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Understanding the equilibrium constant (Keq) is fundamental in chemical thermodynamics
and reaction analysis. When dealing with a reaction such as nitrogen gas reacting with
hydrogen to produce ammonia, determining Keq provides insight into the position of
equilibrium and the extent of reaction under given conditions. In this article, we will
explore how to compute the equilibrium constant for the reaction:

N + 3H: = 2NHs

given the equilibrium concentrations, specifically [NHs] = 3 M, [N] = 2 M, and the
associated implications for Keq calculation.

Introduction to Keq and Its Significance

The equilibrium constant, Keq, is a fundamental concept in chemical equilibrium. It
quantitatively describes the ratio of concentrations of products to reactants at equilibrium,
each raised to the power of their respective stoichiometric coefficients.

Why is Keq important?

- It indicates the direction in which a reaction will proceed to reach equilibrium.

- It helps predict the concentrations of reactants and products under specific conditions.
- It provides insights into the thermodynamic favorability of reactions.

Basic definition of Keq:

For a general reaction:

aA + bB=cC + dD

The equilibrium constant expression is:

Keq = ([C]™c [D]"™d) / ([A]"a [B]"Db)

where square brackets denote molar concentrations at equilibrium.



Understanding the Reaction: N + 3H: = 2NHs

This reaction is a classic example of ammonia synthesis, often associated with the Haber-
Bosch process, which is vital in industrial fertilizer production.

Reaction overview:

- Reactants: Nitrogen gas (N2) and hydrogen gas (Hz2)
- Product: Ammonia (NH3s)

However, note that in the provided reaction, "N" appears as a monatomic nitrogen atom,
but in reality, nitrogen exists as N2 molecules; similarly, the concentrations provided are
for atomic N, which is less common in equilibrium studies.

Assumption for calculation:

We will assume that the "N" in the problem represents nitrogen molecules (N2), and the
concentration [N] refers to the molar concentration of N2 molecules. If this is not the case,
the calculation would need adjusting, but for typical equilibrium calculations involving
nitrogen fixation, N2 is used.

Stoichiometry:

N2 + 3H2 = 2NHs

Corresponding concentrations are:

-[N2]=2M
- [Hz2] = ? (unknown, but needed for a complete calculation)
-[NHs3] =3 M

Since the concentration of H: is not directly provided, additional assumptions or data are
necessary.

Note: The problem as stated gives [NHs] and [N], but not [Hz], which is essential to
compute Keq properly. For the purpose of this article, we will proceed assuming that [N]
represents [Nz], and that the equilibrium concentrations are:

-[NH:] =3 M
-[N2]=2M
- [H2] = x M (unknown)

If the problem states only [NHs] and [N], perhaps it implies [N] is [N2] and that [Hz] is in
large excess or known. For a comprehensive explanation, we will demonstrate how to
calculate Keq once all concentrations are known, and then present a method to solve for
unknowns if needed.



Calculating the Equilibrium Constant (Ke(q)

To compute Keq for the reaction:
N2 + 3H2 = 2NHs
The equilibrium expression is:

Keq = [NHs]"2 / ([N2] [H2]"3)

Given:
-[NH3] =3 M
-[N2]=2M

- [Hz2] = ? (say, we denote as x)

Step 1: Write the equilibrium expression
Keq=(3)"2/(2x73)=9/(2x"3)

Step 2: Determine [Hz] concentration

In many cases, the concentration of hydrogen gas is known from experimental data or
initial conditions. If, for example, [H2] is 4 M at equilibrium, then:

Keq=9/(2473)=9/(264) =9/128 = 0.0703

Step 3: Understand how to interpret Keq

- If Keq > 1, the reaction favors products at equilibrium.
- If Keq < 1, the reaction favors reactants.

- If Keq = 1, reactants and products are present in comparable amounts.

In this case, a Keq of approximately 0.07 indicates the reaction favors reactants under
these conditions.

How to Calculate Keq When Given Equilibrium
Concentrations

Suppose you are provided with equilibrium concentrations:

-[NHs] =3 M
-[N2]=2M
-[H2]=4M

and asked to find Keq.



