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Understanding the equilibrium constant (K) of a chemical reaction is fundamental in chemistry,
particularly when analyzing the position of equilibrium under specific conditions. This article
provides a comprehensive overview of the reaction involving nitrogen and oxygen gases forming
nitrogen dioxide, focusing on the thermodynamic parameters—enthalpy (AH) and entropy (AS)—and
how they influence the equilibrium constant. We will explore the calculation process, the
significance of the equilibrium constant, and the factors affecting this specific reaction.

Introduction to the Reaction

The reaction under consideration is:
N2(g) + 202(g) = 2NO2(g)

This is a vital process in atmospheric chemistry, industrial applications, and environmental science.
Nitrogen dioxide (NO:) is a reddish-brown gas that plays a key role in the formation of smog and
acid rain. The reaction is reversible and reaches a state of equilibrium where the rates of the
forward and reverse reactions are equal.

Thermodynamic Parameters of the Reaction

Understanding the thermodynamics helps predict the behavior of the reaction under different
conditions.

Enthalpy Change (AH)

- Given as 66.4 k]
- Indicates the reaction is endothermic (absorbs heat)
- As temperature increases, the equilibrium shifts to favor the formation of NO2



Entropy Change (AS)

- Given as 122 J/K
- Positive value signifies an increase in disorder, which is typical when gases are involved
- The formation of NO2 from N2 and O: increases the system's entropy

Calculating the Equilibrium Constant (K)

The equilibrium constant provides insight into the ratio of product and reactant concentrations at
equilibrium. To calculate K at a specific temperature, we can use the Gibbs free energy relationship:

AG®° = -RTIn K

Where:

- AG° = standard Gibbs free energy change

- R = universal gas constant (8.314 J/mol-K)

- T = temperature in Kelvin

- K = equilibrium constant

The relationship between AG°, AH®, and AS°® is:
AG® = AH® - TAS®

Combining these equations yields:

In K =-(AH° /RT) + (AS° / R)

Step-by-Step Calculation

Suppose we want to calculate K at a temperature of 1000 K.

1. Convert AH to Joules:
-AH = 66.4 k] = 66,400 ]

2. Use AS in Joules:
-AS =122 J/K

3. Apply the formula:
InK=-(AH/RT) + (AS/R)

Plugging in the values:



In K =-(66,400]) / (8.314 J/mol-K 1000 K) + (122 J/K) / (8.314 J/mol-K)
Calculations:

- AH /RT = 66,400/ (8.314 1000) = 66,400 / 8,314 = 8.0
-AS/R=122/8.314 = 14.68

So,

InK=-8.0+ 14.68 = 6.68
Exponentiating both sides:
K=e"6.68 = 800

Therefore, at 1000 K, the equilibrium constant K is approximately 800, indicating a strong
favorability towards NO2 formation at this temperature.

Temperature Dependence of the Equilibrium Constant

The equilibrium constant varies with temperature according to the Van't Hoff equation:
In (K2/Ki1) =(AH°/R) (1 /T1-1/T2)

Where:

- K1 and K: are the equilibrium constants at temperatures T: and T2 respectively

- AH® is assumed constant over the temperature range

Given the positive AH®, increasing temperature shifts the equilibrium towards reactants (left),
decreasing K, and vice versa.

Implications:

- At higher temperatures, the equilibrium favors N2 and O2
- At lower temperatures, the formation of NO2 is favored

Significance of the Equilibrium Constant in Industrial
and Environmental Contexts

Understanding the magnitude of K helps:

- Design chemical reactors for optimal NO2 production



- Predict atmospheric concentrations of NO2 under different temperature conditions
- Control pollution by managing temperature and pressure parameters
- Model environmental impacts related to nitrogen oxides

Factors Affecting the Equilibrium of the Reaction

Several factors influence the position of equilibrium and the value of K:

Temperature

- As shown, temperature significantly impacts K due to the endothermic nature (positive AH)

Pressure

- Changes in pressure can shift equilibrium position, especially for gases
- According to Le Chatelier’s principle, increasing pressure favors the side with fewer moles of
gas—in this case, the reactants (1 N2 + 2 Oz = 3 moles) versus the products (2 NOz2 = 2 moles)

Concentration of Reactants and Products

- Altering concentrations can shift the equilibrium to favor either side

Catalysts

- Catalysts do not change K but accelerate the attainment of equilibrium

Practical Applications of the Reaction and Its
Equilibrium Constant

Understanding the equilibrium constant of this nitrogen-oxygen reaction has several practical
applications:

- Industrial Synthesis of NO2: Critical in manufacturing nitric acid and other nitrogen compounds
- Environmental Monitoring: NO: is a major pollutant; predicting its formation helps in emission
control

- Air Quality Management: Strategies to mitigate nitrogen oxide formation depend on
thermodynamic insights

