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6.1.1 Collision Theory

Kinetic Theory

The kinetic theo ry  develo ped in the 18  century o ut o f a need to  explain ho w it is that gases exert

pressure inside a co ntainer

Theo ries abo ut gas particles and mo vement were extended to  include all states o f matter

The kinetic theo ry  o f matter acco unts fo r the pro perties o f so lids, liquids, and gases in terms o f

the interactio ns o f particles and their relative energies

Summary Table o f  the Kinetic T heo ry

The average kinetic energy  o f the particles is directly pro po rtio nal to  the temperature o f the

system in Kelvin

Kinetic energy  refers to  the energy asso ciated with mo vement o r mo tio n. It is determined by the

mass and velo city o f the substance acco rding to  the relatio nship:

KE = ½mv

As the kinetic energy  o f the particles at the same temperature is equal, this means there is an

inverse relatio nship between mass and velo city

th

2
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This is why substances with a lo wer mass di�use mo re quickly than tho se with greater mass at

the same temperature
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Collision Theory

Collision T heory

When reactants co me to gether the kinetic energy they po ssess means their particles will co llide

and so me o f these co llisio ns will result in chemical bo nds being bro ken and so me new bo nds

being fo rmed

The rate o f a chemical reactio n depends o n fo ur facto rs:

co llisio n f requency

co llisio n energy

activatio n energy

co llisio n geo metry

Collision f requency

If a chemical reactio n is to  take place between two  particles, they must �rst co llide

The number o f co llisio ns between particles per unit time in a system is kno wn as the co llisio n

f requency

The co llisio n f requency  o f a given system can be altered by changing the co ncentratio n o f the

reactants, by changing the to tal pressure, by changing the temperature  o r by changing the siz e

o f the reacting particles

Collision energy

No t all co llisio ns result in a chemical reactio n

Mo st co llisio ns just result in the co lliding particles bo uncing o � each o ther

Co llisio ns which do  no t result in a reactio n are kno wn as  unsuccessf ul co llisio ns

Unsuccessf ul co llisio ns  happen when the co lliding species do  no t have eno ugh energy to  break

the necessary bo nds

If they do  no t have su�cient energy, the co llisio n will no t result in a chemical reactio n

If they have su�cient energy, they will react, and the co llisio n will be successful

The co mbined energy o f the co lliding particles is kno wn as the co llisio n energy
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Collision energy is the combined energy of two colliding particles

Act ivat ion Energy

The minimum energy the co lliding particles need in o rder to  react is kno wn as the activatio n

energy

If the co llisio n energy  o f the co lliding particles is less than the activatio n energy, the co llisio n will

be unsuccessful

If the co llisio n energy  is equal to  o r greater than the activatio n energy, the co llisio n will be

successful, and a reactio n will take place

The activatio n energy  can be changed by the additio n o f a catalyst
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Molecules with the activation energy lead to successful collisions

Collision Geomet ry

Particles have to  have the right o rientatio n when they co llide fo r the reactio n to  be successful

This is particularly the case with large mo lecules with co mplex shapes
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Orientation becomes increasingly important in large complex biomolecules such as proteins and

carbohydrates where active sites (reactive part of the molecule) can only be accessed in one orientation

Mo st co llisio ns do  no t result in reactio n because they do  no t reach the activatio n energy  rather

than no t having the co rrect co llisio n geo metry

Summary Table o f  Co llisio n T heo ry Facto rs
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6.1.2 Rate of Reaction

Rate of Reaction

React ion rat e

So me reactio ns take place instantly, but mo st are much slo wer and it is po ssible to  measure ho w

lo ng these reactio ns take to  reach a certain stage

As a chemical reactio n pro ceeds, the co ncentratio n o f the reactants decreases and the

co ncentratio n o f the pro ducts increases

The rate o f  a reactio n is the speed at which a chemical reactio n takes place and has units mo l

dm s

The rate o f a reactio n can be calculated by:

Graphically we can represent the rate o f reactio n as:

Rate of reaction graphs

-3 -1
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Worked example

Io dine and methano ic acid react in aqueo us so lutio n.

