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REACTION RATES

Every chem cal reaction involves collisions between the reacting
particles. Ad bonds break and new bonds are forned e.g.

NO, + O -> NO + cQ,
The nore often these particles collide, the faster the reaction.
When reactions occur the quantities of reactants and products

change : if we tinme how |long a specified change in quantity takes, we
can estimate the rate of reaction.

Exampl e In the above reaction between NOQ, and GO the quantity of

CO changes from5 noles to 3 noles in 50 mnutes. Wiat is the rate of
t he reaction?

Answer :

change in quantity
tinme

Rat e of di sappearance of CO

= 5 - 3
50

= 2
50

0.04 noles per mnute

W can use changes in concentration, mass, and volune of reactants or
products to neasure the rate of reaction.

SPEEDING UP REACTIONS

W will use the reaction between Magnesi um and Hydrochloric acid to
try to find out how to speed up reactions.

M + HA -> l\/l_;;C:I2 + |—l2

If we drop a piece of Magnesiuminto the acid it fizzes and bubbl es
giving off Hydrogen gas. The piece of Magnesiumgets snaller and
smaller as it is used up. W will time howlong a fixed | ength of
Magnesi um ri bbon takes to conpletely react.

The shorter this tinme (t), the faster the reaction.

This nmeans that rate depends on 1/t. W call 1/t the '"relative rate'.

If t

5 s then relative rate = 1/5 = 0.2 s-1 [ FAST]

If t

50 s then relative rate = 1/50 = 0.02 s-1 [ SLON
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There are FOUR ways of speedi ng up reactions.

INCREASE THE CONCENTRATION OF REACTANTS

The nore 'bunched together' the reactants the nore often they will
col |'i de.

The reaction of Magnesiumw th Hydrochloric acid is faster if the
concentration of the HO is increased:

— Hd
My
\ J
Dilute acid Concentrated acid
Fewer colli sions More col li sions
Sl ower reaction Faster reaction

In everyday |ife, we know that charcoal in a barbecue burns much
faster when you fan it. This is because a higher concentration of
Oxygen in the air is then reacting with the charcoal.

INCREASE THE SURFACE AREA OF REACTANTS

The Magnesiumin the above reaction can only react with the HO

nol ecules on its surface. If we nmake the Magnesiuminto a powder, the
HCO can get round each little grain in the powder, increasing the
nunber of collisions and therefore speeding up the reaction.

—— Hd —1 HCd
My
\ J
Magnesi um bl ock Powder ed Magnesi um
Fewer collisions More col lisions
Sl ower reaction Faster reaction

In everyday life, we know that potatoes will cook quicker if they are
cut into small pieces.
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INCREASE THE TEMPERATURE OF THE REACTION MIHTURE

The hi gher the tenperature the faster and nore violent the
collisions. Bonds are nore likely to break and reactions are
therefore faster.

Magnesi um reacts faster with Hydrochloric acid when the tenperature
of the reaction mxture is increased:

—— Hd —+— Hd
My My
\ J \ J
Low tenperature Hi gh tenperature
Low energy collisions Hi gh energy collisions
Sl ower reaction Faster reaction

In everyday life, we know that foods are kept in fridges to sl ow down
t he deconposition process.

USE A CATALYST

Cat al ysts are substances which speed up reactions by taking part in
the reactions. They are regenerated and can be recovered unchanged at
the end of the reaction.

There are two types of catal yst: heterogeneous and honogeneous.

Heterogeneous catalysts

These are surface catalysts. They are in a different state fromthe
reactants. Reactants becone adsorbed on the catal yst surface which
must, therefore, have a large surface area. This crowds the nol ecul es
together. New bonds formw th the catal yst weakeni ng the origi nal
bonds. Reaction occurs on the catal yst and the products are desorbed
| eaving the site vacant for further reaction.
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Exanple: Solid Iron is used to speed up the reaction between the
gases in the Haber Process:

3, ¢ N, o> 2 N

Bonds weakened @ﬁ\l@
Q%) |

@@
@@ ©® o
o

When a het erogeneous catalyst is used the reactants nust be carefully
purified since certain inpurities becone, thenselves, adsorbed on the
catal yst surface. This bl ocks or poisons the active sites on the
catal yst and prevents access of reactant nol ecul es. The catal yst
ceases to function properly. Iron in the Haber process is easily

poi soned by Sul phur, Arsenic, Water, Carbon nonoxi de and Carbon

di oxi de. Poi soned catal ysts nust be either regenerated or renewed.

Example 1

SOLI D Copper speeds up the reaction between Magnesi um and
Hydrochl oric acid SOLUTI ON:

—1— Hdl
My
\_ J
Cat al yst not present Cat al yst present
Sl ower reaction Faster reaction
Exanple 2

SCOLID Pl ati numi Rhodiumalloy is used in the catalytic converter to
speed up the reaction between the exhaust GASES in a car e.gqg.

o+ NO  -> o, + N,
Lead-free petrol nust be used as Lead woul d poi son the catal yst.

Example 3

SOLI D Vanadi um(V) oxide is used to speed up the reaction between the
GASES in the Contact Process:

o + G > SG
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Homogeneous catalysts are in the same state as the reactants

Exampl e

Enzynmes catal yse the chem cal reactions which take place in the
living cells of plants and aninals. Both enzynme and reactants are in
solution. They find uses in the honme and in industry:

° Bi ol ogi cal washi ng powders contai n enzynes which speed up the
reaction of protein stains (blood, egg etc) with Water.

° In the brewing industry, plant enzymes are used to convert
Starch into al cohol .



