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LEARNING OUTCOMES

learner should be able to:

|UOO

Th

LUOO@UI

L
o

zunderstand and appreciate that chemical reactions take place at different rates

~
=
Hsgs#x oy

b 2understand the effect of various factors on the rate of chemical reactions and
S

reé;o gnize that many reactions are reversible (u, s)

n

Qc2Understand the importance of reversible reactions in industrial processes (u)
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INTRODUCTION —

When chemicals come into contact with one another, a chemical reaction may or
mag not take place. During the reaction, substances that take part in the reaction
arexeactants as the substances formed are called products.

oynw MMM WolJ

Duﬁing a chemical reaction, there are three main events that usually occur.

=
(Q'Ehe reactants (substances at the start)get used up and new substances
(products) form in their place.

(dHeat energy is either evolved (exothermic reaction) or taken in(endothermic
reaction).
dFor a fixed amount of reactant, a fixed amount of product is eventually

f(ﬂ'med —_— No reaction

pa 1310 pue
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. Iiuring a chemical reaction, substances that take in the reaction reduce and
with time, they get used up. The amount of products formed increase with

tfél_ne.

» Areaction rate 1s the measure of how much of reactants are consumed or
how much products are formed per unit time .

. I‘%‘is the measure of how fast the reaction takes place

change n amount of reactant ta product

ate of reaction = -
change in time

dvd 1BV d siow o

* Uhit = Moles per litre / s

pa J1aylo pue s
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GRAPH SHOWING CHANGE IN THE AMOUNTS®OF
PRODUCTS AND REACTION

2 RATE OF REACTION O LASLE

Products

Reagents

Concentration —
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DETERMINATION OF RATE OF REACTION BETWEEN &
MAGNESIUM RIBBON AND DILUTE HYDROCHLORIC ACID.

. lg/[aterials :
Method of gas collection o gas syringe

(c) Doc Brown

lging A Zas Syringe system A graph of
5 — typical results
) il is
D
5 rubber tubing shown below
Bubher connection
%hung measuring the initial rate
> stand and clamp of reaction eg cm3/min.
T .
T . reaction fedelinn
rrl -
g reactants slowing down stopped
conical flask
q o~ fastest at the start
D 0 time
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PROCEDURE

. élean a piece of magnesium ribbon using sand paper.

Measure a known volume of hydrochloric acid into a conical flask. Remove
tﬁe rubber bung for a moment and drop in the clean magnesium ribbon.

. I@lmedlately start the stop clock and rapidly replace the rubber bung.

. ﬁie volume of hydrogen in the syringe 1s recorded at regular time intervals
until the reaction is complete

E(ﬁlation
Mg + 2HClaq) MgClaag) + Ha(e) conical flask

anall stopwatch . retort

stand
test tube —
dilute
hydrochloric acid —Z ﬁ |

3/19/2025 E RESHym 7
19/ e

gas syringe

thread
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CTORS THAT AFFECT THE RATE OF REACT

e rate of a chemical reaction is affected by 6 factors.
What factors affect the rate of reaction?

Surface Area

ay) ﬁ/\ onS‘uuuo%u MMM WOJJ papeo|L

The larger the surface
area of your reactants,
the faster the rate of
reaction
» More surface for a
reaction so more
reactant collisions.

E@“ emperature

L

urface area

Concentration
@ @ = o The highe
«D b 8 concentratiol
» o= reactants, th
@ @ o 8 the rate of n
= ((“))._, = » Therearei
8 0)) ,r_‘\ @) particles ir
= same volui
more collis
reactants.

L)

atalyst

Temperature

The higher the
temperature of your
reactants, the faster th

rate of reaction
> Particles have more

L

-
=

ressurc

En.pue S&%ﬂ‘v’d J_%d SJOLMJ} 61|S

L
0

=

=

increasing the rate of
collisions.

energy so move faster,

Catalyst
A catalyst speeds up the |
reaction but is NOT use

S Catalucte imrranca +ha e,
”~ aldiyolo lHnivicaotT uic 11

y = of successful collisions
o '}. reacting particles by lov
: @ﬁ\a" :‘ activation energy, thus
reactions take place at |
temperatures.

/19/2025 ELLY KENEDDY
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EFFECT OF CONCENTRATION ON THE RATE (ﬁ
-REACTION.