I  (aq) + HCOOH (aq) → 2I  (aq) + 2H  (aq) + CO  (g)

The rate o f reactio n can be fo und by measuring the vo lume o f carbo n dio xide pro duced per unit

time and plo tting a graph as sho wn

Calculate the rate o f reactio n at 20 seco nds

Answer:

Draw a tangent to  the curve at 20 seco nds:

2
− +

2
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Co mplete the triangle and read o � the values o f x and y

Determine the gradient o f the line using ∆y / ∆x

Rate o f reactio n = 24 ÷ 40 = 0.60 cm s

Exam T ip

When drawing the tangent to  a curve make the triangle large and try to  intersect with gridlines if

yo u can. This minimises erro rs o f precisio n and reduces the chance yo u will accidently misread

the graph values

3 -1
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6.1.3 Measuring Rates

Measuring Rates

To  measure the rate o f  a reactio n, we need to  be able to  measure either ho w quickly the

reactants are used up o r ho w quickly the pro ducts are fo rmed

The metho d used fo r measuring depends o n the substances invo lved

There are a number o f ways to  measure a reactio n rate in the lab; they all depend o n so me

pro perty that changes during the co urse o f the reactio n

That pro perty is taken to  be pro po rtio nal to  the co ncentratio n o f the reactant o r pro duct, e.g.,

co lo ur, mass, vo lume

So me reactio n rates can be measured as the reactio n pro ceeds (this generates mo re data);

faster reactio ns can be easier to  measure when the reactio n is o ver, by averaging a co llected

measurement o ver the co urse o f the reactio n

Three co mmo nly used techniques are:

mass lo ss

gas pro ductio n

co lo rimetry

Changes in colour

A co lo rimeter measures the amo unt o f light that passes thro ugh a so lutio n
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Colorimetry Set Up

If a so lutio n changes co lo ur during a reactio n this can be used to  measure the rate

The intensity o f light reaching the detecto r is measured every few seco nds and the data is

plo tted to  sho w ho w the co ncentratio n o f the reactants o r pro ducts changes with time

The light intensity is related to  the co ncentratio n, so  the graph represents a graph o f

co ncentratio n o f pro ducts o r reactants against time

Sketch graph of colour intensity against time (the coloured species is a reactant in this case)

No te that co lo rimetry canno t be used to  mo nito r the fo rmatio n o f co lo ured precipitates as the

light will be scattered o r blo cked by the precipitate

Changes in mass

When a gas is pro duced in a reactio n it usually escapes fro m the reactio n vessel, so  the mass

decreases

This can be used to  measure the rate o f reactio n

Fo r example, the reactio n o f calcium carbo nate with hydro chlo ric acid pro duces CO

The mass is measured every few seco nds and change in mass o ver time is plo tted as the CO

escapes

2

2
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Measuring changes in mass using a balance

The mass lo ss pro vides a measure o f the amo unt o f reactant, so  the graph is the same as a graph

o f amo unt o f reactant against time

Mass loss of a product against time

Ho wever, o ne limitatio n o f this metho d is the gas must be su�ciently dense o r the change in

mass is to o  small to  measure o n a 2 o r 3 dp balance

So  carbo n dio xide wo uld be suitable (Mr = 44) but hydro gen wo uld no t (Mr = 2)

Volumes of  gases

When a gas is pro duced in a reactio n, it can be trapped and its vo lume measured o ver time
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This can be used to  measure the rate o f reactio n.

Fo r example, the reactio n o f magnesium with hydro chlo ric acid pro duces hydro gen

Collecting gases experimental set up

An alternative gas co llectio n set up invo lves co llecting a gas thro ugh water using an inverted

measuring cylinder ( as lo ng as the gas is no t water so luble)

Alternative gas collection set up
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The vo lume can be measured every few seco nds and plo tted to  sho w ho w the vo lume o f gas

varies with time

The vo lume pro vides a measure o f the amo unt o f pro duct, so  the graph is a graph o f amo unt o f

pro duct against time

Graph of gas volume evolved against time

Measuring concent rat ion changes

Measuring co ncentratio n changes during a reactio n is no t easy; the act o f taking a sample and

analysing it by titratio n can a�ect the rate o f reactio n (unless the reactio n is deliberately

sto pped- this is called quenching).

