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Understanding the equilibrium-constant expression in terms of partial pressures is fundamental in chemical
thermodynamics, especially for reactions involving gases and solids. When analyzing reactions such as
Na₂O(s) + H₂(g) � NaOH(s) + ½ O₂(g), it becomes crucial to understand how to formulate the equilibrium
expression correctly, considering the phases involved and their contributions to the equilibrium state. This
article provides a comprehensive overview of the equilibrium-constant expression for reactions involving solids
and gases, with a focus on expressing it in terms of partial pressures.

Basics of Chemical Equilibrium and Equilibrium Constant

What is Chemical Equilibrium?
Chemical equilibrium occurs when the forward and reverse reactions proceed at the same rate, resulting in
constant concentrations (or partial pressures) of reactants and products over time. At equilibrium, the
macroscopic properties of a system remain unchanged, although microscopic processes continue to occur.

Definition of the Equilibrium Constant (K)
The equilibrium constant is a numerical value that expresses the ratio of product activities to reactant
activities at equilibrium. Its specific form depends on the reaction and the chosen concentration units, such as
molarity, partial pressure, or activity.

Expressing Equilibrium Constants in Terms of Partial Pressures

Partial Pressures and Their Role
Partial pressure refers to the pressure exerted by a single component in a mixture of gases. It is directly
proportional to the component's mole fraction and the total pressure of the mixture, following Dalton’s
Law.

Formulating the Equilibrium Constant in Terms of Partial Pressures
For gaseous reactions, the equilibrium constant expressed in terms of partial pressures, denoted as K�, is
derived from the law of mass action:
\[ K_p = \frac{\text{Activities of products}}{\text{Activities of reactants}} \]
where activities are approximated by partial pressures for gases.

General Approach to Writing the Equilibrium-Constant Expression



Identify the Phases and Species Involved
- Solids (e.g., Na₂O): Their activities are taken as unity because their molar activities are constant and do not
appear in the expression.
- Gases (e.g., H₂, O₂): Their activities are proportional to their partial pressures divided by a standard pressure
(usually 1 atm).

Write the Balanced Chemical Equation
Ensure the chemical reaction is correctly balanced, including all phases:
\[ \text{Na}_2\text{O}(s) + \text{H}_2(g) \rightleftharpoons \text{NaOH}(s) + \frac{1}{2}
\text{O}_2(g) \]

Construct the Expression for K�
- For gases: include their partial pressures raised to the power of their stoichiometric coefficients.
- For solids: activities are omitted because they are considered constant and incorporated into the equilibrium
constant.

Applying to the Specific Reaction: Na₂O(s) + H₂(g) � NaOH(s) + ½
O₂(g)

Balanced Reaction Equation
The reaction involves:
\[ \text{Na}_2\text{O}(s) + \text{H}_2(g) \rightleftharpoons 2\, \text{NaOH}(s) + \frac{1}{2}
\text{O}_2(g) \]
However, since NaOH is a solid, its activity is considered constant and omitted from the equilibrium expression.

Deriving the Expression
Given that:
- Activities of solids (Na₂O and NaOH) are set to 1.
- Gases are expressed in terms of their partial pressures.

The equilibrium-constant expression in terms of partial pressures is:
\[
K_p = \frac{(p_{O_2})^{1/2}}{p_{H_2}}
\]
where:
- \( p_{O_2} \) is the partial pressure of oxygen.
- \( p_{H_2} \) is the partial pressure of hydrogen.

This expression assumes the activities of solids are unity and do not appear in the ratio.

Key Considerations and Assumptions



Why Are Solids Omitted from the Expression?
In thermodynamics, the activity of a pure solid or liquid is taken as constant (typically 1) because their
concentrations do not change significantly during the reaction, simplifying the expression to involve only
gaseous reactants and products.

Effect of Standard State and Units
- Partial pressures are often expressed in atmospheres (atm) or Pascals (Pa).
- The equilibrium constant \( K_p \) is dimensionless if partial pressures are divided by a standard pressure
(usually 1 atm).

Relating \( K_p \) to \( K_c \)
If concentration-based equilibrium constants \( K_c \) are known, they can be related to \( K_p \) through the
ideal gas law:
\[
K_p = K_c (RT)^{\Delta n}
\]
where:
- \( R \) is the universal gas constant.
- \( T \) is temperature in Kelvin.
- \( \Delta n \) is the change in moles of gas (moles of gaseous products minus moles of gaseous reactants).

Practical Applications and Significance

Predicting Reaction Direction
Knowing \( K_p \) allows chemists to determine whether a reaction will favor the formation of products or
reactants under given partial pressures.

Designing Industrial Processes
Accurate equilibrium expressions inform the conditions (pressure, temperature) needed to optimize yields in
processes like synthesis of sodium hydroxide or oxygen production.

