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Understanding the relationship between vapor pressure and temperature is fundamental in fields like chemistry,
physics, meteorology, and engineering. Vapor pressure influences phenomena such as boiling points, evaporation
rates, and phase changes. In essence, vapor pressure is the pressure exerted by a vapor in thermodynamic
equilibrium with its condensed phases (solid or liquid) at a given temperature. As temperature varies, so does
the vapor pressure, often in predictable ways that can be described through scientific principles and laws. This
article explores how vapor pressure correlates with temperature, what happens to vapor pressure when
temperature changes, and the implications of this relationship across various applications.

What Is Vapor Pressure?

Definition and Concept
Vapor pressure is a measure of a substance's tendency to vaporize. It is the pressure exerted by the vapor
molecules as they escape from the surface of a liquid or solid into the surrounding environment, reaching an
equilibrium where the rate of evaporation equals the rate of condensation.

Factors Affecting Vapor Pressure
Vapor pressure depends on:

Nature of the substance: Substances with weaker intermolecular forces tend to have higher vapor
pressures.

Temperature: As temperature increases, vapor pressure generally increases.

Surface area: Larger surface area can enhance evaporation but does not directly affect vapor pressure
at equilibrium.

The Relationship Between Vapor Pressure and Temperature

How Temperature Affects Vapor Pressure
Temperature plays a critical role in determining vapor pressure. Increasing temperature supplies more energy to
molecules, enabling more of them to escape the liquid phase into the vapor phase. As a result, vapor pressure
tends to rise with temperature.

Scientific Explanation
The relationship between vapor pressure and temperature is often described by the Clausius-Clapeyron
equation, which expresses how vapor pressure varies with temperature:

ln P = –(ΔHvap / R) (1 / T) + C



Where:
- P is the vapor pressure
- ΔHvap is the enthalpy of vaporization
- R is the universal gas constant
- T is the absolute temperature in Kelvin
- C is a constant specific to the substance

This equation indicates that the natural logarithm of vapor pressure increases linearly with decreasing inverse
temperature (1/T). Therefore, as temperature increases, vapor pressure increases exponentially.

Graphical Representation
Plotting ln P versus 1/T yields a straight line, illustrating the exponential relationship. The slope of this line
is proportional to –ΔHvap / R. This graphical approach helps in predicting how vapor pressure changes with
temperature for different substances.

What Happens To The Vapor Pressure When Temperature Changes?

At Lower Temperatures
- Vapor pressure is relatively low because fewer molecules have enough energy to escape into the vapor phase.
- Substances tend to stay in the liquid or solid state unless external factors cause phase change.

At Higher Temperatures
- Vapor pressure increases significantly as more molecules acquire sufficient energy.
- The substance approaches its boiling point, where vapor pressure equals atmospheric pressure.
- This increase facilitates evaporation and boiling.

Implications of Changing Vapor Pressure
Understanding how vapor pressure varies with temperature helps in:

Predicting boiling points: The boiling point is reached when vapor pressure equals external pressure.1.

Designing industrial processes: Such as distillation, where controlling vapor pressure is critical.2.

Assessing evaporation rates: Useful in meteorology and environmental science to predict drying times or3.
pollutant dispersal.

Material stability analysis: For example, in pharmaceuticals and polymers where vapor pressure4.
influences shelf life.

Examples Demonstrating Vapor Pressure and Temperature
Relationship



Water
- At 25°C (298 K), water’s vapor pressure is approximately 23.8 mm Hg.
- Increasing temperature to 100°C (373 K), water’s vapor pressure reaches 760 mm Hg, which is atmospheric
pressure, leading to boiling.
- The exponential increase in vapor pressure with temperature explains why water boils at 100°C under
standard pressure.

Organic Liquids
- Substances like ethanol or benzene have different vapor pressures at the same temperature due to their
intermolecular forces.
- Ethanol's vapor pressure at 25°C is about 59 mm Hg, whereas benzene’s is around 125 mm Hg, showing
benzene's higher volatility.

Key Factors Influencing Vapor Pressure Changes

Intermolecular Forces
- Stronger forces (hydrogen bonding, dipole-dipole interactions) result in lower vapor pressures.
- Weaker forces (London dispersion, van der Waals) lead to higher vapor pressures.

Enthalpy of Vaporization (ΔHvap)
- Represents the energy required to convert 1 mol of a substance from liquid to vapor.
- Substances with high ΔHvap exhibit a more gradual increase in vapor pressure with temperature.
- Conversely, substances with low ΔHvap show rapid vapor pressure increases as temperature rises.

External Conditions
- Atmospheric pressure influences the boiling point but does not directly alter vapor pressure.
- Changes in external pressure shift the boiling point but the vapor pressure curve remains governed by the
substance's properties.