Often it is mo re co nvenient to  ‘sto p the clo ck’ when a speci�c (visible) po int in the reactio n is

reached

Fo r example when a piece o f magnesium disso lves co mpletely in hydro chlo ric acid

Ano ther co mmo n rate experiment is the reactio n between so dium thio sulfate and

hydro chlo ric acid which slo wly pro duces a yello w precipitate o f sulfur that o bscures a cro ss

when viewed thro ugh the so lutio n:

Na S O (aq) + 2HCl (aq)   →  2NaCl aq) + SO  (g) + H O (l) + S(s)2 2 3 2 2
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The disappearing cross experiment

The main limitatio n here is that o ften it o nly generates o ne piece o f data fo r analysis

Exam T ip

Yo u sho uld be familiar with the interpretatio n o f graphs o f changes in co ncentratio n, vo lume o r

mass against time and be able to  calculate a rate fro m a tangent to  the graph
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6.1.4 Activation Energy

Activation Energy

Fo r a reactio n to  take place, the reactant particles need to  o verco me a minimum amo unt o f

energy

This energy is called the activatio n energy (E )

In exo thermic reactio ns the reactants are higher in energy than the pro ducts

In endo thermic reactio ns the reactants are lo wer in energy than the pro ducts

Therefo re, the E in endo thermic reactio ns  is relatively larger than in exo thermic reactio n

The diagram shows that the reactants are higher in energy than the products in the exothermic reaction,

so the energy needed for the reactants to go over the energy barrier is relatively small

a

a
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The diagram shows that the reactants are lower in energy than the products in the endothermic reaction,

so the energy needed for the reactants to go over the energy barrier is relatively large

Even tho ugh particles co llide with each o ther in the same o rientatio n, if they do n’t po ssess a

minimum energy that co rrespo nds to  the E o f that reactio n, the reactio n will no t  take place

Therefo re, fo r a co llisio n to  be successf ul the reactant particles must co llide in the co rrect

o rientatio n AND po ssess a minimum energy equal to  the E  o f that reactio n

Exam T ip

Yo u may be required to  sho w o r calculate the activatio n energy fo r a reverse reactio n using a

labelled energy pro �le like tho se abo ve. The activatio n energy fo r the reverse reactio n is fo und

by:

Fo r an exo thermic reactio n =  ∆H + E  (fo rward)

Fo r an endo thermic reactio n = E  (fo rward) -∆H

Calculatio ns o f the value o f the activatio n energy fro m experimental data are no t required at

Standard Level but are part o f To pic 16 in Higher Level Chemistry

a

a

a

a
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How catalysts work

By decreasing Ea, a catalyst increases the rate o f a chemical reactio n, witho ut itself being

permanently chemically changed.

Mo re particles are able to  co llide with su�cient energy to  react under the lo wer activatio n energy

Mo re frequent, successful co llisio ns lead to  a faster rate o f reactio n
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6.1.5 Rate Experiments

Rate Experiments

During a reactio n, the reactants  are used up and changed into  the pro ducts

This means that as the reactio n pro ceeds, the co ncentratio n o f the reactants is decreasing and

the co ncentratio n o f the pro ducts is increasing

Because o f this, the rate o f  the reactio n is no t the same thro ugho ut the reactio n but changes

The rate o f reactio n during the reactio n can be calculated fro m a co ncentratio n-time graph.

The iso merisatio n o f  cyclo pro pane  to  pro pene will be taken as an example:

Isomerisation of cyclopropane

The co ncentratio ns o f reactant (cyclo pro pane) and pro duct (pro pene) o ver time can be

experimentally o btained

Co ncentratio ns o f  Cyclo pro pane & Pro pene Table

Your notes

https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/


Head to savemyexams.com for more awesome resources

Page 21 of 38

© 2015−2024 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

When taking the measurements, the temperature  sho uld be kept the same at all times as a

change  in temperature will change the rate o f  reactio n

A co ncentratio n-time graph fo r the co ncentratio n o f  pro pene as well as cyclo pro pane  can be

o btained fro m the abo ve results

As an example, the co ncentratio n-time graph fo r pro pene is sho wn belo w:
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The graph shows that the concentration of propene increases with time

Calculat ing t he rat e at  t he st art  of  a react ion

At the start o f the reactio n, the co ncentratio n-time curve lo o ks almo st linear

The rate at this po int can therefo re be fo und by treating the curve as a linear line and by using:

Using the graph, the average rate o f the reactio n o ver the �rst 5 minutes fo r pro pene is:
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Line a shows the average rate over the �rst �ve minutes whereas line b shows the actual initial rate found

by drawing a tangent at the start of the curve. The calculated rates are very similar for both methods

