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KINETICS – SUMMARY
Collision Theory
Reaction between reactants will occur only when

• reactant particles collide
• with minimum energy known as activation energy
• of the correct orientation

Factors affecting rate of reaction
1. Particle size

• smaller size, larger surface area to mass ratio, more successful collisions with correct orientation, hence faster 
reaction

2. Temperature
• higher temperature, higher average kinetic energy, greater proportion of particles with energy greater than 

activation energy, more successful collisions, hence faster reaction
3. Catalyst

• provides alternate reaction pathway with lower activation energy, greater proportion of particles with energy 
greater than activation energy, more successful collisions, hence faster reaction

Effects of Temperature on rate of reaction Effects of Catalyst on rate of reaction

4. Concentration of reactants
• In general, higher concentration, more collision with correct orientation, more successful collisions, hence faster 

reaction
• actual relationship between concentration and rate can be described in the rate equation, determined 

experimentally
Exercise 1
Describe,with the aid of diagrams, how the following changes would affect the rate of a reaction
a. Increasing temperature
b. Adding a catalyst

Rate Equation
For reaction xA + yB → products, rate equation is given by: rate = k[A]m [B]n

rate units in mol dm-3 s-1

or conc per unit time
k is rate constant which depends on
- temperature: higher temperature, higher k, faster 
rate (via Boltzmann distribution graph)
- activation energy: use of catalyst, lower activation 
energy, higher k, faster rate (via Boltzmann 
distribution graph)
Units depends on m and n
k can be expressed via Arrhenius equation:

k = Ae(-Ea/RT)

A – Arrhenius constant     e – exponential e
Ea – activation energy      R – gas constant
T – temperature 

m is order of reaction with respect to [A]. it is 
also the number of A particles involved in the 
rate determining step in the mechanism

n is order of reaction with respect to [B]. it is also 
the number of B particles involved in the rate 
determining step in the mechanism

(m+n) is overall order of the reaction. Overall order 
of 3 and above is rare as probability of many 
reactant particles colliding together to form products 
decrease exponentially as (m+n) increases.
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Order of reaction
Order Zero First Second

Rate equation Rate = k[A]0 = k Rate = k[A] Rate = k[A]2

Conc – time 
graph

Rate – conc 
graph

Remarks Half life, t1/2, is constant
t1/2 = ln 2 / k

t1/2 is not constant

First order reaction and half-life
• half life, t1/2, is the time taken for reactants to reduce to half its original amount
• for a first order reaction, t1/2 is constant and given by

t1/2 = ln 2 / k
• t1/2 can be determining from either [reactant]-time graph or [product]-time graph

Pseudo first order reaction
• For rate equation rate = k[A]m [B]n

• If B is in large excess or B is a catalyst, then [B]n is a constant and included in the rate constant
• then rate = k' [A]m , where k' = k [B]n

• if m is determined to be 1, then this reaction is considered as pseudo first order with respect to A
• hence t1/2 = ln 2 / k' = ln 2 / {k [B]n}, and actual k can be determined if n , [B] and t1/2 are known.
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Methods of determining order of reaction
Method Continuous / half life Initial rates

No of runs One Two runs with initial [A] constant while initial [B] varies. 
Can have more than 2 runs

Measure [A] at various time, or [product] at various time For each set, measure [A] at various time

How to 
determine 
order

Plot [A] against time and determine order of A from 
shape of graph and half life
1. If graph is straight line, order wrt A = 0
2. If graph is curve and t1/2 constant, order wrt A = 1
3. If graph is curve and t1/2 is not constant, order wrt A = 
2

For each run, plot [A] against time and determine initial 
rate (gradient of graph at t = 0). Order is determined by 
comparing initial rates when [B] changes by x times
1. initial rate no change, order wrt B = 0
2. initial rate change by x times, order wrt B = 1
3. initial rate change by x2 times, order wrt B = 2

If comparing initial rates is not straight forward, initial rates, 
[A] and [B] can be substituted into the rate equations to 
determine m and n by calculation.

