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16.2.1The Arrhenius Equation

The Arrhenius Equation

The rate equationshows how eachofthereactantsinareactioneffects therate of thereaction
anditincludes therate constant, k
However, konlyremains constant if the concentration of the reactants is the onlyfactorwhichis
changed
= |fthe temperature is changed oracatalystis used orchanged, thenthe rate constant, k,
changes

At highertemperatures, a greaterproportion of molecules have energy greaterthanthanthe
activation energy
Since therate constant and rate of reactionare directly proportionalto the fractionof
molecules withenergyequal orgreaterthanthe activation energy, then at highertemperatures:
= Therateofreactionincreases
= Therateconstantincreases

The relationship betweenthe rate constant, the temperature and also the activationenergyis
given by the Arrhenius equation:

= F,and Aare constants that are characteristic of aspecific reaction
= Adoesvaryslightlywith temperature butit canstillbe considered aconstant
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= Risafundamentalphysicalconstantforallreactions
= kand Tare the onlyvariables inthe Arrhenius equation

= The Arrhenius equationis used to describe reactions thatinvolve gases,reactions occurringin
solutionorreactions thatoccuronthe surface of acatalyst

Temperature Dependence

= The followingrate-temperature graphis typical of reactions that have an activationenergy, £, of
around 50 k) mol!

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

= The graphshows agenerallyaccepted rule thatrate doubles with atemperature increase of
approximately 10 °C
= Thisruleis notanabsolute rule as values forthe activationenergy, £, of areactionvary greatly

Using the Arrhenius Equation

= The Arrhenius equationis easierto use if you take naturallogarithms of each side of the equation,
whichresultsinthe following equation:
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= The Arrhenius Equationcanbe used to show the effect thatachange intemperature has onthe
rate constant, k,and thus onthe overallrate of the reaction

= Anincreaseintemperature (highervalue of 7) gives a greatervalue of In kand therefore a
highervalue of k

= Sincetherate of thereactiondepends ontherate constant, k,anincreasein kalso means an
increasedrate ofreaction

= The equationcanalso be used to show the effect of increasing the activationenergyonthe value
of therate constant, k

= Anincreaseinthe activationenergy, E;, means that the proportion of molecules which
possess atleastthe activationenergyis less

= This means that the rate of thereaction,and therefore the value of k, willdecrease

= Thevalues of kand Tforareactioncanbe determined experimentally
= Thesevaluesof kand Tcanthenbe used to calculate the activationenergyforareaction
= Thisisthe mostcommontype of calculationyouwillbe asked to do onthis topic

O ExamTip

Inthe exam,you could be asked to calculate anypart of the Arrhenius Equation Using the
equationinits naturallogarithm form makes this easier

@ Worked example

Calculate the activationenergyof areactionwhich takes place at 400 K, where the rate constant
ofthereactionis 6.25x104s".

A=4.6x10¥and R=8.31J K mol.

Answer

Page 3 of 12
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Page 4 of 12
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

16.2.2 Graphing the Arrhenius Equation

Graphing the Arrhenius Equation
Finding the Activation Energy

= Veryoften,the Arrhenius equationis used to calculate the activationenergyof areaction
= Aquestionwill eithergive sufficientinformationforthe Arrhenius equationto be used oragraph
canbe plotted and the calculationdone fromthe plot

Using the equation:

= Remember,itis usuallyeasierto use the version of the Arrhenius equation afternaturallogs of
eachside have beentaken

Using an Arrheniusplot:

= Agraphofinkagainstl/Tcanbe plotted,and thenused to calculate £;
= This gives aline whichfollows the formy=mx+c

PARCS L

\ \ \ \ |
LINE OF
[ BEST FIT

ln k |

GRADIENT =

INTERCEPT =1ln A

The graph of In k against 1/T is a straight line with gradient -E3/R

= Fromthe graph, the equationinthe formofy=mx+cis as follows:
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@ Worked example

1.Complete the following table
2.Plotagraphofinkagainst1/T
3.Use this to calculate the activation energy, £, and the Arrhenius constant, A, of thereaction.

Answers

Answerl:
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Answer2:
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Answer 3:
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O ExamTip

Youare notrequired to learnthese equations.However,youdo need to be able to rearrange

them, and knowingthemis helpfulinunderstanding the effects of temperature onthe rate
constant.

Page 10 of 12
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

16.2.3 Activation Energy from Rate Constants

Activation Energy from Rate Constants at Different Temperatures

ArrheniusPlots

= Arrhenius plots fortwo reactions with different activation energies canbe drawnonthe same
graph

Arrhenius plots fortwo reactions with different activation energies

= Thereactionwithasteepergradient has the higheractivationenergy, £,

= Thisindicates thattherate constant,and therefore rate, willchange quickerwith temperature
changes

Calculating the Activation Energy

= The activationenergy, £, canbe calculated usingrate constant values, kjand k,, fortwo given
temperatures, T;and T»

= Thisrequires the use of the following equation thatis giveninthe databooklet:
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@ Worked example
Hydrogeniodide decomposesinthe gas phase to formhydrogenand iodine
2HI(g)—H; (9) +12(9)
At 283 °C, the rate constantis 3.52x107 moldm-3s-At 508 °C, the rate constant is 3.95x102 mol
dm-3s-'Calculate the activationenergy, £, forthe reaction
Answer

1.Convert the temperatures from°C to K:
s 7;283+273=556K
= 7,508+273=781K

2.Write the appropriate Arrhenius equationfromthe databooklet
3.Substitute the values
4.Evaluate the equationto get the activationenergy, £,
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