Environmental and Safety Considerations
Understanding the equilibrium behavior of reactions involving gaseous species contributes to safer handling and
environmental management of chemical processes.

Summary and Final Remarks
In summary, the equilibrium-constant expression for reactions involving solids and gases can be succinctly
written in terms of partial pressures by:
- Omitting activities of pure solids.
- Including only gaseous species raised to their stoichiometric powers.
- Expressing the partial pressures relative to a standard state if necessary.

For the specific reaction involving Na₂O and H₂, the equilibrium expression in terms of partial pressures is:



\[
\boxed{
K_p = \frac{\sqrt{p_{O_2}}}{p_{H_2}}
}
\]

Understanding this fundamental concept enables chemists and engineers to analyze, predict, and control
chemical reactions more effectively, whether in laboratory settings or in industrial applications.

---
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Frequently Asked Questions

What is the general form of the equilibrium-constant expression for
reactions involving gases in terms of partial pressures?

For gas-phase reactions, the equilibrium-constant expression (Kp) is the ratio of the partial pressures of the
products raised to their coefficients to those of the reactants raised to their coefficients, excluding pure
solids and liquids.

In the reaction Na2O(s) + H2O(g) � 2NaOH(g), how is the equilibrium
constant expression written in terms of partial pressures?

Since solids are omitted, the equilibrium-constant expression in partial pressures is Kp = (P_NaOH)^2 / P_H2O.

Why are pure solids like Na2O(s) excluded from the equilibrium-constant
expression?

Pure solids and liquids have constant activities and do not affect the equilibrium position, so their partial
pressures or concentrations are not included in the expression.

If the reaction involves only gases and a solid, how do you write the
equilibrium expression in terms of partial pressures?

Include only the gaseous reactants and products in the expression, with each partial pressure raised to the
power of its coefficient; solids and liquids are omitted.

How does changing the partial pressure of a gaseous reactant or product
affect the equilibrium constant expression?

Changing the partial pressure of a gaseous species affects the reaction quotient Q but does not change the
equilibrium constant Kp itself; Kp remains constant at a given temperature.



Can the equilibrium-constant expression in terms of partial pressures be used
for reactions involving solids like Na2O(s)?

Yes, but only to write the expression for the gaseous components; solids like Na2O(s) are excluded because
their activity is constant.

What is the importance of expressing the equilibrium constant in terms of
partial pressures?

Expressing Kp in terms of partial pressures allows for direct calculation of the equilibrium state of gaseous
reactions using measurable pressure data.

In the reaction Na2O(s) + H2O(g) � 2NaOH(g), how would you write the
equilibrium-constant expression in terms of partial pressures?

Kp = (P_NaOH)^2 / P_H2O, since Na2O(s) is a solid and excluded from the expression.

Additional Resources
What Is The Equilibrium-constant Expression For This Reaction In Terms Of Partial Pressures?

In the realm of chemical thermodynamics and equilibrium chemistry, understanding how to express the equilibrium
constant (K) in terms of partial pressures is fundamental, especially for reactions involving gases and solids.
This article delves into the detailed derivation, interpretation, and application of the equilibrium-constant
expression for a specific reaction involving sodium oxide (Na₂O) and other reactants, focusing on its
formulation in terms of partial pressures. Such an understanding not only deepens theoretical comprehension
but also enhances practical predictions in industrial and laboratory settings.

---

Introduction to Equilibrium Constants and Partial Pressures

Chemical reactions tend toward a state of equilibrium where the forward and reverse reactions occur at
equal rates. The equilibrium constant, K, quantitatively describes this balance. When dealing with gases, the
equilibrium constant can be expressed in terms of concentrations or partial pressures, with the latter often
being more convenient in gaseous systems.

Key Concepts:

- Equilibrium Constant (K): A dimensionless number representing the ratio of product activities to reactant
activities at equilibrium.
- Partial Pressure (p): The pressure exerted by a single gas in a mixture, proportional to its molar fraction and
total pressure.
- Reaction Quotient (Q): The ratio of activities or partial pressures at any point; at equilibrium, Q = K.

The general form of the equilibrium-constant expression in terms of partial pressures simplifies the analysis of
gas-phase reactions, especially when dealing with ideal gases where activity is approximated by partial
pressure normalized by a standard pressure.

---



Understanding the Reaction Involving Na₂O

The specific reaction under consideration involves sodium oxide, Na₂O, and its interaction with other species.
While the user's prompt appears incomplete, a common reaction involving Na₂O in the context of equilibrium
chemistry is its formation or decomposition with gaseous species such as oxygen, water vapor, or other gases.

