Chem Kinetics Overview

-3

How Temperature Affects Reaction Rates

Temperature is a crucial factor that influences the rate of chemical reactions. Generally, an increase in
temperature results in an increase in the reaction rate. This effect can be understood through several
key concepts and principles:

1. Collision Theory

¢ Increased Kinetic Energy: At higher temperatures, the kinetic energy of molecules increases.
This means that molecules move faster and collide more frequently.

o Effective Collisions: For a reaction to occur, collisions between molecules must have enough
energy to overcome the activation energy barrier. At higher temperatures, a greater proportion
of collisions have the required energy to be effective, leading to more successful reactions per
unit time.

2. Activation Energy (Ea)

¢ Arrhenius Equation: The relationship between the rate constant k, the activation energy E,,,
and temperature 7' is given by the Arrhenius equation:

k= Ae*%

Where:
o kisthe rate constant.
o A is the pre-exponential factor (frequency factor), related to the frequency of collisions and

the orientation of reacting molecules.
o E, isthe activation energy.

o Risthe gas constant (8.314 J/mol-K).
o T'is the temperature in Kelvin.
¢ Exponential Increase: According to the Arrhenius equation, even a small increase in
temperature can result in a significant increase in the rate constant k, as the exponential term

_ By
e ®’r becomes larger.

3. Temperature Coefficient (Q10)

¢ Rate Doubling: A common rule of thumb is that the rate of many chemical reactions
approximately doubles for every 10°C increase in temperature. This is often referred to as the
Q10 coefficient.

¢ Q10 Value: For most reactions, the Q10 value ranges between 2 and 3, indicating that the
reaction rate increases by a factor of 2 to 3 with a 10°C rise in temperature.

4. Effect on Reaction Mechanism
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¢ Transition State Theory: This theory also supports the idea that higher temperatures facilitate
the formation of the transition state, an intermediate complex formed during the reaction. The
increased thermal energy helps reactants to reach this high-energy state more easily.

e Pathway Changes: In some cases, a significant increase in temperature might change the
reaction mechanism, potentially favoring a different pathway with a different activation energy.

5. Practical Examples

¢ Industrial Processes: In industrial chemistry, controlling the temperature is vital to optimize
reaction rates and yields. For example, the Haber process for ammonia synthesis is conducted at
high temperatures to increase the rate of reaction between nitrogen and hydrogen gases.

¢ Biological Systems: Enzyme-catalyzed reactions in biological systems are highly temperature-
sensitive. Enzymes typically have an optimal temperature range within which they function most
efficiently. Beyond this range, the enzyme structure can denature, reducing the reaction rate.

Graphical Representation

e Arrhenius Plot: A plot of In k versus % (Arrhenius plot) yields a straight line with a slope of —%.
This linear relationship is useful for determining the activation energy experimentally.

=Arrhenius Plot

Summary

¢ Higher Temperature = Higher Rate: Increasing temperature generally increases reaction rates
due to higher kinetic energy and more frequent and effective collisions.

¢ Arrhenius Equation: Provides a quantitative relationship between temperature and the rate
constant.

e Q10 Rule: A useful approximation indicating that reaction rates double for every 10°C increase in
temperature.

e Transition State Theory: Higher temperatures facilitate the formation of the transition state,
aiding the reaction progress.

Understanding the effect of temperature on reaction rates is fundamental in fields ranging from
industrial chemistry to biochemistry, allowing for the optimization of conditions to achieve desired
reaction outcomes.

2/2


https://chat.openai.com/
https://pdfcrowd.com/save-chatgpt-as-pdf/?ref=chatgpt
https://pdfcrowd.com/api/html-to-pdf-api/?ref=chatgpt
Ramanathan Desktop
Rectangle

Ramanathan Desktop
Rectangle