- Climate Science: NO2 and related oxides influence atmospheric chemistry and climate change



Conclusion

The reaction N2(g) + 202(g) = 2NO2(g) with AH = 66.4 k] and AS = 122 J/K exemplifies how
thermodynamic parameters influence chemical equilibrium. By applying principles such as the Gibbs
free energy relationship and the Van't Hoff equation, chemists can determine the equilibrium
constant at various temperatures. This knowledge is essential for optimizing industrial processes,
understanding environmental impact, and developing strategies to control nitrogen oxides in the
atmosphere. Recognizing the interplay of enthalpy, entropy, temperature, and pressure enables a
comprehensive understanding of the reaction's dynamics and applications.
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Frequently Asked Questions

What is the balanced chemical equation for the reaction
involving nitrogen and oxygen gases?

The balanced chemical equation is N2(g) + 202(g) = 2NO(g).

What is the standard enthalpy change (AH®) for the reaction?

The standard enthalpy change (AH®) is 66.4 k], indicating an endothermic reaction.

What is the standard entropy change (AS°) for the reaction?
The standard entropy change (AS®) is 122 J/K.

How can the equilibrium constant (K) be calculated using the
given thermodynamic data?

The equilibrium constant can be calculated using the relation anK = —(AH°/RT) + (AS°/R), where R
is the gas constant and T is temperature.

At what temperature can the equilibrium constant for this
reaction be estimated?

The temperature can be estimated if the value of K is known; without K, the temperature cannot be
precisely determined, but thermodynamic equations relate K to T.



Is the reaction spontaneous at standard conditions based on
the given AH and AS?

Since AH is positive and AS is positive, the reaction's spontaneity depends on temperature; it
becomes spontaneous at higher temperatures where TAS exceeds AH.

What is the significance of knowing the equilibrium constant
for this reaction?

Knowing the equilibrium constant helps predict the extent of reaction, the concentrations of
reactants and products at equilibrium, and reaction feasibility under specific conditions.

Additional Resources
Comprehensive Analysis of the Equilibrium Constant for the Reaction N2(g) + 202(g) = 2NO2(g)

Introduction to the Reaction and Its Significance

The reaction between nitrogen gas and oxygen gas to produce nitrogen dioxide (NOz2) is a
fundamental process in atmospheric chemistry, industrial applications, and environmental science.
The balanced chemical equation is:

\[ \mathrm{N 2(g) + 20 2(g) \leftrightarrow 2NO 2(g)} \]

This reaction is notable for its thermodynamic properties, particularly the enthalpy change (AH) and
entropy change (AS). Understanding these parameters allows us to determine the equilibrium
constant (K), which indicates the extent to which the reaction proceeds under specific conditions.

Why is this reaction important?

- It is part of the nitrogen cycle and plays a role in photochemical smog formation.

- It has industrial relevance in the production of nitric acid and other nitrogen compounds.

- It exemplifies the principles of chemical equilibrium and thermodynamics in gaseous systems.

Thermodynamic Parameters of the Reaction

Before delving into the calculation of the equilibrium constant, it is essential to understand the
thermodynamic parameters provided:

- Enthalpy change (AH): 66.4 k]
- Entropy change (AS): 122 J/K



Converting units for consistency:
Since AH is given in kilojoules and AS in joules, convert AH:

\[ \Delta H = 66.4\, \text{k]} = 66,400\, \text{J} \]

Implications of AH and AS:

- AH > 0 indicates an endothermic reaction, requiring energy input for the forward process.

- AS > 0 suggests increased disorder during the reaction, consistent with the formation of more
gaseous molecules.

Understanding the Equilibrium Constant (K)

The equilibrium constant (K) quantifies the ratio of product activities to reactant activities at
equilibrium:

\[ K = \frac{[\mathrm{NO} 2]"2}{[\mathrm{N} 2][\mathrm{O} 2]"~2}\]

For gases, the activities are often approximated by partial pressures or concentrations, but under
ideal gas assumptions, the relation between thermodynamic parameters and K is given by the van 't
Hoff equation.

The Van 't Hoff Equation and Its Application

The van 't Hoff equation relates the equilibrium constant to temperature and thermodynamic
parameters:

\[
\In K = -\frac{\Delta H™\circ} {RT} + \frac{\Delta S™\circ}{R}
\]

Where:

\(\In K'\) = natural logarithm of the equilibrium constant

\( \Delta H"\circ \) = standard enthalpy change in joules (])
-\( R\) = universal gas constant \( = 8.314\, \text{]J/(mol-K)} \)

\( T'\) = temperature in Kelvin (K)

\(\Delta S™\circ \) = standard entropy change in J/K

Note: The standard state is typically 1 bar or 1 atm for gases.