A typical example of a reaction involving Na₂O in gaseous equilibrium could be:

Na₂O(s) + 1/2 O₂(g) � 2 Na(g) + 1/2 O₂(g)

However, more commonly, Na₂O is considered a solid oxide that reacts with water or other gases in
equilibrium. For the purposes of this discussion, let's analyze a representative gaseous equilibrium involving
Na₂O:

Representative Reaction:

Na₂O(s) + H₂O(g) � 2 NaOH(g)

Alternatively, considering oxidation:

Na₂O(s) + ½ O₂(g) � 2 NaO(g) (hypothetical)

Given the ambiguity, we will focus on a generic gaseous reaction involving Na₂O, such as:

Na₂O(s) + G(g) � Products

This allows us to derive a general form of the equilibrium-constant expression involving partial pressures.

---

Deriving the Equilibrium-constant Expression in Terms of Partial
Pressures

Fundamental Principles

The equilibrium constant in terms of partial pressures (K_p) is derived from the law of mass action and the
activities of the species involved. For gases, activities are approximated by their partial pressures divided by
the standard pressure (usually 1 bar or 1 atm).

The general form:

K_p = (products of partial pressures of gaseous products) / (products of partial pressures of gaseous
reactants)

For reactions involving solids, the activity of a pure solid is taken as unity and does not appear in the
expression.

General Reaction Framework

Consider a reaction:



aA(s) + bB(g) � cC(g) + dD(s)

The equilibrium constant in terms of partial pressures is:

K_p = (p_C)^c / (p_B)^b

Since solids have activities set to 1, they do not appear in the expression.

---

Application to Na₂O Reactions

Suppose we analyze a reaction where solid Na₂O interacts with a gaseous species G, forming gaseous products.
For example:

Na₂O(s) + G(g) � 2 Na(g) + O(g)

This hypothetical reaction allows us to write the equilibrium expression as:

K_p = (p_Na)^2 p_O / p_G

where:

- p_Na: partial pressure of sodium vapor (Na)
- p_O: partial pressure of oxygen (O)
- p_G: partial pressure of G (the gaseous reactant)

Note: The actual reaction will depend on the specific process, but this illustrates the general approach.

---

Step-by-Step Derivation of the Expression

1. Identify Gaseous Species: List all gaseous reactants and products.
2. Write the Balanced Reaction: Ensure stoichiometry is correct.
3. Apply Law of Mass Action: Express the equilibrium quotient as the product of partial pressures of
products raised to their coefficients divided by those of reactants.
4. Incorporate Solid Activities: For solids like Na₂O, activity is 1, so they do not appear.
5. Finalize the Expression: Write the explicit formula for K_p in terms of partial pressures.

Example:

Suppose the reaction:

Na₂O(s) + ½ O₂(g) � 2 Na(g)

Then,

K_p = p_Na^2 / p_O2^{1/2}

This expression indicates how the equilibrium depends on the partial pressures of sodium vapor and oxygen.

---



Factors Influencing the Equilibrium-constant Expression

Several factors affect the form and value of K_p:

- Temperature: K_p is temperature-dependent, governed by the reaction's enthalpy change (ΔH°).
- Pressure: While K_p itself is independent of total pressure, the partial pressures of gases are influenced by
total pressure, affecting the position of equilibrium.
- Activity of Solids: As activity of pure solids is unity, their influence is embedded in the equilibrium constant
rather than explicitly appearing in the expression.
- Reaction Stoichiometry: The coefficients determine the powers to which partial pressures are raised.

---

Interpreting the Equilibrium Constant in Practical Terms

Understanding the magnitude of K_p guides predictions about the reaction's favorability:

- K_p >> 1: Equilibrium favors products.
- K_p <- K_p ≈ 1: Significant amounts of reactants and products coexist.

In industrial processes, controlling temperature and pressure to manipulate K_p can optimize yields.

---

Limitations and Considerations

While the derivation is straightforward for ideal gases, real systems may involve:

- Non-ideal behavior: Deviations can occur at high pressures or with complex gases.
- Solid-phase complexities: Activity coefficients may be needed for non-pure solids.
- Reaction mechanisms: Multiple steps may complicate the simple equilibrium expression.

Thus, experimental data and thermodynamic calculations are essential to accurately determine K_p for specific
reactions involving Na₂O.

---

Conclusion

The equilibrium-constant expression for reactions involving Na₂O in terms of partial pressures hinges on the
fundamental principles of chemical equilibrium, the nature of gaseous species involved, and the stoichiometry of
the reaction. By carefully identifying gaseous reactants and products, applying the law of mass action, and
recognizing the activity of solids, one can derive precise mathematical expressions that predict the system's
behavior under various conditions.

Understanding this expression is crucial not only for theoretical chemistry but also for industrial
applications where sodium compounds are processed and utilized. Accurate knowledge of K_p enables chemists
and engineers to design processes that favor desired outcomes, optimize conditions, and predict system responses
in complex chemical environments.

---
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Author's Note:
The specific reaction involving Na₂O can vary depending on experimental context. The derivations provided serve
as a general framework applicable to a wide range of reactions involving sodium oxide and gaseous species. For
precise applications, consult thermodynamic data and reaction specifics.
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