
A Reaction 2 A P Has Second Order Rate Law
With K = 1.24 ML / (mol S). Calculate The
Time Required For
A Reaction 2 A P Has Second Order Rate Law With K = 1.24 ML / (mol S). Calculate The
Time Required For

Understanding chemical reaction kinetics is essential for chemists and scientists working to optimize
reactions in industrial processes, pharmaceuticals, and research. When analyzing a reaction, knowing
how quickly it proceeds under specific conditions allows for precise control over production and
experimentation. This article delves into the specifics of a second-order reaction involving the species
2 A P, with a given rate constant, and guides you through calculating the time required for the
reaction to reach a particular extent.

---

Introduction to Reaction Kinetics and Rate Laws

What Are Reaction Rate Laws?

Reaction rate laws express the relationship between the rate of a chemical reaction and the
concentrations of reactants. They are typically written in the form:

\[ \text{Rate} = k [A]^m [B]^n \]

where:

- \(k\) is the rate constant,
- \([A]\) and \([B]\) are the molar concentrations of reactants,
- \(m\) and \(n\) are the reaction orders with respect to each reactant.

Understanding the order of a reaction helps determine how the rate responds to changes in
concentration.

Second-Order Reactions Explained

A second-order reaction is characterized by the sum of the exponents in its rate law being two; for
example, if:

\[ \text{Rate} = k [A]^2 \quad \text{or} \quad \text{Rate} = k [A][B] \]

it is classified as second order. These reactions have specific integrated rate laws that facilitate



calculation of the time required for a certain concentration change.

---

Given Data and Problem Statement

Let’s restate the problem details:

- Reaction: 2 A P → products (assumed)
- Rate law: Second order
- Rate constant, \(k = 1.24 \, \text{ML} / (\text{mol} \cdot \text{S})\)
- Objective: Calculate the time required for the concentration of A P to decrease from a known initial
concentration to a target concentration.

Understanding these parameters is crucial for applying the appropriate rate law equations.

---

Understanding the Rate Law for the Reaction

Integrated Rate Law for a Second-Order Reaction

For a reaction where the concentration of A P decreases over time, the integrated rate law for a
second-order process (assuming the rate depends on \([A]\) alone) is:

\[ \frac{1}{[A]} = \frac{1}{[A]_0} + kt \]

where:

- \([A]_0\) is the initial concentration,
- \([A]\) is the concentration at time \(t\),
- \(k\) is the rate constant,
- \(t\) is the time elapsed.

This equation allows us to calculate the time needed to reach a specific concentration.

Assumptions for the Calculation

- The reaction is elementary and follows the second-order kinetics throughout.
- The initial concentration \([A]_0\) and the concentration at the desired time \([A]\) are known.
- No side reactions interfere.
- Temperature and other conditions are constant, maintaining the rate constant \(k\).



---

Step-by-Step Calculation of the Reaction Time

Step 1: Identify Known Values

Suppose:

- Initial concentration of A P: \([A]_0 = 0.5 \, \text{mol/L}\)
- Final concentration after reaction: \([A] = 0.1 \, \text{mol/L}\)
- Rate constant: \(k = 1.24 \, \text{L/(mol·s)}\)

(Note: the units are converted from ML/(mol S) to L/(mol S) for standard notation.)

Step 2: Write the Integrated Rate Law Equation

\[
t = \frac{1}{k} \left( \frac{1}{[A]} - \frac{1}{[A]_0} \right)
\]

Step 3: Plug in the Known Values

\[
t = \frac{1}{1.24} \left( \frac{1}{0.1} - \frac{1}{0.5} \right)
\]

Calculate each term:

\[
\frac{1}{0.1} = 10
\]
\[
\frac{1}{0.5} = 2
\]

Subtract:

\[
10 - 2 = 8
\]

Divide:



\[
t = \frac{8}{1.24} \approx 6.45 \, \text{seconds}
\]

Hence, it takes approximately 6.45 seconds for the concentration of A P to decrease from 0.5 mol/L to
0.1 mol/L under the given conditions.

---

Factors Impacting Reaction Rate and Time Calculation

Temperature

The rate constant \(k\) is temperature-dependent, following the Arrhenius equation:

\[ k = A e^{-E_a/(RT)} \]

where:

- \(A\) is the frequency factor,
- \(E_a\) is the activation energy,
- \(R\) is the gas constant,
- \(T\) is temperature in Kelvin.

An increase in temperature generally increases \(k\), reducing the reaction time.

Concentration of Reactants

Higher initial concentrations of reactants can lead to faster reactions, especially in second-order
processes where the rate depends on the concentration.