= 0.0009 mo l dm  s

Calculat ing t he rat e as t he react ion proceeds

The curve beco mes shallo wer with time which means that the rate decreases with time

The rate o f reactio n can be calculated by taking sho rt time intervals

Eg. yo u can calculate the rate o f reactio n fro m 15 to  20 mins during which the co ncentratio n o f

pro pene increases fro m 0.68 to  0.83 mo l dm :

-3 -1

-3
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= 0.0005 mo l dm  s

The smaller the time intervals, the mo re accurate the reactio n rate value is

Even mo re accurate is to  �nd the rate o f reactio n at di�erent co ncentratio ns o f reactant o r

pro duct at particular time po ints

This can be do ne by drawing tangents at several po ints o n the graph

As an example, the rates o f reactio n at di�erent co ncentratio ns o f cyclo pro pane are

calculated by drawing the appro priate tangents:

-3 -1
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The rate of reaction at 3 di�erent concentrations of cyclopropane is calculated by drawing tangents at

those points in the graph

Rat e-concent rat ion graph

The calculated rates can then be summarised in a table to  sho w ho w the rate o f reactio n changes

with changing co ncentratio n o f the reactants o r pro ducts

Change in Rate with Decreasing Co ncentratio n o f  Cyclo pro pane Table

This data can then be used to  plo t a rate-co ncentratio n graph

The graph sho ws that the rate is directly pro po rtio nal to  the co ncentratio n o f cyclo pro pane

If yo u do uble the co ncentratio n o f cyclo pro pane the rate o f reactio n will do uble to o
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The graph shows a directly proportional correlation between the concentration of cyclopropane and the

rate of reaction

Exam T ip

To  calculate the rate o f reactio n yo u can either use the increase in co ncentratio n o f pro ducts

(like in the example abo ve) o r the decrease in co ncentratio n o f reactants.
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6.1.6 Explaining Rates

Explaining Rates

Concent rat ion

The mo re co ncentrated a so lutio n is, the greater the number o f particles in a given vo lume o f

so lvent

An increase in co ncentratio n causes in an increased co llisio n f requency and therefo re an

increased rate o f  reactio n

The diagram shows a higher concentration of particles in (b) which means that there are more particles

present in the same volume than (a) so the chances and frequency of collisions between reacting

particles is increased causing an increased rate of reaction

Pressure

An increase in pressure in reactio ns that invo lve gases has the same e�ect as an increased

co ncentratio n o f so lutio ns

When the pressure is increased, the mo lecules have less space in which they can mo ve

This means that the number o f e�ective co llisio ns increases due to  an increased co llisio n

f requency

An increase in pressure therefo re increases the rate o f  reactio n
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The diagram shows a higher pressure in (b) which means that the same number of particles occupy a

smaller volume, resulting in an increased collision frequency and therefore increased rate of reaction

Temperat ure

Increasing the temperature o f the reactio n mixture increases the rate o f  reactio n in the fo llo wing

two  ways:

At higher temperatures, the particles are mo ving faster, so  co llide mo re frequently. A higher

number o f co llisio ns in to tal mean a higher number o f successful co llisio ns

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

mo re. This means that a higher pro po rtio n o f co llisio ns are successf ul
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An increase in temperature causes an increase in the kinetic energy of the particles. The number of

collisions increases and the proportion of successful collisions increases 

Part icle Siz e

Only the particles o n the surface o f a so lid will co llide with particles o f the o ther reactant

If the surface area is increased, mo re particles will be o n the surface and able to  co llide with

particles o f the o ther reactant

This means that there will be mo re co llisio ns in to tal and therefo re mo re successf ul

co llisio ns.

Surf ace area can be increased by decreasing the siz e  o f the reactant particles

Fo r example, po wders have a very large surf ace area

An increase in surface area of a solid reactant allows more particles to come into contact with each other

Your notes

https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/


Head to savemyexams.com for more awesome resources

Page 30 of 38

© 2015−2024 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

Worked example

Which o f the fo llo wing facto rs can result in the rate o f a chemical reactio n increasing?

   I.  Increasing the to tal pressure in reactio ns invo lving gases

  II.  Raising the temperature in reactio ns invo lving gases

 III.  Increasing the particle siz e o f a so lid in a reactio n

A.   I and II o nly

B.   I and III o nly

C.   II and III o nly

D.   I, II and III

Answer:

The co rrect o ptio n is A.