Calculating the Equilibrium Constant at a Specific
Temperature

To find the equilibrium constant, the temperature at which the reaction is considered must be
specified. Since it is not explicitly given, it is common to evaluate at standard conditions or typical
temperatures relevant to the reaction.

Assuming standard room temperature:
\[ T = 298\, \text{K} \]
Calculating \( \In K \):

\[

\In K = -\frac{66,400\, \text{J} }{8.314\, \text{J/(mol-K)} \times 298\, \text{K}} + \frac{122\,
\text{J/K}}{8.314\, \text{J/(mol-K)}}

\]

Breaking down the calculation:
1. Calculate \( \frac{\Delta H}{RT} \):

\[
\frac{66,400} {8.314 \times 298} \approx \frac{66,400}{2477.572} \approx 26.8

\]
2. Calculate \( \frac{\Delta S}{R} \):

\[
\frac{122}{8.314} \approx 14.7

\]

3. Now, combine these:

\[
\InK =-26.8 + 14.7 =-12.1

\]

Determine K:

\[
K=e"{-12.1} \approx 5.5 \times 10" {-6}
\]

Interpretation:
- The small value of K indicates that at 298 K, the formation of NOz2 is not thermodynamically favored
under standard conditions. The reaction tends to favor the reactants, N2 and Oa.



Temperature Dependence of the Equilibrium Constant

The relation shows that K varies with temperature:

- For endothermic reactions (AH > 0), increasing temperature increases K, favoring products.
- For exothermic reactions (AH < 0), increasing temperature decreases K.

Given AH = 66.4 KkJ (positive), raising the temperature will increase K, shifting equilibrium toward
NO: formation.

Sample calculations at different temperatures:
- At 500 K:
\[

\In K = -\frac{66,400} {8.314 \times 500} + \frac{122}{8.314} = -\frac{66,400}{4157} + 14.7
\approx -16 + 14.7 = -1.3

\]

\[

K\approx e”{-1.3} \approx 0.27
\]

- At 1000 K:

\[

\In K = -\frac{66,400}{8.314 \times 1000} + 14.7 \approx -8 + 14.7 = 6.7
\]

\[

K\approx e”{6.7} \approx 810
\]

Implication:

- The equilibrium strongly shifts toward NO: at higher temperatures, consistent with the
endothermic nature of the reaction.

Practical Implications and Industrial Considerations

Understanding the equilibrium constant and its temperature dependence is critical for industrial
processes, such as:

- Production of NOz:

- Operating at higher temperatures enhances NO2 formation but also influences reaction rates and
selectivity.

- Reactor design must balance kinetics and thermodynamics to optimize yield.

- Environmental Impact:



- NOz2 is a pollutant contributing to smog and acid rain.
- Control of temperature and reaction conditions can mitigate NO2 emissions.

- Catalytic Processes:
- Catalysts may be employed to lower activation energy and shift equilibrium favorably without
excessively high temperatures.

Thermodynamic Insight into Reaction Spontaneity and
Feasibility

- The positive AH indicates the reaction is endothermic, requiring energy input.
- The positive AS suggests increased disorder, which can favor spontaneity at higher temperatures.
- The Gibbs free energy change (\( \Delta G \)) relates to K via:

\[
\Delta G = -RT \In K

\]

At 298 K:

\[
\Delta G = -8.314 \times 298 \times (-12.1) \approx 30,000\, \text{]J} \approx 30\, \text{k]}
\]

- Since \( \Delta G > 0), the reaction is non-spontaneous at room temperature.
- Increasing temperature (as shown) makes \( \Delta G \) negative, favoring the formation of NOs-.

Environmental and Safety Considerations

- Toxicity of NO2:
- NOz2 is a reddish-brown toxic gas that poses serious health risks.
- Proper handling and emission controls are essential in industrial settings.

- Environmental Impact:
- NO2 contributes to the formation of ground-level ozone and acid rain.
- Strategies to minimize NO: formation include optimizing temperature and employing catalysts.

- Regulatory Standards:
- Regulatory agencies impose limits on NO: emissions.
- Understanding thermodynamics helps in designing effective pollution control measures.



Concluding Remarks

The calculation of the equilibrium constant for the reaction N2(g) + 202(g) = 2NO2(g) underscores
the importance of thermodynamic principles in understanding chemical equilibria. The derived K
value at 298 K (~5.5 x 10-%) indicates the reaction favors reactants under standard conditions,
aligning with the endothermic nature of the process. However, elevating the temperature
significantly shifts the equilibrium toward NO2 formation, which has practical implications in
industrial chemistry and environmental management.

This comprehensive analysis demonstrates how thermodynamic data—enthalpy and entropy
changes—serve as powerful tools for predicting reaction behavior, optimizing processes, and
managing environmental impacts. Whether designing reactors or developing pollution reduction
strategies, understanding the equilibrium constant within the thermodynamic framework is
fundamental to advancing chemical science and engineering.
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