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Understanding how to determine the vapor pressure of a liquid mixture based on its
composition is a fundamental concept in chemistry, especially in fields like chemical
engineering, environmental science, and material science. When dealing with mixtures
such as cyclohexane and other volatile solvents, calculating the vapor pressure helps
predict evaporation rates, distillation efficiency, and phase equilibrium. In this article, we
will explore the process of calculating the vapor pressure of a mixture where the mole
fraction of cyclohexane is 0.95, including key concepts, step-by-step calculations, and
practical applications.

Introduction to Vapor Pressure and Mixture
Composition

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 liquid's volatility—the higher the vapor pressure, the more
readily the liquid evaporates. For pure substances, vapor pressure depends solely on
temperature and the nature of the substance.

Mixtures and Raoult’s Law

In solutions and mixtures, vapor pressure is influenced by the composition of the mixture,
which can be described in terms of mole fractions. Raoult’s Law provides a way to estimate
the vapor pressure of a component within a mixture:

\[ P_A = X_A\times P_A"{\text{pure}} \]

where:

-\( P_A\) is the partial vapor pressure of component A,

-\( X_A\) is the mole fraction of component A,

-\( P_A™{\text{pure}}\) is the vapor pressure of pure component A at a specific
temperature.

The total vapor pressure of the mixture is then the sum of the partial pressures.



Key Concepts for Calculating Vapor Pressure of a
Cyclohexane Mixture

1. Mole Fraction of Cyclohexane (\(X_{CHX}\))

Given as 0.95 in our scenario, indicating that 95% of the molar composition is cyclohexane.

2. Vapor Pressure of Pure Cyclohexane
(\(P_{CHX} "~ {\text{pure}}\))

This value is temperature-dependent and can be found in reference tables or calculated
using Antoine’s Equation.

3. Vapor Pressure of the Other Component
(\(P_{\text{other} }~ {\text{pure}}\))

If the mixture contains another component, its pure vapor pressure at the same
temperature is needed.

4. Total Vapor Pressure of the Mixture (\(P_{total}\))

Calculated by summing the partial vapor pressures:

\[ P_{total} = X _{CHX} \times P_{CHX} "~ {\text{pure}} + X {\text{other}} \times
P_{\text{other}}~{\text{pure}} \]

where \(X_{\text{other}} =1 - X _{CHX}\).

Step-by-Step Calculation of Vapor Pressure for
the Cyclohexane Mixture

Step 1: Gather Necessary Data

- Mole fraction of cyclohexane: \(X_{CHX} = 0.95))
- Mole fraction of the other component: \(X_{other} = 0.05\)
- Vapor pressure of pure cyclohexane at the specific temperature: obtained from Antoine's



Equation or reference tables.
- Vapor pressure of the other component at the same temperature: similarly obtained.

Example Data at 25°C:

-\(P_{CHX} "~ {\text{pure}}\) = 100 mm Hg (approximate value for cyclohexane at 25°C)

- The other component: assume it is benzene with \(P_{\text{benzene}} ™ {\text{pure}}\) =
100 mm Hg at 25°C for simplicity.

Step 2: Apply Raoult’s Law to Find Partial Vapor
Pressures

Calculate the partial vapor pressures:

\[ P_{CHX} = X _{CHX} \times P_{CHX}~{\text{pure}} = 0.95 \times 100\, \text{mm Hg}
= 95\, \text{mm Hg} \]

\[ P_{other} = X {other} \times P_{other} ™~ {\text{pure}} = 0.05 \times 100\, \text{mm
Hg} = 5\, \text{mm Hg} \]

Step 3: Calculate Total Vapor Pressure

Sum of partial pressures:

\[ P_{total} = P_{CHX} + P_{other} = 95\, \text{mm Hg} + 5\, \text{mm Hg} = 100\,
\text{mm Hg} \]

This illustrates that, at this composition and temperature, the vapor pressure of the mixture
is approximately 100 mm Hg.

Factors Influencing Vapor Pressure Calculations

Temperature Dependence

Vapor pressure varies significantly with temperature. Antoine’s Equation is often used to
calculate vapor pressures at different temperatures:

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

where \(A, B, C\) are substance-specific constants, and \(T\) is temperature in Celsius.



