

Now, plug in the values:

\[

\Delta H_{vap} = - 8.314\, J\, mol^{-1}\, K^{-1} \times \frac{\ln 2}{-0.000073}

\]

\[

\ln 2 \approx 0.6931

\]



\[

\Delta H_{vap} \approx 8.314 \times \frac{0.6931}{0.000073} \approx 8.314 \times 9500 \approx

79,000\, J/mol

\]

This calculation suggests that the enthalpy of vaporization is approximately 79 kJ/mol for this liquid.

Implications of Vapor Pressure Doubling

Understanding the vapor pressure behavior has practical significance in various applications:

1. Boiling Point Determination

The boiling point of a liquid is the temperature at which its vapor pressure equals atmospheric

pressure (approximately 101.3 kPa). As vapor pressure increases with temperature, the boiling point

decreases when external pressure is reduced.

- In industrial distillation, knowing how vapor pressure varies helps optimize temperature settings.

- In cooking and food processing, vapor pressure influences boiling and evaporation rates.

2. Evaporation and Drying Processes

Higher vapor pressures at elevated temperatures accelerate evaporation, which is crucial in

manufacturing, drying, and cooling systems.



3. Designing Chemical Processes

Accurate vapor pressure data enables chemical engineers to design reactors, condensers, and

distillation columns with efficiency and safety.

Practical Examples and Calculations

To reinforce understanding, consider the following practical scenarios:

Example 1: Estimating Vapor Pressure at 85°C

Suppose the vapor pressure at 95°C is known to be 150 kPa, and it doubles to 300 kPa at 95°C.

Using the calculated \(\Delta H_{vap}\), estimate the vapor pressure at 85°C.

Applying the Clausius-Clapeyron equation:

\[

\ln P_{85} = - \frac{\Delta H_{vap}}{R} \left( \frac{1}{T_{85}} \right) + C

\]

Similarly, at 95°C:

\[

\ln P_{95} = - \frac{\Delta H_{vap}}{R} \left( \frac{1}{T_{95}} \right) + C

\]

Subtracting the two:



\[

\ln P_{95} - \ln P_{85} = - \frac{\Delta H_{vap}}{R} \left( \frac{1}{T_{95}} - \frac{1}{T_{85}} \right)

\]

Given:

- \( P_{95} = 150\, kPa \),

- \( P_{85} = ? \),

- \( T_{85} = 358.15\, K \),

- \( T_{95} = 368.15\, K \),

- \(\Delta H_{vap} \approx 79,000\, J/mol \).

Calculate:

\[

\ln 150 = 5.011

\]

\[

\ln P_{85} = 5.011 - \left( - \frac{79,000}{8.314} \times \left( \frac{1}{368.15} - \frac{1}{358.15} \right)

\right)

\]

\[

\frac{1}{368.15} - \frac{1}{358.15} \approx -0.000073\, K^{-1}

\]

\[

\frac{79,000}{8.314} \approx 9,519

\]

\[



\ln P_{85} = 5.011 - (-9,519 \times -0.000073) = 5.011 - 0.695 \approx 4.316

\]

Exponentiating:

\[

P_{85} = e^{4.316} \approx 75\, kPa

\]

So, the vapor pressure at 85°C is approximately 75 kPa.

Conclusion

The phenomenon where vapor pressure doubles when a liquid's temperature increases from 85°C to

95°C exemplifies the exponential relationship governed by thermodynamic principles. This behavior is

rooted in the molecular kinetics and the energetics of phase change, primarily described by the

Clausius-Clapeyron equation. Recognizing this relationship aids in designing efficient industrial

processes, understanding phase transitions, and predicting the behavior of liquids under varying

temperature conditions.

By understanding the underlying physics and performing quantitative calculations, scientists and

engineers can optimize processes such as

Frequently Asked Questions

What is vapor pressure, and how does temperature influence it?

Vapor pressure is the pressure exerted by a vapor in equilibrium with its liquid at a given temperature.

As temperature increases, the vapor pressure of a liquid also increases because more molecules have



enough energy to escape into the vapor phase.

Why does the vapor pressure of a liquid double when temperature is

raised from 85°C to 95°C?