Graph

Exercise 2
A dilute solution of hydrogen peroxide can be used to blench hair. It decomposes slowly in aqueous solution according  
to the following equation: 2H2O2(aq) → 2H2O(l) + O2(g)
A solution with an original concentration of 3.0 mol dm-3 was placed in a bottle containing a transition metal ion to 
catalyse the decomposition. The rate of  decomposition was determined by withdrawing 10.0 cm3 of  the solution at 
various time intervals and titrating with acidified 0.100 mol dm-3 KMnO4. The following results were obtained:

time/min 0 5 10 15 20 25 30

Vol of 0.100 
mol dm-3 KMnO4 / cm3

30.0 23.4 18.3 14.2 11.7 8.7 6.8

(a) Determine the order of reaction with respect to the peroxide.
(b) Write an expression for the rate law and hence calculate the rate constant. [0.0495 min-1]
(c) Calculate the concentration of the hydrogen peroxide at the time the first aliquot was withdrawn. Hence estimate 
how long the solution had been in the bottle. [Given: 5 moles of peroxide react with 2 moles of KMnO4.] [28 min]

Exercise 3
Aqueous benzenediazonium chloride decomposes according to the equation:
C6H5N2Cl(aq) + H2O(l) → C6H5OH(aq) + N2(g) + H+(aq) + Cl-(aq)
The following results were obtained in the decomposition of 500 cm3 of 1.10 x 10-3 mol dm-3 of aqueous 
benzenediazonium chloride. All measurements were made at r.t.p.

Time / min 2.0 4.0 6.0 9.0 12.0 16.0 22.0 28.0
VN2 / cm3 1.7 3.4 4.9 6.6 8.1 9.5 11.2 12.2
Vmax – VN2 / cm3

(a) Calculate the maximum volume of nitrogen gas that can be produced by the above decomposition [13.2 cm3]
(b) Plot a graph of Vol of N2 against time and determine the order of reaction with respect to C6H5N2Cl.
(c) Complete the table and plot a graph of (Vmax – VN2) against time. Hence determine order of reaction with respect 
to C6H5N2Cl.
(d) Suggest an alternative method to study the rate of the above reaction.
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Exercise 4
Iodine reacts with propanone in the presence of acid, according to the equation.

CH3COCH3 + I2 → ICH2COCH3 + HI
The kinetics of this reaction were investigated in four experiments at constant temperature. The initial rate of reaction  
was measured at different starting concentrations of propanone, iodine and hydrogen ions. The results are shown below.

Experiment [CH3COCH3] 
 mol dm-3

[H+]
mol dm-3

[I2]
mol dm-3

Rate
mol dm-3 s-1

1 3.00 0.200 0.0200 18.0 x 10-6

2 3.00 0.400 0.0200 36.0 x 10-6

3 4.00 0.400 0.0200 48.0 x 10-6

4 4.00 0.200 0.0400 24.0 x 10-6

(a) How does the rate of reaction depend on 
(i) [CH3COCH3] (ii) [H+] (iii) [I2]

(b) Write a rate equation for the reaction and find k, the rate constant [3.00 x 10-5 mol-1 dm3 s-1]
(c) What is rate of reaction when [CH3COCH3] = 1.5 mol dm-3, [H+] = 0.1 mol dm-3 and [I2] = 0.01 mol dm-3? 

[4.5 x 10-6 mol dm-3 s-1]

Exercise 5
Sucrose has been used as a feedstock in the production of alcohol for use as a motor fuel. The initial reaction is its
hydrolysis: C12H22O11 + H2O → C6H12O6 + C6H12O6

The following results were obtained using hydrochloric acid as the catalyst:
Experiment Initial [HCl]

mol dm-3
Initial [sucrose]

mol dm-3
Initial rate

mol dm-3 s-1

I 0.10 0.10 0.024
II 0.10 0.15 0.036
III 0.20 0.10 0.048

(a) Deduce the order of reaction with respect to both HCl and sucrose and, hence, calculate the rate constant for  
the reaction, stating its units. [2.40 mol-1 dm3 s-1]
(b) The half-life  of  sucrose in  Experiment  I  was 3.0  s.  Predict  the half-life  of  sucrose in  Experiment  II  and in  
Experiment III, giving your reasoning.

Reaction Mechanism
• For reaction xA + yB → products, more than one elementary steps might be involved in giving overall equation
• reaction mechanism is the sequence of elementary steps
• slowest step is known as the rate determining step or slow step, and it affects the rate of the reaction
• for rate equation rate = k[A]m [B]n, m is the number of A reactants and n is number of B reactants involved in 

the rds. Hence, the rds is then: mA + nB → intermediates (slow)
• Therefore, determining the rate law gives us the rds and clues to the actual reaction mechanism of the reaction

Exercise 6
For reaction A + 2B → AB2, it is found that the rate is first order with respect to both A and B, and the reaction has a two-
step mechanism.  Propose a possible  mechanism for  this  reaction,  and draw  an energy level  profile  diagram,  fully 
labeled, for this reaction, given that the overall reaction is exothermic.

