


KNOWING THE

EXAMINER'S MIND"

CHEMISTRY

EDITION WITH

v ABOUT 360 QUESTIONS

v SOLUTIONS / COMMENTS
¥ CONCISE INFORMATION

EXAM SUCCESS SEHIES.

CHIKELE ALBERT .J




Preface

Acknowledgemenis

Contents

CHAPTER
Prefoce

Acknowledgments

Tahile of contents

[ THE PARTICULATE RATUIRE OF MATTER

SEPARATION TECHNIILES

By T

ATOMI STRUCTURE/CHEMICAL EONDING

#

CHEMICAL CHANGE (REAETIONS)

ALIDS BASES AND SALTS

STOICHIOMETRY AND MOLE CONCEFT

o En

b |

RATES F REALTION/ ENERGY CRHANGE

THE PERIOOIL TABLE

METALS -

= M

FLFLTROCHEMISTRY

il OREANIE CHEMISTRY

Notes for use in gualitative gralysis

The perfodic table of elements




CHAPTER 1 FARTICULATE NATURE OF MATTER

Chestion 1

Matter is classified as solid, liquid or gas. State two physical properties of each of the
following:

{a) Sclid [z
(b} Liguid 12
e} Gas 2

[SCIENC E-5924/ 30 9/2012]

WORKED SOLUTIONS

{8) Two physical properties of solids are
- Has fixed volume
- Has fixed shaped
{b) Twa physical properties of liquids are
Has fixed yvolume
- Has no fixed shaped
iz) Two physical properties of gas are
Has no fixed volume

- Has no fiked shape

TAKE MITE: the tahle belaw summarizas the difarences in the physisl prapertics of the lheee stales of metter

Physical state | Volume | Density Shape Fluidity
SOLID Mas afised volume | High | Has definite shaps | Does aol flew
iﬂl_lll—_ﬁas rofedvolume | Maderste in high Has no definite shape | Benerally fows

! eazily
GAS Hag rar foeed volemz | Low -_T Has o cefinite sage | Faws easiy
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Guestion 2

"y

Maﬁer is made up of very small particles.

{a) Explain in t2ms af particie arrangemant why -
(i} Gases do not have definile shapas. [1]
{ii) Solids have definite shapes. [1]

(i) State the effects of heat on the arrangement of particles in a figuid. [13

[CHEMISTRY 5070220101

WORKED SOLUTIONS

(&)
iy Particles of gases are relatively far apar and have virtuslly no forees of attraction

hetween each other. As a resuli, they de not have a fixed shaps

* TAKE NOTE:
Even thosgh particles of geses Rave more eneryy i they move rapily and rendomiy ane have ma lived shepe ar
vmiums they are hawever co nasie
cannot mave,

i) Particles of solids are arranged in a regular mannes. They therefora,

but vibrate in a fixed pesition; hence their shapes are atways fixed.

ii} Heat increases the kinetic energy of particles in a liquid, &5 a result they mave

further from each other, making the attractive forces between them weaker, they
eventually hecome loosely packed and the liquid may attain a gaseous stale.

Cuestion 3
(2} Compare the movement of particles between solids and liquids.
(i) Solids
(i) Ligquids [2

{b} How are the molecules aranged in a gas? [1]

(&) What is the physical sffect of cooling on the three states of matter?
(i) sulid
(i) Liquid
Vi) Gas i3]

[SCIENGE — 5124/3/01/2004]
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WORKED SOLUTIDNS

(a)

(i} In solids the particies vibrate in a fixed position

(i) In liquids particles slide past each other'maove about each ather.
{b} in a gas particles are relatively far apart.
{c)

riy Solids contract when cooled

(it} Liguids contract and solidify whean cooled

LiE) ases condense when cooled

Question 4
When a substance is heated, it changes its physical state according to the model below.

ceeeesanne: : 5
ARG e b )
A B

{a) What term is usad to descnbe this change of state? [1)

{0} Describe what happens to the amangement and movement of the particles when A
changes fo B. [2]

{c) A pure luid C was found to have a boiling point of 1187
i) Choose from the list below which liquid was C.

Liguid Eoiling poini™C
Ethano TG
Watar 100
Ethanaic asid 118
Butanamide _ 116

(iiy What happens to the temperature of 2 pure solid when it is melting? 1]
(i} State whether melting is a physical or chamical change and give a reason for
YOUr 2Nswer. [2]
[Chemistry /507 0/2/z/2009]
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WORKEDR S0LUTIONS

va) Sublimation

* TAKE NOTE- Hoiting i@ the change ol siate fram said fr fipid
10} The pariicles in A (solid) are closely packed due io sirong forces of attraction. When
changing to B (liquid) the arrangement of paricles is loosensed due o weakened
attractive foroes.
Particles in A {sohd) vibrate about a fixed position, when the change to B {kauid)
occurs; the particles are able to slide past each other.
| (c)

' iy Ethancic acid.

i) The temperature of 2 melting pure solid remains constant during the process.
if) The melting of a substance is a physical changs because no new substance is

formed and the change is reversible.

CONCISE INFORMATION (PARTICLE ARRANGEMENT ILLUSTRATED)
*  Particles are amanged differently in diferent states of mattor as shown below.

Farticles are amanged in a regular manner and are closely
packed due o sirong altractive forces between them. The

particles therefore, cannot maove from one place to anather
but anly witrate about their fixed positions.

S TEEE

FParticles are closely packed in an irregular manner with
weaker aliractive forces than those in solids. They
however, are ahle to shde past each other.

Farticles are relatively far apart due to very weak attractive.
forces and are able o move randomly and more rapidly

HMNOWNG THE EXAMIMNERS MUr4oD™ — Chemistry 2
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¥ Lhanges of sfates; the change in femperaturs and prossure can cause substances io
change their physical states. The diagram below summarizes these changes.

'i \

rzzzing

sulrlimation wealiie

:—' condznzaticn —\ e
| A i_, LICAND |

SvaEpabation

¥ A physical change is a change in which no new substance is formed; for it can casily
be reversed e.g. water can fum into ice and vice verss, On the contrary, a chemical
change s one in which a new substance is formed afler the change. Energy Is given
cut in these changes and they are therefore ireversible, a.g. burning of paper.

Question &

Same properties of four chemical elements are shown in the table below. Cach element is

represented by a letter.

| Element jhﬁeﬁng Bailing Electrical conductivity at | Action of cold water on

’ | point point rip element
D -219 -183 " None Dissolves slightly |
E 39 357 Good B Unaffected

= 98 | 890 | Good Unaffected
G 3550 ' 4827 | Goad Unaffected

Write down the letter representing the element which:-

{a) Isagas atripiy

(b) Is a liguid at r.t.p. 1]

(c} 1= a solid 2t r.t.p and will melt when dropped intg boiling water. 1)
(d) Is a transtion metal. (1]

(&) Could be mercury. 1]

HNOWING THE ExXAMINERS' MUrHND™ — Chemistry 2
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WORKED 50LUTIONS

&y O

* TAKE MGTE

From Temporature and Pressure (i g is faken to b 25%. Therofore any subwiance tat bois 8t 2 lemperatire

lesz fhan F5% wil be s gas Atrim
(b} E

* TAKE NOTE.
Rogm [emperature aod Fressore (gl is faten o be 25 Thereforg, of 25 elemen £ will do 2 Squid Soth § aod £
i v meded by 25%. However, 2t Z5% § will e in gaseous forv hecaose of its fow boilng print whi £ will b i
e farm borange ite Mg point ie Sigher thay 25%.

(gl F

* TAKF NITE. .
F e B are suiely egsuse both heve teir meding aid boding points above Z57% Sut anf £ wil melt when dragoed inlo

hoilhgy wester Sevause ity malig g & bwer than 810% the Sofing paint of water.
{d) &

* TARE MOTE
fne mown fard shmed fransition metals & that they heve biph donsiies meling iy soiis becavse of siroog

farces wiich fol (e aleciroes,
(e} E

* TAKF NOTE.
Mergury being & metsl has 7 Aigh boiling point Nowever because of is fow molting paint if /s always 2 fguid af reqm
BB ATLTE,
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yestion &

(B)

i)
(i}
()

{a) State the basic units of matter present in

Oxygen gas
Solid sodium chioride

Meolten aluminium oxide (3]

(b} Substance A melts at 28-C and boils at 246°C_ In the baxes below show the

arrangement of the parficles at the given temperature.

1 C 267 C

i2]

[SCIENCE — S124P 30172007

WORKED SOLUTIONS
{n Oxygen atoms
(in) Sedium and chloride atoms
(i) Aluminium and oxygen atoms
i
K £
O &
267 C
“TAKE NOTE-

- #f@fe’a&emﬁsﬂmwmi-'&e.-;-:-Mﬂaﬁe@m&mﬂmfﬂrwﬁnﬁcﬁeﬁﬁemﬂmmﬂﬁm
- Af BEPL the substance would heve past the buiing ngint fence i woeld be i 5 FiAtE

HNOWING THE EXAMIMNERS' MIND™ - Chemistry 2
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Question ¥

(8} Matter is made up of tiny particles. One piece of evidence that shows the particulate
nature of matter iz the pracess of diffusion.

iy Explain what is maant by the term ‘diffusion’. [
{il) In what state(s) of matter does diffusion occur? [
[iiiy State any twe factors which affect the rate of ditfusion. [2)

(b} A gas jar of oxygen was inverted and placed on top of a gas jar containing nitrogen
dioxide as shown in figure 1.1 below.

J

lr:'"_‘z

;_, Dhoypgen [eoloerless gos)

0o ooon
o oaao

¢.¢-:I

..x
o
i

e

M
H

R 0 o

vk 4
[, Pitrogen diside
W (red-brown gas) 'L_____;
B

Figure 1.1

(e} Complete the diagram on figure 1.1 B to show the arangemeant of the molecules af
the two gasaes after being left in contact for 15 to 30 minutes. [2]

[SCIENCE - 5124/ F3Q102000 ]

WORKED SOLUTIONS

{a) Diffusion is the movemeant of particles from a region of their higher concentration ta a
region of their lower concentration down the concentration gradient.

ii} Diffusion oceurs anly in gases and liguids

* TAKE NOTE.

Diffusion does el pocor i solts becenye gariicles i7 soles are i 5 fired pasiios and ool wheate, ey Borefare
camned mEve fram ong ragion fo anatier

i) Factors affecting the rate of diffusion include; temperature. conceniration gradient and
particle size.

HMMNOWIMHG THE EXAMINERS MIMO™ - Chemistry 2
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* TAKE MOTE
femperature: wilen iemacratines ave bigh. solid ar fuid partiies gain mors #inetic snergy and smove foster and wie

rem;‘

I".
Lncentralion gradient: difusion is faster i teve is 2 arger difrenne it the eoventration of partioles Setween two
FERORS.

Firtinke sire: generally the greater the size of Hie particles. e greater the mass and v & lhe et Therefores
ks wikich are feavicr save sy wiil Siose which 2rg fighter move fasrer

=P H

) xon | Oxygen (ealourlzss gas) Figure 1.1{8) '
LTl
zigH
o %
HaE
g
Swax

[yl
.':gilti
D
i ]
Sx®|  Mitrogen dioxide
EY-T, - o P
ui& [red-brow gas)

* TAKE NTE.

Fartiples of aitrugen dinxidy move from thai- ares of high cancantratin o that af thei fuwer canpamtration ol
&g 55 & axygen sorvivks T eventualy resaits i the particles af the gases being evenly spresd Hrawghaut the
cotainer. Muis i an flsinsiion of diffiein

CONCISE INFORMATION (DIFFUSION) _

¥ Diffusion iz the movement of liguid or gaseous particles from a redwon of higher
concenlration fo a region of lower concentration down fhe concentration gradient.

¥ The states of matter in which diffusion occurs i e. Gases and liguids.

¥ Factors that affect the rate of diffusion i.e. Temperature, concentration gradient and
particle sizea.

¥ Even digtribution af particies in liguids or the sven spread of gases are iustrafions of
diffusion. ' '

HKHNOWING THE ExAMINERS' MimNg™ - Chemistry 2
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uestion 8

Lse ;\;_:ur knewledge on the kinetic theory of matter to suggest a reason for each of the

fﬂllnwin\g OECUTEnoes.

(&) Wet clothes dry vp faster on warm days than on cold days. [']

(b) Sohd ice loses its shape when it meits.  [1]

{c) Salt dissolves faster in hot water than in cold water. 1]

{d) When sugar i dissolved into & glass of water even without stirring, the water s0an tastes
swaat 1]

[SCIENGE - $124/P301/2010]

WORKED SOLUTIONG

{a) Water particles in wet clethes gain more kinefic energy from high termperatures on a
warm day and evaporate faster from the clothes, resulting in quick drying of the clothes.

* TAKE MITTE: The fuiglier the temperaturs, Hhe faster the movement of parlicles on 2 sverage

(B Particles in sclid ice viorate in & fixed position, however as the ice malls, it gains heat
which breaks the strong forces that hold the particles together. This results in particles
being able to slide over each other and mowve in different directions, resulting in loss of
zhape.

* TAKE NOTE

The oy motion ewilant amang sl meriicls i whration, dhe fo sirmy foroes fetwees gertides, wiio reswls &
solidy faving 2 fived shapn Fowever sarticles i Souids fove. weak sifractive forces and sre free fn v sbout
rasulting i nn foed shane

{¢) The salt particles move faster with increased kinetic energy from the heat in the hot

water. Hance the faster the movement of the salt particles, the more they collide with
water molecules and dissohee.

{d) When sugar is dissolved in a glass of water, the particies of sugar begin to spread out
evenly (diffuse) resulting in swectening of the water even without stirring.

* TAKE MOTE: iifusion fates mhice

HEHOMESS THE ExmMbErS o™ — Chaemistry 2
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CONCISE INFORMATION [(KINETIC THEORY OF MATTER)
¥ The kinetic theary of matter expiaing the physical properties of malter in farms of the
II[ maovement and behaviour of its constituent parficles.
v The answers refaling fo the kinetic theory should be based on the movemsnt of
particles in relation fo kinetic energy and heat.
¥  Approprate assumplion of the kinefic fheory can be usad o explain the physical
behaviour of metter
= Al mafferis made up of finy moving particles, invisible fo the naked eve
* Different substancos have different types of particies (aloms, jons, malecules)
which have different sizes
* The particles move at all times. The higher the lemperature, the fasier the
maovement of the particles on average.

= Smaller particles move fasler than larger ones.

HMNOUNG THE ExAMIMNERS Mur-o™ — Chemistry 2
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CHAPTER 2 ScPARATION TECHNIOUES

Question 1

The table belaw shows some apparatus used in the laboratory.

Separating funned Beakear =) Gaﬁj:-‘lr

 Desicator Spatula Laboratory thermometer |
| Eva porating dish ‘Bunsen bumer | Bee hiveshest |
!_Hureue pippete

State the apparatus used . .
(a} Az asource of heat  [1]
fb) For measuring a fixed volume of liguid 1]
{c) For drying substances or kesping them free from moisture  [1]
vl For measuring temparature (1)

{&) For soparating immiscible liquids [1]

[ECIENCE — 5124/PA02I2007]

WORKED SOLUTLIONS

{@) Bunsen purner

(&) Pipstte

(c)y desicator

(d} Laboratory thermometer
(&} Separating funnel

Question 2

Use the list of separation technigues below to answer the questions that follow.

Fractional distillation /Simple distiliation /\Jse of separating funnel Magnetism
IChromatography (Evaporation /Filtration.

Choose one method from the list above which can be used to separate :-
HMHOWAMNG THE ExAMIMNERS Mirao™ — Chemistry 2
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{a) Sand from :n-ater i1]

{b} Cil from water, [1]

{c) Water from inh:."l [

{d) Sulpher from iran fillings. 1]
{e) Salt from parrafin, 1]

{a) Filtration.
(b} Usa of separating funnal.
* TAKE NOTE
A weparating fumnel is 2 pivce uof spnaretus vsel i separate mmsible fmids. Since wetar ang o do aaf i Hhey
iy f0r Seysrating Sy th tachnigne. The dowser g fvims the fwer dyer and 5 drained off st when te iy
e, This can fe fustrated as fllws
Separating funnel
=

L.
ii"-' i _:_': Immiscifle liquids (e.q. il and water)

r Beaker

(e) Simple distilztion.
{d) Magnatism.

* TAKE NOTE
Separanian by magnetiem can b used where mne cumpmngnt af the mivie magneic winle Hhe atter &5 el I7 (i
CAE £ i magnetic whil Sibur i et erefare i magne! where lu be plhred pyer the mitore, 28 the magnetic

drany ot el attracted { (e magnst deeving sy e sulnbur Sefing
(&) Filtration. '

HMNOLWING THE SEXAMiNERS murda™ - Chemistry 2
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* TAKE MOTE
T sepnavane sall o 2 Soding af salt sy water, M provess of evaooration is vsed Wastrated belnw e waler fes 2

downr By it Mhane B 58l The salinr is heated whish couses Hhe svapmration of the wator, leaving befind the
salt Howevar, in e case of garalfin Wiration iy wved ferause saft being fonic canmot cissmine m maradth wiich i a0

Dy sonve

Evaparating dish - Salt and Water

Boiling Water

Wire gauze —

—— Tripod Stand

HEAT

Water evaporates leaving the

Evaporating dish
Salt behind

— Boiling Water

Wire gauze

| |—— Tripod Stand

HMHNOLNG THE EOMTui-EmsSs MirND™ = ChEITIiEI:r‘y' 2
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astign 3

Below are some processes which are used in a laboratory, industry and at home:

.

. ]
by Crystalsation

Distiflation
Fiitration
Meutralzation
Gﬂmbustfﬂ;rn
Esterification
Galvanization
Polymerization

(&} Which of the processes listed above can be used o separale the following from 3
sample of sea water?

(1) Salt 1
{ii} Water [1
(i} Sand [1]

(b) State the process from the list of processes above that ean be used to-
(i) Manufacture plastics for making baskets. [1)
yii} Produce carbon dioxide from carbon, [%]

[SCIENCE - $124/P3027201 0]

WORKED SOLUTIONS

{a) (i) Crystalisation

* TAKE NOTE
e i water & 2 dhssmtved form thorslore fovming & siatinn, Segaration of sl from soliiur cap e carvied me & Iy

SVEparalion o rpstalizaiinn Feaporstion gives only 2 powder il crystaficatim resubs i griper Sy st

{iiy Distillation

HMNOUIMNG THE E3MmMMIMNERS Tirda™ — Chemistry 2
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* TAKE MOTE
T separats & Kawid from @ salite dissilved 0 & dstiiaton is wed, Qring diatiliatinm, the S 7 vamarised and Mhee
s, The S can sasily Setammestal¥ is a flosk using the nparatus shown Selm:

ckamp and stand

Water out

.+

WaLer in\

Toun bettored flask

wrEter -I +

tripgod stand— ! j {
Dunsen Surne " | I i .
= [ LT Y i P \
(i} Filiration
* TAKE MOTE

Sesrale saved can b separates fram Sgels by Wracion. A lter paper:

glzmp and stand

sared residue

—a

filter paper

Turnnel

flat sottomed flask

"'. k
/3) Llear figaid

(o)

HMNOWUESNG THE EEmIMERS' MIMND™ — Chemistry 2
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— DA

distiliate




iy Polymerisation
(i) Combustion

CONCISE INFORMATION (SEFARATION OF SOLUTES AND SOLVENTS)

¥ Pupils commoniy mistake the separation methods for solutes and solvenis, A solufe
Is a substance that dissolves in a liguid (solvent) and is separafed from the solwent by
evaparation or crystalisation. 4 zolvent is a liguid in which a solid {solute) dissolves.
If can de separafed from lhe solute by evaporating the figuid and then condensing it
in g process called distifation. Tha baling point of the liqwid is usually very much
fower than thal of the dissolved solid, Iherefore when heat is applied the liquid
evaporates before the solule can. For insoluble solids Jike sand, the liguid can simply
be separated from the sand by use of a filter paper in a fiter funnel and a basker, &
process known as firation.

uesfion 4

The diagram below shows the pieces of apparatus used to separate a certain mixture.

Liguid is vaporised and then condensed. The Elqmd can easily be tapped off in & flask using
the apparatus shown below;

Water gut T
J B

Clamp Stand

1
4
8

Eognd Baottamed
flask

Wire gauze

Triped Stang

Bunsen burner

HMNOWING THE ExAMIMNERS MIrNE™ — Chemistry 2
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(@) Name the separation technigue usad. 11
(b) State the type of mixture that can be separated by this method. 1]
i) State the name of the apparatus laballad:
N A )
3} B i d
(d) State the term used to describe liquid ©. 1]
(&) State one large sake use of this seperation technigue. [1;

ICHEMISTRYS0TARZ20110]

WORKED SOLUTIONS

(&) Distilation (i.e. Simple disuliation)
() A solution {mixture of a solute and a solvent) can be separated using this technigque.

* TAKE NOTE

Distilative is wsed 10 separate i from solutio. For His metfod t7 e used the fqwid must Fove & fower Saiing
it i ifie solite disaled in i 52 fhat it an svaporate with the anolbation of heat and tw condenead i the
comrnser Tihe sole must be 3 am-valnie sne sock fhat i does net o infn vapar shase itaalf i apafieiion of feat

{¢) ) A is & round boftomed flask / distilation flask
i) B:ig aliebig condenser.
{d} The liguid collected after the process of distillation iz called a distillate, Therefore liquid C
& & distillate.
{e) Large scale uses of distillstion inciude:
I}y Making distilled water for filling of car batteries.
iy Making distilled water for dissolving medicines (such as powdered injectables)

HKRHNOWNG THE EXAMIMNERS MIrMND™ — Chemistry 2
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Question §

Twe miscible liquids with boiling points of 78:C and 100-C where accidentally mixed.