Increasing pressure and raising temperature increases the number o f successful co llisio ns

Increasing the particle siz e decreases the surface area and reduces the number o f co llisio ns
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6.1.7 Maxwell-Boltzmann Curves

Maxwell-Boltzmann Curves

Bolt z mann dist ribut ion curve

The Bo ltz mann distributio n curve  is a graph that sho ws the distributio n o f energies  at a certain

temperature

In a sample o f a substance, a few particles will have very lo w energy, a few particles will have very

high energy, and many particles will have energy in between

The Boltzmann distribution curve shows the distribution of the energies and the activation energy
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The graph sho ws that o nly a small pro po rtio n o f mo lecules in the sample have eno ugh energy fo r

an e�ective o r successf ul co llisio n and fo r a chemical reactio n to  take place

Changes in t emperat ure

When the temperature o f a reactio n mixture is increased, the particles gain mo re kinetic energy

This causes the particles to  mo ve aro und faster resulting in mo re f requent co llisio ns

Furthermo re, the pro po rtio n o f successf ul co llisio ns increases, meaning a higher pro po rtio n o f

the particles po ssess the minimum amo unt o f energy (activatio n energy) to  cause a chemical

reactio n

With higher temperatures, the Bo ltz mann distributio n curve �attens and the peak shif ts to  the

right

The Boltzmann distribution curve at T C and when the temperature is increased by 10 C

Therefo re, an increase in temperature causes an increased rate o f reactio n due to :

There being mo re e�ective co llisio ns  as the particles have mo re kinetic energy, making

them mo ve aro und faster

o o
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A greater pro po rtio n o f the mo lecules having kinetic energy  greater than the activatio n

energy

E�ect  of  a cat alyst  on t he Maxwell-Bolt z mann dist ribut ion curve

A catalyst  pro vides the reactants ano ther pathway which has a lo wer activatio n energy

By lo wering E , a greater pro po rtio n o f mo lecules in the reactio n mixture have su�cient energy

fo r a successf ul co llisio n

As a result o f this, the rate o f the catalysed reactio n is increased co mpared to  the uncatalyz ed

reactio n

The diagram shows that the total shaded area (both dark and light shading) under the curve shows the

number of particles with energy greater than the E when a catalyst is present. T his area is much larger

than the dark shaded area which sho ws the number o f  particles with energy greater than the E

witho ut a catalyst

Exam T ip

Make sure yo u kno w ho w to  sketch and label the axes in Maxwell-Bo ltz mann distributio n curves.

The curve must start at the o rigin and it appro aches, but never to uches the x- axis

a

a

a
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6.1.8 Energy Pro�les & Catalysis

Energy Pro�les & Catalysis

Catalysis  is the pro cess in which the rate o f a chemical reactio n is increased, by adding a

substance called a catalyst

A catalyst increases the rate o f a reactio n by pro viding the reactants with an alternative reactio n

pathway  which is lo wer in activatio n energy  than the uncatalysed reactio n

Catalysts can be divided into  two  types:

Ho mo geneo us catalysts

Hetero geneo us catalysts

Ho mo geneo us  means that the catalyst is in the same phase  as the reactants

Fo r example, the reactants and the catalysts are all liquids

Hetero geneo us  means that the catalyst is in a di�erent phase  to  the reactants

Fo r example, the reactants are gases but the catalyst used is a so lid
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The diagram shows that the catalyst speeds up a reaction that would normally be slow due to the high

activation energy. The catalyst is not used up in the chemical reaction and is not taking part in the

chemical reaction
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The diagram shows that the catalyst allows the reaction to take place through a di�erent mechanism,

which has a lower activation energy than the original reaction

Your notes

https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/


Head to savemyexams.com for more awesome resources

Page 37 of 38

© 2015−2024 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

Worked example

The energy pro �le belo w sho ws the energy changes fo r a reactio n with and witho ut a catalyst.

Which symbo ls represent the enthalpy change, ∆H , and the activatio n energy, E , fo r the reactio n

using a catalyst?

a 
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Answer:

The co rrect o ptio n is C.

By de�nitio n the enthalpy change is the di�erence in energy co ntent between reactants and

pro ducts, in this case, arro w c

The catalyst lo wers the activatio n energy, so  that co rrespo nds to  arro w a
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