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BELIEVE YOU CAN

and you're halfway there

Theodore Roosevelt -

How to work with Rates of Reaction: Part 1
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Rates of Reaction

In a chemical reaction, the substances that react together are known as the
reactants, while the substances that are formed are known as the products.

R_e?]ctants are found on the left of a chemical equation and products on the
right

Reactants » Products

The rate of reaction is how quickly the reaction takes place. It is a measure of
how quickly a reactant is used up, or a product is formed.

Rate of reaction = amount of reactant used or amount of product formed
time
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Collision Theory

What is it?

. . The rate of the reaction depends on:
In order for a chemical reaction to take

place, the particles must collide with * How pften the particles collide (the

each other with enough energy and in collision frequency) and how

the correct orientation. successful the collisions are - the
more successful collisions there

If the collision produces a reaction it is are, the faster the reaction is.

known as a successful collision. :
* The energy transferred during a

The minimum amount of energy collision — particles need to collide
needed to cause a reaction is the with at least the activation energy
activation energy. for the collision to be successful.

...nelping everybody achieve Even Better



@ Edu_catiﬁrd'\ P
ervices Collision Theory

Factors affecting reaction rates

Increasing the number of collisions, or the
energy with which particles collide will ’
increase the rate of reaction. ‘

The following factors all affect the rate of
reaction:

* Temperature ’
» Surface Area .
» Concentration (or pressure)
e Catalyst

(How catalysts increase the rate of reaction
will be explained in Part 2 of our guide)
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How it affects the rate of reaction

If the temperature of a reaction is
increased, the particles move faster.
As they are moving faster, they
collide more frequently.

The increase in temperature also
increases the energy of the
collisions, as the particles gain
kinetic energy, increasing the
likelihood that the particles will have
enough activation energy to collide
successfully too.

Temperature
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How it affects the rate of reaction Diagram

The more concentrated a solution is, the
more particles of the reactant there will be
in the same volume. This means it is more

likely that particles will collide, and a O

greater chance of successful collisions. This
will increase the reaction rate.

o
Increasing the pressure in a gas also means ‘ O o O . o
there are more particles in a smaller O ® o O
volume, they are moved closer together.

This means the frequency of successful 1 this dingram there are only a 1 thisdingram there are more
collisions wlllll increase, z;] nd the rate of few particles, resulting in fewer sarticles, resulting in more
reaction will increase. This increase in collisions. This means the rate of collisions. This means the rate of
pressure can be caused by reducing the reaction is low. reaction is faster.
volume.
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How it affects the rate of reaction Diagram

Breaking a reactant which is a solid
into smaller pieces increases its
surface area to volume ratio.

O ® o
There will be more of the reactant s ° o &;) EEOD
particles exposed at the surface. Q °
O
e

This means the other reactant

. : O
particles will have ﬁl.greater area ®
|

Where they Can Co e.' AS In this diagram there is a slower The rate of reaction increases
such, there will be an increased reaction as there is  smaller because the particies are smaller
chance of successful collisions, the surface area. providing 2 greater surface area

rate of reaction will increase.
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1a) When marble chips react with hydrochloric acid, carbon dioxide
is produced.
The equation for the reaction is shown below.

CaCO, + 2HCI — CaCl, + H,0 + CO,

Which of the below changes would decrease the rate of reaction?

Use smaller sized marble chips

Use marble chips which have a larger surface area
Use hydrochloric acid which is more dilute

Use a larger volume of the hydrochloric acid

oo ®p

b) Explain why increasing the temperature of a reaction increases
the rate of reaction.

Your turn:

c) If a reaction takes place in a solution, the rate of reaction is
affected by the concentration in the solution.

Explain why the rate of reaction increases when the concentration of
one of the reactants is increased.

------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------
........................................................................................................................

d) During any reaction, the rate of reaction decreases as the
reactants are used up.

Explain in terms of particles why the rate of reaction decreases.
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Your turn:

2a) Abi investigated the rate of a reaction between zinc and sulphuric
e) When particles collide, reactions can occur. acid. These react together to produce zinc sulphate and hydrogen.
Rates of reactions can be changed by changing conditions.

Write the balanced equation for this reaction.
Explain how the rate of reaction between a liquid and a solid is
altered by changing the temperature of the liquid and the Size OF the ettt ettt st st st e benea
pieces of the solid.

b) She carried out two experiments, using the same mass of zinc and

........................................................................................................................ the same sized pieces of zinc.
........................................................................................................................ Her results are shown below.
------------------------------------------------------------------------------------------------------------------------ Concentration Of 0.5 1'5
........................................................................................................................ SUIphuriC acid (mol
........................................................................................................................ dm_g)
T Temperature (°C) 25 45
........................................................................................................................ Rate of reactlon SIOW fast

Evaluate these results, explaining why the rate of reaction in
Experiment 2 is faster than the rate of reaction in Experiment 1.
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1a) When marble chips react with hydrochloric acid, carbon dioxide
is produced.
The equation for the reaction is shown below.

CaCO; + 2HCI —— CaCl, + H,0 + CO,

Which of the below changes would decrease the rate of reaction?

Use smaller sized marble chips

Use marble chips which have a larger surface area
Use hydrochloric acid which is more dilute X
Use a larger volume of the hydrochloric acid

oo ®p

b) Explain why increasing the temperature of a reaction increases
the rate of reaction.

Answers:

c) If a reaction takes place in a solution, the rate of reaction is
affected by the concentration in the solution.

Explain why the rate of reaction increases when the concentration of
one of the reactants is increased.

d) During any reaction, the rate of reaction decreases as the
reactants are used up.

Explain in terms of particles why the rate of reaction decreases.
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e) When particles collide, reactions can occur.
Rates of reactions can be changed by changing conditions.

Explain how the rate of reaction between a liquid and a solid is
altered by changing the temperature of the liquid and the size of the
pieces of the solid.

Answers:

2a) Abi investigated the rate of a reaction between zinc and sulphuric
acid. These react together to produce zinc sulphate and hydrogen.

Write the balanced equation for this reaction.

b) She carried out two experiments, using the same mass of zinc and
the same sized pieces of zinc.
Her results are shown below.

Concentration of 0.5 1.5
sulphuric acid (mol

dm3

Temperature (°C) 25 45
Rate of reaction slow fast

Evaluate these results, explaining why the rate of reaction in
Experiment 2 is faster than the rate of reaction in Experiment 1.
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b) She carried out two experiments, using the same mass of zinc and
the same sized pieces of zinc.
Her results are shown below.

Concentration of 0.5 1.5
sulphuric acid (mol

dm

Temperature (°C) 25 45

Rate of reaction slow fast

Evaluate these results, explaining why the rate of reaction in
Experiment 2 is faster than the rate of reaction in Experiment 1.

Answers

Reactions occur when particles collide.
More frequent collisions cause a higher rate of reaction.

Mass and size of zinc pieces are the same, so this has no effect on rate of

reaction because they are the same surface area.

Two factors have been altered — so cannot be certain of the effect of each.

Concentration:

Experiment 2 — triple concentration of acid, so more particles in the same

volume, so more frequent successful collisions.

Temperature:
Experiment 2 — higher temperature.

Particles move faster as they have more energy, so more frequent collisions and

increased rate of reaction.
More energetic collisions between particles as more particles have the
activation energy required to react.
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For more help and resources, or
to work with us as a tutor, please
contact us

www.ebeducationservices.co.uk

contact@ebeducationservices.co.uk

0161 442 5270
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