{a) Name the process which can be used to separgke the minture. [1]

(b} Draw a labeled diagram shawing the arran‘g'é:ﬂent of the apparatus used lo separate
the midure, _

{c) Explain how you can obtain hydrated sadium sulphate crystals from an agueous
selutien of sodium sulphate. [2]

[SCIENGE — S124/PA022012)

WORKED SOLUTIONS

(3) Fractional distilation
TAKF NETE:
Fratinns! distilfstiog pruess faker acvantage of the diferant bt goints ol isciblE fpwids iy SERSELE
ey

{b)

] Sty
ltrl:ru:a.n:’r::E‘E

Jregeeiicd

Tirs] part
ovi the Dguid

(c) Hydrated sodium sulphate crystals can be obtained from an agueasus solution of
sodium sulphate by means of svaporation. Heat the solution in an evaporating dish.
This will cause the water to evaporate leaving behing the hydrated sodium sulphate.

HHOWING THeE EXAMINERS MiNa™ — Ehemi-;tryz
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Question &

Paper chramatography was used ta catch a forger. A sample of ink, X from & farged
signature was compared with inks from the pens of five suspects. The diagram below shows
the chromatogram chtained.

2 e l;”
-
@
. L ® @
€
¢ ® : starfing line
O O o——o—o—fy
CEEe ol R a0t B

{a)} Draw the apparatus you would use to produce the chromatogram. (2]

ib} Which of the inks A, B. G, [, or E could have been used to write the forged
signature? [1)

{z) Which of the inks is insoluble in water? [1]

[GCIENCE — 124/ P30T

WORKED SOLUTIONS

e e e A —— e s

(=)

(b Ink Cx
“TAKE NOTF
{nk 7 groduced twe saots and 8F similae pasiioas o spote fram ik A from fped signatere indicating M the
ik iz e zame.
HERNOWIMNG THE ExAMmiHERS' MIND™ - Chemistry 2
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(c) ink A
*TARE MOTE: ink 4 was it incheating that i i nof dissaive i water.
Question 7

5
o

A substance D contains three dyes, two of which are soluble in water, while the other is

insoluble.

cover Piate

g

\ I /;ncllbmelilk_h__‘_j /

= —— e
S weter =
At the start of the At the end of the
Experimant experimsnt
Fig (1) Fig (2)

(&) Sketch the results vne would expect 1o se2 if ink spot D were separated by paper
chromatography. (2

(b} Why was a pencil used to mark the baseling instead of ink? [

{c) Why must the baseline be placad above the level of water at the start of the
experiment? [1)

(d) Define Rf value of a solute. 113

() State one commercial application af chromatagraphy. [1)

[CHEMISTRY/SO70/RiZ/2007]

WORKED SOLUTIONS

i

ﬂ:‘j;;: naw spots on dif ferent positions.

original spot.

o

HMNOWING THE EXAMINERS MuNO™ - Chemistry 2
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* TAKE NOTE

lie arigina s0¢ contains theew diferent subsiancer of differont salibiltes of whinh twe are sobile snd e 5 ol
T mavement 5f 3 sulstame i chramatugrapty dasends on 5 solibilty it She srovided sulent it S case wotor
feace, e iwe solble dves sl azcend with te salvoar wiile f9e insnlii dve will mnl axcend resolbing i the above
resulls. Alsn e s subiblE Hie salde e guinker (e moverment of the i, ﬂk.ﬁﬁ? absarded dvey are carried
aibey g gy by M aovancing sphvent

(b} A pencil is used to mark the baseline instead of ink becausa ink contains a mixture of

dyes and can affect or interfere with the results of e experment by producing more
other spots.

(€} The baseline must be placed above the salvant to enable the solvent (water) to ascend
up the fiter paper and dissolve the dye so that i1s components can be separated while
being camied along by the afvancing solvent.

{d} Rf value is the distance travelled by a given component divided by the distance travelled
by the solvent front.

sahvant front. TH| M

componen ! A

|

T v
? ::: |

origingl spot. ; L

r—
|

Bf valua = distonme travelled by component A& =
h it distence travelled by sohent front

(e) Commercial applications of chromatography include:
Identifying the flavouring components of food stuffs.
- Separating pigments in plants.
- Separating antibintic drugs from grewing media.

- Separating amine aeids from proteins.
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CONCISE INFORMATION [CHROMATOGRAPHY)
¥ Ascending Chromatography

v Inascending chromalography the soluts components are camed along by the
solvent being absorbed by the paper and are alse r&di_s;.mﬁ'ﬁ;i Components that
are easly absorbed lag behind, whils those that are nof easily abhsorbed are camed
along by the rapidly sdvancing solvent, The solute compounds eveniually bacomes
separated af different levels forming coloured bands. TIPS & person who has
studied and prepared for an exam will finish answenng raster than one who has not
sludied and prepared, in they same way, an gasily sbsorbed dye will appear first
and closest fo the original spot, while 5 not eazily absorbed dye will appear after the
easily absorbed dys. As shown below.

_~3alvent front(solent moves upwards)

T not easily abserbed dye
» ————— easily absorbed dye

®———vcrigihal spat

SUMMARY (THE MAIN SEPERATION TECHNIQ UES)
* Filtration
This iz used for separstion of insoluble solids from liuids using a filler paper.
< Separating funmel
A separating funnel is a piece of apparatus used io separate immiscible Vguids.
¥ Evaporation/Crystalisation
Evaporation is used to separate soluble solids (solutes) from their liquid solutions, but
this only resulis in powdersd solids, hiowever, to oblain proper crystals, crystallisation
is Used,
¥ Simple distillation
This meffod is used to separate liguids {solvents) from their sclufions.
¥ Fraclional distifiation
Thiz method is used io Separate miscible liguids with diffaren! boiling points.
*  Chrmatography
This iz a technigue used fo Separats mixtures of solule using a sohvent and a
separaling maodium,
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CHAPTER 3 ATOMIC STRUCTUAE/CHEMICAL

BONIING

uestion 1

{a) The table below shows the three solopes of the element hyvdrogen and their nuslson

{mass) numbers. Complete the table to show the number of paricles in the hree

nuclides
[ Symbol | Marmea | Nucleon {mass) prolens neutrons |
| nidember {
H_ Hydrogen _ i ]
C Deuterium L2 i
1 Tritiurm E | :

[3]
(B} Construct an equation for the reaction between D20 and calcium. [1)
[SCIENCE ~ S124/P3A0172005]

WORKED SOLUTIONS

(a)

Symbol Mame Muckeon (mass) | protans heulrons ,
| number y _ :
| H Hydrogen 1 1 o :
' . . __l
D Deuterium 2 I 1 1 :
e L - mat it 3
T Tritium 3 | 1 2 :

L SR SRR T, ey T

* TAKE NOTE:

lsatapes heve e same geuton somber Gul different rass (wuctean) mumber. Whst make feir masses (o fe
dhitferent & the dilfarences m ieir newtron iwnber, Ky Sheir proton awwber 200 et mass mmbers
¥ £ Lse M st lebow (o palalsto e mass rormber

Mazz pumbar = proton minber + rewtron nomber

(b) DD + Ca — Ca(OD}, + D,
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Guestion 2

(8) What is meant by the term ‘proton number of an element’'? [1]
(o) The diagram below shows the structure of an atom of the element B. ~

(i} Complete the fable below about the three different sub atomic particles
present in an atom of element B.

| Sub-atomic particle | Mumber of particles | Mame of particle
—

; -
S = 3
|0 ; i
[ I I _— |

(3]
{u} I which grougp of the periodic table is element B found? (1]
¥} State the formula of an ion formed by element B. 1]

{c) Elernent B reacts with magnesium to form a compound. Construct 2 'dot and cross’
diagram to show the bonding betwesn element B and magnesium. (show outer shel
onby.}

[FEIENCE - B124/P30aan0r]

WORKED SOLUTIONS

(a} Proton number is the number of protans in the nucleus of an atom,
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Sub-atomis partick: Number of particles Name of particle
X g " | Blements
= 10 Meufrons

o 3 g i Protons

(i) Eroup seven Wl
Take note: group number is detemined by the number of electrons in the
guter shell, The element has seven electrons in the cuter shell, therefore, it is
in graup Vil .

i} B

TARE NOTE: slirmmennt 8 i s silecitegn £ o aliain sigbilily sl bocaries negaiively changed

()
I %\ _ i_ g _ _/ e ]
:' B % i M 13
A2 I L
Mz,
iGuestion 3 r

The diagram below represents electrons {x) arrangement of a particular atom. Study this
diagram and answer the questions that follow.

N

(&) The relative atomic mass of the atom represented 15 32
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iy What is its nucleon number? [4)
(i) What is the neulron number of the atom? [1]

(B} {i) in which group of the Pericdic Table is the element found?
{ii). Explain your answer in (b} iy {1

[SCIENCE — 5124/F304/2002)

WORKED SOLUTIONS

(a)

{i) Nuclecn number is 32
Note: nucleon number is same as atomic mass

fir) Meutron number is 18
TAKE NOTE: niewtran sumfber = mavs momber - sratan mumber

(b)

(i) Group Vi

[ii) (Sroup number is equal to the number of elecirons in the outer shell. There are
& electrans in the shell the atom given.

Cuestion 4

An element has an isotope with a nucleon number of 7. Each neutral atom of this isotope
has three electrons and a nusleus containing two different types of particles.

{a) Give the names of these particles and the number of the parlicles present in each
nucleus. [2)

Mame of paricle. Mumber of paricles. |

i) Compare the masses and the elactrical charges of these particies.
Magses:

Efectrical charges:
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{b) What is the difference in the nuclei of this atom and i's isotope whoss nuclecn number is
67 11

[RCIENCE - 5124/P32010]

WOHRKED SOLUTIONS

(&

N_arie;g:_rf particle. Number of paricles.
Froton 3
Meutron 4 ]

* JAKE MOTE
7 e f srrivie 3t the sl af particles B an atu He Sl ifarmation i eltal

& Provs ngmber = m ol sltooss,
{Bratinr mumber i al egual o S slomic number)
& Mazs nomber = stomi aember (Erotn suniber) = weutros number, theralore RO AETRET = MESE
miwmier - giormi wmber (prefon mumber)

fn ihe question afave ihe mass aumber 5 given a5 7 and we are infarmmed ihal the elerdivin suender & & e grofan
e & eqne! i e alectron mumber fence it 5 alsa £ The nowtros simier i o ainen # (i

Newiron ng = Moss ng - Jiomic g

=7-3
= 4
ii} The proton has a mass of 1 a.mud. and it s positively charged, whereas the neulron
has a mass of 1 a.m.u. but has no charge.
(b) The twa nuclet have different neutron numbers. The isotopa with mass number 7 has 4
neutrons whike the isctope with mass number & has 3 neutrons.

* TAKE NOTF
Krnigpes are stons of e sane olment Hawig e same namiee of profoes bt diferent nomber of rewtroms sl

mass mmbars fie Sl & 2 swmarey of simitardies ang odifferencor amang Sofores:
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They are atnms of the same olament Fhey bave ohifleren! mass mmbers,

Dimilerities Momber ofpartices _ |
|
| Fhey fave the same mumber ! profans. | They fave different mumdber of netrams,

NOTE. wihat matkes their masses difarent i b diftaronce i the mumber of mewirons, since Sheir proton Aunbers are
e same 1 Batapes of the same e

CONCISE INFORMATION (ATOMIC STRUCTURE)

* Afoms are made up of three fundamental particles, namely prolons, neufrons and
electrons. The protons and rewtrons are cantained in the nuclous while the elecirons
revalve around the nucleus on paths called shels or enengy levels.

shzll

electron
Frofom:
rucleys -
n&Eirnms

haractensh fundamental icles

FParficle Relative atomic Charge
mass
Proton ! = I
Nsutron i 1 Meutral
Electron | 171840 =

«  Afomic and Mass numbers

= Afomic ng: the number of protons in the nucleus of an atom. It is also refermed fo
ag proton number.

»  Mass ng: the sum of the number of protons and neutrons in a nucleus of an ator.
Iz alzo calfed the nuclean number:
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Question 5

Fluaring can form either covalent or ionic bonds,
{a) Draw an elactron shell diagram 1o show the honding in;

i Bodium flucride NaF, showing all the electrones.
i) Flugring, Fz showing all the elegirons.

{0} Explain why sodium fluoride has a higher melting point than flucrine.

[CHEMIGTR Y S0TOZZ00T]
WORKED SDL.UTI ONS
a) (i) L
T TN
.- |
(@) |(©
- - L |
* THKE MITE

fomic bonding i the tyoe of bonding thel tabes pisce Hefween 3 mets sod @ Aon-meisl where ihe metal Bses
sipctenals! and He nur-mela gains the same slectrans) during i Sy process, tining Satt int efargen g
Sadin (M) bas I ehwtrons rotus nomber =17 snd s configoratin & A8 i therefore needs ie fose Hhe o
slepirgm i if5 outermost skel fn atisin stebilty and g full sotermosi shell wivch will resell i o becaining 8 positve
iy {oation) with & confipursiion of 28 Huaiee v the otber fand fas § slecfross (proion mumber =5 and &5
slectranic configuration is 27 it Hherefire ey sever alectroms i its sutermast shel and meeds o gaiv pne sleciran 17
atiai stabilly and & ol sutormest shell whid wil resl i if becoming o negative o (Enbe) Witk & conliunanis o
F8 Honce v the ahave situation, e alerror ozt Sy Sedlum i paines &y Foaring, farming spposiel charged oo

W Jitract sk other. farming 2o i Soad (fonce of aitractin fetweds & catian ang an anian !
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(i)

* TARE NTTF

Auarine unergoss covalest lmoiling with itself. Covatent Sending thes oocur betwasn mur-metsls. T type of bending

invlves the sharing of sletrons Sy S0t nou-metals 57 thar hatl s attain stabiidy. {7 9 Gbove situstion hoth atoms

of Hlugring need ane mare elbctron in their uwier shal o be stable Aence, shere fen Blectrons with £ach ather to frm

2 b

(B) The force of attraction between Sedium and fluarine is strenger compared to the force of
attraction between the shared slectrons, as a result, sodium fluornde{NaF) requires a lot
of energy (high termperatura) for the bond te be broken, hence the medting paint is higher.

CONCISE INFORMATION (BONDING)
¥ Atoms combine with gach other by forming bonos.,

¥ Bonding is usually a5 & result of atoms trying to achieve stability by acquiring a stable
configuration of electrons in the outermost shell, This can be achiaved by fosing and
gaining, or shanng electrons

= An yncombined afom has a neutral charge because i has an ogual number of
protons. (which are positively charged) and electrons (which are negatively
charged). However, i if loses an electron(s) during fhe bonding process, it
becomes positive because the number of positive profons becomes higher than
the number of negalive electrons. Buf iF ire atom gaing algclrons during the
bonding process, it bocomes negative becsuse the number of nogalive electrons
becomes higher than the number of positive protons,
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Study the electronic configurations of sadium and chlarine aterms.

Sadium: 2.3.1

Chigrine: 2.8.7
(g} What is the charge on the sodium atom? [1]
&) How many outer shell e¢lectrons are there arcund a chioride ion? [7]
fc) Write the eguation for the reaction between sodium and chigrine. '[2

(d) Why is the relative stemic mass of chiorine not a whole number? (1]

() In the ionic compound of sodium and chlorine how are the two ions held together? [1]

[SCIEMCE — S024/PH02/2004]

WORKED SOLUTIONS

{8) Positive charge
{b) 8 elecirons

*#TARE NOTE £ farm am o the chineime atan will gair one more clecre i camplets S5 aulss Aumher
oy Ma + Cl — NaCl

{d) Relative atomic mass of chiorine is not a whole number because it is an average of
the masses of the chlorine isctopes.
(e} The two ions (Ma+ and CT) are held together by an electrostatic force created by the

opposite charges.
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estion T
Figure 2.1 below shows the structure af a COmMEound.

PN AN

]

— —
Figure 2.1
(@) Mame the compound shown. [1)

(b) Write down the chemical formula of the compound.  [1]

() What type of bonding is present in the compound? [7]
{d} State any two physical properties you would expect the compound to have, [2]

[SCIENCE - 5124/F23r2008)

WORKED SOLUTIONS

(&) Magnesium oxide

{b) MgO

{&) lonic bonding

{d} -The compound is seluble in water, but insoluble in organic solvents like ethanol.

-The compound is a solid at room temperature.

Question &

(&) Draw eleciron shell diagram to show the ionic bonding in ;
B Magnesium Cxide [2]
iy Lithium fluonde [2]

{b) Explain why;
1} metals are good conductors of electricity. 1]

~fi} fonic compounds have high melting and boiling points. [1]
[CHEMISTRY/S0TNE2008]
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WORKED SOLUTIONS

iy

.

(&) i) Metals have free mobile (delocalized) electrons, which makes them able to
conduct electricity.

i) lonic compounds have high melting and boiling points due to strong electrostatic

forcas of attraction between ions _hence, breaking such bonds reguires great
energy.(high temperatures)
Cuestion 3

The diagram below shows the dot and cross structurs of compound R shawing all the shells
and the electrons.

(&) Use the Periodic Table 1o deduce the chemical and structural formulae of com pound
R. 2]
(b} Compare the bonding in compound R to that in calcium chiloride. [1]
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{e) Explain the difference in electrical conductivity Detween com pound R and calcium

chicride when in ligud form. [2]
|SCIENCE -5124/PH022001]

WORKED SOLUTION

{3) Chemical formula DO0O0OCOOOONoes formula for caleium sulphide

Struciural formual: Ca=3

(b} The bonding in rompaund R involves sharing of alectrans while that in calcium

chiaride involves transfer of electrans.
4 B doas not canduct electnicity while calcium chloride does.

{ch In hquid form gormpoun
compound B the slectrons are delogalised and mobile in

This i begause unlike
pabciurn chlonde

Question 10

Slement E whose proton numbser & 7 combines with hydrogen to form a gas.

{a} ldentify element E. [1]

(b} What is the name of the gas’ 1]

() Write the chemical formula of the gas. [1]

(d} What type of bonding holds the atoms together in this compound? [1]

(e) State gne physical propemy of the gas that is due ta the type of bonding it has. 1]
{f} Name another compound which has the same type of bonding.  [1]

[SCIENGE - 512 4/P3i2011]

WORKED SOLUTIONS
{a) Nitragen.
(b} Armonia gas.
{e) NH;

() Covalent bonding.
HMNOWND THE EXAMINERS MIND' - Chemistry 2
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{e) Due to its type of bonding, ammaonia is simple moleculs with low melting point and low
boiling point.

{f} Carbon dipxide {also water, hydrogen chloride, ete).

SUMMARY (1ONIC AND COOVALENT BONDING)

v lonic bonding is fhe bonding fhat occurs befween matals and non-maotals and
involves the transfer of elecfron(s) from the metal to the non-metal and ions are
formed in the process. An fonic bond s lormmed during iRis process,
= Characlerizfics of lonic compounds include;

= They are mada up of caticns (positively charged mefal ions) and anions (negatively
charged hon-metal ions)

- They conducl! electnely in agueous salution and in molten state.

- They are solubie in water but nat in arganic solvents

- They have generally high malting and boiling points

- They are non-volatie and generally solid &t room temperature.

¥ Covalent bonding iz the bonaing that ocours befwesn non-metals and involves the
sharing of electronys}l befween the hon-metals and molecules are formed in the
process. A covalent or molecular bond is farmed during fhis process.

v Choraclonstics of covalont compounds include;

- They are made up of molecules.
- They do not conduct electicity in any siate.
= They are ngoluble in waler bul soluble in orgarmic solvents such as petrol or ethano!,

- They have low melfing and bolling poinis
- Thay sre gensrally volatie.

HMNOWING THE EXARMISNERS Miro™ - Chemistry 2
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Question 1

The reaction below takes placs during the production of calcium oxide when calcium
tarbonate is thermally decomposad,

CaCl:{(g) - + CO (s} + CO; (g)

(8) Give a common name for
iy Calcium carbonate (1)
i) Calcium axide |1
{ii Calcium hydroxide ]
(b} What is the chemical formula of calcium hydroxide? [1;

[SCIENCE - 5124/P3/08/2009]

WORKED SOLUTIONS
ray ..
(i Chalk/limestone
{ii) Limefguick lime
(i Slaked lime
(b CajOH),
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CONCISE INFORMATION (TRADE NAMES OF CHEMICALS)

The lable Beiow /s a summary of common and frade names we encounter in the
chemistry laboratory and names used in everyday Iifa.

| COMMON NAME CHEMICAL NAME FORMULA
|
Alcoho! Etfyl aicahal
Eaking Soda Sodium hydragen NaHCZO3
carbonate |
| Baking Powder i Sadium bicarbonate
- Challk/Egg Shells/Limestone/ | Calcium carbonate Calo,
| Marhie
Diamond carboin I3
LimedQuicklimesSand/Silica | Calcium oxide Cad
Quartz Sificon dioxide S0z
Slaked Lime Calgium hydroxide CafOH)2
I. Soda Ash (Washing Soda} | Sodivm carbonate Na2COz
Vinegar Acetic, ethanoic acid '
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Csestion 2

The following expenment was set up to investigate the effect of damp air on iron fillings. The
graduated cylinder conlained 50cm3 of air at the start.

| EeleEE o lifngs— ] aradumal cylinder
iedgseas o |

Appainthas ot e slar Apqarmmis after 1wk

(&} Siate two changes which would be abserved after 1 week. (2]
(b) What velume of air was in the graduated cylindsr after 1 week? [1]
(o} Calculate the % of air used up in the experiment. [2]

[SCIENCE — 5124/P3/05/2009]

WORKED SOLUTIONS

(a)
1. The iron fillings will fum brown {rusting}
2. The water bzvel in the cylinder will rise
(b} 40em3 of ar
(c) 10em’/50cm® X 100% = 20%

Lhyestion 3

a. Write a word equation for the reaction between Sodium hydreside and Ammonium
sulphate. (1]
b, Sodium hydroxide also reacts with sulphuric acid o ferm Sodium sulphate and Water,
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i} Write a balanced chemical eguation with state symbols for the reaction of sodium
hydroxide with sulphuric acid. [1]
if] Write an ionic equation for the above reaction. [1]

[CHEMISTRYEOT Q2 200E]

WORKED SOLUTION

. Sodium hydroxide + ammenivm sulphate —s sodium sulphate + ammonia gas + water

. 1) 2NaOH q+ H2Z504 (ag) ., Na2S04(ag) + 2H20y
i) Hpg + OH g » H:Op

CONCISE INFORMATION [CHEMICAL EQUATIONS)

v The reaction betwesn Sodium hydroxide and sulphuric acid is an exampls of &
neutralisation reacticn. in this fype of reaction an acid (sulphuric acid) reacts with &
base (sedium hydroxide} to form wafer and a salt.

