
arrhenius equation practice problems
Arrhenius equation practice problems are essential for students and professionals in
chemistry and chemical engineering who wish to deepen their understanding of reaction
kinetics. The Arrhenius equation describes the temperature dependence of reaction rates,
providing a mathematical framework that relates the rate constant of a reaction to
temperature and activation energy. Mastering practice problems related to the Arrhenius
equation not only enhances problem-solving skills but also solidifies theoretical concepts.
In this article, we will explore the Arrhenius equation, its components, and various
practice problems to solidify your grasp of this vital topic.

The Arrhenius Equation Explained

The Arrhenius equation is expressed as:

\[ k = A e^{-\frac{E_a}{RT}} \]

where:
- \( k \) = rate constant
- \( A \) = pre-exponential factor (frequency factor)
- \( E_a \) = activation energy (in joules per mole)
- \( R \) = universal gas constant (8.314 J/mol·K)
- \( T \) = temperature (in Kelvin)

Understanding the Components

1. Rate Constant (k): This value indicates the speed of a reaction. A higher rate constant
signifies a faster reaction.
2. Pre-exponential Factor (A): This factor represents the frequency of collisions that lead
to a reaction. It is influenced by the nature of the reactants and their concentrations.
3. Activation Energy (E_a): This is the minimum energy required for a reaction to occur.
Higher activation energies typically result in slower reactions.
4. Universal Gas Constant (R): This constant is crucial in converting energy units and is
consistent across various gas laws.
5. Temperature (T): As temperature increases, the kinetic energy of the molecules
increases, often leading to an increase in the reaction rate.

Why Practice Problems are Important

Practicing problems related to the Arrhenius equation reinforces:
- Conceptual Understanding: Understanding how temperature and activation energy
influence reaction rates.
- Mathematical Skills: Gaining proficiency in manipulating exponential equations and



logarithms.
- Real-World Applications: Applying theoretical knowledge to practical scenarios in fields
such as biochemistry, environmental science, and industrial chemistry.

Sample Arrhenius Equation Practice Problems

Below are some sample problems, along with detailed solutions to help you practice and
understand the Arrhenius equation better.

Problem 1: Basic Calculation

Question: Given that the rate constant \( k \) for a certain reaction at 298 K is 0.01 s⁻¹ and
\( E_a \) is 50 kJ/mol, calculate the pre-exponential factor \( A \).

Solution:
1. Convert \( E_a \) to J/mol:
\[ E_a = 50 \, \text{kJ/mol} \times 1000 \, \text{J/kJ} = 50000 \, \text{J/mol} \]
2. Rearrange the Arrhenius equation to solve for \( A \):
\[ A = k e^{\frac{E_a}{RT}} \]
3. Plug in the values:
\[ A = 0.01 \times e^{\frac{50000}{(8.314)(298)}} \]
4. Calculate \( \frac{E_a}{RT} \):
\[ \frac{50000}{(8.314)(298)} \approx 20.1 \]
5. Thus,
\[ A = 0.01 \times e^{20.1} \approx 0.01 \times 6.90 \times 10^{8} \approx 6.90 \times
10^{6} \, \text{s}^{-1} \]

Problem 2: Temperature Dependence

Question: A reaction has an activation energy of 75 kJ/mol. If the rate constant at 300 K is
0.005 s⁻¹, what will the rate constant be at 350 K?

