Derive The Relationship Between KP
And Kc Given One Example Of Chemistry
Reaction Where Kpis Greater

Derive The Relationship Between KP And Kc Given One Example Of Chemistry
Reaction Where KP Is Greater

Understanding the relationship between the equilibrium constants KP and KC is
fundamental in chemical thermodynamics and equilibrium chemistry. These constants help
chemists predict the direction of reactions, calculate concentrations, and understand how
different conditions influence the state of a chemical system. In this article, we will
explore how to derive the relationship between KP and KC, illustrated with a practical
example of a reaction where KP exceeds KC. By the end, you'll have a clear understanding
of the interplay between these constants and how to interpret them in real-world
scenarios.

Introduction to Equilibrium Constants: KC and
KP

Before diving into the derivation, it’s essential to define what KC and KP represent and
how they are used.

What is KC?

- KC, or the equilibrium constant in terms of concentration, is defined for reactions
involving aqueous species or gases, expressed in molarity (mol/L).

- It is calculated using the equilibrium concentrations of reactants and products at a given
temperature.

- For a generic reaction:

\[ aA + bB \leftrightarrow cC + dD \]
The equilibrium constant KC is:

\[ KC = \frac{[C]~c [D]"d}{[A]"a [B]"b} \]

What is KP?

- KP is the equilibrium constant expressed in terms of partial pressures of gases, typically
in atmospheres (atm) or pascals (Pa).

- It is used primarily for gaseous reactions.

- For the same generic reaction:



\[ aA(g) + bB(g) \leftrightarrow cC(g) + dD(g) \]
The equilibrium constant KP is:

\[ KP = \frac{(P_C)~c (P_D)~d}{(P_A)~a (P_B)~b} \]

Relationship Between KP and KC: Theoretical
Foundations

The relationship between KP and KC depends mainly on the reaction's temperature and
the ideal gas law. The key insight is that concentration and partial pressure are related via
the ideal gas law:

\[

PV = nRT \implies [X] = \frac{P X}{RT}
\]

where:

-\( P_X) is the partial pressure of species X,

-\( R\) is the universal gas constant,

-\( T\) is the absolute temperature,

-\( [X]) is the molar concentration of species X.

Using this, the relationship between KP and KC can be established.

Derivation of the Relationship

For a gaseous reaction:

\[
aA(g) + bB(g) \leftrightarrow cC(g) + dD(g)

\]

The expressions for KC and KP are:

\[
KC = \frac{[C]"c [D]"d}{[A]"a [B]"b}
\]

\[
KP = \frac{(P_C)"~c (P D)~d}{(P_A)~a (P_B)"~b}
\]

Substituting the ideal gas law:

\[
[P X] = \frac{P X}{RT}
\]



Thus,

\[

KC = \frac{\left(\frac{P_C}{RT}\right)"~c
\left(\frac{P_D}{RT}\right)~d}{\left(\frac{P_A}{RT}\right)~a
\left(\frac{P B} {RT}\right)"b}

\]

Simplify the expression:

\[
KC = \frac{P C~c P D~d}{P A~a P B~b} \times \frac{1}{(RT)"{c+d - (a+b)}}
\]

which leads to:

\[

KC = KP \times \frac{1}{(RT)"~{\Delta n}}

\]

where \(\Deltan = (c + d) - (a + b)) is the change in moles of gas during the reaction.

Rearranged, the relationship is:

\[
KP = KC \times (RT)"™ {\Delta n}
\]

This formula shows that KP and KC are related through the temperature (via R and T) and
the change in the number of moles of gas.

Example of a Reaction Where KP Is Greater Than
KC

Let’s consider the following reaction:

\[
N_2(g) + 3H_2(g) \leftrightarrow 2NH_3(g)

\]

Suppose at a particular temperature, the equilibrium constants are:

-\(KC =0.5\)
- Temperature \( T = 700\,K\)
- Gas constant \( R = 0.0821\,L \cdot atm \cdot mol~{-1} \cdot K~{-1} )

Calculate KP and verify if KP is greater than KC.