¥ Chemical equations — An equation is a chemical senfence thaf describes what 15
going on in a chemival reaction. Chemical equations are always written with the
reactants on the lefi and products on the right

Reacfant(s) = product{s).
(LHS) [RHE]

The equation can contain [he namaes (word equalion) or farmulae (symbol gquabion)
of tho substances. In addition to the formlae, in an equation, state symnbols are
added o the symbol or name of each product or reactant, to denofe the physical
slates of the substancas;

5] — aolids

(1] — liegisicds

(g) — gases

{aq} — agueous [substance dissclved in water]
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£2014 A Product OF Initiative Busiftess




v Sleps fo wiiting corect formulae equafion.
= Write the comect symbals for the reactants and work auf the formulae for the
compounds farmed ysing the valencies of the parmicipaling elements or radicals.
« add the slate symbaois to the formuiae of the products and reaciants.
« Belance the eguation.

Question 4
(a) Qxidation can be described as either the addition of oxygen to a substance or the

removal of hydrogen from a substance. Study the reactions below and state whether

The substance hasg besn reduced or oxidized.

i} Copperlii) oxide + ammonia » COpper + nitrogen + water
iy Carben dioxide + carbon s Carban monoxide
i) Irondii) oxide + aluminiurm » Aluminium oxide + iron

12

(b} Steam reacts with carbon a5 shown in the chemical equstion.

H20(g) + Cig) +H2{g) + CO{g)

Identify the oxidising agent. Give 2 reasan for YOUr answer. [2]

[SCIENCE « 5124/P3QT/2010]

WORKED SOLUTIONS

(a) ) Oxidised

i) Redusad

ity Oxidised

(B) In the reaction; HzO is the oxidising agent. This is because an oxidising agent is 2
substance which causes another substance to be oxidised and is itself reduced. In
the reaction, watsr loses cxygen {reduced) to carbon which is oxidized to carbon
mongxide.

* TIKE NOTE
A substance that causes awsainn is an axidising apent whik one that causes redvctio & # reEiring aERt
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The diagram below shows the action of hydrogen on copper{ll) axida.
Uappa U anake

L e

Lyt ———
S —

5 |

1

Lozl szompiv
Curing the reaction copper (i) oxide is changed to copper and steam 15 produced,

{a) Construct a balanced chemical eguation including state symbols for the reaction. [2]

(b} In this reaction, stats the axidizing agent. [1]
{£) Describe the colour change that gccurs on the copper (1) oxide as the reaction

progresses. [2]
(d) What type of reaction is taking piace in the diagram above? (1]
[SCIENCE — 5124/P3/052012)

WORKED SOLUTIONS I

{a) H; (g} + Cul {aq) — Cu (s} + H:O (I}
{b) Copper () oxide is oxidizing agen!

"TAKE NOTE:
Copper (i} awide grikres hydragen & hydrogen disick Heredore, it & H9 axidksiny agent in B reacion.

{c] Copper (] oxide fums red
1d) Redox reaction
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[a) Siate whether the following readlions could be decomposition, synthesis.

dizplacement or redox reactions.

i) 2Fe(s) +3CI2(g) » 2FeCi3(s)

i) CaCO3{s) » CaQis) + CO2(g)

i} Znis) + Pb{NO3)2 (ag) = Phis) + Zn(NO3) ()
) Mais) = Snlis) = 3n(s) + MgC{s)

V) FeCld{aq) + H2S(g) » FeCl2(aq) + S{g) + 2HCl(aq)

(B} "When potassium chlorate is heated, oxygen is released. The release of oxygen is
much easier when manganese (i) exide is used as a catabyst’

iy ‘What iz a catalyst?

i} What is the effect of a catalyst on a chemical reaction? (Total 7)

[GCIENCE - 51243020

WORKED SOLUTIONS

[a) i} Synthesis reacticn.

* TAKF NOTE
Symthesic reaclons are resctions where frge compley melcubs/tompones are el fom simpler

MRS TS,

i) Decomposition reaction.

* TAKF MOTE
Hecanposiipy resciions are reactions whers lrge complex makcues rompowrds are broben dows f2 form
S mulriE s ComaeuRds.

ity Displacement reaction.
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* TAKE NOTE
Hisplarament reaciipns are resciins whers 7 more reactive slamont gigaiaces & s resclive ane iram G5

compng

v} Redax reaction.
* TAKE NOTE
addifaon of oxyyen (nxidation)
i j r
My, < Snllm — Snyy - Wl
L— — %

rezmnval of axyaen
(rrdurtinn)

e reactions are reactions where ar alement 5 sither restred (lares meypen or anidices (raine oxygen)

(b} A catalyst is a substance that increases the rate of a chamical reaction without itself
undergoing any chemical change.

ii} Catalysis alter the speed of 2 chemical reaction by lowering the activation anangy.
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SUMMARY (CHEMICAL REACTIONS)
v Types of reactions
1. Decormposition
Reactions in which a singfe compound is broken down into fwo or more products
29 CaClspm I LCa0 4+ COsy

2. Double decomposition
Reachions in which two compounds take part, both are decomposed and fvo now
substances are formed by an exchange of radicals. £, g AB + CDO=AD + CB;
CuB0, + H.5— = Cus+ M50,

3. Revarsible regction
Thiz is a group of reactions in which the direction of chemical change can be
reversed by changing the condition under which the reaction is taking place g

CuS0, “5H.O -:'%‘ CuS0, + Ha0

4. Oi ent fon
Reactions that ocour when a mare reaclive element(s) takes the place of a less
regctive element(s) in s compound. A more reactive motal can displace a loss
reactive metal ion from s saif
2y + CUSOs ————2Zn50, o + Cu

8. Endethermiz reaclion
Reaclions which involve absarbance of hoat from the surrounding. If has &
positive change of enthalpy (A H);
e ValNogy +Velop NOy & H=+50.3 kJ

. Exothermic reaction
Reactions which involve rofease of heat to the surounding. it has a negative
charge of enlhalpy (A H): e.g. C + Oojg—* CO i A H = - 40.8 kd/mol
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CHAPTER 5 ACos. BASES ANO SALTS

Cluestion 1

(a) What is an acid? [1]
{b) Describe what you would ses when a likde Copper (|1} oxide is warmed with dilute nifric
acid. [1]

(&) In what way is Cepper (1) axide behaving when i reacts with dilute nitric acid? [1]

WORKED SOLUTIONS

(a) An acid is a chemical substance that produces hydrogen ione (H) as the only postive

ion when digszolved in water,

(b) Crystalline solids would be farmed in the solution.

* TAKE NOTE
bell + E"i':'m} e e SuitTst

(o} Copper (1) Cxide is behaving as 2 base which neutralizes acids.

* TAKE NOTE: fr & ewtratisstion reaction. the hase reacts with an aoif b farm & salt g waler ol

CONCISE INFORMATION (REACTION OF ACIDS AND BASES)
¥ An acid is g chemical substance thal produces hydrogen ions (H') when dissolved in
water, For example, When Aydrogen Chloride is dissolved in water, it produces
hydrogen ions {positively charged) and chiorine ions (negatively charged) as follows:
HG g Mg * O g
¥ Reaction of awids with bases.
s Acids react with bases (metal oxides and hydroxides) o form salts at the point of
neutralisation. Water is also produced in the reactions.

Acid + Base sl + Walar
g.g. Copper (i} Cxige + Nitric acid » Copper (N mitrate + Water
Cul &+ ZHNG; .0 + Co(NO:

Cul is acting a5 the base in this reaction o neutrelise the acid.
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estion 2

Figure below shows a pH scale and the pH value of four solutions A, B, C, and D

5 :
(&) Which of the solutions is likely to be:
i} Sodium chionde. [1]
i Hydrochloric acid. 1]
(b} State the ion which is responsible for:
i} Aodity. [1
iy Alkalinity. 1]
(c) What type of reaction occurs when salution A is mixed with solution D? Write an ionic
equation for the reaction which coours.  [2)

[ECIEMCE - 5124/25/2008]

WORKED SOLUTIONS

@i c

* TAKE NOTE

Sipclisir ehlorich is a salt which is 2 product of sectralization reschion. Therefore, it is enaerted & be mewtral with 2 ol
af ¥

il A

* TAKE NOTE
.Hfﬁi"aa}-hwbamﬁﬁmmwg gisie! gl 5 Experied 1o fave mfa&m’,mﬁfiﬂ.mﬂqrfﬂ the giveir seale hporocilarc
Avid car anfy be A 25 t has the lowest off af | wiile £ bas 2 pff too bigh for 27 2cid

(B} i) H g
* TAKE ROTE
From the definition of an acid as & substance that proches & jons, it is obvisus thet the & ior & respmnsibie fr
acidiiy.
0y OH g
* TAKE MOTE Hydravide fons ar any Ovide ions are responsible far alislnity,
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{c)} Neutralization reaction

* TARE NOTE
Newiralieatinn i the farmation of water fram hydrmride fons (of & base) snd fydragen ians (af a0 acid] whers 2 salt i
farmed duriny e process.

Inmic equation; By + OH g ——* Hall

[heck aples on writing ionic epustioes or Question 3 page 50

uesiion 3
An acid i= =aid to have g sour taste.

(@) (i) What particle of an acid is responsible for the sour taste? [1]
(i} Give a reason why hydrogen chioride has ne effect on a dry blue litmus paper. [i]
(b} Describe how you would distinguish between a weak acid and a strong acid.
(¢) Sodium hydroxide can react with a certain acidic oxide to form the salt sodium
Sulphite.
Mame the acidic oxide. [1)
(d} Write a balanced chemical equation for the reaction that occurs in (c) above.  [1]
(&) Deduce the nat ionic equation for the reaction in (d) above. [1]

[CHEMISTRYIBOTZZ011]

WORKED SOLUTIONS

{a) (i) the hydrogen ion
TAKE NOTE: acichty i defornined by #he presence of ie hysragen i
(i) Hydrogen chloride is a neutral alt

{b) A strong acid dissociates completely while a weak acid dissociates partially

(¢} Sulphuric acid
{dy 2Na0H + HyOy - » NasO, + 2H:0

() OH + 24" — 2H,0
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CONCISE INFORMATION (pH SCALE)

v Strong and Weak acids

= A sfrong acid is one which ionizes (dissociates) complietely in aqueous solufion,

The fellowing are strong acids;

e S

| Name Formula lonization
Hydrochionc acid HCT H g * G g
Sulphuric acid H2504 2H' fugy + 507 ugy
Nitric acid AND, Hgn * NOzag |

v A weak acid is one which only dissocisies partiglly in agueoous solution. The

ionization is reversible and is indicated by the sign =—— e.g.

¥  pH scaia

—=H fagy + CH3COD

= This is g scale designed by chemists o indicate if 2 solution is acidic, neutral or

slkaline. it is also the measure of how acidic or alkaline a solution is and is

numbered feorm O fo 14.

| T
i W E i

:Iii
s 9 10 L1 12 13 14

* o indeaning agaity

Tha [swer the pH.
the stronger the 2

6 7
l increasing alkahmty
feuTTsl The lhagher the #H,

th= srengar the alkall

» A substance is acidic if its pH is iower than 7, and the substance is alkaline if ifs

pH is higher than 7

« If the concentration of QH and H™ ions is equal, then the substance is neutral,

maaning the pH is exactiy 7.
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Gluesstion 4

A group of students measured the pH of some substances they found in their houses. The

resylte ara shown below.

Substance ! pH

Apples ) 3.0 II
Baking Soda (sodium hydroxide solution) 8.5
Black coffee ' 5.0

| Household ammania ' | 12.0
Lemon juice 2.5 {
Milk o 6.5
Salt 7.0

: Sugar o . 7.0

| Toothpaste - )
Vinegar 3.0
Washing soda (sodium carbonate) ' 11.5

(a) Suggest what the students used to measure the pH of the above subsiances.[1]

{b) Which solufion is the most;
i Acidic, (1]
iy Alkaline,

{e) Which solutions are neutral? 2]

(e} A first aid kit manual suggests that vinegar should be used to treat wasp stings and
baking soda for bee stings.
i) What does this information tell you about the chemical nature of wasp stings? [1]
i) I there was na baking soda in the heusa, what ether househeld substance could y

use to treat bee stings? [1)

(e} Vinegar contains ethancic acid, CH,COOH. Write down a balanced chemical equation

for the reaction that occurs when vinegar is added to a sample of washing soda. (2]

[CHEMISTRY S0TOM2M22007]
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{a) pH meter
(b)) Lemon juice
* TAKE NOTE. e iower the pH the siranger the scidity, o the list givern, deman juice fas the lowest off vale,
iy Household ammonia

* TAKE NOTF

The higher the p the stronger the albalinity, on the list given. household ammams bas the bighest olf valie
{c) Salt and Sugar.

* TAKE MOTE A reutral substance has the pf valie of 7

(d) i} A wasp sting is alkaline (base), therefore an acid, in this case vinegar will be used to
ast on the alkaline wasp sting to cause a neutralisation.
i) * Toothpaste

* TAKE NOTE

{ontfipasie fas i vale closest o that of baking sods Mersfare it would dr the wark of baking sad in newtralising
the hee sting

(e) 2CH:COOH 4y + NazCOxay —_— 20H.COOMagy + GOy + HiOy

* TAKE NOTE

Lereraly: :
Metal carbonate + sornd > &t + carfon dinvide « water

A reactin of an seid with & metsl carfonate always produces tree products. 2 metsl salt, carbon dinvide and waler.
uesfion &

{a) A solid substance J, soluble in water is suspectsd to be either acidic or basic. Describe
how you would determine whether J is an acid or a base. [1]

(B) A small amount of vinegar was added to baking soda (sodium hydrogen carbonate).
Effervescence gocurrad as a result, of the formation of a gas.
i} MName the gas produced, 1)
i) Write an ionic equation for the reaction in which the gas is produced. [2]

[CHEMISTRYS0FO2Z20110]
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WORKED SOLUTIONS

(a) Te determine whether substance J is acidic or basic, it must be given the ltmus test.
First, substance J should be dissolved in water as it is soluble. Then, either blue o red

litmus paper ¢an be used {0 determine whether the solution is acidic o alkaline. Blug
litmus paper will tumn red when dipped in an acidie medium and remain blue whan dipped
in alkaling medium, while red litmus paper will remain red when dipped in an acidic
mediem and turn blue when dipped in alkaling rreditm.

{bY iy Carbon dioxide

* TAKE NOTE
A0 fut the weakest aoids react with carbunaies fo lerate carkon st wiich will farm fime water (milky)

Acid + metal carbonate — s salt + water £ carbon dioxide.
|-|:I H' e ¥ HCOs hgy ——————— G’D_E 3 + H?D i [rI-EE ionic Equ.ati-t:ln]

*TAKE NOTE

T write naf inic reaetions, oue (st (ol 1hese steps:

Staw it fhe balanced chemical reaction icluding state Symiw.

Steg P igmine spbstances iT aquenus siste (il arids and ignic compouTs, inm e resgective
it (fcations and anians) _

Stey F cancel out imns that anmear o hath sidks of e squation 2nd if there is & comman cosficient for ol o

spacias simplly (7 the simplest whol aumben ds wilf result i iz st e faliwing shows fow 198

are Lsed

Sran § balanced aquation (aieady felsnced)

Lo s + M ) * LA g + B0z + Hl
Step 2 farmmation of iang
CHALT oy # 8 s+ M5 ssq0 # B0 ey~ AT g5+ M i o (Wi + Holl
Step & cancelling the spectator inns
bR Mg — e+ My —eEE— e < Al

i g+ G — L * Mol g (it fonic Egustion
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CONCISE INFORMATION (IDENTIFICATION OFACIDS & BASES)

v Lifmus paper is used in the identification of the nature of solufions (either basic or
acidic). Red litmus paper fums Biue in alkaling medivm while biue litmus peper tums
red in acidic medium.

¥ Olher indicators such as methyl orange, phenolphthalein and bromathymol biue can
be ysed.

Question &

Zinc chloride is a nermal salt and scluble in water
(a) What is a normal salt? [1]

{b) Pure zine chiorde is best prepared by a neutralization reaction. Suggest two reactants
that could be used to prepare zing chiaride and giva the equation for the reaction
including state symbols,

i} Reactant1. 1]

il Reactant 2. [1]
iii} Equation. [z
(c) Describe how you would prepare a sample of pure zinc chloride solution. [

(d) Describe how you would obtain zine chlaride crystals from the resulting solution. (2]

[CHEMISTRY S07Q/22/2006)

WORKED SOLUTIONS

{8) A normal salt is a salt which contains ne replaceable hydrogen.

(b (i) Reactant: Hydrechloric acid
(i) Reactamt 2: Zinc hydroxide
{ii} Equation:

Zinc hydroxide + hydrochioric acid — Zinc chloride + water

Zn{OH)ag + HClay ——* ZnClyaq + H:Oy
* TAKE NOTE: iz 2 mewtralizalin rezction 2 base rescts with a7 2ol foriming 2 saif aad water,
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fiv) Maasure a velume of hydrochloric acid in a beaker, Add a litthe at a time of
zinc hydroxide solid to the acid in the beaker until solid is in excess. Filter off
the excess sadium hydroxide and collect the filtrate of Zinc chloride.

() To obtain the crystals, place the resulting solution in an evaporating dish and
heat the solution gently to concentrate it. Remove the heat source and allonw
the solution to cool and crystallise. Filter off the crystals on a filter funnel with
filter paper and wash them with a little cold distilled water. Put the crystals in
betwsen clean, dry filter paper and sgueeze gently, These solids are the
crystals of zino chigride.

CONCISE INFORMATION (TYPES OF SALTS)
< A salf is 3 compound formed when the hydrogen ions in an gcid are repigeed by
" rmeltal fons o ammonium fons.
" Types of salts;
« MNormal salts: salts which contain no replaceable hydroger ions e.g. Sodium
chioride {fable salt)

 Acidic salts: salts which contain replaceable hiydrogen jons e.g. NaHS0.
« Basic salts: salts formed whan some of the base are retained toggiher with
metallic iohs and the nogative ions of acids e.g. Zn{ OH)CI

Qluasting 7

(a) Define a salt and give one example.  [2]

{b) Iran (I} sulphate (FeS0,) can be prepared by reacting iron metal with diluie sulphuric

acl.
i} Write a balanced equation for the reaction. 12]
iy WWhich reactant should be in excass? : 21

(c) How wauld you obitain fairy pure crystals of Iron (I} sulphate from its solution™ [2]
{d) Mame a salt that can be prepared by precipitation. [1]

[SCIEMCE - 5124/P3/2720710]
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WORKED SOLUTIONS

{a) A salt is a compound formed when the hydrogen ions in an acid are replaced by metal
ions or by ammonium ions, £.g. NaCl {Sodium chloride), NH.C| (ammonium chloride).

(b} 1) Fey + H:50, 0y —— FeSO, sy + Hz
ii} Iron (Fe) should be in excess.

() To obtain the pure crystals of Iron (I} suiphate, filter off the excess iron metal and heat
the solution gently to concentrate it. Remove the solution from heat and allow it to cool I
50 that the crystals can farm. Filter off the crysials and wash them with a Iittle cold
distilled water. Dissolve the crystals in a little valume of hat water, filter the solution and
racrystallize them. Filter off any excess liquid and aliow the crystals to dry on the filter

paper. The crystals formed are thase of fairly pure Iron(ll) sulphate.
(d} barium sulphate.

* TARE MOTE: Insoliable salts can be prepared gy Dreciniaien.

Luestion &

Barium sulphate (BaS04) is an insoluble =alt which is prepared by precipitation.

(8) Using sodium sulphate as one of the reactants:

{i) Name the other reactant you would use to prepare barium sulphate. [1]
(if) Write 2 balancad chemical equation for the reaction, include state symbals [2]
{ii) Write an ionic equation for the reaction. [1]
(b) Briefly explain how yau would obtain afairly pure dry sample of the salt. |3
{c} Mame one salt that can be prepared by the reaction of a metal with a dilute acid. (1)
(d) Calcium chiaride (CaCly) can be prepared by reacting calcium carbonate and dilute

fhydrochioric acid as shown in vike equation below:
CaCo; (s) + 2HCI (ag) — CaCl; (aq) + CO; (g) + H.O ()

Caleulate the mass of calcium chlgride produced by 150g of calcium carbonate.

ISCIENCES124/ PQ14 2011]
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(&) -
{n Barium chiornde

iy BaCl (ag) + Na;50: (agq) — BaS0, (s) + NaCl: (aq)

(i Ba®™ + S0, — BaS04

() To obtain a pure dry sample of salt, evaporate the water from the salt solution by
gently applying heat to the solution on the evaporating dizh. After water has
evaporated ool the remaining concentrate and crystallize it. What remains on the
dish iz dry salt.

