Rate Equations and Temperature: Arrhenius Equation

Collision theory supposes that the rate of a reaction depends on therate of collision of
particlesthat are reacting. For areaction to occur, the particles must collide. Since the
effective collisionsi.e. collisions which result in reaction are far fewer than the total
number of collisions which occur (1 in 10" collisions are generally effective), therefore a
collision only seldom resultsin reaction.

Only those collisions will result in reaction, when the molecules have sufficient K.E
y to break old bondsi.e. activation energy, those mol ecul es possessing activation
will be capable of taking part in chemical reaction.

he Kinetic Theory of gases, we know that not all molecules of a gas have all the
& asmall fraction will have energy in excess of the average and afraction below
e

erage K.
<the Maxwell- Boltzmann distribution of velocities at different temperatures, we
know that at higher temperatures the number of molecules possessing the activation

!A, Isincreased, i.e. mathematically the probability that a molecule will possess
emperature T is expressed in the Boltzmann factor:

‘E /RT
Q) s

ivation energy, R = molar gas constant, T = temperature (K)

uagiven temp. T, the proportion of molecules that have an energy equal to or greater

& certain E,, is given by the formula: et/ R
to the Graph of Maxwell-Boltzmann Distribution of Ve ocities:

Nete: the graph flattensi.e. the distribution is seen to flatten -.» the total area under the
rves must remain the same since the number of molecules must remain constant.
ing the temperature alterstherate of areaction by changing the value of the
rategonstant, k, and the amount that the rate constant changes depends on the
ude of the activation energy.

the activation energy islarge, asmall increase in temperature causes a very
substantial increase in the number of molecules that have the required activation energy
to react, leading to arelatively large increase in the rate of the reaction.



If however, the activation energy is small, the same temperature rise has a proportionally
smaller effect on the number of molecules that have the required activation energy to
react.

Thisis because there are already alarge number of molecules able to react, hence athere
isrelatively not much of a change in the percentage of molecules with the required
activation energy when the temperature is changed by a small amount.

The relationship between the activation energy and the rate constant was developed by

e Arrhenius
erature has no effect on configuration, i.e. thereis no change in probability of
@e configuration during a collision when the temperature is increased. Increasein

atureisonly related to the number of molecules which have the E,.

T e of areaction depends on the temperature:
Rate p temp.

Rate = k* temp.

I B o _
m?f areaction is directly dependent on the rate constant, k, higher the value of ‘k’,

the reaction rate.
m‘ate constant, k, isindependent of concentration.
er or not a collision will result in reaction also depends on the configuration of
acting moleculesi.e. the orientation of the reacting molecules.
@ ste constant, k, has different values at different temps, and it will depend on :

m the collision frequency, Z, and the correct orientation (steric factor), g.

The product of these two factors can be put together as a constant A.
A = Z*q (i.e. collision frequency x correct orientation)

A, is known as the collision number or the frequency factor, and is a characteristic of the
ﬁoei ng studied, this rises sharply with temp (as shown aboveto be: e&/R" )

Also the number of moleculeswithE, = €&/R"
the rate constant will be dependent on the product of A and e5,/R" so that it is

dleto write:
Rate Constant, K = A e&,/RT

known asthe Arrhenius Equation, first proposed by Svante Arrhenius,(1829)
e is the base of the natural logs (2.718 ...)

Ea is the activation energy of the reaction (J mol™)

R isthe molar gas constant (8.3143 JK™* mol™?)

T is the absolute temperature (K)

=



Deter mining the Activation Energy Graphically
Taking natural logs of both sides of the equation:

Ink = InA - E,
RT
Thisisthe form of: y = Cc - mx

There are two variablesin this equation, k and T.
By plotting In k against 1/T, the slope of the straight line is given by —E,/R, and a

-latercept of In A.
m, if you determine the values of k at various temperatures and plot the above data,
be determined from the slope and A would be the antilog of the y-intercept.

mloglo... logok = logA —E. * 1
23R T

ﬁal uesof E, and A for areaction can also be found from therate constants for
t fferent temperatures:

At Tmthe rate constant isk, Ink; = InA — E,
mtherateconstantisk2 Ink, = InA — E,
RT,
Ink, - Ink; -Ea + Ea
RT, RT,
n{ore: In (k,/ ky)

Reagtions with large values of E,, have small numerical value of the rate constant, k
pecause the exponent is negative), and are therefore slow.

EA/R{ 1/Tl = 1/T2}

Also for agiven value of E,, the equation shows that as the temperature increases, the
ﬁthe rate constant ,k, also increases indicating the reaction is faster as expected,
because more molecules can collide.

[l change in temperature causes a relatively large change in k, and achangein
e
h

ue of k isreflected in the rate of reaction.
t that most rate constants obey the Arrhenius Equation to a good approximation
orethisis evidence for collison models for theoretical reactions.

lecular reactionsi.e. reactions involving only one molecule are considered to occur
ne molecule (asaresult of numerous collisions) has acquired sufficient K¢ for
reaking to take place (i.e. has acquired E,)

Callision theory appliesto gasesin its mathematical derivation.

e number of collisonsin aliquid is considerably smaller, therefore we can apply
collision theory to liquids but Arrhenius Equation can not be derived satisfactorily.
Hence, there is a need to expand collision theory to liquids and solids. ( Transition State
theory).

Assignment: Do the problem sheet on Rate Equation and Temperature.
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