Step 1: Determine \( \Delta n )

\[
\Deltan=c+d-a-b=2-(1+3)=2-4=-2
\]

Since \( \Delta n \) is negative, the number of moles decreases during the reaction.

Step 2: Calculate KP using the relationship

\[
KP = KC \times (RT)" {\Delta n}
\]

Calculate \( RT \):

\[
RT = 0.0821 \times 700 = 57.47\,L \cdot atm \cdot mol™{-1}
\]

Since \( \Deltan =-2\):

\[

KP = 0.5 \times (57.47)"~{-2}
\]

Calculate \( (57.47)"~{-2} \):

\[
(57.47)"~{-2} = \frac{1}{(57.47)"2} \approx \frac{1}{3302.5} \approx 0.0003028
\]

Now, compute KP:

\[
KP = 0.5 \times 0.0003028 \approx 0.0001514
\]

In this case, KP is much smaller than KC, indicating the reaction favors the reactants
under these conditions, considering the pressure form.

Note: Here, KP is less than KC because \( \Delta n \) is negative, and the temperature and
pressure conditions influence the constants.

Conditions for KP to Be Greater Than KC

From the derived relationship:



\[
KP = KC \times (RT)" {\Delta n}

\]

- If \(\Delta n > 0), then increasing temperature \( T \) will increase \( KP \) relative to \(
KC\).
- Conversely, if \( \Delta n < 0), increasing \( T \) decreases \( KP \).

In the example provided, because \( \Delta n \) is negative, \( KP \) becomes smaller than \(
KC ) at higher temperatures, illustrating how temperature and reaction stoichiometry
influence the relationship.

Summary and Key Takeaways

- The equilibrium constants KP and KC are related through the ideal gas law, with the key
formula:

\[
KP = KC \times (RT)" {\Delta n}

\]

- The sign and magnitude of \( \Delta n \) determine whether KP is greater or smaller than
KC under specific conditions.

- For reactions where \( \Delta n > 0), increasing temperature tends to increase KP
relative to KC.

- For reactions where \( \Delta n < 0), increasing temperature decreases KP relative to
KC.

- Understanding this relationship helps chemists manipulate reaction conditions to favor
desired products.

Additional Factors Affecting KP and KC

While temperature and stoichiometry are primary factors, other elements can influence
these constants:

- Pressure: Altering pressure impacts partial pressures and, consequently, KP.

- Catalysts: These do not change the equilibrium constants but can speed up the reactions.
- Non-ideal gases: Deviations from ideal behavior require correction factors, complicating
direct relationships.

Conclusion

Deriving the relationship between KP and KC provides a vital tool for chemists to analyze
and predict reaction behavior under different conditions. By understanding how



temperature, pressure, and reaction stoichiometry influence these constants, scientists
can better control chemical processes, optimize yields, and design efficient industrial
reactions. The example illustrating where KP exceeds KC demonstrates the practical
application of the derivation and emphasizes the importance of thermodynamic principles
in real-world chemistry.
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Frequently Asked Questions

What is the relationship between KP and KC in chemical
equilibria?

KP and KC are related through the equation KP = KC(RT)” {An}, where An is the change
in moles of gas during the reaction, R is the gas constant, and T is the temperature in
Kelvin.

How do you derive the relationship between KP and KC
for a gaseous reaction?

Starting from the expression of equilibrium constant in terms of partial pressures (KP) and
concentrations (KC), we use the ideal gas law to relate concentration and pressure,
leading to KP = KC(RT)”™ {An}.

Can you provide an example where KP is greater than
KC?

Yes. Consider the reaction: N2 + 3H2 = 2NHs. Since An = (0 - 4) = -4, the relationship
between KP and KC involves a factor of (RT)”{-4}. In some conditions, if the partial
pressure-based equilibrium constant (KP) is higher due to gas phase effects, KP can be
greater than KC.

Why is KP often greater than KC in reactions involving
gases?

Because partial pressures directly influence KP, and at higher temperatures or specific
conditions, the pressure-based equilibrium constant can be higher than the concentration-
based one, especially when gases are involved with a negative An.



