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Understanding chemical equilibria is fundamental in chemistry, especially when analyzing
reactions involving gases. The specific reaction involving nitric oxide (NO) and nitrogen
dioxide (NO2) offers rich insights into how concentrations change over time and how to
calculate equilibrium constants. In this article, we will explore the equilibrium:

2NO(g) + O2(g) <--> 2NO2(g)

Starting with an initial concentration of 0.038 M NO, we will analyze how this system
behaves, how to determine the equilibrium concentrations, and what factors influence the
position of equilibrium. This comprehensive guide aims to equip you with the knowledge
needed to understand and solve related equilibrium problems.

Understanding the Reaction and Its Significance

The Reaction in Focus
The reaction:

2NO(g) + O2(g) <--> 2NO2(g)

describes the oxidation of nitric oxide to nitrogen dioxide, a process relevant in
atmospheric chemistry, pollution control, and industrial processes.

- Reactants:
- Nitric oxide (NO): a colorless, toxic gas.
- Oxygen (O2): abundant in the atmosphere.
- Products:
- Nitrogen dioxide (NO2): a reddish-brown gas contributing to smog.

Understanding the equilibrium dynamics helps in controlling emissions and predicting
environmental impacts.



Initial Conditions
Suppose we start with an initial concentration of 0.038 M NO and no NO2 or excess O2.
The initial concentrations are:

- [NO]initial = 0.038 M
- [O2]initial = unknown (but often assumed excess or given)
- [NO2]initial = 0 M

The goal is to determine the concentrations at equilibrium and compute the equilibrium
constant.

Establishing the Equilibrium Expression

Writing the Equilibrium Constant Expression
For the reaction:

2NO(g) + O2(g) <--> 2NO2(g)

the equilibrium constant expression (Kc) is:

Kc = \(\dfrac{[NO_2]^2}{[NO]^2 \times [O_2]}\)

This expression relates the concentrations of reactants and products at equilibrium.

Assumptions for Simplification
To progress, we often assume:

- The initial concentration of O2 is large and remains approximately constant (common in
atmospheric reactions).
- The reaction proceeds in a way that the change in NO concentration can be represented
by a variable x.

These assumptions simplify calculations and provide approximate solutions, especially
when O2 is in excess.

Setting Up the ICE Table

Initial, Change, Equilibrium (ICE) Table
An ICE table helps organize the data:



| Substance | Initial (M) | Change (M) | Equilibrium (M) |
|------------|---------------|------------|-----------------|
| NO | 0.038 | -2x | 0.038 - 2x |
| O2 | [O2]initial | -x | [O2]initial - x |
| NO2 | 0 | +2x | 2x |

If the initial O2 concentration is given, say 0.050 M, then the equilibrium concentrations
are expressed in terms of x.

Determining the Extent of Reaction (x)
The value of x indicates how much NO has reacted to reach equilibrium. Using the
equilibrium expression:

Kc = \(\dfrac{(2x)^2}{(0.038 - 2x) \times ([O_2]_{initial} - x)}\)

Once Kc is known, or if it is provided, we can solve for x.

Calculating the Equilibrium Concentrations

Example with Known Equilibrium Constant
Suppose the equilibrium constant Kc at a certain temperature is 1.5. With the initial
concentration of NO as 0.038 M and assuming initial O2 is 0.050 M, the equilibrium
expression becomes:

1.5 = \(\dfrac{(2x)^2}{(0.038 - 2x) \times (0.050 - x)}\)

This is a quadratic equation in x, which can be solved to find the extent of reaction.

Solving the Equation
To solve for x:

1. Expand numerator: (2x)^2 = 4x^2
2. Write the equation:

1.5 = \(\dfrac{4x^2}{(0.038 - 2x)(0.050 - x)}\)

3. Cross-multiplied:

1.5 \times (0.038 - 2x)(0.050 - x) = 4x^2

4. Expand the denominator:

(0.038 - 2x)(0.050 - x) = 0.038 \times 0.050 - 0.038x - 0.050 \times 2x + 2x^2 = 0.0019 -



0.038x - 0.1x + 2x^2 = 0.0019 - 0.138x + 2x^2

5. Substitute back:

1.5 \times (0.0019 - 0.138x + 2x^2) = 4x^2

6. Distribute:

0.00285 - 0.207x + 3x^2 = 4x^2

7. Rearranged:

0.00285 - 0.207x + 3x^2 - 4x^2 = 0

which simplifies to:

0.00285 - 0.207x - x^2 = 0

8. Multiply through by 1000 to clear decimals:

2.85 - 207x - 1000x^2 = 0

9. Rearranged as a quadratic:

-1000x^2 - 207x + 2.85 = 0

10. Multiply both sides by -1:

1000x^2 + 207x - 2.85 = 0

Now, solve using quadratic formula:

x = \(\dfrac{-b \pm \sqrt{b^2 - 4ac}}{2a}\)

where a=1000, b=207, c=-2.85.