Dlrﬁcrease 1In concentration of one or more 4
ofthe reactants increase the rate of the
<. .
regctlon.

oynw MMM WolJ

# High concentration or high pressure

Olcrease in concentration leads to increase
n %mmber of reacting particles which in
tugn leads to increase 1n the number
co%lisions per unit time.

s

 Low concentration or low pressure

Total mass/volume of product

QOThe reaction proceeds faster and takes a
shdrter time to reach completion.

| .y
|
Time from start of reaction

Pa 1810 pue sy
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CONCENTRATION ON THE RATE OF REACTION.
Hyéothesis . Increase 1n concentration increases the rate of reaction.

Magerials

[ Stopwatch/timer ]

‘.LI_l g ; >, X X
]88=38 Oc:38
flask

Conical IIIIIIIIIII"'
3 Sodium
! thiosulfate

Dilute acid

.i 10} 911sqam ayl

gVid LSvd
5

u I ',II-
thigpulfate < > and dilute <4 %
,@uﬂm - . acid ( y

< 4
Transparent [ Opaque solution ]
3/19/2025 solution ELLY KENEDDY 10
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‘PROCEDURE

>M§ke a mark with blue or black ink on a piece of paper.
>Pl§ce 50 cc of 0.05 M sodium thiosulphate solution into a beaker.

>Ac§d 10 cc of I M hydrochloric acid to the sodium thiosulphate and at the same
tinde start the stop clock.

>G%ntly shake the mixture to mix the solution well and place the beaker on the
pager over the mark.

>W§toh the mark through the solution from above the beaker.

>St§p the clock when the mark just disappears.

>Va§y the concentration of the thiosulphate solution by taking 40, 30, 20 and 10
ccgach time by adding distilled water to make S0cc.

>Ta§ulate your results including 1/time.

ELLY KENEDDY 11
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. Plgt graph of volume of sodium thiosulphate solution against 1/time (timc=&-
argl against time.

. Tlge rate of reaction 1s proportional to the reciprocal of time (time-1). Your
graphs should appear as shown in figure 11.4a and 11.4b.

2

3 A

s A

¢

(o3

2

s

xg}lumﬂ (cm?) volume (cm?)

@)

S

o e

. - -
time (s ime! (s

% (s} | time™" (s

O s ;

5 F :S ‘I I .4.:1. Graph of UE}‘JH-?HE of Fig 11.4b Graph of volume

3 sodium thiosulphate against time of sodium thiosulphate agaist

2 time

@

83/19/2025 ELLY KENEDDY 12
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 The mark disappears because the reaction between hydrochloric acid and s
sadium thiosulphate forms a precipitate of Sulphur which renders the mixture

opaque.
NaS203(aq) + 2HClag) — 2NaClag) + Ses) + H200) + SO2(g)

* Figure 11.4a shows that the higher the volume of the sodium thiosulphate, the
le3s the time taken to form a precipitate.

. F%ure 11.4b shows that the rate of the reaction increases with increase in
va@lume of sodium thiosulphate solution.

3
Exglanation

» The rate of the reaction depends on the frequency with which reacting
payticles collide, which frequency depends on the concentration of the
reéactants. The higher the concentration, the higher the frequency of
cdllision and therefore the higher the rate of the chemical reaction.

3/19/2025 ELLY KENEDDY 13
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[@\JEST[(&AH@N OF THE EFFECT OF —~

TE__;MPERATUR% ~. ON THE RATE OF REACTION
Magerials 50 cm? of 2.0 mol dm?? W e
QSadium thiosulphate o ion osulpnate <‘4 -
O Conical flask _

o 5¢cme 1.0 mol dm3
EIBilhue or black mark sulphuric acid
D\?éhite sheet of paper ‘ :
Measuring cylinder — . )
dHeat source ===
EITéﬁermometer e 5 T
Bgaker

o Sodium thiosulphate solution + sulphuric acid

S~
=
O

~
N
o
N
(%]
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PROCEDURE.

Y M_%asure 50cc of sodium thiosulphate made by dissolving 20g of thiosulphate
ins500cc in a beaker and note its temperature.

. Pl?ace the beaker on a piece of paper marked with a cross.

1 Aiid 10cc of hydrochloric acid(2M) to the thiosulphate solution and swirl the
miz’xture At the same time start the stop clock.

. LG;ok through the mixture and note the time it takes for the cross to disappear.

. Répeat the experiment with sodium sulphate solution heated to different
tethperatures e.g. , 30C ,40C, 50c and 50C.