(c) Zine sulphate
TARE NOTE: the mivture of sine metal and ditite sulpunic acid will give pou 2ine sujphate.

e]]
CaC0s (5) + 2HCI (aq) — CaCl; (aq) + CO; (g} + HO (1}

! |

150g mass?
Mol of CaCO; = 1501100
= 1.&maol
Mole ratio for calcium carbonate to calcium chionde is 121, therefore, meal of CaCly is
1.5mel
Mass of CaCl: = 1.5 x 111

= 166.5g
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uastion 9

The figure below shows the properties and reactions of some substances.

heas | Colourless hiquid F
- | turns anhydrous
A senly [ 5
Sreen Crystals . conper (1) sulphate
= FETL
Add
waigr
i
J_"3||ET1_E“?“3]E:_J Add dilute nitric White
salution D aud and agueDus) oresipisane |
i | silver nilrate
|

/dd i [ew drops of squeous sodium hydroxide

Fod-hrown
Gresn procipitate air precipitate 11
n Y

ldentify, by name or formula:
{(a) The green precipitate G [1]
(b} The white precipitate | 1
{c} The red-brown precipitate H 1)
{d) The coiourless liguid F [1]

(e} The green crystals E [1]

[CHEM:STRY — SO070/P2/04/2008)

WORKED SOLUTIONS

(&) Iron {11} or (F&™)
(b} Chloride or (G
(c) Iron (I or (Fe*')
{d) Water
(&) Iron sulphate
NB. see notes for use in qualitative analysis - appandis
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CONCISE INFORMATION (SALT PREPARATION)
v Salt preparation.

«  Several general methods are used for preparing salfs. The method chosen for
praparing any particular salt depends largely on whether i is soluble in waler or
nof. The following simpie rules are helpful in prepaning salts:

»  Soluble salfs can be prepared by:
iy Action of an acid on & metal e.g. Finc sulphate,

i) Action of an acid on a carbonate e.g. Lead () nilrate.
iy Titration {neutralising of an acid by & base or vice versa) e.g. Sodium
chioride, Potassium nitrate.

v [Inzoluble zalis can be prepared by
i} Precipifation or double decomposition (e.q. barium sulphale, Lead chiorde

and siver chionde),
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CHAPTER 6 sroicHIOMETRY AND MOLE
CONCEPT

uestion 1

(a) Work out the relative formula mass, R.F.M. of the following;
i:l Ca [HGG;}? I1]
i) Al (SO.)s 1]

(b} When water containing dissoived caleium hydrogen carbonate is boiled, the calsium
hydrogen carbonate desomposes acgording to the eguation below:
CEEHCD&]E ) ——— CECGS i + HEDL'J i CD?':B]

i) Mame the white solid formed in this equaltion. [1]
i} If the water boiled contained 16.29 of the calcium hydrogen carbonate, salculate the
mass of CaCO: formed. [2]

[SCIENGE 5124/P3/2003]

WORKED SOLUTIONS

————

{a) Relative formula mass:
i} 4D+{2x1]|+[2:{12]+|,’Ex1ﬁ}=152

i) (2%27)+(3x32)+ (12 x 16) = 342

* TAKE NGTF
I finef the ralstive farmuls mass, e relstie alomic masses of 2l the stams in the farmuis are added un The
Hnliwing arrangement can fe vsey far ity sake
o sofve for the formuly SaMETls st the slemangs presat and multinl thei fofal (amoumt! in the molkes o
STEGTIS By (e relative oMo messes.
Ca [ i 0 ng qIOMIC Masy  summation
J— 6 x J6 = ¥
_— 2 1 = 2
L 2 x 2 24
PFox 40 = + 400
_{62

HMNOWING THE SxXSAMiNERS MUrNg™ — Chemistry 2
02014 A Product OF Initiative Business




(b} i} Calcium carbonate.
* LIKE NOTE
Wher manming 2 camaound pou st aways sta with 8 mame of the metal i that compuond 1he siher conmpanents
dast
i) Ca (HCOs): » 5aC0y + H0 + CO»
v v
16.29 mass?

- ng of moles [Ca {(HCOs)x] = 16.2g + 162g/mal = 0. 1mol
- Mole ratio 1 : 1
-no moles of Cally is therefore 0.1
- mass of CaCO, = 0.1 x 100 {molar masze of CaCO3)
= 10g

* JAKE NOTE
The number of males of 2 compound is found by using the farmu:
0 af moles = Given mass = maar mass 3

The giver miss ol & cowpaund (i you have feen given the number of males) i found by using i formda:
Siver mage = nn af males . molsr mass,

(check notes wnder BF far furéfer Hos on calulstion of wales and masses of chemical epuations!

Clueshion 2

iron is extracted from iron (11} oxide in & blast fumace. One of the main reactions in the

furmace is
FeaQ3 + 300 *——, ZFe+3C02

(a) Name two ores of iron. [2)

(b} Caiculate the relative molecular mass of iron {llI} axide, Fe2l3. [1]

{c} What iz the mass of iron that can be obtained from 80 tonnes of iron {1} oxide. [3]
{d} Iron often rusts. State three ways of praventing the rusting of iron. 3]

(e) Give one use of iron.  [1]

[SCEINCE — 5124/ 31068/2012]
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WORKED SOLUTIONS
la) .
1. Haesmatite (Fe0s)
2. Wagnetite (Fe.0y)

(o)
F? o
I f—— 3X15= 48
: 2X58=112
160g

Molecular mass of Fe, 0, is 160g/mal

(c) Fe203 +3C0 +— 2Fe +3C02
™

80 tones mass?

Moles of Fe.0; = 80 000 000g/1680gmel
= 500, 000 mal
Mol ratio of Fe203 to Fe is 1: 2, therefore, the mol of Fe is 250, 000 mol
Mass of Fe = 250 000 mol X 58g
= 14, 000,000
=14 tonnes
(d) Three (3) ways of preventing rusting are as follows:
1. Galvanizing
2. Electroplating
2. Qiling and greasing
4. Plastic coating
(2} Iron iz used for making hot water popes
NOTE: it i aleg nead in raving and Bunsen borner bases

Question 3

An oxide of iron, Fe,0, was reduced to iron using aluminium metal according to the equation
below.

Fei0y (s) + Al (5) — Fa () + ALD, {5)

HMNOWING THE EXAMINERS MIND™ - Chemistry 2
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{a) Write the balanced equation for the above reaction. [1]
(b} 5.8g of the iron oxide, Fe,0, reacted compietely with aluminium,

Calculate:
i The mass of aluminium which reacted.
(i) The mass of iron formed. [

[CHEMISBTRY - SOTIVEZ2010]

WORKED SOLUTIONS

(a) 3Fe.0, () + BAIl (8] — SFe (5) + 44,0 (5)

(&) (i)
Muoles of Fe,0), = 5.80/232gmal-
= (.025 mol
' Mole ratio of Fe,0, : Al
3.8
Thersfore, mole of Al reacting with Fe304 is 0.0866 mol
Mass of Al = 0,.086mol x 27g/mol
=1.T8g

(ii}. Mass of Fe
Mole ratic Fes0. - Fa = 3 : 9, therefore. moles of Fe formed is 0.07%
Mass of Fe = 0.072 x 36
=4.29
*Take mote-
i &7 equation whers the number of mole gr the mass of AnE resCing fragkct SPECES 5 Qe the fafimw
stens can b vsed o caloulate the mass or miles of the ather species:
v find the mumber of moiks of the species whnse #1ass i5 given
Lsing ol ratio find mles the species whase mass you meed o caliulits
¥ Calvulate the mass volume using the aoprapriate farmi
£ MASS = MBS ¥ MNar Mass

'y
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Question 4

Urea, {(NH;): CO and water ars formed when ammeonia reacts with carbon dioxide. Urea is
obtained as a solid from the reaction mixture.

(&) i} Write a balanced chemical equation including state symbols for this reaction. [1]
n} how many atams of hydrogen are present in one moleculs of Urea? (1)
{b}) What mass of urea in tonnes can be formed from 34tonnes of ammonia? 1]

[SCIEMCE 51247 3022011]

WORKED SOLUTIONS

e = B

iy 4 atoms of hydrogen

(b} Calculation of the mass of urea
2NH, + COy ——— {NH:.CO 4+ H,O

v v

34 tonnes. mass?

Note: 1 tonne = 1 000 000g
- Mo of moles of NH, = 34 000 000 g
17 gmol
= 2 000 000 mol
- Molerato=2:1
.. hg of moles of (NH»), CO = 2 000 00O
2
= 1 000 000 mel
Mass of (NHz); CO =1 000 000 mol x 60 g/mel
60 000 000g
60 tonnes
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Cuestion S

Part of the processes for the extraction of Uranium uses the reaction of Uranium
Telrafluaride (UFL) with magnesium.

LF4 + ZMg —» ZMgFz + U

(a) State whether Uranium is more or less reactive than Magnesium. Explain your
answer, [1]
(b} (i} calculate the refative malecular mass of Uramium Tetrafluoride (LIF). [1]
L How many tones of Uranium can be produced in the abava reaction using 24
tonnes of magnesium? 2]
{c) Matural Uranium has several isotopes. Define the term isotopes. [1]

[SCIENCE — 5124/ 30203005

WORKEL SOLUTIONS

{a} Uranium is less reactive than magnesium. This is because i is lower down the
electrochemical seres.
Take note:
¥ Also have it in mind that transition metals are kess reactive than group | and 1l metals.
« D the Perodic Table, reactivity increases down the group and to the left of the table.
()
(i Molecular mass of Ur4 is 314g/mol

U F

| L

‘ — 4310 = 78

' 1 % 238 = 238
314

(i) UF.+2Mg »2MgF:+ U

. ’

24 tonnes mass?

Mol of Mg = 24 D00 30024
= 1,000, D00ma]
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Mal ratio of Mg to U is 1:1, therefore, the mol of U is 2 x 1000,000 =
2,000,000ml
Mass of U = 2,000,000 x 238

= 475,000,000g

= 476 tonnes

(¢} Isctopes are atoms with the same number of protons but different mass number as
well as neutren number.

When Copper (1) nitrate is heated strengly. #t decomposes according to the equation below.
U Ny ™ | 2Culy + 4NOup + Oup
9.49 of copper (ll) nitrate were decomposed when heating, calculate;

(a) The mass of copper {I1) Oxids formed in the reaction. [
(b} The volume of nitragen dioxide measures =t rtpformed. [1}

[SCIEMCE - 5124/3/2008]

WORKED SOLUTIONS
2Cu (NQg), P88 . 2000 + AN + O,

{&) Caloulate the nc of males of 3.47 of Cu {(NOy): first, then use the mole ratio to get the no
of moles of Cu® which will in turn be used to find ite mass.

NE D‘f ﬂ‘ICITE-'E = ghaeen muwsl'luuﬂ.gll g+

NE of males of o {NDﬁ}z . 54.'15'- 2 Ed

— Ak
- ;-'r‘EEE.'u-.-_..

T+ 22 4) + 16 xG)

= 0.05 mol
Mole ratio; 2Cu (NOy). : 2CUD
1: = 3

Therefore ng of moles in CuO = 0.05 mal
Mass = no of moles x molar mass

= 0.05 ol x 80g/mal

=4g
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(b) Mo of moles = ™ o jas wiume. therefore to find the volume the following formula can be
Lged,
Volume = ng of moles ¥ molar gas volume

- First use the male ratio between Cul (NOJ);or Cud and NO; to get moles of
nitregen gas.

Mole ratg; 20uD (NO3); - 4N,

1 g
Therefore the no of moles in NO; = {0.05 x 2} mol
= 0.1 maol

Volume = ng of moles x molar gas voiume
= 0.1 x 24dm®(24dm® is the volume of 1Tmale of any gas atrip)

= 2.4dm°

* TAKE MOTE

Wil ratio i found wsing £he mumbsr of malecules of sach compaund or slement &g i e ahgve Questicr (e MO
ratia an be found by getting the £ fram 2ull (Ny)» and the 4 from 4805 hence when we fake e sl ratip 22 4 0T
ite lrwest ferm we gel the ratis /- 2 far 2 compa ar slement that fes ma mumdber i fronl of 1S farmla, £
numéber of malecules i taben fo be refer (e Suestion L

CONCISE INFORMATION (WRITING BALANCED CHEMICAL EQUATIONS)

v Calculations from chemical equations involve five main steps. (i some cases, a5 i1
the previous guestion, the first three sleps have heen done far youl.
v Sleps
i} Write & balanced chermical equation for the reaction and note the probiemn fo be
solved by writing down information given in the equation.

e.g. 20U (NO3); — == . 2Cu0 + 4NQ2 + O
v v
8.4g (given) ? [fo be found)

W Caloulate the number of maoles of the substance where mass s given. In the
above case. the no of males of Cu (Nl will be cafcura:e{:;..

il Write down the relevant mole ratio from the balanced chemical equation of 1he
concemed subsiances. The relevant ratio of CufNOs)z to CuQ in the above ca
is 2:2 ie. 2 mol E.'urNC';:,I; — 2 mol CuQ

iv] Using the maole ratio, calculate the ng of moles of the other substance.
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vl Calculate the required mass or volume using relevant formulas or relationship
bazed on the balanced chemical eguation.

Question 7

A spillage of 9.8 tonnes of sulphuric acid results from an accident by a road tanker. Slakad
lime is used 10 neutralize the acid.

(g} Siate the effects of the acids &n vegetation. [1]
(B) The chemical equation for the nsutralization is given below:

H250 (aq) + Ca(OH); (5} ————, CaSO. (s} +H2O ()

{ui) Balance the equation. 1]

{iii} Calculate the mass of slaked lime necded to neyutralize 9.8 tonnes of split

sulpuric acid. [
[SCIENCE - 5124/P3/2010]
D WORKED SOLUTIONS

i(a) Acids burns the vegetation
(b}
{i) H:50, (ag) + Ca(OH); is) — Cas0, {z) + 2H.0 {f)

(i) HyS0, (ag) + Ca{OH); (s) — CaSO, (s) + 2H0 (1)

. E

9.8 tonnes mass7?
Mol of H:8C, = 9800 00Cg/88g/mol

= 100G 000 mol

The mole ratie of H80, to Ca{OH). is 1:1, therefore, mal of Ca(OH); is

100 000mel
Mass of Ca(OH), = 100 000 x 74
= 7,400,000

= 7.4 tonnes
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estion 8

Of the twenty three minerals so far identified as rock samples from the moen, one is named

Tranguilityte and has chamical formulas FeedroTiy 500,

{a) What is the total no of moles of atoms present in one male of this compound? [1]

{b) What is the mass of one mole of Tranquilityte? [1f

{c) How many moles of Tranguilityte would be present in 62.1g of the pure mineral? [
{d) What is the percentage by mass of Zirconium in Tranguiltyte? [1]

(&) If the Zirconium present in lunar rock has concentration of 0.05% by mass, how many

grams of Zirconium are present in 100g of lunar rock? (1]

[CHEMIETRY SOTHALE00T]

WORKED SOLUTIONS

e e S P ¥ (A 1] . = = == ——

(@) Total no. of moles of atoms in one mole of Tranguilityte, FesZrTikSia0x.
=8+ 24+ 3+3+24) mol atoms
= 40 mol atoms

{b) Mass = no of moles x molar mass

=1 mole x [(8 x 56) + (2 x §1) + {3 x 48) + (3 x 28) + (24 x 16)Ja/mol
=1 mele x 1242a/mal
=1242q

* TAKE NETE
The eguating that fimks mass 1o mules i mg of molks =™/ mai m:
Fram thir equation. comversions can be mad fo calulate mass ar molar mass cepending an inirmstion
provided
() Moles = ™% o mass

= &2 1“}:2\4391',““1
= 3,05mol
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2 x {£r)
i
M _(Fe,drTi Si (), e

(d) % by mass =

- 912
Mo By mavy =
1242
=14.65% = 15%
* TAKE NOTE

The percentage by mass hejps us 5 dnow bow much of 3 compannd i made o of 5 partivear slement 7 ferms o
mass. if can be found fam calbulations invalving relatie farmuls mass a5 (olws: % by mass = Felative Atamic Mass
(RAMTx 5 of afoms « M

Tota relafive molsculsr mass of componad

(€) 1242 g lunarrock  _S0ems . qg2 g 7y

100 g lunar rock o sontzin,

I_IU[J}C]EZEFI £
= [1-4'12 — =146 =15g7r

In 100 g of lunar rock with concentration of 0.05% by mass:
M5 e 3
mass = e =152 Zr = 00075 2 Zr

* TAKE NOTE
fhe percentage campasition of 5 particulsr slsment i 7 compaend i alwaps taker o by percantags Sy mass of that

particular glement in the compmmd
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Cluestion 8

A sample of water obtained from one of the rivers in the limestone districts of Lusaka was

found to contain calcium hydrogen carbonate, CalHC Oyl

(@) Write a balanced chemical equation to show how the calcium hydrogen carbonate is
formed from limestone.

(b} The fellawing experiment was done to determing the concentration of calgium hyor
carbonate in the water sample, 100cm? of the river water collected was boiled and the
resulting carbon dioxide gas was absorbed in an excess of ime water using the
apparztus below.

%“T:" 2
s Lo .’_/u-:- e plesr coater

BB i

jf £ \ E:_Sl S

Calcium hydrogen carbonate decomposes when heated to form calcium carbonate,
water and carben dioxide. Write a balanced chemical equation for the decompesition of
calcium hydrogan carbonats. 1

{c} When carbon digxide is absorbed in lime water. the following reaction octurs;
Ca {UH:IEI;N:- + GOy il I CEGG’& T HED ]

In the experiment, 0.160g of calcium carbonate was precipitated, which represented a
yield percentage of 80%.
il Calculate the volume of carbon dioxide measured at r.ip which reacted with the lime

water. [3]
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iy Calculate the volume of carbon dioxide measured at rtp which was produced in the
experiment. [2)
i} Calculate the malarity of the caleium hydragen carbonate in the river water. [2)
(d) The presence of calcium hydrogen carbonate makes the water 'hard’. When such water
15 bailed in an electric ketile, a solid deposit is produced on the heating slement,
i) Name the golid depesit. (1]
ii) Write a balanced equation for the reactien whish acours whean dilute hydrochloric acid

{spirit of salt) is added to dissclve sut the solicd deposit. [3]

[CHEMISTRY S070/2/2000]

WORKED SOLUTIONS

e

fa} Ca':':':a,ps] + HED,:“ + CD’E g —_— ':E ':HCDE]E!EIEJ
Lime giaoe
* TARE NOTE

The word limestone’ is gppiied tn any rock which i made o masty af carbonates - wwally colivm carbonate
(Lalll)

(b)) Ca (HCOy)z raq i_._ CaCls.,, + H:Op + GOy,

{f.:} |l:| La E‘DH}; + CQE SR e GECGE + H;':'
Volume = 7 0.180
Mo of moles of GEED; ] a':wg-'ll.uu + 12 + 3 2 16)] gimed

= 0.0016mol
Mole ratio = 1 . 1 therefore ng of moles of CO, = 0.0016 mal
Volume of CO; = 0.0018 mel x 24cm™/mal
=0.0384 dm®

= T4KE NOTF
e farmuls relating fo calulation of valime af gases i na of males = AL
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Lling this farmuls, camersions can by made [ calbulste the valume 7 fhe nw of rgles i dnowi Al rov [2mpeErsire
and pressurs (r.£p) the maler gas volims i Mdw

i) Since 80% is equivalent to a velume of carbon dicxide equal 0.0384 dm®,
100% would be — X,

80% yield CO;  » 0.0384 dm*CO;
100% yield CO; —+ X

s 100 = i.'!.ﬂ-n:;.-.:.{m E.{JI.,_ — 0048 g’

Volume of carbon produced in the experiment = 0.048 dm™

i) 1 mel CafHCO.):  » 1 mol SOy

0048 cdm”
x < e L
2o L 3

i %’5 mol Ca(HCE,), = 0.002 mol Cal HUOL),

0002 el
-, Molariy CatliC,), = —— = - 0 =

= (L0Z mol! dm’

* TARF NOTE
Minlzrity (5 the amount of swlie disolved i e (000em  of & sobitian,

m - e ot e fm fph-J_J
{d) i} Calcium carbonate

* TAKE METE
Decarmpasition of galsium hydragen carbonste gives caloiom carbonste (Callly and water. Therefore the solif deposit
i& calmi carbanale

i} 2ZHCaq + CaC0; gy ——— W58Ck ag + GOz +H:O

* TAKE NOTE
A raaction of an acid with 2 metsf carfbonate sheays prodbces three prodvcts. (e,
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Metal salt carban digvile and woisr

= Mot that the salt iz mash frow the mets) an hainnar fe.g Sharing) or ather radical

Cuestion 10
759 of Magnesium bromide was reacted with 150g of silver nitrate according to the equation:
ZAgND: + MgBr: - » 2AgBr + Mg(NO,).

{a) Showing all stages. calculate the mass of silvar bromide produced in this reaction. (4)
(b} What mass of the reactant in excess remained? (2]
(6} W only 115.44g of silver bromide was obtained, calculate the percentage yield. {2)

[CHEMISTRY - 60702201 %)

WORKED SOLUTIONS

(a)

v First find the limiting reagent
(GGiven both massas of reacting species you need 1o first determine the limiting reagent in
the reaction,

1. Moles of reacting species

Male of AgNG, = 150g/170gmol- = 0,882

Moles of MgBr, = T5g/182agmol- = 0.412 moles

Maole ratio of reacting species is 21, therefore

0.882 moles AgNG, X 1maol MgBraZmel AgNO, = 0.441 mol MgBr.

or

0.412 MgBr, X 2 AgNOy/ 1 ml MgBr. = 0824 mol of AgND,

et

3. 0.882 moles of AgNQ; need to react with 0.441 moles of MgBr:
or 0.412 MgBr:  need to react with 0.524 AONCr. Therefore MgBr: is limiting.
- MgBr; and AgBr; are in the 1: 2 ratio, thersfore moles of AgBris 0.824 mal
Mass of AgBr=0.824 X 187

= 154.08g
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(b)Y Mass of AgNC: in excess
0.058 moles are in excess
Mass = 0.058 X 170gfmel
= 0.86g
(c) oyield — actual yvield/expected yield X 100
=119445M154.08g X 100

T7.02%

CONCISE INFORMATION (PERCENTAGE YIELD AND LIMITING REAGENT)
¥ how to find the percentage yield

A reaclion may not always yield the total amount of product predicted by the equation. The
lase may be due fo several facfors as stated ballow:

- The reaction may not be totally complete

- Errors may be mede in weighing the resctant or the products

- Material may be lost in camying ouf the reaction, or in transferring and separaling the
product,

The equation gives us an ideal igure for the vield of 8 reaction; reslity often produces less
This can be expressed as the porcentage yield for particular experiment. Porcentage yield 12
calciiated as fallows:

Percenfage yield = actual yisldfexpected yield = 100

+  how to determine the limifing reagent

- A limiting reagent is a reagent {reactant) that imits or determines lhe amount
product that can be formed in a reaction

- The reactant that is nof compietely used jor remain unused) up in a regction is cal
the excess reagent.