Calculating discriminant:

D = 207^2 - 41000(-2.85) = 42849 + 11400 = 54249

Square root:

√D ≈ 233

Finally,

x = \(\dfrac{-207 \pm 233}{2 \times 1000}\)

Two solutions:

- x = \(\dfrac{-207 + 233}{2000}\) = \(\dfrac{26}{2000}\) ≈ 0.013 M



- x = \(\dfrac{-207 - 233}{2000}\) = negative value (discarded)

Therefore, equilibrium concentrations:

- [NO] = 0.038 - 2x ≈ 0.038 - 0.026 = 0.012 M
- [O2] = 0.050 - x ≈ 0.050 - 0.013 = 0.037 M
- [NO2] = 2x ≈ 0.026 M

Factors Affecting Equilibrium Position

Temperature
The equilibrium constant is temperature-dependent. For exothermic reactions, increasing
temperature shifts equilibrium toward reactants, decreasing Kc. Conversely, for
endothermic reactions, higher temperature favors products.

Pressure and Concentration
Changes in pressure (for gases) and initial concentrations can shift the equilibrium
position according to Le Chatelier's principle.

Presence of Catalysts
Catalysts accelerate both forward and reverse reactions equally, helping achieve
equilibrium faster but do not affect the equilibrium position.

Application of Equilibrium Concepts in Industry
and Environment

Industrial Synthesis of NO2 K_c\), the reaction shifts reverse, converting NO₂
back to NO and O₂.

---

Modeling the Reaction Progress



Setting Up the ICE Table

To analyze how concentrations change, an ICE (Initial,
Change, Equilibrium) table is invaluable. Assume the
initial NO concentration is 0.038 M, and O₂ is present at
some initial concentration (say, 0.038 M for simplicity
unless specified otherwise). No NO₂ initially.

| Species | Initial (M) | Change (M) | Equilibrium (M) |
|---|---|---|---|
| NO | 0.038 | \(-2x\) | \(0.038 - 2x\) |
| O₂ | 0.038 | \(-x\) | \(0.038 - x\) |
| NO₂ | 0 | \(+2x\) | \(2x\) |

Here, \(x\) represents the extent of reaction (in
molarity) that has proceeded toward product formation.

---

Deriving the Equilibrium Concentrations

Using the expression for \(K_c\), we have:

\[ K_c = \frac{(2x)^2}{(0.038 - 2x)^2 \times (0.038 - x)}
\]

The value of \(K_c\) at a given temperature allows us to
solve for \(x\). Since exact \(K_c\) data may not be
provided, we can discuss the behavior qualitatively:



- If \(K_c\) is large, \(x\) approaches the maximum
extent, meaning most NO converts to NO₂.
- If \(K_c\) is small, \(x\) remains small, and little NO₂
forms.

---

Influence of Temperature and Initial
Concentration

Temperature Dependence

As with many gas reactions, temperature profoundly
influences \(K_c\). Typically:

- Exothermic reactions: Increasing temperature shifts
equilibrium toward reactants, decreasing \(K_c\).
- Endothermic reactions: Increasing temperature favors
products, increasing \(K_c\).

The NO to NO₂ reaction is exothermic, so higher
temperatures tend to reduce NO₂ formation at
equilibrium.

Initial Concentration Effects

While the initial NO concentration is fixed at 0.038 M,



variations in initial O₂ or external conditions can shift
equilibrium. For example:

- Excess O₂: Pushes equilibrium toward NO₂ formation.
- Limited O₂: Limits NO₂ production, favoring remaining
NO.

In real-world applications, controlling initial
concentrations and temperature allows optimization of
NO₂ production or reduction, depending on the desired
outcome.

---

Practical Insights and Applications

Environmental Implications

Understanding this equilibrium is critical in pollution
control. For example:

- Combustion optimization: Adjusting temperature and
excess oxygen to minimize NO₂ formation.
- Catalytic converters: Promoting reactions that convert
NO₂ back to harmless N₂ and O₂.

Industrial Relevance



The reaction is also central to the production of nitric
acid and other chemicals. Managing initial
concentrations and temperature ensures efficient
conversion, minimizing waste and energy consumption.

Limitations and Considerations

- Pressure effects: Since gases are involved, pressure
changes can shift equilibrium according to Le
Châtelier’s principle.
- Reaction kinetics: Equilibrium calculations assume the
system has reached equilibrium; actual reaction rates
depend on kinetic factors.

---

Conclusion: Mastering Equilibrium for Practical
Applications

The reaction:

\[ 2 \text{NO}(g) + \text{O}_2(g) \leftrightarrow 2
\text{NO}_2(g) \]

starting with 0.038 M NO, exemplifies the delicate
balance inherent in gaseous reactions. By
understanding the interplay of initial concentrations,
temperature, and the equilibrium constant, chemists
and engineers can manipulate reaction conditions to



favor desired outcomes—be it minimizing harmful NO₂
emissions or optimizing industrial synthesis.

This detailed exploration underscores the importance of
equilibrium principles not just as theoretical constructs
but as vital tools for real-world problem-solving.
Whether in environmental management or chemical
manufacturing, mastering these concepts enables
informed decision-making and innovative solutions that
meet both economic and ecological goals.
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