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Introduction

Understanding chemical equilibrium is fundamental to the study of chemistry, especially when
analyzing reactions in solution. The given initial concentrations of reactants and the equilibrium
concentration of a product provide valuable insights into the reaction dynamics, the extent of
reaction, and the equilibrium constant. In this article, we explore how to interpret the initial
concentrations of A and B, the significance of the equilibrium concentration of C, and how to
determine various equilibrium parameters based on this data. This comprehensive analysis will help
students and professionals alike deepen their understanding of chemical equilibria, reaction quotient,
and the calculation of equilibrium constants.

---

Understanding the Reaction System

Before delving into calculations, it’s essential to understand the typical reaction scenario implied by
the data:

Common Reaction Framework

A typical reaction involving the formation of C from A and B can be represented as:

\[ \text{A} + \text{B} \rightleftharpoons \text{C} \]

This reaction suggests that A and B react to produce C, and at equilibrium, the concentrations of
these species are related through the equilibrium constant \(K_{eq}\).

Initial Concentrations

- Initial concentration of A: 0.50 M



- Initial concentration of B: 0.85 M
- Initial concentration of C: 0 M (assuming reaction starts with only reactants)

Equilibrium Concentration of C

- At equilibrium, [C] = 0.7 M

This data implies that as the reaction proceeds, 0.7 M of C has formed from A and B.

---

Determining the Extent of Reaction (Change in
Concentrations)

To analyze the system, we need to calculate how much of A and B reacted to produce C.

Defining the Change Variable

Let:

- \(x\) = amount of A and B that reacted to form C

Since the reaction is:

\[ \text{A} + \text{B} \rightarrow \text{C} \]

The change in concentrations will be:

- A decreases by \(x\)
- B decreases by \(x\)
- C increases by \(x\)

Given the equilibrium concentration of C is 0.7 M, we have:

\[ x = 0.7\, \text{M} \]

---

Calculating Equilibrium Concentrations of Reactants

Based on initial concentrations and the extent of reaction:



- \([A]_{eq} = [A]_i - x = 0.50\, \text{M} - 0.7\, \text{M} = -0.2\, \text{M}\)
- \([B]_{eq} = [B]_i - x = 0.85\, \text{M} - 0.7\, \text{M} = 0.15\, \text{M}\)

However, since negative concentrations are impossible, this suggests that the reaction consumes all
of A (since initial A is only 0.50 M), and the formation of C at 0.7 M cannot occur unless additional A is
supplied or the reaction involves other pathways.

This indicates a need to revisit assumptions or consider that the reaction may involve other
stoichiometric coefficients.

---

Adjusting for Reaction Stoichiometry

Given the inconsistency above, it’s likely that the reaction involves stoichiometric coefficients other
than 1:1. Let’s assume a general reaction:

\[ aA + bB \rightleftharpoons cC \]

where \(a, b, c\) are stoichiometric coefficients.

---

Assuming a General Reaction: \(aA + bB \rightleftharpoons
cC\)

Suppose:

- Initial concentrations:

\[ [A]_i = 0.50\, \text{M} \]

\[ [B]_i = 0.85\, \text{M} \]

- Equilibrium concentration of C:

\[ [C]_{eq} = 0.7\, \text{M} \]

- Change in concentrations:

\[ \text{A}: -a x \]

\[ \text{B}: -b x \]

\[ \text{C}: + c x \]



- Equilibrium concentrations:

\[ [A]_{eq} = 0.50 - a x \]

\[ [B]_{eq} = 0.85 - b x \]

\[ [C]_{eq} = c x = 0.7 \]

From the last equation:

\[ x = \frac{0.7}{c} \]

Plugging this into the expressions for A and B:

\[ [A]_{eq} = 0.50 - a \times \frac{0.7}{c} \]

\[ [B]_{eq} = 0.85 - b \times \frac{0.7}{c} \]

For these concentrations to be non-negative, the stoichiometric coefficients must satisfy certain
conditions.

