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16.2.1 The Arrhenius Equation

The Arrhenius Equation

The rate equatio n sho ws ho w each o f the reactants in a reactio n effects the rate o f the reactio n

and it includes the rate co nstant, k

Ho wever, k o nly remains co nstant if the co ncentratio n o f the reactants is the o nly facto r which is

changed

If the temperature is changed o r a catalyst is used o r changed, then the rate co nstant, k,

changes

At higher temperatures, a greater pro po rtio n o f mo lecules have energy greater than than the

activatio n energy

Since the rate co nstant and rate o f  reactio n are directly pro po rtio nal to  the fractio n o f

mo lecules with energy equal o r greater than the activatio n energy, then at higher temperatures:

The rate o f  reactio n increases

The rate co nstant  increases

The relatio nship between the rate co nstant, the temperature and also  the activatio n energy is

given by the Arrhenius equatio n:

E  and A are co nstants that are characteristic o f a specific reactio n

A do es vary slightly with temperature but it can still be co nsidered a co nstant

a
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R is a fundamental physical co nstant fo r all reactio ns

k and T are the o nly variables in the Arrhenius equatio n

The Arrhenius equatio n is used to  describe reactio ns that invo lve gases, reactio ns o ccurring in

so lutio n o r reactio ns that o ccur o n the surface o f a catalyst

Temperat ure Dependence

The fo llo wing rate-temperature graph is typical o f reactio ns that have an activatio n energy, E , o f

aro und 50 kJ mo l

Graph showing the temperature dependence of reaction rate in the Arrhenius equation

The graph sho ws a generally accepted rule that rate do ubles with a temperature increase o f

appro ximately 10 C

This rule is no t an abso lute rule as values fo r the activatio n energy, E , o f a reactio n vary greatly

Using t he Arrhenius Equat ion

The Arrhenius equatio n is easier to  use if yo u take natural lo garithms o f each side o f the equatio n,

which results in the fo llo wing equatio n:

a

-1

o

a

Page 2 of 12
For more help visit our website www.exampaperspractice.co.uk



The Arrhenius Equatio n can be used to  sho w the effect that a change in temperature has o n the

rate co nstant, k, and thus o n the o verall rate o f the reactio n

An increase in temperature (higher value o f T) gives a greater value o f ln k and therefo re a

higher value o f k

Since the rate o f the reactio n depends o n the rate co nstant, k, an increase in k also  means an

increased rate o f reactio n

The equatio n can also  be used to  sho w the effect o f increasing the activatio n energy o n the value

o f the rate co nstant, k

An increase in the activatio n energy, E , means that the pro po rtio n o f mo lecules which

po ssess at least the activatio n energy is less

This means that the rate o f the reactio n, and therefo re the value o f k, will decrease

The values o f k and T fo r a reactio n can be determined experimentally

These values o f k and T can then be used to  calculate the activatio n energy fo r a reactio n

This is the mo st co mmo n type o f calculatio n yo u will be asked to  do  o n this to pic

Exam T ip

In the exam, yo u co uld be asked to  calculate any part o f the Arrhenius Equatio n Using the

equatio n in its natural lo garithm fo rm makes this easier

Worked example

Calculate the activatio n energy o f a reactio n which takes place at 400 K, where the rate co nstant

o f the reactio n is 6.25 x 10  s .

A = 4.6 x 10  and R = 8.31 J K  mo l .

Answer

a

-4 -1

13 -1 -1
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16.2.2 Graphing the Arrhenius Equation

Graphing the Arrhenius Equation

Finding t he Act ivat ion Energy

Very o ften, the Arrhenius equatio n is used to  calculate the activatio n energy o f a reactio n

A questio n will either give sufficient info rmatio n fo r the Arrhenius equatio n to  be used o r a graph

can be plo tted and the calculatio n do ne fro m the plo t

Using t he equat ion:

Remember, it is usually easier to  use the versio n o f the Arrhenius equatio n after natural lo gs o f

each side have been taken

Using an Arrhenius plot :

A graph o f ln k against 1/T can be plo tted, and then used to  calculate E

This gives a line which fo llo ws the fo rm y = mx + c

The graph of ln k against 1/T is a straight line with gradient -E /R

Fro m the graph, the equatio n in the fo rm o f y = mx + c is as fo llo ws:

a

a
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Worked example

1. Co mplete the fo llo wing table

2. Plo t a graph o f ln k against 1/T

3. Use this to  calculate the activatio n energy, E , and the Arrhenius co nstant, A, o f the reactio n.

Answers

Answer 1:

a
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Answer 2:
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Answer 3: 
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Exam T ip

Yo u are no t required to  learn these equatio ns.Ho wever, yo u do  need to  be able to  rearrange

them, and kno wing them is helpful in understanding the effects o f temperature o n the rate

co nstant.
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16.2.3 Activation Energy from Rate Constants

Activation Energy from Rate Constants at Different Temperatures

Arrhenius Plot s

Arrhenius plo ts fo r two  reactio ns with different activatio n energies can be drawn o n the same

graph

Arrhenius plots for two reactions with different activation energies

The reactio n with a steeper gradient has the higher activatio n energy, E

This indicates that the rate co nstant, and therefo re rate, will change quicker with temperature

changes

Calculat ing t he Act ivat ion Energy

The activatio n energy, E , can be calculated using rate co nstant values, k and k , fo r two  given

temperatures, T  and T

This requires the use o f the fo llo wing equatio n that is given in the data bo o klet:

a

a 1 2

1 2
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Worked example

Hydro gen io dide deco mpo ses in the gas phase to  fo rm hydro gen and io dine

2HI (g) → H  (g) + I  (g)

At 283 C, the rate co nstant is 3.52 x 10  mo l dm  s At 508 C, the rate co nstant is 3.95 x 10  mo l

dm  s Calculate the activatio n energy, E , fo r the reactio n

Answer

1. Co nvert the temperatures fro m C to  K:

T : 283 + 273 = 556 K

T : 508 + 273 = 781 K

2. Write the appro priate Arrhenius equatio n fro m the data bo o klet

3. Substitute the values

4. Evaluate the equatio n to  get the activatio n energy, E

2 2

o -7 -3 -1 o -2

-3 -1
a

o

1

2

a
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