Practical Applications and Significance

Boiling Point Determination
- The boiling point of a substance is the temperature at which its vapor pressure equals the ambient pressure.
- Engineers and chemists use vapor pressure data to determine boiling points under various conditions.

Distillation Processes
- Accurate knowledge of vapor pressure at different temperatures allows for efficient separation of mixtures.
- Fractional distillation relies on the differences in vapor pressures of components.



Climate and Weather Patterns
- Vapor pressure influences humidity, cloud formation, and precipitation.
- As temperature increases, vapor pressure increases, leading to higher humidity levels.

Pharmaceuticals and Material Science
- Vapor pressure affects stability, storage, and evaporation of chemical compounds.
- Controlling vapor pressure helps in designing stable formulations.

Conclusion
Vapor pressure's dependence on temperature is a fundamental concept in understanding phase changes and
material behavior. As temperature increases, vapor pressure rises exponentially, driven by the energetic
dynamics of molecules. This relationship is quantitatively described by the Clausius-Clapeyron equation,
which provides a predictive framework for how vapor pressure varies with temperature across different
substances. Recognizing this correlation is crucial for practical applications in industry, meteorology,
environmental science, and research, enabling precise control and prediction of material behavior under changing
thermal conditions.

Understanding how vapor pressure responds to temperature changes empowers scientists and engineers to
optimize processes, predict environmental phenomena, and develop materials with desired stability and volatility
profiles.

Frequently Asked Questions

How does vapor pressure change as temperature increases?

Vapor pressure increases as temperature rises because higher temperatures provide molecules with more energy
to escape the liquid phase into the vapor phase.

What is the relationship between vapor pressure and boiling point?

The boiling point of a substance is the temperature at which its vapor pressure equals the atmospheric
pressure; as vapor pressure increases with temperature, the boiling point decreases.

How does an increase in temperature affect the vapor pressure of a
substance?

An increase in temperature causes the vapor pressure of a substance to rise because more molecules have
sufficient energy to vaporize.

What happens to the vapor pressure of a substance when it is heated beyond
its boiling point?

When heated beyond its boiling point, the vapor pressure remains equal to or exceeds atmospheric pressure,
resulting in rapid boiling and vaporization.

Why does vapor pressure depend on temperature?

Vapor pressure depends on temperature because temperature influences the kinetic energy of molecules, affecting



their ability to escape the liquid phase into the vapor phase.

What occurs to vapor pressure when a substance cools down?

When a substance cools down, its vapor pressure decreases because fewer molecules have enough energy to
escape into the vapor phase.

Can vapor pressure be used to determine a substance’s volatility?

Yes, substances with higher vapor pressures at a given temperature are considered more volatile because they
readily vaporize into the gas phase.

Additional Resources
How Is Vapor Pressure Related To Temperature? What Happens To The Vapor Pressure Of A Substance When

Understanding the relationship between vapor pressure and temperature is fundamental in fields ranging from
chemistry and meteorology to engineering and environmental science. Whether you're a student trying to grasp
the basics or a professional applying these concepts in real-world scenarios, it’s essential to comprehend how
temperature influences vapor pressure and what implications this has for various substances. This article
delves into the science behind vapor pressure, explores its dependence on temperature, and discusses what occurs
when temperature changes, providing a comprehensive yet accessible overview of this vital topic.

---

What Is Vapor Pressure?

Before exploring how vapor pressure relates to temperature, it’s important to define what vapor pressure
actually is. Vapor pressure is the pressure exerted by a vapor in thermodynamic equilibrium with its
corresponding liquid or solid phase at a given temperature within a closed system. Essentially, it measures the
tendency of molecules to escape from the liquid or solid phase into the gaseous phase.

Key points:

- Vapor pressure indicates how easily a substance evaporates.
- It varies with temperature; as temperature increases, vapor pressure generally increases.
- When vapor pressure equals atmospheric pressure, the substance boils.

The Relationship Between Vapor Pressure and Temperature

The Basic Principle: Kinetic Energy and Molecular Escape

At the molecular level, vapor pressure arises from molecules in the liquid phase gaining enough kinetic energy to
overcome intermolecular forces and enter the vapor phase. As temperature rises, molecules gain kinetic energy,
making it easier for them to escape into the gas phase, which in turn increases vapor pressure.

In essence:

- Higher temperature � Higher molecular kinetic energy � More molecules escape � Greater vapor pressure.

The Clausius-Clapeyron Equation

The quantitative relationship between vapor pressure and temperature can be 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 enthalpy of vaporization,
- \( R \) is the universal gas constant,
- \( T \) is the temperature in Kelvin,
- \( C \) is a constant related to the substance.

