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Understanding how to determine the equilibrium constant (K) from the free-energy
change (AG°®) is fundamental in chemical thermodynamics. This process allows chemists
and students alike to predict the extent of a reaction under standard conditions, providing
insights into the reaction's spontaneity and equilibrium position. In this comprehensive
guide, we'll explore the principles behind calculating the equilibrium constant at 25°C
(which is standard room temperature), the relevant formulas, step-by-step procedures, and
practical examples to solidify your understanding.

Introduction to Thermodynamic Principles and
Equilibrium

Before diving into calculations, it’s essential to understand the relationship between free
energy change and equilibrium constant.

What is Free Energy Change (AG°)?

- AG° (standard Gibbs free energy change) measures the spontaneity of a chemical
reaction under standard conditions (1 atm pressure, 1 M concentration, and specified
temperature).

- A negative AG® indicates a spontaneous reaction, whereas a positive value suggests non-
spontaneity.

What is the Equilibrium Constant (K)?

- K quantifies the ratio of product concentrations to reactant concentrations at
equilibrium.

- It is temperature-dependent and provides a measure of the reaction's favorability:
- K > 1: products favored at equilibrium.

- K < 1: reactants favored at equilibrium.

- K = 1: roughly equal amounts of reactants and products.



Relationship Between Free Energy Change and
Equilibrium Constant

The core formula connecting AG° and K is derived from thermodynamic principles:

The Fundamental Equation

\[
\Delta G™\circ = -RT \ln K

\]

Where:

-\(\Delta G™\circ\) = standard Gibbs free energy change (J/mol)
-\(R\) = universal gas constant (8.314 J/(mol-K))

-\(T\) = temperature in Kelvin (K)

-\(K\) = equilibrium constant (unitless)

This equation allows us to compute K directly if AG° and T are known.

Calculating K at 25°C from AG°®

Given the temperature in Celsius, convert it to Kelvin:

\[
T(K) = ~\circ C + 273.15

\]
For 25°C:

\[
T =25 + 273.15 = 298.15)\, \text{K}
\]

Step-by-step procedure:

1. Identify the value of AG® for the reaction (provided or calculated).
2. Convert AG® to Joules per mole if given in other units (e.g., kcal/mol to J/mol).

3. Use the equation \(\ln K = -\frac{\Delta G™\circ} {RT}\) to find the natural logarithm
of K.

4. Calculate K by exponentiating:

\[
K = e”{-\frac{\Delta G™\circ}{RT}}



\]

Practical Calculation Example

Suppose the free-energy change for a reaction is given as \(\Delta G™\circ = -40\,
\text{k]J/mol}\). Let's compute the equilibrium constant at 25°C.

Step 1: Convert AG° to Joules

\[
-40\, \text{k]J/mol} = -40,000\, \text{J/mol}

\]

Step 2: Calculate \(\In K\)

\[

\In K = -\frac{\Delta G™\circ}{RT} = -\frac{-40,000}{8.314 \times 298.15}

\]

\[

\In K = \frac{40,000} {8.314 \times 298.15} \approx \frac{40,000} {2477.44} \approx

16.13
\]

Step 3: Calculate K

\[

K =e7{16.13} \approx 1.02 \times 10™7
\]

Interpretation:

A very large K indicates the reaction strongly favors products at equilibrium under
standard conditions.

Factors Affecting the Equilibrium Constant

While the calculation at 25°C assumes standard conditions, real-world scenarios may
involve different temperatures and concentrations. Recognizing these factors is vital.



Temperature Dependence

- K varies with temperature according to the Van't Hoff equation.
- An increase in temperature can shift the equilibrium position, especially for reactions
with significant AH® (enthalpy change).

Reaction Type and AG°

- Exergonic reactions (negative AG°) tend to have K > 1.
- Endergonic reactions (positive AG°) tend to have K < 1.

Influence of Concentrations and Pressure

- Although K is defined under standard conditions, actual reaction quotients (Q) can differ
at non-standard states.

- Le Chatelier’s principle describes how shifts occur in response to changes in
concentration, pressure, or temperature.

Applications of Calculating Equilibrium Constant

Understanding and calculating K at 25°C is crucial in various fields:

¢ Industrial Chemistry: Designing processes that optimize yield based on equilibrium
positions.
« Pharmaceuticals: Predicting drug interactions and stability.

 Environmental Science: Assessing pollutant reactions and their tendencies.

e Academic Research: Interpreting thermodynamic data and reaction energetics.

Limitations and Considerations

While the AG® to K calculation is straightforward, consider the following:

1. Standard Conditions: The formula applies under standard conditions; deviations in
actual conditions may lead to different equilibrium positions.