Method:

1. Write the equilibrium expression based on stoichiometry:
Keq = [NHs]"2 / (IN2] [H2]"3)

2. Plug in the known values:
Keq=372/(2473)=9/(264) =9/128 = 0.0703

3. Interpret the results as per the earlier discussion.

Note: If the concentration of H: is unknown, but the initial concentrations or reaction
quotient are known, you can sometimes calculate the missing concentration using ICE
tables or reaction quotient (Q) comparisons.

Additional Considerations in Keq Calculations

1. Units and Concentrations:

- Keq expressions involve molar concentrations (M).

- Ensure all concentrations are at equilibrium.

- Consistent units are critical; typically molarity (mol/L).

2. Temperature Dependence:

- Keq is temperature-dependent.
- Changes in temperature alter equilibrium positions and the value of Keq.

3. Reaction Quotient (Q):

- Used to determine whether a reaction mixture is at equilibrium.
- Calculated similarly to Keq but from initial concentrations.

4. Logarithmic Forms:

- Sometimes, Keq is expressed as pKeq = -log(Keq) for easier handling of very small or
large values.

Practical Applications and Significance of Keq in
Industrial Processes

Understanding and calculating Keq for reactions like ammonia synthesis is crucial in:



- Designing industrial reactors

- Optimizing reaction conditions for maximum yield
- Reducing energy consumption

- Ensuring economic efficiency

In the Haber-Bosch process, manipulating temperature, pressure, and catalysts influences
the equilibrium position and the Keq, ultimately affecting ammonia production rates.

Common Mistakes to Avoid in Keq Calculations

- Mixing units: Always verify that all concentrations are in molarity.

- Misinterpreting stoichiometry: Remember to raise concentrations to the power of their
coefficients.

- Ignoring temperature effects: Keq varies with temperature; use the correct value for
your conditions.

- Assuming equilibrium when the system is not at equilibrium: Only use concentrations at
equilibrium.

Summary and Final Remarks

Determining Keq for the reaction N + 3H2 = 2NHs involves understanding the reaction’s
stoichiometry, knowing the equilibrium concentrations, and applying the equilibrium
expression:

Keq = [NHs]"2 / ([N2] [H2]"3)

Given the equilibrium concentrations such as [NHz] = 3 M and [Nz2] = 2 M, and the
concentration of Hz, you can calculate Keq directly. This calculation provides essential
insights into the reaction’s thermodynamic favorability and helps in process optimization,
especially in industrial ammonia synthesis.

Remember: Always verify the reaction conditions, ensure concentrations are equilibrium
values, and consider the impact of temperature on Keq. With these principles, calculating
the equilibrium constant becomes a straightforward process, vital for both academic
understanding and industrial applications.

For further reading:

- "Chemical Equilibrium" by Y. H. Hui
- "Physical Chemistry" by Peter Atkins and Julio de Paula
- Industry standards for ammonia synthesis and Haber-Bosch process
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Frequently Asked Questions

What is the equilibrium constant (Keq) for the reaction
N + 3H2 = 2NH3 given the concentrations [NH3] =3 M
and [N] = 2 M?

To find Keq, we need the concentration of H2 as well, which is not provided in the
question. If [H2] is known, Keq is calculated as Keq = [NH3]"2 / ([N] [H2]"3). Without
[H2], the exact Keq cannot be determined.

How do you calculate the equilibrium constant (Keq) for
the reaction N + 3H2 = 2NH3 with given
concentrations?

The Keq is calculated using the formula Keq = [NH3]"2 / ([N] [H2]"3). Given [NH3] = 3
M and [N] = 2 M, you need the concentration of H2 to compute Keq. Once you have [H2],
substitute all values into the formula to find Keq.

If [INH3] = 3 M and [N] = 2 M at equilibrium, what
additional information is needed to determine Keq for
the reaction?

You also need the equilibrium concentration of hydrogen gas, [H2], to calculate Keq, since
it appears cubed in the denominator of the expression for this reaction.