---

Calculating the Equilibrium Constant \(K_{eq}\)

The equilibrium constant expression for the reaction is:

\[ K_{eq} = \frac{[C]_{eq}^c}{[A]_{eq}^a \times [B]_{eq}^b} \]

To evaluate \(K_{eq}\), we need specific stoichiometry.

---

Case 1: Assuming a 1:1:1 Reaction

Suppose:

\[ A + B \rightleftharpoons C \]

Then:

\[ [A]_{eq} = 0.50 - x \]

\[ [B]_{eq} = 0.85 - x \]

\[ [C]_{eq} = x = 0.7 \]



Calculations:

\[ [A]_{eq} = 0.50 - 0.7 = -0.2\, \text{M} \]

\[ [B]_{eq} = 0.85 - 0.7 = 0.15\, \text{M} \]

Again, negative concentration for A indicates that the reaction cannot proceed with a 1:1:1
stoichiometry.

---

Case 2: Assuming a 1:2:1 Reaction

Let:

\[ A + 2B \rightleftharpoons C \]

Then:

\[ [A]_{eq} = 0.50 - x \]

\[ [B]_{eq} = 0.85 - 2x \]

\[ [C]_{eq} = x = 0.7 \]

Calculations:

\[ [A]_{eq} = 0.50 - 0.7 = -0.2\, \text{M} \]

\[ [B]_{eq} = 0.85 - 2 \times 0.7 = 0.85 - 1.4 = -0.55\, \text{M} \]

Negative concentrations again, indicating this reaction pathway is invalid under these initial
conditions.

---

Implications and Conclusion

The above analysis demonstrates that, based on the initial concentrations and the equilibrium
concentration of C, the reaction likely involves more complex stoichiometry or requires a different
approach. The key takeaways include:

- Stoichiometry is critical: Accurate knowledge of the reaction’s balanced equation is essential for
calculations.
- Initial concentrations limit reaction extent: The formation of 0.7 M of C from initial reactants
suggests that initial amounts may be insufficient unless additional reactant is supplied.
- Reaction feasibility: Negative concentrations in calculations indicate that, under the assumed



stoichiometry, the reaction cannot proceed as described with the provided initial conditions.

---

Practical Application: How to Use Data for Equilibrium
Calculations

When faced with initial concentrations and equilibrium data:

1. Identify the reaction and its balanced equation.
2. Define changes in concentration (using a variable, e.g., \(x\)).
3. Express equilibrium concentrations in terms of \(x\).
4. Use initial data to solve for \(x\).
5. Calculate the equilibrium constant \(K_{eq}\).
6. Verify that all concentrations are physically meaningful (non-negative).

---

Final Remarks

Analyzing a chemical system with known initial concentrations and equilibrium data is a fundamental
skill in chemistry. It involves understanding stoichiometry, the reaction mechanism, and equilibrium
principles. In real-world scenarios, chemists often work backward from equilibrium data to determine
the reaction’s equilibrium constant, which provides insights into the reaction’s favorability and extent.
This process underscores the importance of precise measurements and a solid grasp of chemical
principles.

By carefully examining initial concentrations, reaction stoichiometry, and equilibrium data, chemists
can predict reaction behavior, optimize conditions for desired outcomes, and deepen their
understanding of chemical systems.

---
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Frequently Asked Questions



What is the initial concentration of A in the mixture?
The initial concentration of A is 0.50 M.

What is the initial concentration of B in the mixture?
The initial concentration of B is 0.85 M.

What is the equilibrium concentration of C in the mixture?
The equilibrium concentration of C is 0.7 M.

How can the change in concentrations be determined based
on the equilibrium data?
By analyzing the increase in C’s concentration, we can infer the amount of A and B reacted to reach
equilibrium, often using stoichiometry of the reaction.

What is the likely chemical reaction involving A, B, and C?
A probable reaction is A + B ⇌ C, where A and B react to form C at equilibrium.