2. Accuracy of AG°: The value of AG° must be precise; experimental errors can lead to
incorrect K estimates.

3. Temperature Variations: For temperatures other than 25°C, adjust T accordingly and
note the temperature dependence of AG®°.

4. Complex Reactions: For reactions involving multiple steps, the overall AG® is the sum
of individual steps’ AG®, and the calculation applies to the overall process.

Summary and Key Takeaways

- The equilibrium constant (K) at 25°C can be accurately calculated from the standard
free-energy change (AG®) using the relationship \(\Delta G™\circ = -RT \Iln K\).

- Convert AG® to Joules if necessary, then substitute into the formula with R and T in
Kelvin.

- A negative AG® yields a large K, indicating a reaction favoring products; a positive AG®
results in a small K, favoring reactants.

- This calculation aids in predicting reaction behavior, designing chemical processes, and
understanding thermodynamic properties.

Final Remarks

Mastering the calculation of the equilibrium constant from free-energy changes is a vital
skill in thermodynamics and chemical kinetics. It bridges theoretical data with practical
predictions, enabling chemists to control and optimize reactions effectively. Always ensure
data accuracy, consider the effect of temperature variations, and interpret K within the
context of the reaction’s thermodynamic profile.

By following the outlined steps and understanding the underlying principles, you can
confidently determine equilibrium constants at 25°C or any other temperature, advancing
your knowledge in chemistry and related sciences.

Frequently Asked Questions

How do I calculate the equilibrium constant (K) at 25°C
from the free-energy change (AG°) for a reaction?

You can use the relation AG°® = -RT In K, where R is the gas constant (8.314 J/mol-K) and T



is the temperature in Kelvin. Rearranged, K = e~ (-AG° / RT). At 25°C (298 K), substitute
the values to find K.

What is the value of the gas constant R in the
calculation?

The gas constant R used in such calculations is 8.314 Joules per mole per Kelvin (J/mol-K).

How do I convert the temperature from Celsius to
Kelvin?

Add 273.15 to the Celsius temperature. For 25°C, T = 25 + 273.15 = 298.15 K, which is
typically approximated as 298 K for calculations.

If the free energy change AG° for a reaction is negative,
what can be said about the equilibrium constant?

If AG® is negative, the equilibrium constant K will be greater than 1, indicating the
reaction favors products at equilibrium.

What is the formula to calculate the equilibrium
constant from free energy change?

K = e”™(-AG®° / RT), where AG° is in Joules per mole, R is 8.314 J/mol-K, and T is the
temperature in Kelvin.

Can you provide an example calculation for AG° = -30
kJ/mol at 25°C?

Yes. First, convert AG® to Joules: -30,000 J/mol. Then, K = e”™(-(-30,000) / (8.314 x 298)) =
e”™(30,000/2477.772) = e”12.096 = 1.8 x 10"™5.

What are common pitfalls to avoid when calculating K
from AG°?

Ensure AG® is in Joules per mole, use the correct temperature in Kelvin, and double-check
the sign conventions. Also, avoid mixing units or using Celsius directly in the formula.

How does temperature affect the calculation of the
equilibrium constant from AG°?

Since T appears in the denominator in the exponent, increasing temperature will decrease
the magnitude of the exponent and can change the value of K. Accurate temperature
conversion to Kelvin is essential.



What additional information do I need if AG° is given
per mole of a specific substance?

You need the AG® value for the entire reaction and ensure it is expressed per mole of the
reaction as a whole. The calculation of K uses the total AG®, regardless of the individual
substances, as long as the reaction is balanced.

Additional Resources
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Understanding how to calculate the equilibrium constant from the free-energy change at a
specific temperature is a fundamental skill in thermodynamics and chemical engineering.
The keyword "calculate the equilibrium constant at 25°C from the free-energy change"
encapsulates a core concept: linking thermodynamic properties to the position of
equilibrium. This guide will walk you through the theoretical background, practical steps,
and detailed examples to equip you with the knowledge needed to perform this calculation
confidently.

Introduction to Thermodynamics and Equilibrium

In chemical reactions, the equilibrium constant (K) quantifies the ratio of product
concentrations to reactant concentrations at equilibrium. It describes the extent to which
a reaction proceeds under given conditions. The free-energy change (AG) provides insight
into the spontaneity of the reaction: a negative AG indicates a spontaneous process, while
a positive AG suggests non-spontaneity under the specified conditions.

Calculating the equilibrium constant at 25°C (which is 298 K) from the free-energy change
involves understanding the fundamental thermodynamic relationship:

\[
\Delta G™\circ = -RT \ln K
\l

Where:

- AG° is the standard Gibbs free-energy change.
- R is the universal gas constant.