- Steps in determining limiting reagents

1. Converf the value (e.g. mass) of cach reactant fo moles

2 Multiply the known moles of one of the reactant by mole ralio from the balan
equation to calculate the reguired amount of the other reactant

3. Determine the amount of reag.uenr neaded to react with each other.
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CHAPTER 1 REACTION AATES/ENERGY CHANBE

Luestion 1

The rate of the reaction between a magnesium ribbon and an excess of dilute hydrochloric

acid could be measured using the apparatus shown below.

Magznesium Ribbon

/

Heat

Heat
{a) {i) What is the purpose of the test tube? [11
{ii} How would you get the reaction to start?  [1)
{B) The velume of hydrogen produced was recorded every minute as shown in the

table balow.
Time (min) 0 & R IR ¥ 4 |6 |86 |7
| Vslume of hydrogen {cm™ |0 |14 iza 31 |38 |40 | 40 lﬂﬂ

i Flot the results on a graph paper and draw the graph. (3]

i What was the total volume of hydrogen produced when the reaction was
over? 1]

(1t} Why did the reaction stop? 1]

{iv) How could you make the reaction go faster? [3]

[SCEINCE — 51243001 1/2008]
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WORKED SOLUTIONS

{a) (i} The purpose of test tube in the set up is tu hold contain magnesium rbbon
separating from the hydrochions acid.
(i} By allowing the magnesium ribbon and excess dilute hydrochioric acid to come
into contact.

{B) (i) graph

lume-tirne graph

E5 i ul s Lt

i e 3 =

i 1 -
10 time (s}

(i) 40em®

(iiiy The system ran cut of magnesium as it was continually consumed in the reaction

*TARE NOTE: Fycrochionic aoid was v 2xcess: therefore. magmesinm ritbar way & fmiting raagent it fhe reaction
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i} 1. Adding more magnesium ribbon (increasing concentration)
2. Increasing the temperature of the reaction
3. Crashing the magnesium to powder. {this increases the surface area}
N.E: see concice information an fctars affecting rete of reaction far fetier uaderstanding i lacking (5) i) fue

Question 7

Some hydrogen peroxide solution is placed in a small flask attached to & gas syringe.
At zero time, a small quantity of manganese (V) oxide is added to the flagk.

i . uas sYTnge

Hydrogen Peroxide

Marnganese I'V oxide

The readings of the volumes of oxygen gas given off are taken at intervals as shown below.

| Time/= O |5 |10 |15 |20 [30 [40 [60 [60 |70 |&d |90 [100

|Volumelem3 |0 |11 [20 |27 |32 |42 [50 |57 |63 |67 |69 |70 |70

(&) Plot the graph of volume of oxygen evolved against time in seconds.  [4]
(B) What is the total volume of cxygen gas produced? 1]
(<) What is the total ime of the reaction? [1]
{d) Use your graph to determine
(i) The volume of gas produced during the first half of the reaction. (1]
{ii} The volume of gas praduced during the second half of the reaction. [
{iii) Explain why the volume of gas produced during the first half of the reaction is
mara than that produced during the second half of the reaction. [2]
(e} State two factors which ¢an be alterad to increase the rate of the above reaction, [2]
(f} If 2g of magnesium (IV) oxide is used, what mass of magnesium oxide is present at
the end of the reaction? Explain. [z
(9) What is the purpose of the magnesium {1V} oxida? [1)

ICHEMIZTRY - S070v2r2010]
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WORKED SOLUTIONS
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{6) 70 cm”

*TARE NITE: Total vl i nof Hhe summation of he partice valimes per unit but the final valume at the £nd ot
Saperimant 2.
{g) 100 saconds
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WORKED 50LUTIONS
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(g}
(i 57cm3 of gas was produced
(i) 13cm3 of gas was produced
(i)  During the first half of the reaction the reagent (hydrogen peroxide) were in
high concentration, therefore colliding faster with Manganese (V) oxide to
produce more gas. As the reagent was used concentration reduced therefore
produging less gas in the second half of the reaction,

FAKE NOTE:
Lhect the ilustration in the graph felw. & i important thet yow come o with pour scals and draw the
graph tg answer the question ar 2 gragh paper. then compars yoor granh with i1 one ilustrated

HNOUAMND THE EXAMNERS MNDO™ - Chemistry 2
22014 & Product OF Inifiative Business




{e) 1. Temperature of the reaction

NB sew consise infarmation (factars slfecting rate of reaction/
if) 2g of magnessium (V) oxide

*TARF NOTF: magnesiir is srused in the reackian Jf i sinply Soting 25 8 caiajyst
{g) To act as a catalyst and increase the rate of the reaclion.
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CONCISE INFORMATION [FACTORS AFFETING THE RATES OF REACTION) -

Factors affecting the rate of reactions are as follows:

1. Surface area
The maore finely divided a solid reactant is, the moro surface aroa it exposes, and the
faster if takes part in a reaction,
NOTE: reactions involving solids take place on fhe surface of solids. A sofid has a
much large surface area when it is powdered than when it is in large pioces.

2. Concentration of reactants
The rate of a reaction increases when the concentrafion of a reactant in solution is
increased.
NOTE: the more crowded the particles are. the more often they bump into each
Olfrer.

3. Change in temperature

' The rate of reaction increases with increasing lemperature.

Note: any factor which increases the rate af which the particles coliide increases the
rate of reection. Increase in temperafure of a reaction increases the speed at which
particles move due to acquired kinetic energy.

4. Catalysts
Usually catalysts increase the rate of chemical reactions. (positive catalysis).
NOTE: a catalyst is a substance which changes the speed of a chemical reaction but
i% itself unchanged af the end of the reaction.
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Suesiion 3

Figure 8.1 below shows the energy profile diagram for the combustion of propane, GsHe.

-

Energy of activalion
Gl | 50

MH=-2220K Imol

3C0.g) + HLOE)

Reaction pathway

E_a.} Why is energy of activation needed in combustion? [1]

{B) What is the enthalpy of combustion of propane? [1]
{€) Is combustion of propane an endothermic process? Give a reason for your answer.

[
(d} Calculate the amount of heat change involved when 4.4g of propane is burned

completely. [

[CHEMISTRY - SOT0/2Z2005]

WORKED SOLUTION

(&} Energy of activation is needed to overcome the reaclion barrier initiate the reaction.
(b Enthalpy is -2220 KJ/mal

*TAKE NOTE:
the differsnce hetween the amergy fevel of the resctants and that of products 5 the enthaly a5 show i e
ERERGY diFgra. '

(c) Exothermic reaction. This is because negative enthalpy indicates exothermic
reaction.
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*TAKE NITE:
- Lomventionally A iz aegative for exathermic reactions and pasitive fov endanhermic resclions:

- Anpther way ta tell whether te reschion is exptfermic o cndothermic i By considening the energy fevels of
rEACIANS and produers. Jf the reactants snergy fevel is figher than that of products, ther energy & fost fo
e surrounding it procesding to the prodcts. i prochts erergy fevel s figher than resctants ther heat s
gained when provesding i e groducts Terefore resciions wil fe exsihernmic and emdathermic

{d) -222 KJ
Calculation:
find moles of propane then use mols ratios to get the amount of heat.

mol of CiHg = 4.4/(12X3) + (BX1)
' = 4 4gladg/mol
= 0.1 moal
Sinca AH iz -2220 KJ per mol, mel of propane will be
1mol =-2220 KJ
C.1mol=x
=01 mol X 2220 KJM1 mol
=-222 KJ

Question 4
(a} Define dynamic equilibrivum in a reversible reaction.  [1]
{i} State Le Chatsliers principle. [1
(i) How does an increase in pressure affect the position of the equilibrium in the
Haber process reaction show below?

M: (@) + 3H: (g) ——— ZNH; (g) [

[CHEMISTRY . 5070v22011]
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WORKED SOLUTIONS

(a) In & reversible reaction dynamic equilibrium is a state where the rate of 1
forward and backward reactions is equal.
(b) (iy The principle state that ‘if a stress is applied to a system in dynam

equilibrium, the system changes to relieve the siress.

*TAKE NOTE:

Amother version of the priveple & thal 7 change sffecting & chemical eguiltrivm & affser
compensatary changes 7 sther companenis of the equilbniam, dus prodicing itk eftcls.

(i} the position of equilibrium will shift to the right, favoring the formation of
products (MHsz)

*TAKE NETE:

Irreasing the pressure moves e eguiinim fe the side with the smaller volume of ges, fecresse i
temperature bas the aamasite effects

check concise infarmaiion o dynamic equilibrivm

Question &

In an experiment to determing the rate of a reaction, lumps of calcium carbonate and 25::rn_3
dilute hydrochlonc acid was used,

The table below shows the volume of carbon dioxide gas rrcorded at various time intervals.

r——

Time (t) in| 0 5 10 15 20 [ 25
SeC L :
Volume (v] | 0 15 |25 35 a0 |40
in cm3 | |
(a) Why is dilute hydrochloric acid prefemred to dilute sulphuric acid? 1]
{b) Calculate the rate of reaction after 10 =econds. [21
(¢) Explain how temperature increase and reducing the size of lumps would ¢hange the
rate of reaction. [2]
[SCEICHE — 5124/F20052004]
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/ \ 2014 A Product Of Initlative Businass




WORKED SOLUTION

—— e e e

{a) The reaction of CaCO; with hydrachloric ac id runs smoothly and produces mora of
the desired carbon dioxide gas than the reaction with sulphuric acid.

*TAKE NGTE:

Wherr Lalily rearts with ailute sofburtc 5ol 2 yer of insmlble oo sulphate & proctced over Dalll
Thic stgms the reachion 85 ihe comtact uf sulphurte aoid & detached fram Dallly Wher Lol reacts with
difute fydrankiaric aoid soibie Lalileiz produced 5o the reaution roms stmadiy
(b} Rate of reraction = volume of gas evolveditime take
= Z25cm*/10sec
= 2.5¢m’fsec

{c) Temperature increase and reducing the size of
reaction.

*TAKE NOTE:

lumps would increass the rate of

Ancresse in temperadure oreases the Hrstic energy of reacting specigs wiich caflide more freguently and
incresse fhe rafe of roaction

- Rediuing the size of famps fnoreaser the gurfsce ares e farger e surface arey the faster the spocies
fmke part in 3 reaction

Question &

In the reaction between methane and oxygen, the anargy given out when new bonds are
magde is greater than the energy taken in fo break the old bonds.

(@) In terms of enengy changs, what type of reaction takes place hetween methane and
OXygeENn? [1)
(b} Give an everyday application of the type of reaction in part (a). [1]

(¢) Name one chemcal process in which the opposite of what happens in the reaction

between methane and oxygsn is chserved. 1]

{d) Write a chemica! equation for the process mentioned in part (c). [1]

[SCIENCE - 5124/P3/08/20003)
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WORKED SOLUTIONS

{a) Exothermic reaction
*T4KE NOTE:

i exothermic reaction snergy &5 giver oot Thir i fecause Hhe formation of new bomfs roleasss mane
ey tian the energy requied fo Sreak old Sonds,

(b} Respiration (fissue combustion)
*TAKE NUTE: e methane. plivase burns i axygen to proguce (107 and {2 and feat i alse evalved

{c)} Photosynthesis
*TARE NOTE: Fhotosyntiesis i the soposite resclion of tissue combustion (respiration

(d) BCOz + 6H0 22— CiHaOe + 60

Question 8

A student gradually adds magnesium poweder to dilute hydrochloric acid in a beaker to form
magnesium chloride and hydregen. The icnic equation for the reaclion is given below.

Mg (s) + 2H" (ag) — Mg® {ag) + Hz (g), AH = -463kJimal

{a} Write down the owidation and reduction half-reactions for this redox reaction. 2]
(b) Is the reaclion between magnesium and hydrochloric acid endothermic or

exothermic? Give reason for your answer.  [2]

(e} Calculate the amount of heat energy that would be released to the surrouending if Bg
of magnesium are reacted with excess hydrochleric acid. {2

{d) Draw the energy profie diagram for the above reaction. [2]

(e} Ancther student notices that the reaction in his experiment is fast. State two changes

the student would make 1o make the reaction slower when reacted. 2]
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1. Tempergiure change

If the reaction js exothcrmic increase jn femperature will move the position of
equilibrium fo the left iec. i a reversible reaction reactants will be more than
products, (favoours endothermic reaction). However decrease in femperature will
shift equiibrium o the Night, favoring forward reaction which is exothermic. _
If the reaction is endothermic, increasing the femperature shifts equilibrium fo fhe
right (forward reaction) to favor the products. That s, favouring the exoffcrmic
reaction. Decrease in temperature will howeyver, shift equilibrium to the lafl, favourning
backward reaction which is exothermic.

Pressure change

Increaging the pressure shifts the equilibrium to the side with the smaller volume for
maoleciies) of gas.,

Decreasing the pressure shiffs equilibrium fo fthe side wilh larger volume | or
fmolecules) of gas

- I there are equal volumes or moles of gas on both sides of the agquation,

ingreasing/decreasing the pressure has no effect

Change in concentration

Increase in concentration of reaclants in a reversible reaction shifts the position of
aquilibrium fo the right, favouring products.

Decrease in concentration of reactants shifts the position of cquilibrium fo the laft
favouring the formalion of reactants.

NOTE: change in lhe concentration of products will have an opposite offccts.
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CHAPTER 8 THE PERIODIC TASLE

Question 1

Use the periodic table to answer the following questions.

(a) Give the symbol of;

1) A nen-metal used to sterilise water. [1]

i) An elemant which forms diatomic molecules. 1]

iiil) An element which reacts with water to give an alkaline golution.  [1]
iv) An elerment which forms an ion of the type X*~. [11

i} Oxygen. Sulphur and Selenium are in group Vi of the periodic table. At room
. temperature, oxygen is a gas and sulphuris a solid. Predict whether selenium is 2
liquict or solid ar gas at room temperature. [1]
i) The trend in group V1 is similar to that of group WiI. Suggest the most reactive
element in group V1. [1]

[SCIEMCE - 5124/F372011]

WORKED SOLUTIONS

ot -

{a) i} Chlorine

* TAKE NOTE: Dhlring iz wsed to kil germs it drinking water (eterifsation

iy Fluorine

* TAKE NOTE- A growp V¥ alements are distorsic (2.9, fuorine, ohlanine, Bromine ang ivdinel
W Sodium

* TARE NOTE: 41 grove { alements react with waier o form alkaline solilins:

iv) Jxygen

* TAKE NOTE: Al grovy J'f?'a.{e.wn!sHM!mmmmgamemasarﬂmh&&yﬁnWMﬂﬂ&e e X2

(o) Selenium is a solid at room tamperature.

HMNOWING THE ExXAmIMNERS' murND™ = Chemistry 2
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* TAKE NOTE: For sloments iz grovg W F H the baifng point ircresses down Hhe groug.
i} Oxygen

* TAKE NETE: s group ¥ s W reactivity increases op the groun.

Cluestion 2

(2) The following terms are used for elements in the perodic table. Name one kind of each A
type of element. i
i} Alkal metal (1]
ii) Alkali earth metal [1]
i) Halogen 11
i) Mobie gas [1)

v} Transition metal [1] !

(b} iy The table below shows the three (3) isotopes of the elemant hydrogen and
thefr nucleon (mass) numbers, Complete the table to show the no. of particles
in the thres nuclides. [3

| symbal name | Mucleon{mass) number | proton i neutron
H Hydrogen |1 |

D Deuterium | 2 !

T Tritium s -.

il} Construct an equation for the reaction betwesn D20 and Calsivm.  [1]
[CHEMISTRY S070/2Z/2006]

WORKED SOLUTIONS

(a)
i) Sodium
* TAKE MOTE: Af grove | elements are cafled altal metals
i) Magnesium
* TAKE NOTE: A1 growp N elements sre called alkal earth metals
i} Chlorine

* TAKE NGTE: Al group I siaments are called halogens.
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iv} Meon

* TAKE NOTE- A8 groug VY sfements are caled nobie gases:

V) Iron

* TAKE NOTE- Mos? transition metsls have more Hhar mie valency and have very figh boilng and meiting

flinles

(b} i}

symiol | name Mucleon{mass) number | proton nautron

H I Hydrogen 1 1 | 0

D |Dewerum |2 7 K

T Tritium 3 1 2
* TAKE MOTE
{zatopes are atoms of the same element having the same number of protons bot differemt mumber of nevtrans; hence
their mass numbers are also diferent

The formule used tn find the mass aumber & Mass ng = Frotan ng + Newtron ag. therefore to find the neotron number
Newtron mg = Mass ag - Proton mo

Orclinary fydrogen (orotim) fias protor aumber ang and g0 fas decteriom and tritium. 7 acordance with dhe
agfinition of an wotage, Moy fave same atomic musber bt giferant nesiron numbers fence M seulrar ambers
canr be found By subiracting | from their mass numbers,

i) Cap, + 2005 5 Ca(ODlypy +  Dug

Quastion 3

A forensic chemist uses specific codes to identify chemical species. The chemist usss the
Feriodic Table and the positions of the elements to code the elements.

Example: sodium is in Group 1, Period 3, so its code is (1:3) and hence NaCl is coded (1.3}
(7:3)

HMNOWIMNG THE ExAmiNERS MdHNa™ — Chemistry 2
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Complete the following table filling in the biank spaces.

[ TCODE | CHEMICAL FORMULA "CHEMICAL NAME
(a) (2:4) (B.2) e
(b (1:3); (6:2) (.2). | Nas0,
(c) Alimunium Mitrate
[SCIEMNCE - 5124/F2/2008]
WORKED SOLUTIONS
i " CODE CHEMICAL FORMULA CHEMICAL NAME
_{a) {2:4) {EEEJ Cald S Calcium Oxide .
(b (1:3), (5:3) (6:2). | Na SO, Sodium Sulphate |
© (33)2(62) (B:2)s | ALNO: T Almonium Nitrate
Question 4

(a} Lithium, Sodium, Potassium and Rubidium are members of group | of the pericdic table.
i) For these four elements. construct a table using the following headings; name,

chemical symbal, atomic number, electronic configuration and formula of oxide. [5]
i) What name is given to group | metals? [1]
i} Describe the trend in reactivity of group | elements. (1]
v} Sedium reacts vigorously with water. For this reaction state the products formed. [2)
(b) Calcium is a metallic element in group I of the periodic table. Explain in terms of

structure why calcium conducts electrisity in its solid state. 2;

HMNOWING THE EXAMINERS MIND™ — Chemistry 2
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(g) Calcium and chloring react together to form calcium chioride, an ionic solid.
i) Give the formuia of calcium chioride. [1]
i} Give the formula of the two ions present in calcium chlonde. [2]

i) Would you expsct calcium chloride to dissolve in water? Give reason for your

answer. [2]
[CHEMISTRY S0TIVZ/Z/2007]
WORKED S0LUTIONS
(a}
KName Chemical symbaol Atomic mass | configuration | Formula of oxige
Lithium | Li 3 21 Lizo
Sodiom Na 1 781 Naz0
Potassium | K 13 2881 | Kz 0
| !
| Rubidium Rb 37 281881 | Rb.O
“eali metals
“v intreases down the group.
\ & and Sadium hydroxide
"'?.
'I'u
glﬂ. 4 ~ith water 19 farm metal ydravides and fydagen gas is given off
Ao,
Porins & raa alectrons between the rows of its atoms
;5‘?@ sonduct electricity.
Exampie?
(73]
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() i) CaCl2

* TAKE NOTE
Lialervrr fizs 5 valency of 7 while chiarine fas 2 valency of { therefare. their velences are exchanged to find the
formuls of salbium chiride 25 showe below

ca®  CI

fralls

i} Ca® and Cl
i) Yes, Calcium chioride dissolves in water. This is because it is an ionic compound and

ionic compounds disgolve in water.

CONCISE INFORMATION (FAMILY NAMES - GROUPS OF PERIODIC TABLE)

v The perodic table is & way of classifying elements and is used tc predict properties
of elements.

¥ Trend in groups

v Trend in poriods

= Thera are sightf groups in the periodic tabie and these are given special names
&5 foflows;
= Group ) Alkali metals (all of which sre soff metals)

Group Il Alkali earth metals.
+ Group VIl Halogens (which moans salt producers)

- these exist as diatormic molecules {Le. two aloms per moleculs)
=  Group O Noblz gases (iner geses)

HNOWING THE EXAMIMNERS MIND™ — Chemistry 2
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Question &

One of the groups in the pericdic table contains elements which have seven (7) valency
electrons. Choose one element from this group and give the following information:

(@) The name of this element [1]

(b} The chemical formula of the element. {i]

() The formula of the ion which this element forms. [1]
(d} The group and period of this element. [1]

{e) The type of oxide the element forms. [1]

[SCIENCE - 5124/73/2008]

WORKED SOLUTIONS

(&) Chioring

* TAKE NUTE:
an the periodic tsble, He groug number i equsl £ the valency electron mumber, L2 mumber of aloctrans i the
sutenmast shell

{by Cl
{c} CI

*TAKE MOTE:

i stz stabity chiveins ot gainy ane alkctno 200 Secames negaiively charged

RULE i the atom fas o than four (47 electrans in fhe e shell it gain elecinans fo attan stabillty. |f fhe ekotrans in
e et e e fess than foor (6] e stom will e the slertrons and fecome mastively ofanged

{d) Group 7, penod 3

*TAKE NOTE: The atnar's period fs determives by the number of shells of he stm.
RULE: rovg mumber i squal by satuncy electran aumber whie pering aumber i equal o sumber of shals of the
ST,

(2} Acidic oxide

*FTAKE NOTE: Kon-motale form acitic oodes whan combined with oxygses.
KENOLWING THE ExXAMmIHNERS MIND™ - Chemistry 2
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Question &
Caesium, lithium, potassium and sodium are all in group 1 of the periodic table.

