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The rate of a reaction is how quickly the reactants turn
into the products.

To calculate the rate of a reaction, you can measure:

* how quickly a reactant is used up

mean rate of reaction < AHAMHLY of reactant used

time taken
* how quickly a product is produced.

mean rate of reaction < AWaNHLY of product formed

time taken

For reactions that involve a gas, this can be done by
measuring how the mass of the reaction changes or the
volume of gas given off by the reaction.

The reaction mixture

is connected to a gas
syringe or an upside down
measuring cylinder. As the
reaction proceeds the gas
is collected.

syringe

The rate for the reaction
is then:

mixture

volume of gas produced
rate =

time taken

Volume is measured in cm?® and time in seconds, so the
unit for rate is cm?/s.

Mean rate between two points in

time

To get the mean rate of reaction between two points
in time:
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The reaction
mixture is
placedona
mass balance.
As the reaction
proceeds and
the gaseous
product is given
off, the mass
of the flask will
decrease.

cotton wool
bung

reaction mixture
conical flask

balance

The rate for the reaction is then:

change in the mass
rate =

time taken

The mass is measured in grams and time is measured in
seconds. Therefore, the unit of rate is g/s.

Calculating rate from graphs (HT only)

The results from an experiment can be plotted
on a graph.

e Asteep gradient means a high rate of reaction - the
reaction happens quickly.

e Ashallow gradient means a low rate of reaction - the
reaction happens slowly.

Mean rate at specific time

To obtain the rate at a specific time draw a tangent to
the graph and calculate its gradient.
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The gradient is the change in y divided by the
change in x for a right-angled triangle drawn
from the tangent.

For a reaction to occur, the reactant particles need to collide. When the particles collide, they
need to have enough energy to react or they will just bounce apart. This amount of energy is called

the activation energy.
You can increase the rate of a reaction by:

* increasing the frequency of collisions
* increasing the energy of the particles when they collide.

Heat the container in which the

increasing the temperature Lo .
& P reaction is taking place.

1 particles move faster, leading to more
frequent collisions

2 particles have more energy, so more
collisions result in a reaction

note that these are two separate effects

Use a solution with more solute in the
same volume of solvent.

increasing the concentration
of solutions

there are more reactant particles in the
reaction mixture, so collisions become
more frequent

Increase the number of gas particles
you have in the container or make the
container smaller.

increasing the pressure
of gases

less space between particles means more
frequent collisions

Cut the solid into smaller pieces, or
grind it to create a powder, increasing
the surface area. Larger pieces decrease
the surface area.

increasing the surface area
of solids

only reactant particles on the surface of

a solid are able to collide and react; the
greater the surface area the more reactant
particles are exposed, leading to more
frequent collisions

Some reactions have specific substances called catalysts
that can be added to increase the rate. These substances
are not used up in the reaction.

A catalyst provides a different reaction pathway that has a
lower activation energy. As such, more particles will collide
with enough energy to react, so more collisions resultin a
reaction.

energy

activation energy
without catalyst

A
activation energy
with catalyst

reactants

products

progress of reaction
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Reaction conditions Le Chatelier’s principle (HT only)

The conditions of a reaction refer to the external At equilibrium, the amount of reactants and products is In some reactions, the dothermi In a closed system no reactants or products can
. o o enaothermic
environment of the reaction. When the reaction occurs constant. In order to change the amounts of reactant and products can react to produce escape. If a reversible reaction is carried out in a closed
in a closed system, you can change the conditions by: product at equilibrium the conditions of the reaction must the original reactants. This is system, it will eventually reach dynamic equilibrium -
be changed. The closed system will then counteract the lled ibl ; TR SRRt d and i
o chaneine the concentration of one of the substances T . called areversible reaction. a point in time when the forward and reverse reactions
ging change by fayourmg e!therthe (oIS rheac:uor: ort.he. When writing chemical A+B = C+D have the same rate.
 changing the temperature of the entire reaction reverse reaction. This is known as Le Chatelier’s principle. equations for reversible ‘ o
vessel For example, lowering the concentration of the product reactions, use the = symbol \/ At dynamic equilibrium:
e changing the pressure inside the vessel. INENGSERIM CENERS 12 ORI [ERCHEN 1D [s5 QR ° thereactants are still turning into the products

In this reaction: exothermic

to increase the concentration of the product.

° the products are still turning back into the reactants
° AandBcanreacttoform C

. ° the rates of these two processes are equal, so overall
and D - the forward reaction

the amount of reactants and products are constant.

Changing concentrations (HT only)

e Cand D canreactto form A and B - the reverse reaction.

The different directions of the reaction have opposite energy

Change Effect Explanation

. . he chan makin r n
decrease concentration of product | favours the forward reaction opposes the change by making less reactant

and more product If the forward reaction is endothermic, the reverse reaction will At dynamic equilibrium the amount of reactant and
. . . opposes the change by making more reactant be exothermic. roduct are constant, but not necessarily equal.
increase concentration of product | favours the reverse reaction Eg[ roduct geby & . S

and fess produc The same amount of energy is transferred in each direction. You could have a mixture of reactants and products in

opposes the change by making more reactant

a 50:50 ratio, in a 75:25 ratio, or in any ratio at all. The
and less product

conditions of the reaction are what change that ratio.