This equation indicates that the natural logarithm of vapor pressure increases linearly with the inverse of
temperature. As temperature increases, \( \ln P \) increases, meaning vapor pressure increases exponentially
with temperature.

How Does Temperature Influence Vapor Pressure?

The Exponential Increase

Plotting vapor pressure against temperature typically yields an exponential curve. At lower temperatures,
vapor pressure is relatively low because fewer molecules have sufficient energy to escape. As temperature
increases, the vapor pressure rises sharply, reflecting the greater number of molecules entering the vapor phase.

Implication: Small increases in temperature can lead to significant increases in vapor pressure, especially near
the boiling point.

The Concept of Boiling Point

When vapor pressure equals the atmospheric pressure surrounding the liquid, the substance boils. For example:

- At sea level, water boils at 100°C because its vapor pressure reaches 1 atm (101.3 kPa).
- At higher altitudes, the atmospheric pressure is lower, so water boils at a lower temperature because vapor
pressure reaches that lower pressure sooner.

This illustrates how vapor pressure and temperature are interconnected in practical scenarios, such as
cooking or industrial processes.

---

What Happens To The Vapor Pressure When Temperature Changes?

1. Increasing Temperature

When the temperature of a substance increases:

- Vapor pressure rises: More molecules gain enough energy to escape into the vapor phase.
- Enhanced evaporation: The rate at which molecules transition from liquid to vapor accelerates.
- Boiling occurs at lower external pressure: If external pressure is reduced, boiling can occur at lower
temperatures due to the increased vapor pressure.

Real-world examples:

- A pot of water boiling at high altitude: The lower atmospheric pressure means water reaches its vapor
pressure at a lower temperature.
- Evaporation of sweat: Higher temperatures increase vapor pressure, speeding up evaporation and cooling.

2. Decreasing Temperature

When the temperature decreases:



- Vapor pressure drops: Fewer molecules have enough energy to escape.
- Reduced evaporation: The rate of vaporization diminishes.
- Condensation becomes dominant: Vapor molecules tend to return to the liquid phase, especially if the vapor is
cooled below its equilibrium vapor pressure.

Implications:

- Refrigeration relies on lowering temperature to reduce vapor pressure, encouraging condensation.
- Substances become less volatile as they cool.

---

Practical Applications and Implications

Understanding how vapor pressure varies with temperature has numerous practical applications:

1. Distillation and Separation Processes

Vapor pressure differences at various temperatures enable separation of mixtures through distillation. For
example:

- Ethanol and water can be separated because ethanol has a higher vapor pressure at a given temperature.
- The process involves heating the mixture until the component with the higher vapor pressure vaporizes
preferentially.

2. Predicting Boiling Points

Knowing the vapor pressure curve of a substance allows scientists to determine the boiling point at different
external pressures, which is critical in:

- Cooking (adjusting for altitude)
- Industrial processes (designing reactors and heat exchangers)
- Weather forecasting (evaporation rates of water bodies)

3. Environmental and Climate Science

Vapor pressure influences:

- Evaporation rates of water bodies
- Formation of clouds and precipitation
- Humidity levels and weather patterns

Higher temperatures lead to higher vapor pressures, increasing humidity and potential for rainfall.

4. Material Stability and Storage

Substances with high vapor pressures at room temperature tend to evaporate quickly and may pose inhalation
hazards or require special storage conditions. For example:

- Volatile organic compounds (VOCs)
- Perfumes and solvents

Factors Affecting Vapor Pressure Beyond Temperature

While temperature is the dominant factor, other factors can influence vapor pressure:

- Intermolecular forces: Stronger forces (like hydrogen bonding) lower vapor pressure.
- Molecular size: Larger molecules tend to have lower vapor pressures.
- Impurities: Can alter vapor pressure by disrupting molecular interactions.



---

Summary: The Interplay of Temperature and Vapor Pressure

In conclusion, vapor pressure and temperature share a deeply interconnected relationship rooted in molecular
physics and thermodynamics. An increase in temperature provides molecules with the energy needed to overcome
intermolecular forces, thus elevating vapor pressure. This exponential rise in vapor pressure with temperature
explains phenomena such as boiling, evaporation, and humidity changes in the environment.

Understanding this relationship is crucial across multiple disciplines, influencing everything from industrial
manufacturing to climate modeling. Recognizing what happens to vapor pressure when temperature changes not
only deepens our grasp of physical chemistry but also enhances practical decision-making in everyday life and
technological applications.

By mastering these principles, scientists and engineers can better predict and manipulate material behaviors,
ensuring safety, efficiency, and innovation across various sectors, all grounded in the fundamental science of
vapor pressure and temperature.
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