{a) Flace these metals in order of reactivity, sta rting with the most reactive. [1]
{b) Al group | elements react in a similar manner with water,
(i) MName the chemical products of the reaction between caesium and water. 2]
{ii} Write a chemical equation for the reaction of caesium with water. Indude
state symbols. [3]
(i) What three things would you expect to see if small pieces of cagsium were
dropped in water in a glass rough? [3]
{c] What is the other name for group | elements? 1]

[SCIENGE — 5124P3/09/2011]

WORKED SOLUTIONS

(8) Caesium, Potassium, sodium, lithium

*TARE NOTE:
A7 o { ae i, regoiiviy of the meralk drresse down the grovg Saeh metal liwer i the group i mere
rEACHive e Mhe ane abmee it
&)
() Cs(s}+H20 () — C3OH (ag) + H2 {g)
(i)
— fizzing (viclent reaction)
— Bubbles of a gas (hydrogen) are produced
- Production of heat, enough to bail the water
(c) Alkali metals
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Question 7

Part of the periodic table is shown below. Use it to answer the guestions that follow.

H L S

H He |

Li | Be B|EiN O | F | Ne

Na (Mg | A [ Si | P | S |C

(a) State the chamical symbol for;

i} An elemeant which is a nable gas. [1]
il The mgst reactive meial. [1]
iy The most reactive halogen, [1]

i'u'}_ The element which supporis buming. [1]

(b)

i} Write the formula of the compound which would be formed if the element whose
atomic no is 13 reacted with an element whose atomic number is 8. [1]

i) State the type of bonding which would be present in the compound in (b} above. [1]

WORKED SOLUTIONS

=2 — e e P Lo e S B . ———

{a)
il He
* TAKF NOTE:
AY grove T elements are nohie gases: Herefare neow and argon are s noble gases.
i) Na
* TAKE MOTE:
i & groug consisting of metal (Bg grous ) reactivify increases down 12 group.
i) F
*TARENOTE
dr gragn W (ke falgans) resctivity increases up the grovg, therefare flaning i5 fe must reactive helogen
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v} O

* TAKE NOTE: Urygen supparts burming
(=}
i} A:B: which can be ALD.

* TARE NTTE
An sloment whose stpmic mumber i (3 bas & elegirans in ity gutermost shell (FH3) DT A can fose fo become g
Siafle element of farmuls &

A eloment whose afomic number & & has § electrons i iix uter shell (76 and needs 7 mare te gain stabilty s0d 5
firmle £

The anpasite s will imferchange fr farm Hhe farmuls el
A7 B

d&mﬂmﬁm%wmmhemﬁEmmmrmmﬂﬂg

i} lonic bonding.

Cluestion &

The diagrams below show the electron arrangament of the outer shells of five elements A o
E. All elements are from pericd 3 of the perodic table.

QOO

() Put the letters A to E in the table to show which elements are metals and non metails. 2]

A B

Metale | Mon-metals

HNOWING THE EXAMINERS MirNoO™ - Chemistry 2
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(b) Which element is most likely to be in group VI of the periodic table? [1]
(&) Which element will form an ion of the type X' 7 (1]
{d) Which elament has an atomic number of 157 [1]

[SCIEMCE - 5124/732004]

) WORKED SOLUTIONS
(a)
[ Metals | Non-metals |
T
3] B =
E

{b) Elermnent A
* TAKE NOTE
f ardor ta locate e slement an e peniodc ke e st bow $haf e grovp number i ggual to the qumber of
electrons i the outer stell Therefore slement A fas £ glecirons i its sufermast shell

{c)} Element D

* TARE NOTE
Eamant § fras 7 elertrians i7 i mutermast shell therefore if i saser for i i e 7 slectrans ihan gain £ sleutrons
10 attain stability. Theredare ance it ses the ten slectrans it wil form the ion of type £

d) Elemsnt E

* TAKE NOTE
Hement £ is i geriod § grown 5 #hs means dhat it fas § shells amf 5 slecirons in it auier shell tharefore ils
configuratio wil be gz falws F85 wiich sods up fo (5

HMNOWING THE ExXAMiNERS MIND™ = Chemistry 2
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== 0 group Vil of the perindic table. The
=0ie.

{ Mefting point | Boling point” | Atomiz
| : \
.'\-\.\..IPI'I'R‘ "'\.\: Et Y

| radiusdom

S 27 ) ,'J'I-.:l'.l.:'ﬁ - l.-'l.g':"'-ﬁ" = )
! i & A g

CI 2587 | 110 | -35 EE

| Bromine Br 28187 | -7 54 144

i | | ]




Gluestion )

The table gives some properties of elements in group Vil of the periodic table. The
properiies for astatine are missing from the tabie.

Element Alomic , Eiectrr:-nir: Melting point | Boiling point | Atomis
E symbol i structure "C i | radius/pm
| .
| Fluorine 'F 127 1220 -168 i &4
[ | {
Chloring | Ci 1587 T R T i 59
1
Bromine Br | 28187 37 R EE ' 144 .
| 1
| lodine | 2818187 113 I 183 | 133 |
FE=rrm P = |

Using the above informaticn:

(&) (i} Which halogen is a liquid at room temperature and pressura? [1]

(i)

(i)
(i)

(v

How many electrons does one atom of astatine have in its outer energy level?
(11
Predict the atomic radius of astatine. [1)

Predict the state and colour of astatine at room temperature and pressure. [1]

Fredict the molecule formula for astatine. [1]

(b) Complete the following table that describes what happens when agueous chioring is

added to an agueous metal halide.

" Agueous halide

observation Mame of products

Potassium bromide

Colourless zolution turns

| erange

_F".;.:-tassiurn iadide

-

CHEMISTRY 530702 2007]
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WORKED SOLUTIONS

~{a) (i) Bromine

*TAKF MOTE: .
7 griar o it t b fguic 3¢ room temperaturs, the falen shawd fave 2 mefting poit below Hat of roam
termperature ang 2 bailing point of sbave rogm fempersiure

(i} T electrons

* TARE NUTE:
Electranic configuration af astatine i £ 8 1§ S287

Mute that astating is in grovg 7 feving valency slectrons of

(i} Atomic radius { pm: 145

Tsbe note: fhe atamic ragius of 3 chemicel element & 2 messure of the sie of ity atams. sswsly the meaw o
fymica distame from the musleus {7 the boandary of the surrounding clowd of electrans

iw)  black
TAKE NATE: falizwing the trand of colvur i helbgens, astating would be expected to be nearly black sl
Wik whar heafed sublines inte 3 dank purplsh vapaur

(vi} Aty

“TAKE NOTE: rwo alectrons of At wowld share slectrons o farm  mulecale

{B) -

; Aqueous halide | Observation | Name of products

Potassium bromide | Colouriess solution turns Potassium chioride and
orange bromine

“Potassium iodide | coleuless solution tuming Potassium chloride and
reddish brown icdine
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SUMMARY (THE PERIODIC TABLE)
The periodic table is a way of classifiing elements. If is also described as an arrangement of

all elements 50 that patterns in their properties are highlighted by the position of elements in
the table.

Vertical columns in the perodic table gre called are called groups, wihile horizontal rows ame
called periads. You will notice that melals are found on fhe left hand side while nom-mefals
are found on the right hand side of the table,

¥ Groups

These are lhe eight (8) vertical columng of elements fram the left to the nght of the periodic
table,

« Trends in a group

* Elements have similar chemical properties
* Elements have same number of electrons in the outermost shell

+  The group number is the same as the number of slectrons in the outermost shel
axcent for helium

¥ Periods

These are the seven honizontal rows of elements ranging fram top to bottorn of the periodic
table.

*" Trends in a period

« FElements have the seme number of shells.

*  The pericdic number is same as the number of shells each alom has

HMNOWING THE EXMMINERS MIND™ — Chemistry 2
/\\) £2014 A Product Of Initiative Business




¢

CHAPTER 9 M:TALS

Question 1

Iron, calcium and copper are metals. The table below descrives the reactions of these

metals with cold water and steam.

(i} Put a tick { ) if a reaction will take place and a cross (X} if a reaction will not take place.

| Metal - Reaction of metal with cold water | Reaction of metal with steam

r: Copper

Iron

caleium

{ii} Place these three metals in order of chemical activity, starting with the most reactive.[1]

+ Before experimenting with aluminium to placs it in the above series, the surface of
the aluminium must first be scraped, Why is this necessary? 2]
¥ Give two reasons why it is important to recycle metals. [

[SCIEMCE - 8424/PaZ20100

WORKED SOLUTIONS B
(a) (iy Table
Metal Reaction of metal with cold water | Reaction of metal with steam
Copper X X
Iron X v
. calcium v - o

(i) Calcium, iron, copper

HRMNOWUING THE ExmmiNERS muND™ — Chemistry 2
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*TAKF NOTE:

Lafcivam reacts with cold water but jror with steam therefore caloim & more reachive than iron. fogeer reacts
neither with cold water nor with steam

NE. refer fn iable _ showing the reaciiviy series of metals

{B) The reastivity of aluminium is masked by a layer of aluminium oxide. Therefara it is
necessary to scrape the surface of aluminium to remove the oxide |ayer and allow

alurminium to react.
{e} Wis important to recycle metals because
1. Metals are diminishing rasources
2. Recycling helps reduce on environmental degradation.

Cluestion 2

Magnesium is a more reactive metal than iron.

(a)

{i) Given a piece of magnesium metal and iron (1) chloride solution, describe

how you would confirm the above statement. [
in} Write a balanced equation with state symbols for the reaction. [2)
(k) Strontium is in the same group as magnesiurm, s strontium maore or less reactive

than magnesium? 1]
(c) Magnesium chloride is an ionic solid. Give the formulae of the particles present in the

solid. [1]
(d} Iron and copper are metals in the same period.

-

{i) Give one chemical similarity. [1

(i} Give one physical similanty [4]
(i) MName a common ore for @ach metal. [2]

[SCIENCE — 5124/P30011/2004]

HNOUMNG THE EXAMINERS MiND™ - Chemistry 2
B12014 A Product OF inftlative Business



WORKED SOLUTIONS

C)

i When you put a pisce of magnesium in the iron (|1} chloride solution, the paie
green solution will turn cleariwhite. This is a confirmation that magnesium is
mare reactive than iron and displaces the iron metal from the salt and

whita/clear magnesium solution is formed.

{iiy Mg () + FeCly {ag) » MgCl; (ag) + Fe (5}
(b} Strontium ia more reactive than Magnesium
*TARE NOTE:
rEACHvy icresses down i group, &, melal ower in the group & mare reactive than the ones above i
{e) Mg* and CI
{d)
A They react less strangly with oxygen to form oxidas
Vi) Theay are sclid at room temperature
(fii} Iron —heamatite
Copper — copper pyrite

CONCISE INFORMATION (REACIVITY SERIES of metals)

Reactivity series is the listing of metals according to how quickly they undergo chemical
reactions. Table below shows the reactions of metals with air, water and dilute hydrochloric
acid.

HNOWING THE ExAMINERS murD™ — Chemistry 2
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| Reactivity series Reaction with
| , _ Ao
1 i Air Water Difute HCI
| Sodium Bum very strongly in | Resct with cold water | React very strongly
| Calgiur air fo form axide te give hydrogen fo give fivdrogen
Magresium
Alurminilirn Burn less strongly in | React with stoam, React le fo give
Zing air o form oxide when heated, fo give | Fvdrogen strongly
| b ydrogen [
pa | warog |
" Lead | Reacts slowly to form | Do not react | Do not react
| Copper | axide iayer when |
_ 4'_ heated B
Silver Do nof react Do not react Do nof react
Gold

NTE: the reactivty of sluminivn i masked by 2 layer of sl oxde Tz position i extailinhed with the yer removes’

Question 3

Balow are four metals listed in order of decreasing activity.

Magnesium, Aluminium, lron, Copper

A waorksheet used by a pupil to check the order of reactivity of the metals is shown below.

Each metal oxide was reacted with all other metals in turn. A cross, (%), shows that no

reaction took place.

{a) Complete the work sheet. Some of the results have been done for you. [5]

-

. Metal Aluminium | Copper Iron Magnesium
T
3 |
Metal o:;}ﬁ“x___ ' '
- -\-H.\--\-\-H-\-\-.' ] - - i
Alurminuim oxide >< X | v
Copper (I} oxide ' i BE:

Iron (1) oxide

Magnesium (I} oxide

HMNOUWNG THE EXAMIMNERS MIND™ — Chemistry 2
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(b} Suggest which of these metals would be most suttabla for making:
(il  Carbodies 1]
(i) Fireworks (1

{c)} Copper is widely used for water pipes and hot water tanks.
Suggest a reason for this.  [1]

(¢} Te produce aluminium sconomically large quantities of electricity are needed,
Bearing this fact in mind, suggest a reason for sitting plants for the extraction of
aluminium in mountainous regions. il

[SCIENCE - 5124/ 3220085]

b WDHHED SOLUTIONS
(a)
KRMEI‘.H Aluminium | Copper Iron Magnesium

Metal u;?&"&\— =
Aluminuin gide A II A g v
Copper (Il oxide v ><| v v
on () oxide | v 1

 Magnesium (Il) oxide X l X - E;

*TARE NOTE: 5 mare resciive mets will disaEoe the fess reactive mels! from o il

{B) () aluminium
[ii}. Magnesium
*TAKE NOTE:
- Alwminiam i g Gt melal @ groperty swizble for mating car bodizs
- Mawesior & Mghly reacitve. fence. can be vsed in making fire works

HMNOWING THE ExAmdNERS MIND™ ~ Chemistry 2
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{c} Copper does not react with sither cold water nor hat water, hence, it cannot
cOrmoda

* TARE NOTE:
Same metals reat easily with water 17 farim rust hence, nof suitabis iz use for water Pipes and waiar s,

(d) In mountainous regions hydro electric power can easily be made available to
meet the demands for high power for electrolytic extraction plants. -

N8 study notes an aotivity series of metals befow (oomeise infarmanion n

Cluestion 4
The list below shows metals aranged in ascending order of raactivity:
Silver
Zing
Aluminiurm
Sodium
Using metals fram this list only, name:

(a} A metal which can be displaced by nﬁpper. 1

{B) A metal which reacts with cold water to producs an alkaline solution. [1]
{=} A metal which forms an amphoteric oxide when burnt, [1]

{d) A metal whose carbonate does ot decompose when heated. [1]

(e) A metal which forms a stable oxide layer. [1]

(f) Write a balanced chemical equation for the reaction between sodium and water. [2]

[SCEINCE - 5124/P3/08/2012]

FMNOWING THE EXAMIMERS MUNDO™ — Chemistry 2

/\ £2014 A Product Of Initiative Business




WORKED SOLUTIONS

{a) Sitvar
*TAKE NOTE:
Sileer s iir & positior [ower tha cogner i7 the mets reschinty series, Herefore, f i displaced by copper

(b) Sodium

ic) Jinc
*TAKE NGTE: Metals thet form smpfoteric orides fnolue 2ing, tin ded alminin and berylinm

() Sodium
“TAKE NOTE:

Lsrbonates of metals figh uo i Hhe reactinty series [ polassium snd sedium db nof decamaese on feating
N the more reactive the mets! the more stable its nitrates. carbansts ar fychaxides. 5o the carbanate of
smchivm i very stalk and does not decompase wihen feated

(el Aluminium

(1) ZNa () * 2ZH,0 (1) — 2NaOH (ag) + H: (g) &
nal
he
et

Cluestion 5

: : Th
{a) Most metals exist in a combined state. They are too reactive to occur native.
However a few metals do ocour native, Give an example of one metal which
(i Mavar occurs native "
i Oeccurs both native and combinad bs
[hif} Always ogcurs native 3
(b} Why do metal extractions always produce slag? [1]
(¢) Why are some metals used to make bells [1] g
[SOIEMCE — 5124/ 0MOT2007] 1
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WORKED S0LUTIONS

(a)
(i Sodium or any group one metal
*TAKE NTE: Lirowp | motals are ighly sciive, so cammat oooor naative

(i} Alurminium
(i} Gold

(b} Metal extraction produces slag because the ores of the metals contain impunties
which are removed by zlag formation

(c) Because metals are scnorous, they produced a high sound.

CONCISE INFORMATION (NATIVE METALS)

A native metal is any metal that is found in its metallic form, either pure or as an allay, in
rature.

Metals that occur native include aluminium, chromium, cobalt, iron, manganese, nickel, zinc,
etc,

The gold group and platinum group also eccur native:
1, Goid group include gold, copper, lead, aluminium, mercury and Silver.
2. Platinum group inciude platinum, indium, osmium, palladium, rhodium and rutheniumm.

M.B: Only gold, silver, copper and platinurm matals occur in nature in larger amount. This is
because they are less reactive and can resist natural processes such as oxadation.

Question &

The list below shows metals aranged in ascending order of reactivity.

Copper
Zing
Magnesium
Calcium

Potassium
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LIsing metals from this list enly, name

{a) A metal which ccours native 1]

{b) The matal which can be displaced from its compounds by zing. [1]
(c) A metal which reacts violently with cold water [1]

{dy A metal which is likely to form complex ishs

{e) A metal which reacts with steam but not with cold water.  [1]

{f) A metal whose carponate does not decompose when heated.  [1]

[CHERISTRY - S070A2070]

WORKED SOLUTIONS

(a) Copper
*TAKE NOTE: native slements/ metals are those Hat can exist independently in their pure frm, mot
commbied with siber elaments. Beamples sre copper. silver, gold and platiour.

{b) Copper
STAKE NOTE: in the st provide orly copper iz fess reactive than ting. A less resctive metalis displced from
itz compound. ﬁy 3 mare reactive mefal

() Potasszium
*TAKE NOTE: otassium is f5e most active of the metal it the §5t and it regcts wialemiy with sold water

{d) Zinc ( copper can also form complex ions)
*TAKE NOTE: Liniike grovp | and groug f metals wiich lose { and 7 elerirons respectively (o froaT iams
o, fransition elemants are Aat 58 siraight farward £g. 2in can fnse either { elecivon f9 form &7 or
twg slectrans foform 2 iow

(&) Zinc

{f)i Potassium
NOTE: (study aotes on thermal stabifty to anderstand the decompasitian of metals o heal; concise
formation below)

KMNOWING THE EXFEmINERS MIMNS™ — Chemistry 2
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CONCISE INFORMATION (THERMAL DECOMPOSITION OF METAL COMPOUNDS)
Stability of particuiar metal compounds fe.g. carbonates, nitrates and hydroxides) is related
fo the reacinity of the mefal.
- Carbonates of metals high up in the reactivity seres, Ie., potassium and sodium do
nof decompose on heating.
- However, metal carbonates below sodium in the reactivily seres decompose on

heating to metai oxides and carban dioxide.
- Hydroxides and nifrates of metals also decompose to give the metal oxide { except
Na and K]

e.4.
CafOH)2 (5] — (a0 (s) + H:0{g)

ZPB(NO3)2 (5) ——= 2Pb0 (8) + 4NO; (g) + O. (g)

NOTE: the nitrates of sodium and potassium do not decompose as far as those of Jess
reactive metals. They lose axygen to form sodium or potassium milnte:
EHNG‘& (=) — PN, l!"Sl,n' + (ol

Question 7

FesQy is one of the ores from which iron is extracted in 3 biast fumace,

(i) State the common name of this ore. 1]
{ii} State the reducing agent used in the extraction of iron.  [1]

i’y Mame ancther ore from which iron is extracted. [

[GHEMISTRY - 5070202 2010]

WORKED SOLUTIONS
i  Magnetite
(i) Coke is the reducing agent
{iir} Heamatite {Fe,0:)
*Take note-
- The difference betwesn magnetits snd feamatite ¢ ir the compasition of the inor with anygen. Fealls and
feally respectively.
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- [oke (3 farm af carbon made from coall is the reccing syent i e biast furnace Foke reacts with sxygen
in farm carbo moncyide witich rediees the iron. See motes below

Clyesti

Study the diagram below for the extraction of iren, and answer the questions that foliow.

Bew raw malerials for
rrzclion
Unused

ol pascs ﬂ—/
[ a0

'fll B0C

stoe] Lnwer

1M

— e e

(a)
i} Apart from iron ore name the two other materials that are fed into the reaction
chamber. [1]
ii) Show the chemical equations in which the named raw materials in (a) (7} take
part.
i} What are the identities of substances A and BY  [1]
(b} What is the use of the 'unused hot gases' in the diagram? [1]

[BCIENCE - 5124/Pa(Z2005]

WORKED SOLUTIONS

[a) {i} coke and limesione
Tobr il
The charge fed in the firnace consists of iron ore, cobe and dimestons, The parpose of coke and Kmestong 20
iphiiphted helaw | contise infarmation - Ertraction of iron)

{iiy 1. Reaction involving coks
C + Dz —* I:'Dg
CO, + C -+ 2C0
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3. Reaction involving limestonea

Catdy "_"'_I Cad + G0,

Cal + 5i0: — CaSiss

(iii) Substance A is siag
Substance B iz iron

"TARE NOTE: 5i3g (5 less dense than the fron, therefore, it flat an tap of iran and & tapped off separately.
{B) Unused hot air gases are used in heat exchangers to heat the incoming air.
*TAKE NOTE: Thiz heips fo reduce fhe energy costs of ihe process.