How do you calculate the equilibrium concentrations of A and
B?
Subtract the amount of A and B that reacted (based on the concentration of C formed) from their
initial concentrations to find their equilibrium values.

What assumptions are typically made in solving such
equilibrium problems?
Assumptions include that the reaction reaches equilibrium, the reaction proceeds in a closed system,
and activity coefficients are unity for dilute solutions.

Additional Resources
Comprehensive Analysis of Equilibrium Concentrations in a Mixture Containing A, B, and C

Understanding chemical equilibria is fundamental in mastering chemistry, especially when analyzing
reactions involving multiple species. The problem at hand provides initial concentrations of two
reactants, A and B, and a known equilibrium concentration of product C. This scenario offers a perfect
opportunity to explore the principles of chemical equilibrium, reaction mechanisms, stoichiometry,
and equilibrium constants. In this detailed review, we will delve into the core concepts, mathematical
derivations, and practical implications surrounding this problem.

---



Introduction to Chemical Equilibrium

Chemical equilibrium occurs when a reversible reaction's forward and reverse reactions proceed at
equal rates, resulting in constant concentrations of reactants and products over time. Key concepts
include:

- Dynamic Nature: Even at equilibrium, reactions continue to occur, but the concentrations of species
remain unchanged.
- Equilibrium Constant (K): A numerical value expressing the ratio of product concentrations to
reactant concentrations, each raised to their stoichiometric powers, at equilibrium.
- Reaction Quotient (Q): Similar to K but calculated with initial or non-equilibrium concentrations;
helps predict the direction of reaction shift to reach equilibrium.

---

Initial Conditions and Known Data

The problem provides:

- Initial concentration of reactant A: 0.50 M
- Initial concentration of reactant B: 0.85 M
- Equilibrium concentration of product C: 0.7 M

The key question is: What does this information imply about the reaction's stoichiometry and
equilibrium constant?

---

Assumptions and Reaction Stoichiometry

To analyze the system, we need to propose a plausible reaction mechanism. Since the initial data and
equilibrium concentration involve species A, B, and C, a common reaction could be:

A + B ⇌ C

This is a typical bimolecular reaction where:

- One mole of A reacts with one mole of B to produce C.
- The stoichiometry is 1:1:1.

Assumption: The reaction follows this simple stoichiometry unless otherwise specified.

---



Setting Up the Reaction Table

To systematically analyze the problem, we construct an ICE (Initial, Change, Equilibrium) table:

| Species | Initial (M) | Change (M) | Equilibrium (M) |
|---------|--------------|------------|-----------------|
| A | 0.50 | -x | 0.50 - x |
| B | 0.85 | -x | 0.85 - x |
| C | 0.0 | +x | x |

Given that the equilibrium concentration of C is 0.7 M, we identify:

x = 0.7 M

---

Calculating Remaining Reactant Concentrations at
Equilibrium

Using the stoichiometry:

- [A]_eq = 0.50 - 0.7 = -0.2 M
- [B]_eq = 0.85 - 0.7 = 0.15 M

Immediately, a problem arises: The concentration of A becomes negative, which is physically
impossible. This indicates that the initial assumption of a 1:1:1 reaction may be invalid or that the
reaction proceeds differently.

Implication: The initial assumption of the reaction stoichiometry being 1:1:1 does not fit the given
data.

---

Reconsidering the Reaction Stoichiometry

Given the initial concentrations and the equilibrium concentration of C, let's consider alternative
stoichiometries.

Suppose the reaction is:

\[
aA + bB \rightleftharpoons cC
\]

Where a, b, and c are stoichiometric coefficients.



Our goal:

- To find the coefficients that fit the data.