Why is the concentration of H2 important in calculating
Keq for the ammonia synthesis reaction?

Because the reaction involves 3 moles of H2, its concentration directly affects the value of
Keq, which is calculated as Keq = [NH3]"2 / ([N] [H2]" 3). Without [H2], the calculation
cannot be completed.

Can you determine Keq for the reaction N + 3H2 =
2NH3 with only [NH3] and [N] provided?

No, because the concentration of H2 is missing. To accurately calculate Keq, you need the
equilibrium concentration of all reactants and products involved, including [H2].

Additional Resources

What Is Keq For The Reaction N + 3H2 = 2NH3 If The Equilibrium Concentrations Are
[NH3] = 3 M, [N] =2 M, and [H2] is unknown?

Understanding the equilibrium constant, often represented as Keq, is fundamental in



chemical thermodynamics and reaction analysis. When examining reactions such as
nitrogen reacting with hydrogen to produce ammonia, knowing how to calculate Keq from
equilibrium concentrations provides insights into the position of equilibrium, reaction
efficiency, and conditions needed to optimize yields. In this guide, we will explore the
process of determining Keq for the reaction

\[ \mathrm{N} + 3 \mathrm{H} 2 \rightleftharpoons 2 \mathrm{NH} 3\]

given the equilibrium concentrations of some species, specifically [NHz] = 3 M, [N] =2 M,
and an unknown [Hz].

Understanding the Reaction and the Equilibrium Constant
The Reaction in Focus

The balanced chemical reaction is:
\[ \mathrm{N} + 3 \mathrm{H} 2 \rightleftharpoons 2 \mathrm{NH} 3\]

This indicates that nitrogen (N) reacts with hydrogen (Hz2) to produce ammonia (NHs). The
reaction's stoichiometry shows that 1 mole of N reacts with 3 moles of H2 to produce 2
moles of NHs. The equilibrium constant, Keq, quantifies the ratio of the concentrations of
products to reactants at equilibrium, considering their stoichiometric coefficients.

Definition of the Equilibrium Constant (Keq)

For the general reaction:

\[ aA + bB \rightleftharpoons cC + dD \]

the equilibrium constant Keq (expressed in concentration terms, Kc) is:

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

Applying this to our specific reaction:
\[ \mathrm{K {c}} = \frac{[\mathrm{NH} 3]~2}{[\mathrm{N}][\mathrm{H} 2]~3}\]

Step-by-Step Calculation of Keq
Step 1: Gather Known Data

From the problem statement, we have:

-\(\mathrm{NH?} 3] = 3\, \mathrm{M}\)

-\([\mathrm{N}] = 2\, \mathrm{M}\)

-\([\mathrm{H} 2]\) is unknown and needs to be determined to compute Keq.

Step 2: Recognize the Need for [Hz]

Since Keq depends on the concentrations of all species at equilibrium, and [H:] is
unknown, we need additional information or assumptions. Typically, in equilibrium
calculations, the concentration of all species can be measured or deduced from initial
conditions, reaction progress, or other data.



Step 3: Use the Reaction Stoichiometry to Find [H:]

If the problem provides the initial concentrations or other data such as the reaction
extent, we can determine [Hz]. For this example, assume the reaction has reached
equilibrium, and initial concentrations or reaction extent are known.

Suppose initially, the system contained no ammonia, with initial concentrations:
-\(\mathrm{N}] {initial} = 2\, \mathrm{M?}\)
-\([\mathrm{H} 2] {initial} = x\, \mathrm{M}\)

As the reaction proceeds, let the extent of reaction be \( \xi \). Then, at equilibrium:
-\(\mathrm{N}] = 2 - \xi\)

-\([\mathrm{H} 2] = x - 3\xi\)

-\([\mathrm{NH} 3] = 2 \xi\)

But since in our problem, \([\mathrm{NH} 3] = 3\, \mathrm{M}\), and \([\mathrm{N}] =
2\, \mathrm{M1}\), we can infer:
\[ 2 \xi = 3 \Rightarrow \xi = 1.5 ]

And from \([\mathrm{N}] =2 -\xi = 2 - 1.5 = 0.5\, \mathrm{M}\). However, this conflicts
with the given [N] = 2 M. Therefore, perhaps the initial data isn't provided, or the system
is at a different state.