CONCISE INFROMATION (EXTRACTION OF IRON)
¥' The main are of iran is hematite (Fe,0y). The iron is abtained by reduction in the blast
fumace.
- The fumacs is loaded with the ‘charge’ consisting of iron ore, coke {a form of carbon
made from coal) and limestone (calcium carbonate).
- Biast of hot air is sent through hoies near the bottom of the furnace. The carbon burn in
the air blast and the furnace gels very hot.
v CHEMISTRY OF REACTIONS IN THE BLAST FURNACE
1. Coke burns in host air o form carbon dioxide
Cfs) + Oa(g) — CO: {g)
2. ininsufficient supply of oxygen carbon dioxide react with hof coke and is reduced to
carfan monoxide.
COE (gl + Cfsl — 2C0 {g)
3. Carbon monoxide st high femperaturs reduces iron ore fo iron metal.
4. FesOys) + 3C0O(g) ............ 3Fe (5) + 3C0O ()

¥ ACTION OF LIMESTONE

The limestone added to the fumace helps (o rermove silicale, 5i02 as follows:

1. CaCOy(s)......... Cal + CO(g)
2. Cal (s) + 5i0; — CaSiO: (i)
Molten calcium silicate forms a molten layer of slag on top of the iron.
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Qusstion 8

Study the diagram balow on extraction of iron.

Uninsed
GASeS

e MR

A A I A,

e RN E AR
A E-'r g 1

FGRaS BB,
o - =) o

{a) {i) Apart from iron ore, name two other materials {C and D) that are fed into the

reaction chamber. [
{ii) Write the balanced chemical eguation for the reduction reaction of iron ore to iron
metal. [z

(b} Name substance A and B, 17
(¢} State one physical characteristic of the brick lining in the furnace. [1]
[SCEIMCE - S124P3Z2017]

WORKED SOLUTIONS

{a) (i) coke and limestone
*TAKE NOTE: The furnace is inaded with the charge consisting of iron ore. cobe and lmestpne.
(i) Fegls (g) + 3C0 (g) — 2Fe (s} + 3602 (D)

{b} Substance A is slag
Substance B is iron metal

* TAKE NOTE: Sisg iz fesy donse than iron and faal o 107 ot irom.
{z) k iz heat resistant
*TAKE NLTE:
The furnace is mace of stes! but narmally fine with refractory (haat resistant) fricks af magnesi uxils

ik are caaled by water.
HMNOWING THE EXAMINERS MuHD™ - Chemistry 2
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Question 10

(a} Zinc is extracted from its ore, Zinc blende. The Zinc blende is heated in air 1o form
the oxide and an acidic gas. The zing oxide is then reduced to zinc.

i Mame the acidic gas. [1]

vii} What is the chemical name of Zinc blende? [1]

(i)  Write down the chemical equations for two processes involved in the
extraction of Zinc from Zinc blende, 2]

(v} Why is it not poseible to reduce aluminium oxide to aluminium using carbon?

(b} Important uses of zinc are galvanizing steel, making alloys and manufacturing dry
cells,
() Why iz stesl galvanized? [1]
(il MWame an alloy containing Zinc metal, State one physical property of the alloy. [2]

[SCEICHE - s124/P32008]

WORKED SOLUTIONS

{a) () sulphur dioxide
Take note: check the equation to understand how the acid comes about,
{iii) Zing sulphide
vy 1.ZnS{8)+30:(g)............... ZZn0 (5) + 250 (g}
2Zn(s)+CO(g)............... Znig) + CO: (D)

{v} aluminium has a high affinity for oxygen and this makes it difficult for carbon to

reduce the aluminum oxide.

*TAKE NOTE:
alumimim rEacTs wiit rygen fo fram g layer of aride around the mela! e fonle compoond i 50 sirong
gl e anfy sconomc wey of exiracting the metal i by slectrofsis.
{b) (i} in arder to prevent rusting
*TARE NOTE:
20 can eEsdy react with axygen ir Hhe 2 1a farmm Jine peide (frust! s prevent B zive i galvanized
(i) Brass
Brass iz harder than the constituent metals.
*TAKE NOTE: Brass cansiste of 7% copper and 0% zinc
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CONCISE INFROMATION (EXTRACTION OF ZINC)

The exlraction of zinc from zinc Blend (Zinc sulphide, ZnS) involves & fwo step reaclions.

1. Zinc blend is roasted in air to form zine oxide.
ZnS (5] + 30; — 2 Zn0 [5) + 250; (§)

2 Zinc oxide is reduced fo zinc metal by coke in the blast furmace.
ZnO(s)+C .......... Zn(s) + CO (gl

- The sulphur dioxide produced can be used to make sulphuric acid.
Zinc is used in alloys such as brass and for galvanizing iron.

NOTE: gxtraction of lead (from Jead suiphide, Ph3) takes the simitar course fo the extraction
of Zinc.

v EXTRACTION OF COPPER

MOST COPPER IS extracted from copper pyrites, CuFeSs, In the exiraction process the org
is infially concentrated by a procass of fioatation, and hen it is roasted in air to produce
copperil suiphide.

2CUFeS0s (5) + O (g) — 2Cu:5 (5] + 350, (g} + 2Fe0 (3)

A silica is added and the mixfure heated o remove the iron{ll)oxide as iren{l)silicate (s/ag).
The copper sulphide is reduced to the metal by heating in a regulated supply of air.

Cus {g) + Oz () *———» 2Cu (5} + SO; (g)

NCTE: The copper produced by this method is suitable for piping and boilers. When it is [0
be used for clectrical wiring, i mus! be rafined. This is 50 because impurifies increase the
electrical resistance of the moifal.
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CHAPTER 10 EscraocHEMISTAY

Auestion 1

Agueous sodium chloride was electrolysed in the apparatus shown below.

% xﬁxﬁ"xﬁ"x%

i— _T
LA =i

;.__._:_nl - -

(a) i} Mame the gas x. [1]
i) How can gas x be idantified?
Test 1]

| §

Results [1]

{b) i) Name the gasvy. [1]
i) Write the equation for the half reaction in which y is produced. [2]

{€} Why is the volume of x smaller than that of y7 [1]

{d) The electrolysis of aqueous sodium chlonide is used to manufaciure important ¢hemicals
in an industry. Name the major product of this electrolysis. 1]

[CHEMISTRY — S070F20E2006]

WORKED SOLUTIONS

(@) i) Oxygen

* TAKE NOTF _
Ty e are produces! v (v reaction, syqer and fvoagen gas, S fons () are magativs, 5o they move b the
Fnodeipositive] whereas fvdrogen iovs () are posittve and hence move fe ihe cathode (negative) [positive and
aegaiive alfract] Therefore, gas ¢ i oxpyen snd gas y i fydrogen .
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iy Test introduce a glowing splint of wood into the test tube with gas x.
Result: the glowing splint relights.

{D) i) hydrogen
iy 2H +28 — »H:
* TAKE MUTE
T atarms oF fyaager combine ¢ form 2 molecule of fyarapen. Twe alectroes are gained fo give he nevtrsl st

o e et side.
(¢) Hydrogen gas (v) was produced in & larger amount than oxygen gas since alectrolysis of

aquesus sadium chiorids implies the electrolysis of water in which hydrogen and oxygen
are jn the ratio 2.1

* TAKE MITE

ineally, #his i elecirolysis of weler and canfirms #hat water i5 & compound of hyaragen and oeygen in the ratis of
atoms & respaciively

{d} Hydrogen gas.

Luestion 2

An electroshemical cell converts chemical enargy to electrical enesrgy. A sample
electrochemical call was set up using silver and magnesium rods, dipped n dilute sulphuric
acid according to the diagram below.

slactric bulk
ey

]

spen sedtch

silver rx:-d——kl_-- st miagnesium rod

dilute sulphurke acid

When the switch was closed, bubbles of gas were seen at the silver rod and the electric bulb

was it

(&) Explain how an electric current is produced by the simple cell shown. [1]
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(b} Which of the rods is acting as;
il The cathode? [1]
ii} The anode? (1)
iiil The positive pole? [11
(C) Write the ionic eguation for the reaction which occurs at the

i} Magnesium rod. [1]
iy Silver rod. [1]
(d) What device can be used in place of the electric bulb to measure the amount of *

electricity produced? [1]
(2) Predict what wouid happen if the silver rod is replaced by a copper rod. [1]

[CHEMISTRY - BOTOM2/2008]

WORKED SOLUTIONS

{a) In the call shown, magnesium ionizes by electron loss. The electron passes to silver
threugh the wire creating electron flow. The chemical energy is then converted to
electrical energy as electrons flow from magnesium to silver through the connecting wire.

* TAKE NOTE
fr a7 sleciric cofl the more slociraposiive of the two metals inies by olectron loss passing the electron to fe less

alecirapasitive through the wive This creates 2 fow of electrons whith correspond fy the chemical change Much of
fhe chemical enargy &5 converdad ta alectrical energy as elecirons Hew,
{b) i} Magnesium rod

i Silver rod

i} Silver red

* TAKE KOTE
The mure slacirapositive metsl dwes efectrans fo the fss slectrapasitive; fowever, if sl acts a5 the cattude

(negatively charged] The fess slchopesitive acts as the sande (positivaly charged) Rale: Amode (4 recerves
electroms

Cathode (-] loses electrons

()i} Mg o Mg™ +2¢
i} EH+.:aq:. + 28" =" Hyy
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* TAKE NOTE

Magnosiu goer irts sobtizs, (omises! sing slectrony and farms My, These slectrons from meghesiun elecirone
fiow to the siver slactrode thraugh #he wins, At the same time, ot the Siver slpirods, hydrogen ions ( iy fram
sujnfuric acid (elecirolyle) gam these slecirons and Mersls fyoragen gas

{d) Voltmetar

(&) The voltage produced will be reduced as magnesium and copper are closer in the

reactivity series than magnesium and silver.

Cuestion 3

Two metal rads, L and M, dipped in 2 beaker containing dilute sulphuric acid are connected
1o &n electric bulb. The bulp lights up within a few seconds.

]

— dilute sulphuric acid

{a) Describe how electricity is produced in the device. [3

(b) What term is used to describe such a device?  [1]

(¢) If the current flowing in the direction indicated by the arrow, which metal rod is made
from the more reactive metal? [1]

(d) i} ¥ M is magnesium metai, state a possible metal forL? 1]
i) Write the half reaction equations for the reactions oocurring at the metal rods L and

M. [1]

i) Which rod is the anode and which is the cathode? [1]

{&) What chemical ¢changes occur in the device?  [1]

(f) 1f the metal red L is copper and voltagss are measured when the metals iron, lead and
zinc were placed in turn as the metal rad M. Complete the takble below by entering the
metals in the correct order. [3]
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Voltmeter reading/v. | Metal

1.10 &
; 0.76 ‘

0.21

[CHEMISTRY 50T2/2010]

WORKED SOLUTIONS

{&) Metal L ionizes by electron loss, passing the electrons to metal M through the wire. This
creates electron flow producing chemical energy. The chemical energy is converted to
electrical energy as electrons flow.

(b} Electrochemical cell,

(c) Metal L

* TAKE NOTE
The rod imsde from the mare reactive mets! (nses slectnons fo #e rod made fro Hie lss reactive melal

(d) i) Potassium (or Na, or Calcium)

* TAKE NOTE
I the electrochemical saries, Hhe mefals more reactive than magResium wivC A1E JoLSESiT, caloiim snd SO can
e sed

it} Half reaction at L
L— p LY+

Half reaction at M

EH-"W + EE'- — H_z

* TAKE NOTE
! ix losing electrons. Mherefore electrons are gt the right af the squation

i) Listhe cathode.
M iz the anode

MMNOWIMNG THE EXSMIMNERES mHD™ - Chemistry 2
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* TAKE NOTE
Awnde (+] receives electrans
Lathode (~) lnzes eloctrans

{&) Chemical energy — - alacirical anargy

K " Woltmeter reading/V Metal |
1.10 Zing "

= 0.78 :- " Tron

021 Lead

A —L - : CONCISE

INFORMATION (1ONIC THEQORY)

¥ In their reactions, metals readily Jose their electrons in water to form positively
charged jons (e.g. Na — Na* + & ). Metals which readily lose their electrons are

said to be very electroposiltive and are thus very active chemically.
¥ Nommetals accept slectrons lo become negatively charged ions (e.g. O+ e— cr
). These elements which accept electrons readily are lhe mast eleciranegative and

are therefore very chemically reaciive.
Qusstion 4.

The diagram below shows an experiment carried out to investigate the conductivity of
solutions, Pure water was used by, followed by acidified water.

1 *

Er

i =
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(&) i} What is the name of apparatus W7? [
i) Explain why no reaction is observed when the liquid in apparatus W is pure, [1]

(b} A few drops of comcentrated sulphuric acid are added to the pure water. Two gases A
and B are collected after 5 minutes.

i} Name the gas A and B collected after 5 minutes. [z
i) Write down the ionie equations to show the formation of the gases A and B. 2]
i}y What would be the best material for 7 Give reason for your answer. [1]
(C) A current of 0.64 i passed through the acidified water in 5 minutes of the experment. (1
faraday = 95 500 )

i} Calculate the number of moles of electrons that passed through the acidified water
during this time, 1]
i} GCalculate the volumes of the gases A and B formed in the 5 minutes interval. [2)
(d} Potassium chloride is used in place of the acidified water in the apparatus W and the
experiment is repeated.
1l What would you see af the anode? [1:
i} What would you see at the cathode? [1]
iy How does the pH of the solution change as the reaction proceeds? [i]

[CHEMISTRY S070/2/2007]

WORKED SOLUTIONS

— -—

{a) ) Helmans voltameter

i} Pure water does not easily decom pose as it is a poor conductor of eleciricity.

* TAKE NOTE

Fire water is 7 poor coadistor of elecinicity, I can therefare e mage fo decmmpase fy same 2duiion of e

(b) 1) Gas A is oxygen
Gas B is hydrogen

i} GasA 40H . o 2ZH.O+ O, +de
Gas B EH+[aq, - R—— H:a-.;g]

HNOUWING THE EXAMINERS MUND™ - Chemistry 2
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i) Platinuml; this is because it is unreactive and would thus not dissolve in the
elestrolyte and would not react with the electrode products.

(c) (0

. charge ()
N i r o e
oL E Faraday constant (")

O iv calcwlated ax (3 = current (1) fime (1) in Sec ongs

s oFwi 05 x 300
SNooof moley af ¢ = w8 i

: = 00016 moles of &
i o6 500
(i) Gas A (0]

Valume of gas = no. of males of gas x molar volume of gas

Since we know the number of moles of e passed in acidified water, we ¢an use the mole

ratic in the balanced equation to find moles of gas O as follows:

40H — 2H.O + Q; + 4&
Mole ratio of Oy toeis 1: 4

Moles of electrons passed in acidified water is 0.0018, $0 making moles of O; to be x,
frenge we can find moles of O, as

T |

X :}{: 0.0016

¥ = 0,0004 moles of O
-, Volume of 0. = 0.0004 mal x 24 molidm™
= 0.00986 dm®

GasBisH:
Volume = mole x gas molar volume
number of moles are calculated from the balanced squation:

2H" + 2e - H;

Mole rativ of e to Hyis 2 0 1

HMNOWING THE ExXAMIMNERS MirD™ — Chemistry 2
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Since the mole ratio of e passed in acidified water is 0.0018, then moles of H; is
calculated as

5 x‘j::—i::f :
0.0016 i X

= -”'—”,}9]-‘5‘ . 0.0008

i

* TAKE MOTE
Mo of moleg afe = dm?‘"'”fb?i?Mm-

Sharge () = ¢ where [is current and ¢ & Hme i senamds

Faradays covstant = 55 500 L mol

(i) Caloulation of volume of the two gases
Gas A (0.)

Velume of gas = no. of males of gas x molar volume of gas
Since we know the number of moles of e passed in acidified water, we can use the mole

ratio in the balanced equation to find moles of gas Oy as follows:

40OH — 2H.0 + 0. + 4
Mole raticof Do loe’is 1. 4

Males of electrons passed in acidified water is 0.0016, so making moles of O; to be ¥ we

can find moles of O, a

1 4

x :}i: 0.0016

¥ = 0.0004 moles of O

. Volume of 0, = 0.0004 mole x 24 mole/dm®
= 0.0096 dm®
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Zas Bis H;
olume = male ¥ gas molar volume number of moles are calculated from the balanced
equation:

2H + 2& = Hi

Mole ratioof e to Hzis 21

Since the mole ratio of & passed in acidified water is 0.0018, then males of Hy is
calculated as

X

. 5“>—<'l i
0.0016 :

i= % 3,000

Volume of He = 0.0008 mol x 24 dm®mel = 0.0182 dm’

(d) i} Atthe anode chionne gas will be produced.

i} Hydrogen gas will be producsd at the cathode.

il The pH of the solution becomes increasingly alkaline. (KOH)
* TAKF NOTE
Bath L and ¥ move fmeards the anode [ s discharged because if is gresent i1 mucl greater comcantratiT Man
0. fir the ather fand Goth & and I move towards the cathade K being lower i e plociranhemical serEs i
diccharged in praference in K
The ralative concentration of O and & in the remaining saltion inpresses sy # and {f ane removed 50 B
remaiming saliion inreases i akality KU
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/n 7014 A Product Of Inltiative Business
H .
'




Question &

The diagram below, shows an apparatus whish was used to elecirolyse a sample of molten
lead (I} bromide.

|||r

electrads | 1 -__:_::_ -Ta slectroda |

_-.—_—_—_-_—_ et cracible

melten [2ad i bromide

haat

(@) Name the products formed at the alectrodes Hand1. [1]

(b} White the ionic equations for the reactions occurring at electrodes H and L 1]
{c) State what you would see at the anode during electrolysis. [1]
(d) State one precaution when carmying out the electrolysis of molten lead (11) bromide. [1]

[CHEMISTRY 5072010

WORKED SﬂI.UT['DI'HS

(&) The product at electrode;
H = bromine
| = Lead

* TAKE NOTE: 87 and A are discharged 3t the anode and cothode ragpachively,
{hj At E]E'Ehﬂd& H; EEr.:u — E:I'I gl + e

Al electrode [ F'bﬂﬁ:. +de —» Pb.ﬂ]
* TARE NOTE

firing slectralysis the positive fans are sttracted i the caihads {~{ wihare they gein slecinons o frm newiral atoms
M ey — W '

The negative i go ta the anode i/ witere Mey fnse slectrans &y farm pewiral 2toms
X X4
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{c) Reddish-brown bubbles of gas.

* TAKE NTTE

At the temperature of the multer fead () Sramigs slectrlyte. bromine will &g (berated 75 7 gas, thugh st reom
femperaiurg and pressore it i 2 fiqoid

{d) The experiment should be carried out in a fume hood or a water free spaca,

Question &

There are several methods that can be ysed to prevent rusting. The commonest one
involves coating the iron or stzal ohject with a suitable substance,

(a} Name three conditions necessary for rusiing to ocour. [3]

(B) Electroplating and galvanising are two of the methods used to ‘coat’ the iron or steel,
What is meant by
{i) Electroplating; [1
iy Galvanizing? [11

() (i} Describe how you would eleclroplate an iron ring with silver. Draw a labeled
diagram of an apparafus that can be used. [51
(i) Write equations for the reactians occurring at the electrodes. 7)

[CHEMISTRY — SLTOIPRISZ00E]

WORKED SO0LUTIONS

(8) Conditions for rusting to oecur are
1. Moisture
2. Air {oxygen)
3. Iron metal

(b} Electroplating is is a process of depositing a thin coating of one metal on top of a
different metal by electrolysis.
Galvanizing is the coating of steel or iron with zinc.,

{c) Iron ring can be eleciroplated with sitver by making the iron a cathode and making
the silver rede an ancde in a complete eledrelysis cell. The electrolyte is made of the
salts of silver, e.g. silver nitrate.

FMNOWING THE EXAMUNERS MND™ — Chemistry 2
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|
Silver rode

Silver nitrate solution

TAKE NITE:

T basic rules far slectrapisting an shiect with 3 desived mets! are a3 folbws:
- [The alject i ke costed must be madk the cathode
- Me anode is made of 7 sivig of the desived metal
- N slectrolyie most be 2 salution of salf of the desired mets!

Cuestion 7

The diagram below is a repregentation of a Hall Herout c2ll used for the extraction of
aluminium from hydrated oxide, also known as baunxite.

Crust of aluminium oxide Cacbon anode

| {"arhon cathode
Tappmyg hole

Muolten aluminium
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Some of the processes invelved in the extraction are listed balow:

1. Bauxite is crazhed.
2. Concentrated sodium hydroxide solufion is added.
3. Filtration.
4, Dissolved in molten substance P to form the electrolyte.
3. A huge electric current is supplisd.
(a) Explain the impeortance of each of the five (5) listed processes. [5]
(b} (i} the electrolyte is a solution of bauxite and another substance P. Name substance

P. 11
{£) What time. in hours, would it take to deposit 135g of aluminium, if a current of 5.0
amperas was allowsd to flow through the circuit? 3]
{d) What test would you use to distinguish between the ions of aluminium, AI* and zinc,
Znt'? 1)
(&) Metals are non-renewable resources. Explain briefly what you understand by this.
(f} (i} Give two ways by which land is degraded. [2]
{ii) Suggest one practical way of reducing land degradation, 1]

[CHERMISTRY — SO7O/PRIS2011]

WORKED SOLUTIONS

(a} The importance of the five (5) processes are as follows:
1. Crushed to increase the surface area fos reaction
2. Congentrated sodium hydroxide purifies bauxite by removing impurities such as
oxides of iron, silizen and titanium,
3. Filtration separates insaluble impurities from the molten ore.. note that the
impurities are insoluble in sodium hydroxide.
4. Tolower the melting point of the electrolyte
2. Electric current induces the electrolysis 9 or decomposition) of alurinium oxide.
(b} Substance P is cryoiyte

HMNOUWING THE S&xAMiNEms MND™ — Chemistry 2
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(c)
Data pravided in the question
- Mass of aluminium = 135g
- Currant = 5.0 amperes
- Time=7
STEFS TO FOLLOW
1. Find number of mols of aiuminium
Mol = mass/molar mass
= 133g/27g
= Emuol
2. Muoles of electron needed:
AP o+ e o Al

Tl 3oml

s

2="15 mol of Al

X

the equation tells us that 1mol of Al ion reacts with 3mol of electron, therefore, 5
mol of A" reacts with 15 mol of electrons.