This occurs because vapor pressure is highly sensitive to temperature changes. The increase from

85°C to 95°C provides enough thermal energy to significantly increase the number of molecules

escaping the liquid, effectively doubling the vapor pressure.

What does a doubling of vapor pressure indicate about the liquid's

properties?

It indicates that the liquid's tendency to vaporize increases substantially with temperature, reflecting a

steep dependence of vapor pressure on temperature and possibly pointing to a specific vapor pressure

at those temperatures.

How can the Clausius-Clapeyron equation be used to analyze the

change in vapor pressure with temperature?

The Clausius-Clapeyron equation relates vapor pressure and temperature, allowing us to estimate the

enthalpy of vaporization. It explains how a small temperature change results in exponential changes in

vapor pressure, such as doubling.

Is the temperature difference (85°C to 95°C) sufficient to cause a

significant change in vapor pressure for most liquids?

Yes, especially near the boiling point or for volatile liquids, a 10°C increase can cause a substantial

change, such as doubling the vapor pressure due to the exponential relationship described by vapor

pressure equations.



What practical applications are influenced by understanding how vapor

pressure changes with temperature?

Knowledge of vapor pressure variations is crucial in distillation, chemical manufacturing, meteorology,

and designing pressure cookers, as it affects boiling points, evaporation rates, and phase changes.

How does the vapor pressure relate to the boiling point of a liquid?

The boiling point of a liquid is the temperature at which its vapor pressure equals the external

atmospheric pressure. As vapor pressure increases with temperature, the boiling point decreases at

lower external pressures.

Could the doubling of vapor pressure be used to estimate the enthalpy

of vaporization?

Yes, using the Clausius-Clapeyron equation, the change in vapor pressure over a temperature interval

can help estimate the enthalpy of vaporization, assuming other variables are known.

What factors could affect the accuracy of the vapor pressure doubling

observation?

Factors include impurities in the liquid, measurement precision, external pressure variations, and

whether the system truly reaches equilibrium at each temperature. These can influence the observed

vapor pressure values.

Additional Resources

The vapor pressure of a liquid doubles when the temperature is raised from 85°C to 95°C is a

fascinating phenomenon that highlights the delicate balance between temperature and molecular

behavior in liquids. This change underscores fundamental principles in thermodynamics and physical

chemistry, emphasizing how temperature influences vapor pressure and, consequently, the volatility of



a substance. Understanding this relationship is crucial across various scientific and industrial fields,

including chemical manufacturing, environmental science, and material engineering.

---

Understanding Vapor Pressure and Its Significance

What Is Vapor Pressure?

Vapor pressure is defined as the pressure exerted by a vapor in equilibrium with its corresponding

liquid at a given temperature. It is a measure of a liquid's volatility or tendency to vaporize. When a

liquid is enclosed in a container, molecules constantly escape into the gas phase, creating vapor

pressure. As more molecules vaporize, the pressure exerted by these molecules builds until it reaches

equilibrium.

Why Is Vapor Pressure Important?

Vapor pressure influences many practical aspects:

- Boiling Point: The temperature at which vapor pressure equals atmospheric pressure.

- Evaporation Rate: Higher vapor pressure means faster evaporation.

- Distillation and Separation: Used in separating mixtures based on volatility.

- Environmental Impact: Volatile organic compounds (VOCs) contribute to air pollution.

---



The Relationship Between Temperature and Vapor Pressure

Clausius-Clapeyron Equation

The primary mathematical tool describing how vapor pressure varies with temperature is the Clausius-

Clapeyron equation:

\[

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

\]

Where:

- \( P \) = vapor pressure

- \( \Delta H_{vap} \) = enthalpy of vaporization

- \( R \) = ideal gas constant

- \( T \) = temperature in Kelvin

- \( C \) = constant

This equation demonstrates that vapor pressure increases exponentially with temperature, assuming

\(\Delta H_{vap}\) remains constant over the temperature range.

Implication of a Doubling Vapor Pressure

When vapor pressure doubles over a temperature increase, it indicates a significant change in the

molecular escape tendency. This typically corresponds to a temperature range where the liquid's vapor

pressure is approaching or surpassing a critical threshold—often near its boiling point.