How does temperature affect the relationship between
KP and KC?

Temperature influences the relationship via the (RT)”™ {An} term. As temperature
increases, the value of RT increases, which can make KP larger or smaller relative to KC
depending on An.

What is an example of a reaction with positive An where
KP is greater than KC?

Consider the reaction: 2502(g) + O2(g) = 2503(g). An = (2 - 3) = -1, so KP = KC / (RT),
which can result in KP being larger than KC at certain temperatures.

How can we experimentally determine whether KP is
greater than KC for a reaction?

By measuring the partial pressures and concentrations at equilibrium under the same
conditions, and calculating KP and KC separately, we can compare their values to
determine which is greater.

What is the significance of understanding the
relationship between KP and KC?

Understanding this relationship helps predict how a reaction will shift under different
conditions, especially when dealing with gases, and is crucial for industrial processes and
chemical engineering applications.

Additional Resources

Derive The Relationship Between KP And KC Given One Example Of Chemistry Reaction
Where KP Is Greater — this topic delves into the fundamental concepts of chemical
equilibrium, specifically exploring how the pressure-based equilibrium constant (Kp)
relates to the concentration-based equilibrium constant (Kc). Understanding this
relationship is crucial for chemists and students alike, as it enables accurate predictions of
reaction behavior under different conditions. When Kp is greater than Kc, it indicates that
the equilibrium favors the formation of products more strongly in terms of partial
pressures than concentrations, which can significantly influence how reactions are
controlled and optimized in industrial and laboratory settings.

Introduction to Equilibrium Constants in Chemistry

In chemical reactions, equilibrium constants serve as a quantitative measure of the
position of equilibrium. They provide insight into how far a reaction proceeds before
reaching a state where the forward and reverse reactions occur at equal rates. Two
primary types of equilibrium constants are used:



- Kc (Concentration-based equilibrium constant): It involves molar concentrations of
reactants and products.

- Kp (Pressure-based equilibrium constant): It involves partial pressures of gaseous
reactants and products.

While both constants describe the same equilibrium, their relationship depends on the

reaction's stoichiometry and conditions such as temperature, pressure, and the ideality of
gases involved.

Fundamental Concepts and Definitions

What is Kc?

Kc is defined as:

\[Kc=

\frac{[\text{products}]” {\text{coefficients} } } {[\text{reactants} ]~ {\text{coefficients} } }
\]

It reflects the ratio of molar concentrations at equilibrium.

What is Kp?

Kp is expressed as:

\[Kp-=

\frac{(P_{\text{products}})" {\text{coefficients}}}{(P_{\text{reactants}})”" {\text{coeffi
cients}}}\]

where \( P ) signifies partial pressures.

Relationship Between Kp and Kc

For gaseous reactions, the relationship between Kp and Kc is given by:

\[ K p = K ¢(RT)"{\Delta n} \]

where:

-\(R\) = ideal gas constant (8.314 J/mol-K),

-\(T\) = temperature in Kelvin,

-\(\Delta n \) = change in moles of gas (moles of gaseous products minus moles of
gaseous reactants).

Deriving the Relationship Between Kp and Kc

Step 1: Understanding the Reaction



Consider a general gaseous reaction:

\[ aA (g) + bB (g) \rightleftharpoons cC (g) + dD (g) \]

The equilibrium expressions are:

- Kc:

\[ K_c = \frac{[C]~c[D]"d}{[A]"a[B]" b} \]

- Kp:

\[ K p =\frac{P C~c P D~d}{P A~a P B"b}\]

Step 2: Applying the Ideal Gas Law

Using the ideal gas law \( PV = nRT\), concentrations relate to partial pressures:
\[ [X] = \frac{P_X}{RT} \]

for any gaseous species \( X' \).