Ideal vs. Non-ldeal Mixtures

Raoult’s Law assumes ideal behavior, which is valid when the intermolecular forces
between different components are similar. Deviations from ideality require activity
coefficients for more accurate calculations.

Composition and Purity

Impurities and non-idealities can alter vapor pressures, making experimental
measurements or activity coefficient adjustments necessary.

Practical Applications of Vapor Pressure
Calculations

1. Designing Distillation Processes

Accurate vapor pressure data helps optimize distillation parameters to achieve efficient
separation of cyclohexane from other components.

2. Environmental Impact Assessments

Understanding vapor pressures of volatile organic compounds (VOCs) like cyclohexane aids
in predicting evaporation rates and potential air pollution.

3. Safety and Handling

Knowing vapor pressures informs safety protocols for storage and transportation, especially
at elevated temperatures.

Summary and Key Takeaways

- The mole fraction of cyclohexane directly influences the vapor pressure of the mixture.

- Raoult’s Law provides a straightforward method for estimating vapor pressure in ideal
mixtures.

- Accurate data for pure component vapor pressures at the desired temperature are
essential.

- Temperature, mixture non-ideality, and component interactions can significantly affect
vapor pressure calculations.

- Practical applications range from industrial separation processes to environmental safety



assessments.

Conclusion

Calculating the vapor pressure of a mixture when the mole fraction of cyclohexane is known
is a fundamental skill in physical chemistry and chemical engineering. By understanding the
principles of Raoult’s Law, leveraging temperature-dependent vapor pressure data, and
considering ideality, scientists and engineers can predict phase behavior with confidence.
Whether designing a distillation column, assessing environmental impact, or ensuring
safety protocols, accurate vapor pressure calculations are indispensable tools in the
chemist’s toolkit.
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Frequently Asked Questions

What is the significance of the mole fraction of
cyclohexane being 0.95 in the mixture?

A mole fraction of 0.95 indicates that cyclohexane is the predominant component in the
mixture, which significantly influences its vapor pressure and overall properties.

How do you calculate the vapor pressure of a mixture
using Dalton's Law and Raoult's Law?

You multiply the mole fraction of each component by its pure vapor pressure and sum
these values: P_total = (X _cyclohexane P°_cyclohexane) + (X_other P°_other).



What information is needed to calculate the vapor
pressure of the mixture when the mole fraction of
cyclohexane is 0.95?

You need the pure vapor pressure of cyclohexane, the vapor pressure of the other
component(s), and their respective mole fractions.

Why does a high mole fraction of cyclohexane (0.95)
lead to a vapor pressure close to its pure vapor
pressure?

Because vapor pressure is proportional to the mole fraction and the pure vapor pressure, a
high mole fraction means the mixture's vapor pressure is dominated by cyclohexane's
vapor pressure, making it closer to the pure component's vapor pressure.

If the vapor pressure of pure cyclohexane at a certain
temperature is 100 mmHg, what would be the
approximate vapor pressure of the mixture assuming
the other component's vapor pressure is 50 mmHg?

Using Raoult's Law, P_total = (0.95 100 mmHg) + (0.05 50 mmHg) =95 + 2.5 =97.5
mmHg.

How does temperature affect the calculation of vapor
pressure in a mixture with a high mole fraction of
cyclohexane?

Temperature increases generally raise the vapor pressures of all components, so the vapor
pressure of the mixture will also increase, but the mole fraction remains the same unless
the composition changes with temperature.

Additional Resources

If The Mole Fraction Of Cyclohexane In Your Mixture Was 0.95, Calculate The Vapor
Pressure Of Your Mixture

Introduction

Vapor pressure is a fundamental concept in physical chemistry, pivotal to understanding
phase equilibrium, distillation processes, and the behavior of liquid mixtures. It is the
pressure exerted by a vapor in thermodynamic equilibrium with its liquid phase at a given
temperature. When dealing with mixtures of volatile liquids, the vapor pressure of the
mixture depends on the composition and the individual vapor pressures of the constituent



components.

In this article, we delve into the scenario where the mole fraction of cyclohexane in a
mixture is 0.95, and the task is to determine the vapor pressure of this mixture. This
investigation is not merely academic; it has practical implications in chemical engineering,
environmental science, and industrial chemistry, especially in processes like distillation,
solvent recovery, and formulation of chemical products.

Understanding the Fundamentals
What Is Mole Fraction?