Reaction Conditions

Factors such as pH, catalysts, and solvent can influence the rate constant and, consequently, the
reaction time.

---

Common Applications of Reaction Time Calculations



Industrial Synthesis

Optimizing reaction times ensures efficient manufacturing processes, reducing costs and increasing
yields.

Pharmaceutical Manufacturing

Precise reaction times are critical to produce pure compounds with desired specifications.

Research and Development

Understanding kinetics aids in designing experiments and scaling reactions from laboratory to
production levels.

---

Additional Examples and Practice Problems

Example 1: Calculating Time for a Different Concentration
Change

Given:

- \([A]_0 = 1.0\, \text{mol/L}\)
- \([A] = 0.2\, \text{mol/L}\)
- \(k = 1.24\, \text{L/(mol·s)}\)

Calculate \(t\):

\[
t = \frac{1}{1.24} \left( \frac{1}{0.2} - \frac{1}{1.0} \right) = \frac{1}{1.24} (5 - 1) =
\frac{4}{1.24} \approx 3.23 \, \text{seconds}
\]

Answer: The reaction takes approximately 3.23 seconds.

---



Conclusion

Understanding how to calculate the time required for a chemical reaction to reach a certain extent is
fundamental in both academic and industrial chemistry. For a second-order reaction with a known
rate constant, the integrated rate law provides a straightforward method to determine reaction times
based on initial and target concentrations. In the example provided, with \(k = 1.24 \,
\text{L/(mol·s)}\) and specified concentrations, the reaction proceeds in just over six seconds to
reach the desired concentration. Adjustments to temperature, reactant concentrations, and other
conditions can significantly influence these times, emphasizing the importance of precise control in
chemical processes.

By mastering these calculations, chemists can better design, optimize, and scale reactions, ensuring
efficiency, safety, and high-quality outcomes across various applications.

---
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Frequently Asked Questions

What is the general form of the second-order rate law for a
reaction like A → P?
The second-order rate law is expressed as rate = k [A]^2, where k is the rate constant and [A] is the
concentration of reactant A.

How do you calculate the time required for a reaction to reach
a certain extent in a second-order reaction?
Use the integrated rate law for second-order reactions: 1/[A] = 1/[A]₀ + kt, and solve for time t =
(1/[A]) - (1/[A]₀) / k.

Given the rate constant k = 1.24 mL/(mol·s), what units
should the concentrations be in?
Concentrations should be expressed in mol/mL to match the units of k, ensuring the calculation of
time is in seconds.

If the initial concentration of A is 0.5 mol/mL and the desired
concentration is 0.1 mol/mL, how long does it take for the
reaction to reach this point?
Using t = (1/[A]) - (1/[A]₀) / k, t = (1/0.1) - (1/0.5) / 1.24 = (10 - 2) / 1.24 ≈ 6.45 seconds.



Why is understanding the second-order rate law important for
calculating reaction times?
It allows for precise prediction of how long a reaction will take to reach a specific concentration, which
is crucial in process optimization and safety assessments.

What assumptions are made when applying the second-order
rate law to this calculation?
Assumptions include that the reaction follows second-order kinetics throughout the process, the
reaction is elementary, and the rate constant remains unchanged during the reaction.
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In the realm of chemical kinetics, understanding how reactions proceed and how to predict their
timeframes is essential for both academic research and industrial applications. Today, we delve into a
specific kinetic scenario involving a reaction characterized by a second-order rate law, with a focus on
calculating the time required for a particular conversion of reactants. This exploration is not only a
demonstration of fundamental principles but also a practical guide to applying rate laws in real-world
contexts.

---

Understanding the Reaction and Its Rate Law

The Reaction Overview

Consider a hypothetical chemical reaction involving a reactant, denoted as A, which transforms into a
product P. The reaction can be summarized as:

A → P

This transformation occurs with a rate that depends on the concentration of reactant A in a specific
way—namely, it follows a second-order rate law. This indicates that the rate at which A converts to P
is proportional either to the square of the concentration of A or to the product of concentrations of
two reactants, if applicable.

The Rate Law Expression

The given rate law is:

\[ \text{Rate} = k [A]^2 \]

where:



- \( \text{Rate} \) is the rate of the reaction (change in concentration over time),
- \( k \) is the rate constant,
- \( [A] \) is the molar concentration of reactant A.

In our case, the rate constant \( k \) is specified as:

\[ k = 1.24\, \text{ML} / (\text{mol} \cdot \text{S}) \]

which indicates the reaction's speed coefficient, with units that suggest the reaction occurs in a
medium where concentration is expressed in molarity (mol/L), and time is in seconds.