\ 4
How dynamic equilibriumis reached
| Progressofreaction | startofreaction | middleofreaction | atdynamic equitibriom |

decrease concentration of reactant | favours the reverse reaction

opposes the change by making less reactant

increase concentration of reactant | favours the forward reaction
and more product

Changing temperature (HT only)

Amount of A+B high decreasing constant
Change Effect Explanation
Frequency of collisions A + B high decreasing constant
increase temperature of favours the endothermic reaction | °PPOSeS the change by decreasing the temperature
surroundings of the surroundings Rate of forward reaction high decreasing same as rate of reverse reaction
3
decrease temperature of . . opposes the change by increasing the temperature
wemp favours the exothermic reaction PP ANge by & P
surroundings of the surroundings
forward reaction
1 é equilibrium is
Changing pressure (HT only) : e
; — this point
Change Effect Explanation ;
©
increase the | favours the reaction that results | decreasing the number of molecules within the vessel opposes the
pressure in fewer molecules change because it decrease pressure
decrease the | favours the direction that results | increasing the number of molecules within the vessel opposes the reverse reaction
pressure in more molecules change because it increase pressure
00 0000 0000000000000 000000000000 0000000000000 0000000000000 0000000000000000000000000000000 t|me
q - Amountof C+D ero increasin constant
®- Make sure you can write a definition for these key terms. z : g
o o . Frequency of collisions C+D no collisions increasing constant
activation energy catalyst collision collision theory closed system
conditions dynamic equilibrium frequency of collision gradient Rate of reverse reaction zZero increasing same as rate of forward reaction

Le Chatelier’s principle rate of reaction reversible reaction tangent
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Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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What is the rate of a reaction?

ecccccce s

aJsay Jaded 1ng

What is the equation for calculating the mean rate
of reaction?

What is the unit for rate of reaction in a reaction
involving a change in mass?

eecccccccccccce

What is the unit for rate of reaction in a reaction
involving a change in volume?

eeccccccccccce

What is the activation energy?

What effect does increasing concentration have on the :
rate of reaction?

Why does increasing concentration have this effect?

eccccccccce

a1y Jaded 1ng

What effect does increasing pressure have on the rate
of reaction?

Why does increasing pressure have this effect?

eeccccccccccccce

a1y Jaded 1ng

What effect does increasing surface area have on the
rate of reaction?

Why does increasing surface area have this effect?

eescccccccccccse

What effect does increasing temperature have on the
rate of reaction?

Why does increasing temperature have this effect?

eecsccccccccccce

What is a catalyst?

eecscccccccccccse

a1y Jaded 1ng

How do catalysts increase the rate of a reaction?

What is a reversible reaction?

eescccccccccccse

asay Jaded 1ng

Which symbol shows a reversible reaction?

What is dynamic equilibrium?

What are the three reaction conditions that can
be changed?

eecscccccccccccse

What is Le Chatelier’s principle?

What is the effect of increasing the concentration of
reactants on a reaction at dynamic equilibrium?

eescccccccccccse

o e

aJay Jaded 1ng

a1y Jaded 1ng

a1y Jaded 1ng

how quickly reactants are used up or products
are produced

change in quantity of product or reactant
time taken

mean rate =

g/s

cmi/s

the minimum amount of energy colliding particles have
to have before a reaction will take place

increases

more reactant particles in the same volume lead to more
frequent collisions

increases

less space between particles means more frequent
collisions

increases

more reactant particles are exposed and able to collide,
leading to more frequent collisions

increases

particles move faster, leading to more frequent
collisions - particles have the same activation energy,
so more collisions result in a reaction

a substance that increases the rate of a reaction but is
not used up in the reaction

lower the activation energy of the reaction, so more
collisions result in a reaction

the reactants turn into products and the products turn
into reactants

—\
—

the point in a reversible reaction when the rate of the
forward and reverse reactions are the same

concentration, temperature, pressure

the position of equilibrium will shift to oppose external
changes

favours the forward reaction

What is the effect of increasing the concentration of
reactants on a reaction at dynamic equilibrium?

What is the effect of decreasing the concentration of
products on a reaction at dynamic equilibrium?

What is the effect of increasing pressure on a reaction
at dynamic equilibrium?

What is the effect of decreasing pressure on a reaction
at dynamic equilibrium?

What is the effect of increasing temperature on a
reaction at dynamic equilibrium?

What is the effect of decreasing temperature on a
reaction at dynamic equilibrium?

eccccee

a1y Jaded 1ng

eccsee

eccccccccce

aJay Jaded 1nd

eecccee

eecccccccce

alay Jadéd J,nd.

favours the forward reaction

favours the forward reaction

favours the reaction that leads to the fewest molecules

favours the reaction that leads to the most molecules

favours the endothermic reaction

favours the exothermic reaction
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