Solution:
1. Convert \( E_a \):
\[ E_a = 75 \, \text{kJ/mol} = 75000 \, \text{J/mol} \]
2. Use the Arrhenius equation to find \( k_2 \):
\[ \frac{k_2}{k_1} = e^{\frac{E_a}{R}\left(\frac{1}{T_1} - \frac{1}{T_2}\right)} \]
3. Plug in the known values:
\[ \frac{k_2}{0.005} = e^{\frac{75000}{8.314}\left(\frac{1}{300} -
\frac{1}{350}\right)} \]
4. Calculate \( \frac{1}{300} - \frac{1}{350} \):
\[ \frac{1}{300} - \frac{1}{350} = \frac{350 - 300}{105000} = \frac{50}{105000}
\approx 0.000476 \]
5. Calculate:
\[ \frac{75000}{8.314} \times 0.000476 \approx 4.48 \]



6. Thus:
\[ k_2 = 0.005 \times e^{4.48} \approx 0.005 \times 87.51 \approx 0.438 \, \text{s}^{-1}
\]

Problem 3: Comparing Two Temperatures

Question: For a certain reaction, \( E_a \) is 60 kJ/mol. If the rate constant at 350 K is
0.020 s⁻¹, what would be the rate constant at 400 K?

Solution:
1. Convert \( E_a \):
\[ E_a = 60 \, \text{kJ/mol} = 60000 \, \text{J/mol} \]
2. Calculate \( \frac{k_2}{k_1} \) using the Arrhenius equation:
\[ \frac{k_2}{0.020} = e^{\frac{60000}{8.314}\left(\frac{1}{350} -
\frac{1}{400}\right)} \]
3. Calculate \( \frac{1}{350} - \frac{1}{400} \):
\[ \frac{1}{350} - \frac{1}{400} = \frac{400 - 350}{140000} = \frac{50}{140000}
\approx 0.000357 \]
4. Calculate:
\[ \frac{60000}{8.314} \times 0.000357 \approx 2.57 \]
5. Thus:
\[ k_2 = 0.020 \times e^{2.57} \approx 0.020 \times 13.14 \approx 0.263 \, \text{s}^{-1}
\]

Conclusion

Practicing Arrhenius equation practice problems is crucial for mastering the concepts
of chemical kinetics. These exercises allow students and professionals to apply theoretical
knowledge in practical scenarios, enhancing their understanding of how temperature and
activation energy influence reaction rates. By working through problems, calculating
values, and understanding the relationships presented in the Arrhenius equation, you can
develop a solid foundation in reaction kinetics, preparing you for advanced studies or
professional applications in chemistry and related fields. Make sure to incorporate regular
practice into your study routine to achieve mastery over these concepts.

Frequently Asked Questions

What is the Arrhenius equation and how is it used in
practice problems?
The Arrhenius equation relates the rate constant of a reaction to temperature and
activation energy. It is commonly used in practice problems to calculate the effect of
temperature changes on reaction rates.



How do you determine the activation energy from
experimental data using the Arrhenius equation?
To determine the activation energy, you can take two rate constants at different
temperatures, use the Arrhenius equation in its logarithmic form, and solve for the
activation energy using the slope of the ln(k) vs. 1/T plot.

What units are used for the activation energy in the
Arrhenius equation?
Activation energy is typically expressed in joules per mole (J/mol) or kilojoules per mole
(kJ/mol).

How can you use the Arrhenius equation to compare
reaction rates at different temperatures?
By applying the Arrhenius equation, you can calculate the rate constants at different
temperatures and compare them directly to see how much the rate increases or decreases
with temperature changes.

What is the significance of the pre-exponential factor in
the Arrhenius equation?
The pre-exponential factor, often denoted as A, represents the frequency of collisions and
is a measure of the likelihood that reactants will collide with the correct orientation to
react. It plays a crucial role in determining the overall rate constant.

Can you provide an example of a practice problem
involving the Arrhenius equation?
Sure! If the rate constant of a reaction is 0.1 s^-1 at 300 K and 0.5 s^-1 at 350 K, use the
Arrhenius equation to calculate the activation energy for the reaction.

What is the role of temperature in the Arrhenius
equation?
Temperature plays a critical role in the Arrhenius equation as it affects the kinetic energy
of the molecules. Higher temperatures typically increase the rate constant, leading to
faster reaction rates due to more frequent and energetic collisions.
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