---

The Significance of the Rate Constant \(k\)

Units and Their Implications

Understanding the units of \(k\) is vital for correct calculations:

- Since the reaction is second order, the units of \(k\) are typically L/(mol·s).
- The provided units, ML/(mol S), are shorthand for milliliters per mol per second, which can be
converted to liters for consistency.

Given:

\[ 1\, \text{ML} = 1\, \text{milliliter} = 10^{-3}\, \text{L} \]

Thus, the rate constant in standard units:

\[ k = 1.24\, \text{mL} / (\text{mol} \cdot \text{s}) = 1.24 \times 10^{-3}\, \text{L} / (\text{mol}
\cdot \text{s}) \]

This conversion ensures compatibility with molarity-based concentration units.

---

Calculating the Time for a Specific Reaction Completion

The Objective

Suppose we are asked to determine the time required for a certain amount of reactant A to be
consumed, for example, to reach a residual concentration of \( [A] = 0.2\, \text{M} \), starting from an
initial concentration \( [A]_0 \).

The Integrated Rate Law for Second-Order Reactions

For reactions where the rate depends on \( [A]^2 \), the integrated rate law is:

\[ \frac{1}{[A]} = \frac{1}{[A]_0} + kt \]

Where:



- \( [A]_0 \) is the initial concentration,
- \( [A] \) is the concentration at time \( t \),
- \( t \) is the time elapsed.

This equation allows us to solve for \( t \):

\[ t = \frac{1}{k} \left( \frac{1}{[A]} - \frac{1}{[A]_0} \right) \]

---

Practical Calculation: An Example

Suppose:

- Initial concentration of A, \( [A]_0 \), is 1.0 M.
- Desired concentration after time \( t \), \( [A] \), is 0.2 M.
- \( k = 1.24 \times 10^{-3} \, \text{L} / (\text{mol} \cdot \text{s}) \).

Applying the integrated rate law:

\[ t = \frac{1}{1.24 \times 10^{-3}} \left( \frac{1}{0.2} - \frac{1}{1.0} \right) \]

Calculating numerator:

\[ \frac{1}{0.2} = 5 \]
\[ \frac{1}{1.0} = 1 \]
\[ 5 - 1 = 4 \]

Now, compute \( t \):

\[ t = \frac{4}{1.24 \times 10^{-3}} \]

\[ t \approx \frac{4}{0.00124} \]

\[ t \approx 3,225.81\, \text{seconds} \]

Converting seconds to minutes:

\[ \frac{3,225.81}{60} \approx 53.76\, \text{minutes} \]

Thus, under these conditions, approximately 54 minutes are required for the concentration of A to
decrease from 1.0 M to 0.2 M.

---

Broader Implications and Applications

Industrial Significance

Calculating reaction times accurately is crucial in various industries, including pharmaceuticals,
petrochemicals, and materials manufacturing. Precise kinetic data enables:



- Optimization of reaction conditions for maximum efficiency.
- Accurate scaling from laboratory to production levels.
- Cost reduction by predicting process durations.

Environmental and Safety Considerations

Understanding reaction kinetics also plays a role in environmental management and safety protocols:

- Predicting how long hazardous reactants remain in certain concentrations.
- Designing effective containment and neutralization strategies.

---

Factors Affecting the Reaction Rate and Time

While the calculations above assume ideal conditions, real-world reactions are influenced by
numerous factors:

- Temperature: Higher temperatures generally increase \(k\), reducing reaction time.
- Catalysts: Presence of catalysts can alter the rate law or increase \(k\).
- Concentration of other reactants or inhibitors: They can slow down or accelerate the reaction.
- Physical state and mixing: Homogeneity affects reaction kinetics.

Understanding these factors allows chemists to fine-tune conditions, achieving desired reaction times
while maintaining safety and efficiency.

---

Final Remarks

The calculation of reaction times based on rate laws is a fundamental aspect of chemical kinetics. In
the case of a second-order reaction with a known rate constant, applying the integrated rate law
provides a straightforward method for predicting how long a reaction will take to reach a specified
extent of conversion. The example illustrated here underscores the importance of unit consistency
and the relevance of kinetic principles in practical scenarios.

By mastering such calculations, scientists and engineers can better design and control chemical
processes, ensuring they are both effective and safe. Whether in laboratory research or large-scale
manufacturing, understanding the interplay between rate constants, concentration changes, and
reaction duration remains a cornerstone of chemical science.

---

In conclusion, knowing the second-order rate constant allows precise determination of reaction times,
empowering professionals to optimize processes, minimize costs, and uphold safety standards in
various chemical applications.
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