. E%:h case note the time for the cross to disappear

. Tﬁaulate your results including 1/time. Plot graphs of temperature against
1/$1me

3/19/2025 ELLY KENEDDY 15
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» Figure 11.5a shows that the higher the temperature the less the time taken i:
forin a precipitate.

. Figfure 11.5b shows that the rate of the reaction increases with increase in
teriperature.

} 91ISgaM a1 IS
-
:

giow Jo

(gmperature temperature

> (°C) CC)

Y

time {s) time - (g

10 pue sy¥3dvd L

Fig Il.5a Fig 11.5b o
Gigﬂph of temperature against time Graph of temperdiure against ime

2-3/19/2025 ELLY KENEDDY 16
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EXPLANATION. =

. W;Qlen the temperature is increased, the reacting particles gain more
kietic energy and move at a greater speed.

- The frequency at which the reacting particles collide increases and thus,
th& rate of the reaction increases.

=
. Tﬁerefore, the higher the temperature, the higher the rate of reaction.

The rate of reaction will increase

if the temperature is increased.

The heat energy gives more particles

an energy greater than the activation energy.

‘\ ng ) Heat added . %
= ﬁ Wi Z7
e ( 7}*7% ® % “ )

pa 1910 pue sYIdVd LSVd 210W 10} d
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FFECT OF & CATALYST ON THE RATE OF
REACTION

A gatalyst 1S a substance which alters the rate of chemical reactions without

<
(%)

un%fergoing any overall chemical change itself.

v

J'9ul

ay

=
. M@’_st catalysts speed up the rate of reaction. The greater the amount of the

cat;’alyst but within the limits, the higher the rate of reaction.

]

* Povdered catalysts offer a larger surface area over which the reaction takes

place and therefore are more effective than one in lump form.

Py,

. Caéalysts remain unchanged chemically after a reaction has taken place.

©)

c A &atalyst which slows down a reaction is called a negative catalyst.

2-3/19/20 ELLY KENEDDY 18
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atalyst is unchanged chemically at the end of the reaction.

mall amount of catalyst is able to bring about significant change in a
h mical reaction.

catalyst does not affect the position of chemical equilibrium of reversible
ctlons

* A catalyst does not initiate a reaction, it only accelerates a reaction that is
%lready taking place.

» A catalyst is specific to a particular chemical reaction.

Pa 1810 pue sy
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"PROCEDURE.

. Pl;ﬁf'ce 100 em3of 0.1 M hydrogen peroxide in a conical
ﬂa%k. Add 0.5 g of manganese(IV) oxide to the
hydrogen peroxide in conical flask.

» Then set up the experiment as shown in figure above.

. re@ﬁbrd the volume of oxygen in the syringe at regular
intervals until the reaction 1s complete.

. Re%eat the experiment using 1 g of manganese(IV)
oxzﬁe.
- Wﬁen the graphs of volume of oxygen against time are

plétted using the same axes, they appear as shown in
figare 11.6.

ELLY KENEDDY 20
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A | g of manganese({lV) oxide Energy /\ """ 4 Activation Energy
i without catalyst
! )
<Glun'm of = b Activation Energy
oxygen (cm’) |/ /\\I with catalyst
2 0.5 g of manganese{IV} oxide Reactants ¥ } .\ B
¢
: |
= Products
=
e L ot
2 time (s) Lt
B Progress of reaction
Fig 11.0 Graphs of volume of oxygen against time
»
Q

NB:zThe rate of reaction increases when the catalyst is used. A catalyst lowers
actgvation energy so that more molecules can react.

ELLY KENEDDY 21
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CT OF SURFACE AREA ON THE RATERF
REACTION

Magerials "

. R;étort stand — ... [ ““““““““““ ]
» Difute HCL

. Cé’nical flask

. Célcium carbonate

|uoo1ﬂmmlv\/v\ W04} papeo|L

A E00°9UI

gas syringe

. D%livery tubes
. sﬁringe
* Stop watch

conical flask

reaction mixture

pa 1ay1o pu
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ROCEDURE

. éour 20 cm3of 1 M hydrochloric acid in a test-tube.

* B0 the conical flask add 10 g of calcium carbonate lumps and then set up
t%le experiment as shown 1n figure above.

» Record the volume of carbon dioxide in the syringe at regular intervals
until the reaction is complete.

» Bepeat the experiment using the same mass of powdered calcium
carbonate.

: élot a graph of volume of carbon dioxide produced against time

« When the graphs of volume of carbon dioxide against time for both
powdered calcium carbonate and calcium carbonate lumps, are plotted

ysing the same axes.

v

. %hey appear as shown in figure 11.7.