Exercise 7
The proposed mechanism for a certain reaction is given in a following sequence:
Step 1: Cl2 + AlCl3 → AlCl4- + Cl+ fast
Step 2: Cl+ + C6H6 → C6H6Cl+ slow
Step 3: C6H6Cl+ → C6H5Cl + H+ fast
Step 4: AlCl4- + H+ → AlCl3 + HCl fast
(a) Write down the overall reaction being studied.
(b) Write down the species in the reaction mechanism that are intermediates.
(c) Which species acts as the catalyst?
(d) Determine the rate equation of this reaction.
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Types of Catalysts
Type Homogeneous (same phase as reactants) Heterogeneous (different phase as reactants)

Function Provides alternate reaction pathway with lower activation 
energy, hence reaction faster

Provides  surface  on  which  reactants  adsorb,  weakens 
bonds  and  increase  surface  conc  of  reactants,  hence 
reaction faster 

Examples 1. Fe2+ or Fe3+ in I-/S2O8
2- redox reaction

S2O8
2-(aq) + 2I-(aq) → 2SO4

2-(aq)+ I2(aq)
Details in Transition Elements

2. NOx in oxidation of SO2 to SO3

Burning of fossil fuel which contains S releases SO2 into 
the atmosphere. 

NO2 and NO catalyse the oxidation of SO2 to SO3,

SO2(g) + NO2(g) → SO3(g) + NO(g)
NO(g) + ½ O2(g) → NO2(g)
---------------------------------------------------
SO2 (g) + ½ O2(g) → 2SO3(g) (overall)

SO2 dissolves in water to give weak acid, H2SO3, while 
SO3 dissolves in water to give strong acid, H2SO4.

SO2(g) + H2O(l) → H2SO3(aq)
SO3(g) + H2O(l) → H2SO4(aq)

Hence both SO2 and SO3 contribute to acid rain and leads 
to adverse effects such as erosion of rocks and buildings, 
deforestation and increase acidity in lakes.

1. Fe in Haber process
N2(g) + 3H2(g)  2NH3(g)
Details in Chemical Equilibria

2. Pt and Rh in catalytic converters
Oxides of N include NO, NO2, N2O, formed from burning 
of fossil fuel at high temperatures, eg in car engines. NOx 

causes  photochemical  smog  and  breathing  problems, 
hence  are  removed  from  car  exhausts  using  catalytic 
converters.  Other  pollutants  from  car  exhausts  include 
CO, which is also removed by the catalytic converter.

CO → CO2

NOx → N2

unburnt CxHy → CO2 + H2O

The catalysts are finely divided to increase surface area 
for the reaction to occur. Petrol must be unleaded as lead 
will  deposit  on  surface  of  catalyst,  poison  it,  and  block 
sites for reaction to occur.

Auto-catalysis
• occurs when the product of a reaction formed is the catalyst for that reaction
• The rate of reaction

◦ initially will be slow as products are not formed
◦ increase when [product] increase as the product catalyses the reaction
◦ gradually decrease towards the end of reaction as there is very little reactants left

• Example reaction: permanganate with ethanedioic acid. Mn2+ formed is the catalyst
2 MnO4

-(aq) + 5 H2C2O4(aq) + 6 H3O+(aq ) → 2Mn2+(aq ) + 10 CO2(aq ) + 14 H2O(l)

(source: http://www.chemguide.co.uk/physical/catalysis/introduction.html) 
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Enzymes
• protein molecule that is biological catalyst and increase rate of reaction to millions of times faster
• most  enzymes  react  specifically with one reactant or  substrate to  form products,  as both  enzyme and 

substrate possess specific complementary shapes that fit exactly into one another (lock and key model)

(source: http://en.wikipedia.org/wiki/Enzyme)
• enzymes can be denatured, like other proteins, by adverse changes to temperature and pH, and hence activity 

is affected by temperature and pH

(source: http://www.rcsd.ms/~rawest/Bio%20Quick%20Notes.htm) 
• Rate of enzyme catalysed reaction is also dependent on substrate concentration

◦ when [substrate] is low and less than [enzyme], rate increase as [substrate] increases
◦ when [substrate] is high and more than [enzyme], saturation occurs and rate is max at Vmax

(source: http://xnet.rrc.mb.ca/davidb/enzymes.htm) 
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