---

Using the Data to Determine Stoichiometry

Assuming the reaction consumes x moles of A and B to produce x moles of C, the general form is:

\[
aA + bB \rightleftharpoons cC
\]

The change in concentrations:

- A: initial - (a/c) x
- B: initial - (b/c) x
- C: 0 + x

Given that [C]_eq = 0.7 M, then:

\[
x = 0.7\, \text{M}
\]

The remaining concentrations of A and B at equilibrium:

\[
[A]_{eq} = 0.50 - \frac{a}{c} \times 0.7
\]
\[
[B]_{eq} = 0.85 - \frac{b}{c} \times 0.7
\]

To ensure the concentrations are non-negative, the coefficients must satisfy:

\[
0.50 \geq \frac{a}{c} \times 0.7
\]
\[
0.85 \geq \frac{b}{c} \times 0.7
\]

---



Determining the Equilibrium Constant (K)

The equilibrium constant expression, based on the reaction:

\[
aA + bB \rightleftharpoons cC
\]

is:

\[
K = \frac{[C]^c}{[A]^a [B]^b}
\]

Using the provided data:

\[
K = \frac{(0.7)^c}{[A]_{eq}^a \times [B]_{eq}^b}
\]

Since the exact stoichiometry is uncertain, we analyze potential ratios.

---

Trial 1: Assuming a 1:1:1 Reaction

As previously shown, this leads to negative concentrations for A, which is impossible, indicating the
actual reaction does not follow 1:1:1 stoichiometry.

---

Trial 2: Assuming a 1:2:1 Reaction

Suppose:

\[
A + 2B \rightleftharpoons C
\]

Change:

- A: -x
- B: -2x
- C: +x

At equilibrium:



\[
[A]_{eq} = 0.50 - x
\]
\[
[B]_{eq} = 0.85 - 2x
\]
\[
[C]_{eq} = x = 0.7\, \text{M}
\]

Calculations:

\[
[A]_{eq} = 0.50 - 0.7 = -0.2\, \text{M} \quad \text{(impossible)}
\]

Again, negative concentration of A.

---

Trial 3: Assuming a 2:1:1 Reaction

Suppose:

\[
2A + B \rightleftharpoons C
\]

Change:

- A: -2x
- B: -x
- C: +x

At equilibrium:

\[
[A]_{eq} = 0.50 - 2x
\]
\[
[B]_{eq} = 0.85 - x
\]
\[
C: x = 0.7\, \text{M}
\]

Calculate:

\[



[A]_{eq} = 0.50 - 2 \times 0.7 = 0.50 - 1.4 = -0.9\, \text{M}
\]

Negative again, invalid.

---

Conclusion on Stoichiometry

The direct attempts suggest that the initial concentrations and the equilibrium concentration of C do
not fit simple integer stoichiometries with common reaction ratios.

Possible interpretations:

- The reaction involves multiple steps or complex mechanisms.
- The initial data may refer to different reactions or involve limiting reactants.
- The reaction might not proceed to equilibrium with complete conversion of initial reactants.

---

Alternative Approach: Considering Partial Conversion
and Reaction Extent

Given the initial concentrations and equilibrium data, perhaps only a portion of the reactants has
reacted, with the remaining unreacted.

- Initial A: 0.50 M
- Initial B: 0.85 M
- Equilibrium C: 0.7 M

Suppose the reaction consumes x mol of A and B to produce x mol of C, with the remaining unreacted
species:

\[
[A]_{eq} = 0.50 - a x
\]
\[
[B]_{eq} = 0.85 - b x
\]
\[
[C]_{eq} = x = 0.7\, \text{M}
\]

If the reaction is:

\[



A + B \rightleftharpoons C
\]

then:

\[
[A]_{eq} = 0.50 - 0.7 = -0.2\, \text{M}
\]

Again, impossible.

If the reaction is:

\[
2A + B \rightleftharpoons C
\]

then:

\[
[A]_{eq} = 0.50 - 2 \times 0.7 = -0.9\, \text{M}
\]

Again, invalid.

Conclusion: The initial assumptions about the reaction stoichiometry may be incorrect or incomplete.

---

Implications and Practical Considerations
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