The mole fraction (denoted as \(x_i\)) of a component in a mixture is defined as the ratio of
the number of moles of that component to the total number of moles in the mixture:

\[
x_i =\frac{n_i}{n_{total}}
\]

For cyclohexane in the mixture:

\[

x_{cyclohexane} = 0.95

\]

which indicates that 95% of the moles in the mixture are cyclohexane.

Vapor Pressure and Raoult’s Law

Raoult’s law provides a straightforward way to estimate the vapor pressure of a liquid
mixture:

\[
P_{mix} = \sum_{i} x_i P_i"
\]

where:
- \(P_{mix}\) is the vapor pressure of the mixture,
-\(x_i\) is the mole fraction of component \(i\),

-\(P_i™\) is the vapor pressure of pure component \(i\) at the same temperature.

This law assumes ideal behavior, meaning the intermolecular interactions between different
components are similar to those between like molecules.

Step 1: Gathering Necessary Data



To accurately compute the vapor pressure of the mixture, we need:

1. The mole fraction of cyclohexane (\(x_{cyclohexane} = 0.95\))
2. The mole fraction of the other component(s). Assuming a binary mixture with only
cyclohexane and a second component, say, benzene, then:

\[
x_{benzene} =1 - x_{cyclohexane} = 0.05

\]

3. The vapor pressures of pure components at the given temperature,
\(P_{cyclohexane}~\) and \(P_{benzene}™\).

Step 2: Selecting the Components and Their Vapor Pressures

For this analysis, assume a binary mixture of cyclohexane and benzene, common in
laboratory and industrial contexts:

| Component | Vapor Pressure at 25°C (mmHQg) | Source/Reference |

rorremeeer e Jrereomemer e Jreremmerer e |
| Cyclohexane | 150 mmHg | CRC Handbook of Chemistry & Physics |

| Benzene | 160 mmHg | CRC Handbook of Chemistry & Physics |

Note: Vapor pressures are temperature-dependent. For precise calculations, ensure the
vapor pressures correspond to the temperature of interest. Here, 25°C is assumed for
illustration.

Step 3: Applying Raoult’'s Law
Given the data:

\[
x_{cyclohexane} = 0.95, \quad P_{cyclohexane}”™ = 150\, \text{mmHg}

\]

\[
x_{benzene} = 0.05, \quad P_{benzene}™ = 160\, \text{mmHg}

\]

The vapor pressure of the mixture:

\[

P_{mix} = (x_{cyclohexane} \times P_{cyclohexane}”™) + (x_{benzene} \times
P_{benzene}"™)

\]

Plugging in the numbers:



\[

P_{mix} = (0.95 \times 150) + (0.05 \times 160)
\]

\[

P {mix} = 1425 + 8

\]

\[

P_{mix} = 150.5\, \text{mmHg}

\]

Hence, the vapor pressure of the mixture at 25°C with 95% mole fraction of cyclohexane is
approximately 150.5 mmHag.

Deep Dive: Factors Influencing Vapor Pressure Calculations

While the above calculation appears straightforward, several factors can influence the
accuracy and applicability:

1. Non-ldeality of Mixtures

Raoult’s law assumes ideality, which is seldom perfectly met. Deviations occur due to
differences in intermolecular forces:

- Positive deviation: When interactions between different molecules are weaker than those
between like molecules, leading to higher vapor pressures than predicted.
- Negative deviation: When interactions are stronger, resulting in lower vapor pressures.

For cyclohexane and benzene, deviations are minimal due to similar molecular structures

and intermolecular forces, but in other systems, activity coefficients (\(\gamma_i\)) are
introduced:

\[

P_{mix} =\sum_{i} x_i\gamma_i P_i™

\]

where \(\gamma_i\) accounts for non-ideality.

2. Temperature Dependence

Vapor pressures are highly temperature-dependent, following the Clausius-Clapeyron
equation:

\[
\In P~ = -\frac{\Delta H {vap}}{RT} + C
\]

where:

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



- \(R\) is the gas constant,
-\(T\) is the temperature in Kelvin,
-\(C\) is a constant.

Accurate calculations at different temperatures require vapor pressure data at those
temperatures or the use of Antoine equations.