- T is the temperature in Kelvin.

- K is the equilibrium constant.

Theoretical Foundations

The Relationship Between AG®° and K



The key equation connecting free energy and equilibrium constant is derived from the
principles of thermodynamics:

\[
\Delta G™\circ = -RT \ln K
\l

This equation applies under standard conditions (denoted by the superscript °). It states
that the standard free-energy change directly relates to the equilibrium constant at a
given temperature.

Converting Free-Energy Change to Equilibrium Constant

Given AG°, you can rearrange the above formula to solve for K:

\[
K = e~ {-\frac{\Delta G™\circ}{RT}}
\]

This exponential relationship means that even small changes in AG° can lead to large
variations in K, especially at different temperatures.

Step-by-Step Calculation Guide

1. Gather the Necessary Data

- The free-energy change (AG®) for the reaction at the temperature of interest.
- The temperature (T) in Kelvin. For 25°C, T = 25 + 273.15 = 298.15 K.

- The gas constant (R), which is 8.314 J/(mol-K).

2. Ensure Consistent Units

- AG° should be expressed in Joules per mol (J/mol). If given in kilojoules per mol (kJ/mol),
convert to Joules by multiplying by 1000.

3. Plug Values into the Equation
Use the formula:

\[
K = e™{-\frac{\Delta G™\circ}{RT}}
\]

Calculate the exponent:

\[
\frac{\Delta G™\circ}{RT?}
\]



Then compute K using the exponential function.
4. Interpret the Result

- K > 1 indicates the reaction favors products at equilibrium.

- K < 1 indicates the reaction favors reactants.

- K = 1 suggests a reaction at equilibrium with comparable concentrations of reactants
and products.

Practical Example
Suppose the free-energy change for a reaction at 25°C is given as AG° = -40 kJ/mol.
Step 1: Convert AG®° to Joules

\[
-40\, \text{k]J/mol} \times 1000 = -40,000\, \text{J/mol}
\]

Step 2: Use the formula

\[
K = e~ {-\frac{-40,000}{8.314 \times 298.15} }

\]

Step 3: Calculate the denominator

\[
8.314 \times 298.15 \approx 2478.9\, \text{J/(mol-K)}

\]

Step 4: Calculate the exponent

\[
-\frac{-40,000}{2478.9} = \frac{40,000}{2478.9} \approx 16.12

\]

Step 5: Find K

\[

K=e7{16.12} \approx 1.00 \times 10"~ {7}
\]

Result: The equilibrium constant K = 10”7, indicating the reaction strongly favors
products at 25°C.

Factors to Consider



Effect of Temperature

The equilibrium constant is temperature-dependent. If the free-energy change is known at
a different temperature, you should recalculate K at 25°C using the same process,
considering how AG® varies with temperature.

Non-Standard Conditions

If the reaction conditions deviate from standard states, additional corrections may be
necessary, such as activity coefficients or partial pressures.

Accuracy of AG®

The accuracy of your K calculation hinges on the precision of the free-energy change
provided. Experimental uncertainties or approximations can impact the final value.

Additional Insights
The Relationship with Enthalpy and Entropy
Since:

\[
\Delta G™\circ = \Delta H"\circ - T \Delta S™\circ
\]

Knowing the enthalpy (AH®) and entropy (AS°) changes allows you to predict how K varies
with temperature, which is especially useful for reactions where AH® and AS° are known.

The Van't Hoff Equation

For temperature dependence, the Van't Hoff equation provides a way to examine how K
changes with T:

\[
\frac{d \In K}{d T} = \frac{\Delta H™\circ} {RT"™2}
\]

This can be integrated if AH® is approximately constant over the temperature range.

Summary: Key Takeaways

- The equilibrium constant at 25°C can be calculated from the free-energy change using
the fundamental thermodynamic relation: K = e”™ {-\Delta G™\circ / RT}.

- Ensure all units are consistent, converting AG® to Joules if necessary.

- Use the correct temperature in Kelvin (298.15 K for 25°C).

- Small changes in AG® can lead to large variations in K due to the exponential



relationship.
- Understanding this calculation helps in predicting reaction spontaneity and designing
chemical processes.

Final Thoughts

Calculating the equilibrium constant from the free-energy change is a powerful technique
in thermodynamics that bridges theoretical insights with practical applications. Whether
optimizing industrial reactions, understanding biological pathways, or studying
environmental chemistry, mastering this calculation enhances your ability to analyze and
predict chemical behavior under specific conditions. Remember, the core relationship AG®
= -RT In K is the cornerstone of this process, enabling scientists and engineers to translate
thermodynamic data into meaningful equilibrium insights.
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