ELLY KENEDDY 23
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Notg

. Soiid react much more A  powdered caicium carbonate
ragidly when powdered than

when in large lumps. volameod -
ke g p carbon dioxide (cm?)

Expianation marble chips

. Th§s 1s because reactions
Wigh solids take place at the
sugface. time (s)

=

» Pogvdered solids present a Fig 11.7 Graphs of volume of carbon dioxide against time

larﬁe surface area over which @
_

thegn”zreaction occurs than

soHds in lump form.

/19/2025 ELLY KENEDDY
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‘OTHER FACTORS.

(@)
PresSure

e Préssure affect reactions which occur in gas phase only. High pressure brings gas
mdlecules

closeér so they collide more frequently leading to increase in the rate of the reaction.

* Light

* Sogne reactions are speeded ]p considerably when exposed to bright sun light. The
majecules absorb energy in form of light rather than heat, such reaction are called

phatochemical reactions.
Processes which are affected by light include;
* Phptosynthesis, in which plants are unable to manufacture starch when placed in the

datk.
¢ De%omposition of silver bromide into silver and bromine, a basis of photography.

. Ph%tqgraphic film consists of tiny silver bromide crystals. When light falls on the
fil8, 1t causes the decomposition of the bromide and the extent of decomposition
depends upon the brightness of the light.

ELLY KENEDDY 25
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VERSIBLE REACTIONS =

» This is a reaction which occurs in both forward and backward directions at the
same time.

|UOO

Examples

=
NIOu(g) === 2NOxg

@)

-

Ni(g) + Hag) =———> 2NH3(g

3ée(s) + 4H>O(g) < = Fe304(s) + 4Ha(g)

pa 1310 pue sy
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DUSTRIAL PREPARATION OF AMMONIA (HABER
OCESS)

nitrogen and hydrogen in the ratio of one to three respectively, are passed
er a catalyst of iron with some traces of aluminium oxide present.

|

*D
0

0
@0 auwm

ISIn

. Tge reaction occurs at the surface of the catalyst; therefore, the catalyst
siiould be finely divided to increase the surface area over which the reaction

oéeurs.

. Aiuminium oxide improves the performance of the catalyst by making it more
pgrous thus providing a higher surface area for the reaction.

. Tﬁe temperature is between 450C — 500C. The gases are under a pressure of
2%) atmospheres to 500 atmospheres. Ammonia is produced.

N2(g) + 3H2(5) — 2NHi3(g)

pa 1310 pue
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THE HABER PROCESS

Used H, + N,
4 [ —

Compressor

—>» Coolant Out

H, + N,
—— 1

Condenser

<— Coolant In

Reactor —s

iron Catalyst

/19/2025 ELLY KENEDDY 28
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. Agnmonia 1s removed from the mixture of gases by cooling the mixture with a
freezing mixture.

IUOOINW MMM WOJ) PAPEO|L

. Itisis only ammonia that liquefies and can be removed from the mixture.
. Tge unreacted nitrogen and hydrogen are recycled
Noge

. Nétrogen used in this process is obtained by fractional distillation of liquid air
arcg;d hydrogen 1s obtained from natural gas or electrolysis of brine.

Pa 19Yylo pue sy3dvd 1
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USES OF AMMONIA.

>§H Adjustment: Helps control acidity in industrial wastewater.

>BJsed as a building block for producing certain drugs, such as sulfa drugs

» Ammonia solutions are used for cleaning glass, surfaces, and removing
sgains.

>ﬁ’_ertilizer: Ammonia 1s a key ingredient in fertilizers like ammonium
rgtrate, urea, and ammonium sulfate, essential for plant growth.

>1§/Ianufacturing Chemicals: Used to produce nitric acid, hydrogen
cgfanide, and various amines.

> Blastics and Textiles: Used in the production of synthetic fibers like nylon
a;fld rayon.
> Explosives: Acts as a precursor for ammonium nitrate, used in explosives.

3/19/2025 ELLY KENEDDY 30

S[elia1ew uoeoInpa 1aylo



M WOJ) papeo|L

INDUSTRIAL MANUF ACTURE OF SULPHURIC ACHR.
BY. THE CONTACT PROCESS

Thé raw materials are sulphur, oxygen and water. 804

aulu

Thé reaction vessel is a

St%e 1: preparation of sulphur dioxide

. S%lphur 1s burnt in air to produce sulphur dioxide
z St 02 @ — SO02¢

* Sglphur dioxide may contain some impurities such Converter
as'arsenic compounds which may ‘poison the
catalyst’, that is, make the catalyst ineffective.

