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:
\[ k= Ae™{-\rrAc{E_A}{RT}}\]

WHERE:

-\(k \) = RATE CONSTANT

- \C A \) = PRE-EXPONENTIAL FACTOR (FREQUENCY FACTOR)
-\(E_a\) = ACTIVATION ENERGY (IN JOULES PER MOLE)
-\(R\) = UNIVERSAL GAS consTANT (8.3 14 J/mMoLK)
-\(T\) = TemperaTURE (IN KELVIN)

UNDERSTANDING THE COMPONENTS

1. RATE CONSTANT (K)I 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. T IS
INFLUENCED BY THE NATURE OF THE REACTANTS AND THEIR CONCENTRATIONS.

3. ACTIVATION ENERGY (E_A)Z 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.

\XWHY PRACTICE PROBLEMS ARE IMPORTANT

PRACTICING PROBLEMS RELATED TO THE ARRHENIUS EQUATION REINFORCES:

- CONCEPTUAL UNDERST ANDING: 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 K15 0.01 s ano \(E_Aa \) 15 50
kJ/MOL, CALCULATE THE PRE-EXPONENTIAL FACTOR \( A \).

SoLUTION:

1. ConverT \(E_a \) TOJ/MoOL:

\[E_a =50\, \text{k)/MoL} \TiMes 1000 \, \Text{J/xJ} = 50000 \, \Tex7{J/moL} \]
2. REARRANGE THE ARRHENIUS EQUATION TO SOLVE For \( A \):

\[ A =k e™{\rrac{E_A}RT}}\]

3. PLUG IN THE VALUES:

\[ A =0.01\7imes e*{\rrac{500003}{(8.314)(298)3} \]

4. CarcuLaTe \( \rRAC{E_AXRT} \):

\[ \FrrAc{500003{(8.314)(298)} \approx 20.1\]

5. THus,

\[ A=0.01\1iMes e"{20.1} \approx 0.0 1 \TiMes 6.90 \TiMes 10°{8} \approx 6.90 \TiMes 107{6} \,
\TexT{s}*{-1} \]

ProBLEM 2: TeMPERATURE DEPENDENCE

QUESTION: A REACTION HAS AN ACTIVATION ENERGY OF 75 kJ/MoL. IF THE RATE CONSTANT AT 300 K 1s 0.005 s7°

WILL THE RATE CONSTANT BE AT 350 K?

, WHAT

SOLUTION:

1. ConverT \(E_a \):

\[E_a =75\, \text{k)/mMoL} = 75000 \, \texT{J/moL} \]

2. USE THE ARRHENIUS EQUATION To FIND \(k_2 \):

\[ \rrac{k_2}{k_ 1} = e"{\rrac{E_AXRI\LerT(\,rRAC{ TH{T _13 - \,rrAc{ THT_2}\ricHT)} \]

3. PLUG IN THE KNOWN VALUES:

\[ \rrac{k_23{0.005} = e"{\rrac{750003}{8.3 14 }\LerT(\rrac{ 1}{ 300} - \rrac{ 1H 350}\riGHT)} \]
4. CaLcuLATE \( \rrAc{13}{300} - \rrac{1}{ 350} \):

\[ \rrac{ 13{300} - \rrac{ 1350} = \rrac{350 - 300}{ 105000} = \rrac{50}{ 105000} \aprrox 0.000476 \]
5. CALCULATE:

\[ \rrAc{750003{8.314} \1iMes 0.00047 6 \approx 4.48 \]

6. THus:

\[k_2 =0.005 \7imMes £"{4.48} \aprrox 0.005 \TiMes 87.51 \approx 0.438 \, \1exT{s}"{-1}\]

ProBLEM 3: COMPARING TwO TEMPERATURES

QuEsTION: For A CERTAIN REACTION, \( E_A \) 1s 60 kJ/MoL. IF THE RATE CONSTANT AT 350 K 1s 0.020 57"

\WOULD BE THE RATE CONSTANT AT 400 K?

, WHAT

SOLUTION:

1. ConverT \(E_a\):

\[E_a =60\, \text{xJ/MoL} = 60000 \, \texT{J/moL} \]

2. CALcULATE \( \rrac{k_23}{k_ 13} \) USING THE ARRHENIUS EQUATION:

\[ \rrac{k_23{0.020} = e"{\rrac{600003{8.3 14}\LerT(\rrAc{ 1}{ 350} - \rrac{ 1 400}\riGHT)} \]
3. CaLcuLaTe \( \rrac{ 1}{350} - \rrac{ 13{4003} \):

\[ \rrAc{13}{3503} - \rrac{13}{4003} = \rrac{400 - 3503{ 1400003} = \rrac{50}{ 140000} \apprrox 0.000357 \]
4. CALCULATE:

\[ \rrac{600003}{8.314} \TiMes 0.000357 \approx 2.57 \]

5. THus:

\[k_2=0.020 \1iMes e*{2.57} \approx 0.020 \TiMes 13.14 \approx 0.263 \ \TexT{s}*{-1}\]



CoNcCLUSION

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. |T 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. |T 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 5”-1 AT 300 K AnD 0.5 5™~ 1 AT 350 K, USE THE ARRHENIUS
EQUATION TO CALCULATE THE ACTIVATION ENERGY FOR THE REACTION.

W/HAT 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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