3. Composition at Equilibrium
The mole fraction of components in vapor and liquid phases may differ, especially in non-

ideal mixtures. The vapor-liquid equilibrium (VLE) data provide more precise insights, often
summarized in phase diagrams.

Step 4: Practical Implications and Applications

Industrial Context

In industrial settings, accurately predicting vapor pressure impacts the design of distillation
columns, solvent recovery systems, and safety protocols. For example, knowing that a
mixture has a vapor pressure close to atmospheric pressure at a given temperature
indicates the likelihood of vaporization and potential safety hazards.

Environmental and Safety Considerations

Cyclohexane and benzene are volatile and hazardous chemicals. Precise vapor pressure
data inform risk assessments, ventilation requirements, and exposure limits.

Quality Control

Manufacturers can use vapor pressure calculations to verify mixture compositions, ensuring
consistent product quality.

Additional Considerations for Complex Mixtures

If the mixture contains more than two components or exhibits non-ideal behavior, the
calculation becomes more complex:

- Activity coefficients must be determined experimentally or estimated through models like
Wilson, NRTL, or UNIFAC.

- Partial vapor pressures are computed for each component, then summed to find the total
vapor pressure.

List of Steps for Complex Systems:
1. Obtain vapor pressures of pure components at the temperature of interest.

2. Determine activity coefficients (\(\gamma_i\)) or use thermodynamic models.
3. Calculate partial vapor pressures:



\[
P_i=x_i\gamma_i P_i™
\]

4. Sum to find total vapor pressure:

\[
P_{total} =\sum_{i} P_i
\]

Conclusion

Calculating the vapor pressure of a mixture when the mole fraction of a component is
known is a fundamental task in physical chemistry and process engineering. For the specific
case where the mole fraction of cyclohexane is 0.95, assuming ideality and using typical
vapor pressures at room temperature, the mixture's vapor pressure is approximately 150.5
mmHg.

This calculation underscores the importance of accurate vapor pressure data and the
assumptions underlying Raoult’s law. While ideal models provide a good starting point, real-
world systems often require more sophisticated approaches incorporating activity
coefficients and thermodynamic models. Such detailed analyses are essential for designing
safe, efficient, and environmentally responsible chemical processes.
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Note: For precise applications, always consult the latest vapor pressure data and consider
the specific temperature, pressure, and mixture conditions relevant to your process.

If The Mole Fraction Of Cyclohexane In Your Mixture Was 0 95
Calculate The Vapor Pressure Of Your Mixture

If The Mole Fraction Of Cyclohexane In Your Mixture Was 0 95 Calculate The Vapor Pressure Of
Your Mixture


https://sip.evo9x.com/ma40/if-the-mole-fraction-of-cyclohexane-in-your-mixture-was-0-95-calculate-the-vapor-pressure-of-your-mixture.pdf
https://sip.evo9x.com/ma40/if-the-mole-fraction-of-cyclohexane-in-your-mixture-was-0-95-calculate-the-vapor-pressure-of-your-mixture.pdf

Related Articles

¢ Consider A Market With Four Identical Firms, Each Of Which Makes An Identical Product. The
Demand Function

e CONTENTS Introduction: "Failure Is Not An Option" Chapter 1: It's Just Rocket Science!5
Chapter 2: Failure

o HELP! Jessica Edits The School Yearbook. She Says The The Dimensions Of The Student Photo
Are Proportional

Back to Home


https://sip.evo9x.com/ma40/consider-a-market-with-four-identical-firms-each-of-which-makes-an-identical-product-the-demand-function.pdf
https://sip.evo9x.com/ma40/consider-a-market-with-four-identical-firms-each-of-which-makes-an-identical-product-the-demand-function.pdf
https://sip.evo9x.com/ma40/contents-introduction-failure-is-not-an-option-chapter-1-it-s-just-rocket-science-5-chapter-2-failure.pdf
https://sip.evo9x.com/ma40/contents-introduction-failure-is-not-an-option-chapter-1-it-s-just-rocket-science-5-chapter-2-failure.pdf
https://sip.evo9x.com/ma40/help-jessica-edits-the-school-yearbook-she-says-the-the-dimensions-of-the-student-photo-are-proportional.pdf
https://sip.evo9x.com/ma40/help-jessica-edits-the-school-yearbook-she-says-the-the-dimensions-of-the-student-photo-are-proportional.pdf
https://sip.evo9x.com