10}

910

n tower

Py
* Therefore, sulphur dioxide is cleaned to remove the S
impurities then is dried. =

S~
=
O

~
N
o
N
(%]
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ALLEL]
Concentrated H,SO,

SO, + O, |

Waste Gas

SO, N

—>

Iphur Burner

[
||||||||||

Dust Remover/Purifier

Vv,0, (Vanadium)

Oxide Catalyst

450°C '7

- Oleum(H,S,0,)

Water ———

Sulphuric-l Acid(H,sO,)

19410 pue SYIdVd.1SVd 210Uf=io} 81ISgam ay1 ISIA WOD"dUI|UOOINW MMM WOl PBPEO|L
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CHEMICAL LOOPING

COMBUSTION

B
S~
[iRy
Yo}
~
N
o
N
(93]

CONVERTER

| |,| __________ r
C

ABSORBER
Storage Tank

s Manufacture of H,SO, By Contact Process

ELLY&NEDDY 32
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» Séage II: Conversion of sulphur dioxide to sulphur trioxide —

. T@en sulphur dioxide is mixed with air and passed along heated pipes
céntaining pellets of vanadium pentoxide (V20s) (catalyst) at a temperature of
4350 — 500 C under a pressure of 200 atmospheres. Sulphur trioxide 1s formed.

22802 @t O2@ =2 S03 (g

. S@lphur trioxide formed 1s dissolved in concentrated sulphuric acid to produce
a fuming liquid called oleum.

7
o
w

D
+
=
7
o
=
=
N
7
N
o
-

Concentrated
——— Sulphuric acid

Water
gas

oxide catalys

gl 0

pa 19Y10 pue sY3IdVd LSVd 210w I
o
D)
w
o
5
=7
’:R

Dry air Oleum
— - H,S.,0,
Furnace Convertor Absorber o
—r
Water - Sulphuric

3/19/2025 ELLY KENEDDY aciaaHES O,
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age III: Conversion of sulphur trioxide to acid ALLEN
Concentrated H,SO,

e oleum is diluted with a known amount of ‘ ‘

: . : SO
water to give concentrated sulphuric acid. sl % | Waste Gas

i N fé =) 3
4 A 4 N % N
e A A i ——

°
N

[ ]
=
0d'autooln

SIA

;ﬁ{zszm @) + H20 (1) — H2S04 ()

déectly because the reaction is too exothermic. === = —pOleum(Hs,0)

Water ———

. I\%)te: Sulphur trioxide 1s not dissolved in water

* The heat produced from the reaction vapourises
> Sulphuric—lAcid(H2SO4)

] |

l%ding to a spray of sulphuric acid which would ABSORBER  |=====

tl;t'JZe acid forming only tiny droplets of the acid

affect the workers 1n the factory. Storage Tank
34
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PROPERTIES OF SULPHURIC ACID =

« ItSis a colourless and ordourless oily liquid

S

. H%s a high affinity for water (hygroscopic)
=

a1§d that 1s why it 1s used as a drying agent

. Itéhas a density of 1.86g/cc and boils at
338C

vd I

. Itzr{tloes not show any acidic properties

e

udless water 1s present.

S~
[y
o

=
N

o
N
(92}
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JSES OF SULPHURIC ACID

1 ~'-" MyHomeTuition.com

Manufactured Substances in Industry 1

Uses of Sulphuric Acid

Manufacture Detergent

Manufacture Pesticide

Manufacture Fertiliser

=]

VI Ty

Manufacture Paint

Remove Metal Oxide

Electrolyte in Lead-Acid
Accumulator

P3 1310 pue syY3dVd LSVd alow 10} 31ISgam ayl JISIA W03 3uUljuoo
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USES OF SULPHURIC ACID =
e It f;s used in the manufacture of detergents '\ ‘

e It % used 1n car batteries and accumulators|SULFURIC
an%’electrolyte —ACID—

* It ts used in manufacture of fertilizers such agfg==>
o . NG il
animonium sulphate

i\IHs(g) + H2SO4 (aq) — (NH4)2SO4 (s)

: Usied in extraction of metals and also cleaning
them prior to plating
>

. Usgnf::d in manufacture of paints, dyes and
explosives

A AL

‘_-\Me‘gl Ir?l'ausrxd

\\N,
)

AN
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