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The Arrhenius equation 



 

 

 

 

 

 

 

 

 

 

 

 

A minimum energy (activation energy, Ea) is required for a collision between molecules to result 

in a chemical reaction.  

At a given temperature, the higher the Ea, the slower the reaction.  

 

Activation Energy Problem 

A second-order reaction was observed. The reaction rate constant at three degrees Celsius was found to 

be 8.9 x 10-3 L/mol and 7.1 x 10-2 L/mol at 35 degrees Celsius. What is the activation energy of this 

reaction? 

Solution 

The activation energy can be determined using the equation: 

ln(k2/k1) = Ea/R x (1/T1 - 1/T2) 

where 

Ea = the activation energy of the reaction in J/mol 

 



R = the ideal gas constant = 8.3145 J/K·mol 

T1 and T2 = absolute temperatures (in Kelvin) 

k1 and k2 = the reaction rate constants at T1 and T2 

Step 1: Convert temperatures from degrees Celsius to Kelvin 

T = degrees Celsius + 273.15 

T1 = 3 + 273.15 

T1 = 276.15 K 

T2 = 35 + 273.15 

T2 = 308.15 Kelvin 

Step 2 - Find Ea 

ln(k2/k1) = Ea/R x (1/T1 - 1/T2) 

ln(7.1 x 10-2/8.9 x 10-3) = Ea/8.3145 J/K·mol x (1/276.15 K - 1/308.15 K) 

ln(7.98) = Ea/8.3145 J/K·mol x 3.76 x 10-4 K-1 

2.077 = Ea(4.52 x 10-5 mol/J) 

Ea = 4.59 x 104 J/mol 

or in kJ/mol, (divide by 1000) 

Ea = 45.9 kJ/mol 

Answer: The activation energy for this reaction is 4.59 x 104 J/mol or 45.9 kJ/mol. 
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INSTRUCTION: Try to give clear and precise answer for the following questions. 

 

1. The thermal decomposition of CH3N=NCH3 in the gas phase to give nitrogen and methyl 

radicals CH3N = NCH3(g) N2(g) + 2 •CH3 (g) has an activation energy of 2.14 × 105 

J/mol, at 600 K, at the given temperature, k = 1.99 × 108 s–1. Does the reaction rate 

double with a ten-degree rise in temperature hold for this reaction? 

 

 

 

 

 

 
2. Determine the value of Ea given the following values of k at the temperatures indicated: 

600 K: k = 2.75 x 10-8 L mol-1 s-1 

800 K: k = 1.95 x 10-7 L mol-1 s-1 

 

 

 

3. Given that Ea for the hydrolysis of sucrose is 108 × 103 kJ / mol, compare the rate constant 

of this reaction at 37°C (T1) with the rate constant of the same reaction at 27°C (T2). 

 

 

 

 

4. Calculate the rate constant for the above reaction at 47°C and compare it to the rate 

constant at 37°C. 

 

 

 

 

5. Plot a graph of log k versus 1/T to calculate the activation energy. 