Step 3: Expressing Kp in Terms of Kc

Substituting into the expression for Kp:

\[

\begin{aligned}

K p &= \frac{P C~c P D~d}{P A~a P B~b} \\

&= \frac{([C] RT)~c ([D] RT)~d}{([A] RT)"a ([B] RT)"b} \\

&= \frac{[C]"c [D]™d (RT)™{c+d}}{[A]"a [B]"b (RT)"~{a+b}} \\
&= \frac{[C]"c [D]"d}{[A]"a [B]"b} \times (RT)™{(c+d)-(a+b)} \\
&= K c \times (RT)" {\Delta n}

\end{aligned}

\]

where

\[ \Deltan=(c+d)-(a+ b))\l

Final Relationship:

\[

\boxed{

K p = K c \times (RT)" {\Delta n}
}

\]

This formula is valid for ideal gases and holds at constant temperature.



Example of a Reaction Where Kp Is Greater Than Kc

Let's examine a specific reaction:

\[ \mathrm{N 20 4 (g)} \rightleftharpoons 2 \mathrm{NO 2 (g)} \]

- Step 1: Determine \( \Delta n \):

\[\Deltan=2-1=1\]

- Step 2: Write the relationship:

\[ K p =K c\times (RT)"{1} = K c \times RT \]

- Step 3: Assume at temperature \( T = 298\, K \):

\[

RT = 8.314\, \text{J/mol-K} \times 298\, K \approx 2478\, \text{]J/mol}
\]

- Step 4: Interpretation:

Since \(\Delta n = 1) (positive), \( K p > K c ) because:

\[ K p =K c\times 2478 \]

Thus, the pressure-based equilibrium constant exceeds the concentration-based one,

indicating that at equilibrium, partial pressures favor the products more strongly than
molar concentrations do.

Practical Implications of Kp Being Greater Than Kc

1. Reaction Conditions and Equilibrium Shift

- When \( K p > K c), increasing pressure shifts the equilibrium toward the side with
fewer moles of gas, favoring the formation of products.

- Understanding this helps in optimizing industrial processes, such as the Haber process
or the synthesis of nitric oxides.

2. Designing Industrial Reactors

- Reactors can be operated at specific pressures and temperatures to maximize yields
based on the relationship between Kp and Kc.

- For reactions with positive \( \Delta n \), increasing pressure enhances product formation.

3. Predicting Reaction Behavior

- The relationship provides a way to estimate one constant if the other is known, along
with temperature.



- It allows for better modeling of reaction dynamics under different pressure conditions.

Summary of Key Points

- The relationship between Kp and Kc is derived from the ideal gas law and depends on the
change in moles of gas (\( \Delta n \)).
- The fundamental formula:

\[ K p = K c\times (RT)"~{\Delta n} \]

- When \( \Delta n > 0), Kp is greater than Kc, assuming the same temperature.
- Conversely, if \( \Delta n < 0), Kp is less than Kc at the same temperature.

Additional Considerations
Effect of Temperature

- Both Kp and Kc are temperature-dependent.

- An increase in temperature can alter the equilibrium position, changing the numerical
values of both constants.

- The Van't Hoff equation relates temperature changes to equilibrium constants.

Non-Ideal Gases

- For real gases, deviations from ideality can influence the relationship.
- Corrections or activity coefficients may be necessary for precise calculations.

Limitations

- The derivation assumes ideal behavior and constant temperature.
- Reaction mechanisms or non-gaseous phases require different considerations.

Conclusion

Understanding the relationship between KP and KC is fundamental in chemical
thermodynamics and industrial chemistry. The derivation from first principles reveals how
pressure and concentration-based constants are interconnected through the reaction’s
stoichiometry and temperature. Recognizing that KP can be greater than KC when \(\Delta
n\) is positive allows chemists to predict and manipulate reaction conditions effectively.
Whether optimizing a synthesis process or studying reaction dynamics, mastering this
relationship equips chemists with a powerful tool to interpret and control chemical
equilibria.



In summary:

- The key relationship is:

\[ K p =K c\times (RT)" {\Delta n} \]

- When \( \Deltan > 0), Kp > Kc.

- When designing experiments or industrial processes, consider how pressure affects
equilibrium based on the sign and magnitude of \( \Delta n \).

By mastering these concepts, you deepen your understanding of chemical equilibria,

enabling more precise control over reactions across various scientific and industrial
applications.
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