Alternatively, if the problem states equilibrium concentrations directly, and only [NHs] and
[N] are given, then the missing concentration is [Hz], which can be calculated if additional
data such as the initial conditions or reaction extent are available.

Step 4: Calculating [Hz]

Suppose the initial concentrations and the reaction extent are provided, or the problem
states that the initial amount of H2 was 6 M (a common scenario in Haber process
simulations).

- Initial concentrations:

\(\mathrm{H} 2] {initial} = 6\, \mathrm{M}\)

- Since 1 mol N reacts with 3 mol Hz, and at equilibrium, the amount of N reacted is \(\xi\),
the equilibrium concentration of Hz is:

\[ \mathrm{H} 2] =6-3 \xi\]

From earlier, if \(\mathrm{NH} 3] = 2 \xi = 3\, \mathrm{M}\), then
\[\xi = 1.5\]

Thus,
\[ [\mathrm{H} 2] = 6 - 3 \times 1.5 = 6-4.5 = 1.5\, \mathrm{M} \]

Final Calculation of Keq

Using the equilibrium concentrations:
-\([\mathrm{NH} 3] = 3\, \mathrm{M}\)



-\([\mathrm{N}] = 2\, \mathrm{M}\) (as given)
-\([\mathrm{H} 2] = 1.5\, \mathrm{M}\) (calculated)

The equilibrium constant Keq is:
\[ \mathrm{K {c}} = \frac{(3)"2}{(2) \times (1.5)"3} \]

Calculate numerator:
\[ 372 =91\]

Calculate denominator:
\[ 2 \times (1.5)"3 = 2 \times 3.375 = 6.75\]

Therefore,
\[ \boxed{\mathrm{Keq} = \frac{9}{6.75} \approx 1.33} \]

Interpreting the Result
What Does the Keq Value Tell Us?

A Keq of approximately 1.33 indicates that at equilibrium, the concentrations of products
and reactants are relatively balanced but favor the formation of ammonia slightly.
Specifically, since Keq > 1, the reaction tends to produce more ammonia at equilibrium
under the given conditions.

Factors Affecting Keq

- Temperature: The equilibrium constant is temperature-dependent. For the Haber
process, higher temperatures favor reactants, while lower temperatures favor ammonia
formation.

- Pressure: Increasing pressure shifts equilibrium toward the side with fewer moles of gas;
in this case, the product side (2 moles vs. 4 moles total reactant side).

- Concentrations: Initial concentrations influence the reaction extent but do not change
Keq itself.

Practical Applications and Significance

Industrial Implications

Understanding Keq allows chemical engineers to manipulate conditions—temperature,
pressure, catalysts—to optimize ammonia production in industrial settings. The Haber
process, which synthesizes ammonia from nitrogen and hydrogen, relies heavily on such
equilibrium calculations to maximize yield efficiently.

Laboratory and Research Use

In research, calculating Keq helps predict how a reaction will proceed under different
conditions, enabling chemists to design experiments, troubleshoot reaction issues, or



develop new catalytic processes.

Summary of Key Steps to Calculate Keq

. Identify the balanced chemical equation.

. Gather equilibrium concentrations or initial data.

. Determine reaction extent (\(\xi\)) if needed.

. Calculate unknown concentrations using stoichiometry.
. Plug concentrations into the equilibrium expression.

. Compute Keq and interpret its value.
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Final Thoughts

Calculating Keq from equilibrium concentrations is a fundamental skill in chemistry that
bridges theoretical understanding with practical application. Whether analyzing industrial
synthesis, environmental reactions, or biochemical pathways, mastering this process
equips you with the tools to predict and control chemical systems effectively. Remember,
the key lies in accurate data collection, careful stoichiometric calculations, and a solid
grasp of the reaction's thermodynamics.
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