---



Analyzing the Specific Temperature Range: 85°C to 95°C

Given Data

- Initial temperature: 85°C (358.15 K)

- Final temperature: 95°C (368.15 K)

- Vapor pressure doubles during this interval

What Does Doubling Vapor Pressure Signify?

This indicates a substantial increase in volatility. For many liquids, such a change suggests that the

vapor pressure at 85°C is approaching a relatively high value, and an increase of 10°C significantly

boosts molecular activity.

Estimating Vapor Pressures

Using the Clausius-Clapeyron approximation:

\[

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

\]

Since \( P_2 = 2 P_1 \):

\[

\ln 2 = \frac{\Delta H_{vap}}{R} \left( \frac{1}{T_1} - \frac{1}{T_2} \right)

\]



This relation allows estimating the enthalpy of vaporization given the temperature range and vapor

pressure change.

---

Underlying Molecular Dynamics

How Does Temperature Affect Molecules?

Elevating the temperature increases molecular kinetic energy, making molecules more likely to

overcome intermolecular forces:

- At 85°C: Molecules possess sufficient energy to escape the liquid surface at a certain rate.

- At 95°C: The increased kinetic energy causes more molecules to vaporize, doubling vapor pressure.

This exponential increase aligns with the Arrhenius-type behavior of molecular escape rates.

Intermolecular Forces and Their Role

The strength of intermolecular forces in a liquid determines how sensitive vapor pressure is to

temperature:

- Weak forces (e.g., hydrocarbons): Greater change with temperature.

- Strong forces (e.g., water): More gradual change.

The doubling of vapor pressure suggests the liquid has moderate intermolecular forces, making it

highly responsive to temperature changes.



---

Industrial and Practical Implications

Boiling Point and Process Control

Understanding how vapor pressure varies with temperature informs the control of boiling processes.

For example:

- Precise temperature adjustments can optimize distillation.

- Anticipating vapor pressure changes ensures safety and efficiency.

Material Selection and Safety

- Liquids with rapidly increasing vapor pressures at elevated temperatures can pose explosion

hazards.

- Proper venting and containment are critical.

Environmental Considerations

- Increased vapor pressure at higher temperatures can lead to greater emissions of volatile

compounds.

- Regulations often depend on vapor pressure thresholds.

---



Pros and Cons of Vapor Pressure Doubling in Applications

Pros:

- Enhanced Process Efficiency: Rapid vaporization can accelerate distillation or drying processes.

- Predictability: Understanding vapor pressure behavior allows for better process design.

- Safety Management: Recognizing temperature thresholds helps prevent accidents.

Cons:

- Increased Volatility: Higher vapor pressures can lead to leaks or vapor buildup.

- Energy Costs: Elevated temperatures require more energy input.

- Material Degradation: Some materials may degrade at higher temperatures, affecting the process.

---

Factors Influencing the Change in Vapor Pressure

- Thermodynamic Properties: Enthalpy of vaporization and entropy changes.

- Impurities: Presence of impurities can alter vapor pressure behavior.

- Pressure Conditions: Ambient pressure influences boiling points and vapor pressures.

- Temperature Range: Non-linear behavior may occur outside specific temperature ranges.

---

Conclusion



The phenomenon where the vapor pressure of a liquid doubles when the temperature increases from

85°C to 95°C exemplifies the sensitive dependence of vaporization tendencies on temperature. This

change underscores the importance of understanding thermodynamic principles, molecular dynamics,

and practical implications in industrial processes. Recognizing how vapor pressure escalates with

temperature enables engineers and scientists to optimize processes, enhance safety, and minimize

environmental impact. As a fundamental concept, vapor pressure serves as a critical parameter

bridging molecular behavior with macroscopic phenomena, illustrating the intricate dance between heat

and matter that governs much of chemistry and engineering.

---

Key Takeaways:

- Vapor pressure increases exponentially with temperature, often described by the Clausius-Clapeyron

equation.

- Doubling vapor pressure over a 10°C increase indicates significant volatility changes.

- Molecular energy and intermolecular forces fundamentally drive this behavior.

- Practical applications include process optimization, safety management, and environmental

regulation.

- Understanding these principles allows for better control of chemical and physical processes involving

liquids.

By delving into the specifics of vapor pressure variation from 85°C to 95°C, we gain insight into the

broader principles that govern phase changes, material properties, and industrial process design.
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