3. Convert moles of elecirons fo coulomb
1mal of e- = 86 500 of electric charge, therefore, 15 mol of e- = 1447, 50CC

4. Using the equation & = If you can calculate time, {.

t=0ul
= 1447, 500/5
= 289,300 zec
= 4B28min
= B0hrs
HMNOWIMNG THE ExXAMIMNERS MiNoO™ = Chemistry 2
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(d} Testing AP and Zn®' with aguecus ammonia
- Both A" and Zn™ farms white precipitate in aqueous ammonia, however, the
precipitates of AI™ are insoluble in excess ammania while those of Zn*™ are
50luble in excess ammonia.
(e} Metals cannot be naturaily replaced or regensrated aftar they have been used.
(f) (i) Land is degraded by
1. Extreme weather conditions such as drought
2. Human activities such as cutting down trees

(i) afforestation

CONCISE INFORMATION (REACTIVITY SERIES)

¥ In their reactions, metals readily lose their elecirons in water to form positively
charged jons {e.g. Na—* Na~ + o ). Metals which readily lose their electrons are
said to be very electropositive and are thus very active chemically.

¥ Non-mefals accept elections fo become negatively charged ions (e.q. Ol + e—» O
). These elemerits which sccept electrons readily are the most slectronegalive and
vice versa. Elemeonts which are very elacironegative are also very chemically active.

¥ Freferential discharge
When two or more ons of similar charge are present under similar conditions, in a
solution, one is preferantiallv selected for discharge, Selection degends on;
8. FPosition of the element in the electrochemicsl series- fons will be discharged i

preferonce to those above i
b. Concentration- increase in congentration fends to promote an elements discharge

¢ Nature of the eloctrodes.
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*" Table: part of the elecirochemival series is shown below,

Cations Aniats
K ossmn BOP,
Ca?* t wo,
Na® cr
Mg Br
Zn* F

Fe* OH
P-'II.:'L

JLlr“ L

Cu*

AFE D

¥ Electrolysis reactions
Ouring electrolysis the positive melal fons are afiracted fo the oppasiely charged
(megative) cathode whare thay gain elecirons [o form neufral sfoms. The negative
nan- metal lons are attracted to the oppasiely charged (positive) anode where they
lose electrons to form nevtral atoms.

' Steps of analysing elecirolysis reactions,

1. Determine the ions present in ihe sofutiar.
2. Determine which ions rmove to either the cathode or anode.
3. Determine which ion will be preferentially discharged, (in case of solutions- both

diluste and moderately concentrated) and -
4. Finally determine the status of the remaining solufion.
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T E.2014 A Product OF Initiative Business




CHAPTER 11 oasanic cHEMISTRY

Question 1

(8] Organic compounds form homologous series.
Give two characleristics of members of any homologous series. [2]
() Draw the structure of an alkane with two carbon atems in the molecule. 12]

(c) Calcuiate the percentage by mass of hydrogen in this alkane. [z
[BCEINCE — 5124/P3/08/2012]

WORKED SOLUTIONS

(2}
1. They conform to a general molecular formula
2. Each member differs in molecular, from the next by CH.
{b)
(i structure
v
H-t-t-H
H H
{ii} % by mass of hydrogen = 14.3%
Calculation
- The alkane has four hydrogens, therefore, the mass of hydrogen is 4g
- The total formula mass of the alkane is 28g (mole concept)
- % by mass = mass of hydrogen/total mass of alkane
= 4g/28g X100
= 14.3%
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CONCISE INFORMATION (HOMOLOGOUS SERIES)

A senes of compounds related to each other as the slksnes are is called & homologous

senes. Such & zerios has the following characieristics:

- Al members conform to a general molecular formula e.g for alkanes, CoHo o

- Each member differs, i molecular from the next by CH,, for example alkanes are
CH,, CoMHe and so forth,
All members show similar chermical reactions, though varying in vigour. For example,
all alkanes burm in air and give substilution reactions with chiorine,
The physical properties of membors change gradually in the same direction siong the
senes, for example, in the alkanaes, boiling points and freezing points rise (CHe a
9a5. CoHip- a liguid, CooMes- & s0lid at ordinary temperature and pressure.

Question 2

(@) i) What is meant by the term unsaturated hydrocarbon? [1}
i} MName one unsaturated hydrocarbon and draw ite structural formula. [1
i) MName or write the chemical of the product formed when bromine and the named
unsaturated hydrocarbon combine. (1]
W) Name one saturated hydrocarbon and draw its structural formula, [2]
(b) i) Which of the twe named hycrocarbons in afii) or (iv) can be converted o 2
Polymer? 1
i} Mame the polymer and draw its Structure. [2]
iii} State on environmental disadvantage of the polymer named in bafin} . [1]

ISCIENCE - 5124/Pa2008]
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WORKED SOLUTIONS

- =

{2) i} The term unsaturated hydracarbon means 3 hydrocarbon containing at least
a multiple bond between two carbon atoms in its carbon chain {e.g. C=C),

i) Ethene
H
At
1]
H
i) Dibromoethane.

L=t

* TAKE NOTE Furmation of difromasthans is o5 falbws:

r-li 'I—
—= Br 1I'.— & —Er

BroibBr-gri -
[
H H

T
I-im=-T

dleuble bond e gl s
1o acddniodat e
CEOrwne

The fand an fhe altens & froten Q’Eﬂﬁ'wsﬁ'ﬁ':f.lﬁfmﬂ.fﬁ"mm!.?M-

iv) Ethane TERT
Hedodon
H H
b. i} Ethene
* TAKE NOTE

Tive =L dpuble boned of altenes allow them to take part in additon reactions, The doutie bond s Sraken 200 ather
aloms atiach ke the carbans.
ii] Polyethene
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* TAKE NOTF
The doubie bomy in 2thene enadies Y moleries of effene i ini and form 2 frge mmlcel (il pefythens

o
SR E. et e =
H H
H H
double Bond braaks —-fl.- -f'l—
oM
H H H H H H H H H H
I (R L b
Ero e rd polyt e ne s jg ?_c_l:i- l::_T_E._L_: |-_|_
I'q'_'-rrl"l-"'-'i|.l'a-_:-'-il'|l-:1zi-f H H H H ] H H H H H

P aryy 2t e
misdasglas
lii} The environmental dizadya ntage of polythens is that it is non-biodegradable, hence
when discarded causes land and water pallution.

CONCISE INFORMATION (REACTIONS OF HYDROCARBONS)

¥  Hwdrocarbons

* A hydrocarbon js a comaound that confains carbon and hydrogen atorns onfy
¥ The main classes of h Vdrocarbons include the Alkanes snd Alkeneas.
v Alkanes

* These are saturafed Rydrocarbons that cantain only single covalent bonds
between carbon afoms.
» The general formula for alkanes is C, Ha, . ; : where n s the ng of carbon aloms
fresant.
v Alkenes

*  These are unsaturated hydrocarbons that vortain af least one C=C double bond
amongst its carbon aloms somewherg in its chain structure.
* The general formula for aikenes is C, H-. ; whors n s the no ¢of carbon afoms
presont
¥ Bromination
*  Hromine reacts with athens to produce dibromoetiens (colourless compound);

Cflr']r..: mp Er;- [ — CglF'll.,rEn'-g [
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The double bond in elhene bresks open and forms new bonds fo the bromine
aloms. The type of reaction, where a double bond braaks and two new amm:s
are added is known as an addition reaction. Other addition reactions include:
Hydrogenation
HMydration
Chilorination

¥  Polymernzation

Palymerization is the chemical resction in which a macromolecule known as a

palymer is formed from many, small, ideniical reactive molecuias {ronomers),

= The joining of identical monomers, thereby making a chain of carbon atoms i5
called addition polymenzation e.q. the double bond in ethene when broken,

makes it possible for many other ethens molecules to join and form a large

Mlecule, {polyethene)

Various conditions can be used fo produce different types of pofyethans.
Generaily a high pressure, tomperature sf or

above room femperature and a
catalyst are needed. This San be summarised as shown bafow;
"H H "H H Y,
I
" rJ &= 1 highprassure [ —¢ _ ¢
I haat catal. ot L o
nt H H H H )Il
Azt nis g very large number

Crude il is an important raw material that we need in madam life, Engineers process and

refine crude oj| in 4 tower to produce a nurnber of fractions a= shown inthe d izgram below.

Fravtiorsting | o 1 T A

fower F
i_"i_r_ jT_I_: e Falrel
!_ﬁ i _Ij_'l—l—_='* =t
Lﬂ T L-—_; Diazal

{&) Name the PTRCESE Used to separate the fractions of crude oil. [1]

(b) Mame two major elements that are found in crude il 2]
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(c) State two differences in pivysical properiies between fracticns extracted at C and B, el

(d} A large proportion of fraction A has the molesular formula CH.. Write a balanced
chemical equation for the complete combustion of the compound with the chemical
farmula CH,. [11

(e} Crude oil is & non-renewable energy scurce. Explain what is meant by a ‘non- renewakble
ENErgy source’. [1]

(f} Give two reasons why the sun is a better source of enargy than crude oil. (2]

[3CIENCE - 5124/32/2011]

WORKED SOLUTIONS

— =

(2) Fractional distjllation.

= TAKE MOTE
Separation by fractipns) distilistion tates adlvantage of i difference in the hailing points of the fractions in crude oil

(b) Hydrogen and Carbon,

* TARE MOTE
Lrude o & msinly mack wp of Sychorartons snd Sydrocarbuns are defined a0 compounds faving anly the elements
carbon g bydragen
(c) — Fraction C has a higher boiling point than fraction B.
- Fraction B has a lower viscosity {thickness) than fraction C.
¥ TAKE NETE T fractions that ar= released st the fop are lighter while thase collected ot the fottom are feavier

() CH. +20, —  —» CO, + 2H.0

" TAKE MITE: A1l fychocarbons burning in ai- (117 produce carban diits (00 and water (5601 gy
{2) A non-renewable source is one that is of limited supply and cannet be replaced once

used.

* TAKE NOTE

Hatural ressurces are grouped into twe catogaries renswable and non-reneweatie, Senewable oazs arg se that oo
fGE i gut 208 gy 88 replaced sver time such a5 segetstion or are inexboustive srh a5 sofar enargy. Mo
renewable anes are fhose that are of finited suaaly and cannot be repiaoed aoce vsed Sieh icle fssd fel and
mineral sbpasits sieh 25 capper

ify 1 The sun is inexhaustible (cannot run out) where as crude oil is exhaustile.
i) The use of solar energy is a clean process while that of arude oil causes pellution
HMNOWING THE EammiMNSRS MiNa™ — Chemistry 2
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Question 4
The chemical eguation below is a reaction in which glucose is changed to ethanol.
CﬁH'. ZGH =31 _!.'E;EEI_- -2': HECHQGH () + ECDE ia1

(a) What term is used to describe this type of reaction? [1]

(b) What is the purpose of the yeast? |1

(c) Draw the structural formuila of ethanal. [1)

{d) To which homologous series does ethanal belong? 11]

() When ethanol is exposed to air, it becomes 'sour. Explain what happens. [2]

(T} Draw the structural formula of the compound formed when ethanal is dehydrated. [1]

[CHEMISTRY S070/2/2010]

WORKED SOLUTIONS

—— CEMET T TR,

ia) Fermantation.

* TAKE NOTE

Fermemtation is e pradiction af etia e sugar dy ife soifion of yeast ar bacteria on it

(&) Produces enzymes that catalyse the breakdown of glucose into ethansl and carbon
dioxida.

* THKE WOTE: [he snzymes of peast ar bacteris serve 55 catalysts o the fransformation of sugar fo abuhol

(c)
Z0H

-

I

{d) Alkanals or Alcohols.

* TARE NOTE
A groug af compoungs relsied fo ganh sther with members confarming £ 2 general maleculer farmals i called 8

nomolapans series. The albabol are 7 fomolpaus serer of compounds whish confain 2 Aydrad [ a5 & fanctinnal
grup
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(e} Oxidation accurs which leads to the formation of carboxylic acid {i.e. ethanoic or acetic
acid), which has a sour taste.

* LKE MOTE

Lividation reactions that cause formation of carbaxyplic acid socur when sitanal is exposed to milder conditins such as
& baitle of wine being it apen for 2 lang fime.

Colellif # fla ——————e DHAET » el

(f)
H.H H H
H-¢ —C -y _tehedration L - o
| 1 | I 2
H H H H

Dehydration is the process of removing water from a compound, Ethancl can be
dehydrated to produce ethene.

CONCISE INFORMATION (ALCOHOLS)
+  Alcohols

= The alcohols are a homologous series of compounds which contain & fydroxyl!
OH as a funciional group. A funchional group is a group of atoms in a structure
that defermines the characteristic reactions of & compound.

= The alcohols form a homologous series of a general molecular formulae,
CoHanOH,. 1> 1"

v Formation of Alcohols

i Addition reacfions

Phisphnric (W actd
Ethenc + steam » othanol
al I

HAFT

CobHa oy + Ho0 oy 350 *CaHs0H g

i)  Fermentation
CEH;I_?'::'E 12g) ﬂp ECHgCHg’DH fap T ECGEM
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v Chernical reactions of Alcofols.

i}

Cxidation

Like all other hydrocarbons, alcohols can be burnt in the presence of oxygen
relegsimg enough Reat for if to be used as a fuel. This is known a8 oxidation.
CaH:OH + 30; — 2C0, + 3H.0

A further fype of oxidation occurs when ethanol is exposed fo milder condifions
such as a boftle of wine being leff open for a long time, this will cause the
formation of & carboxylic acid.

CoHgOH + Oy ——— CH;C00H + H;0

Es=tarification
Alcchols react with organic acids to form sweet smelling oily liguids called osters.
E.g ethanol + ethanoic acid = ethyl efthancate + water

CHiCHLOH # CHiCO0H —————  CH,COOCHCHy + HaO

i) Dehydration

Ethanol can be dehydrated to produce ethens. This is one method used in the
preparation of ethene in the laboratory, Ethanol vapour is passed over a heated
catalyst. The catalyst used can be aluminium oxide or broken pieces of porous
oot

Suestion 3

A carbohydrate is formed from the reaciion of many small molecules, one of which is

represented by the diagram balow.

{a)

HO— ——— OH

What is the general name of the small molecules which combine to form very
large moleculas?

Show how two of the small molecules like the one drawn abgve would join
together to form a bond. [2]

HMNMOLING THE SxEmIHNERS muso™ — Chemistry 2
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(b} Starch is hydrolysed to glucose by the enzymes in yeast and the glucose is then
converied to an alcohol by a second process. Name:

(i The s&cond process
{ii} The alcohol produced. 2]

(c) State two uses of alcoho| named in {b){ii) above

(d) Terylene is an ester.

(1) State one use of terylene, [

The structure of terylene is represented in the diagram below.

H
= IS S S

(&)

Draw a box around a Fepeating unit in this structure. 1)

(8)  Why does teryiene cause pollution? [1]

JFCIENCE — 5 T24/P3M0e2010]

WORKED SOLUTIQNS

(a)

® Monormer

()

B
l H™0
H—(J—E |-—'D—— [ |' — {MI

(b}

(i) Fermantation
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{iiy Ethansl
ic) — used in making esters which are used in perfumas

- Used in beverages such as wine and lguor
NE chock comcize informstion o estrification)

(d}
{i) Used in perfumes {responsible for sweet smedl)

(i

O o
{0t '

H 0 5:
o—[J—o—c—[li—¢-

(i} Terylene causes pollution because it is non-bicdegradable

Question &
Organic acids are homologous series of compeunds having the carboxylic group —COOH

joined to an alkyl radical.

(@) What is the general formula for organic acids? [1]
(b) Draw the structure of butanoic acid
{c) A reaction between and alcohol and an organic acid is descrived as esterification and
this is simitar to neutralisation.
(i) Ehtylethanoate is an ester, Name two reagents used to prepare it. (2]
[if) State two ways in which esterification is different from neutralisation. [2]
il Write a balanced chemical equation for the estenfication of ehiylethanoate.

[Z]
{d) Calculate the mass of ehtylethanoate formed from 15g of the orgams acid. [2]

[SCIENGE — S124/P3011/2012]
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WORKED SOLUTIONS

(&) Carboxylic acids general molecular formula, C,Ha. SCOH
(b} (structure)

*TARE NOTE:

When naming carboxylic acids, the carban atam of the -LU0 group is inclide. 5o farmuls for
Suitanmic acid is SO0

{c)
(i Ethanal and ethanoing acid are reagents
(1)
esterfication involves the reaction between an acid {organic acid) and alcohol
wihere as in neutrzlization the reaction is befween an acid and a base.
In esterification an ester is formed while in neutralisation a salt is formed.
()  CH.CH,OH + CH.CODH — CH,CO0CHCH; +H:0
{d)
- moies of grganic acid = 159/60(formula mass)
= 0.25mal
- the mole ratio organic acid to ester is 1:1, therefore moles of ester is 0.25mol
- mass of ester = moles X formula mass
=125 XBE
= 22g

CONCISE INFORMATION (ESTERIFICATION)

¥ Eslers _

= Esters are organic compounds formed by the resction of acids and alcohols. An
estor is formed by replacing lonisable hydrogen (of the COOH group) By the
arganic alkyl group from ihe ethanal.

»  The esters uswally have pleasan! smell and find uscs as flavouring matarals and
in perfurnes

» Some esters occur nafurally and these are also sweel smelling, hey include;
) Vegelable olls — palm oil, groundnut oil, etc
B Animal fats

HMNOWING THE ExXAmINERS MIND™ — Chemistry 2
/\H 2014 A Product OF Initfative Business



T

¥ Formation of an ester.

» Reaction: carboxylic acid and alcohol
CHACOOH gy * CoHeOH oy == CH:COOCH; juq + Ha0
The above reaction is reversible. Hydrolysis faddition of water), recovers the acid
and alcohol. In practice, the acid and alcohol are recovered by boding with difute
mineral acid (HC! or H.50,) or with an agueous alkali (KOH or NaOH} as
catalysts.
CHACOOC s (o + HD oy ——==CHLOOH o + CoH=OH (g

» When an aikaline is used, the above reaction is followed by the production of
the sodium salt of the acid

Question 7
One of the hydrocarbons found in crude oil is undecane, CyiHz.

(&) Under suitable conditions, undecane undergoes the reaction below,
CiiHae — 9 CiHy + CHy

i} What term is used to describe the type of reaction in the petroleum industry? [1]
il State two conditions necessary for the reaction to take place. [2]
iii) When 1.0 mo! of undecane is used in the reaction, 21.2g of heptane C-Hys is
produced. Caloulate the percentage yield of heptane.  [2]
{D) Butene, C4H: can exist as isomers.

it Draw the structural formulaa of the two isomers. [2]

i) VWhat is meant by the term ‘isomer'? [1]
i} Suggest a suitable name for the macromeolecule formed when butene is polymerized
[1]
{c) The following reaction shows the reactions involving ethanol.

_

| Ethancic acid | Etivd ethancats
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i} Name tha reactions 1 and 2, [2]

i) MNams the reagent solution that should bring about change 2. [1]

i} Draw the structure formulae of ethylethanoate showing all the bonds. [2]

iv) What physical property of ethylethanoate distinguishes it from other compounds? [1]

[CHEMIETRY S0T02008]

WORKED SOLUTIONS

(a) i) Catalylic cracking
* TAKE MITE Lracding 1= 2 provess whers large hydrocarbon molerles Sreat inte smaler mialeriles.
iy = Prasence of a catalyst
- high temperature (around 500%c

fil) CagHoy o CoHig + CuHa

v v

0.1mol 7 mol
Mole ratio betwesn CiiHzs and CrHyg is 1 ; 1, therefore ne of moles of C-He is 1.0
moles

Expected mass of CH,: = moles x molar mass
= 1.0 mol x 100g/mol
= 100g

B yield = g s X 100

=2 “.’m;., x 100

=21.2%
1B AR R
H-C-C-C={ and H—?—C.—-i%—-.'l_‘—H
| I 1
H H H H H H

i} |somers are two or meore compounds with the same molecular formula but different
molecular structurs.
i) Polybutens

HMMNOLUING THE EXEMINERS Mirad™ — Chemistry 2
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* TAKE NOTE
Priybutens i formed when mumerous butene molssules fn lagether in an additon reaction. (s &5 calied st
Fafpmerisation.

(c) i} reaction 1 is esterification

* TAKE NOTE

Fthanal (5n slcabol) combines with eifencic acid (& carbonplic acid) i generate ethyieiionnate. an ester. TR process
iz called oeforification.

SHALHAT + SR —————— CHLOICHA «

Reaction 2 is oxidation.

* TAKE NOTE
Coltellif = ffs  ——® CHALOOH + fialf

i) acidified potassium dichromata (V1)
H o H H
el o
i H—C--C—0—C—C—H
I i i
H H H

iv) Ethylsthanoate has a swest/pleasant smell.

* TARE NOTE
[te estars urvally have 3 pleasant fruity smafl and are used a5 fevouning matarials ir perfumes
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CONCISE INFORMA TION (ATALYTIC cRA CKING)
¥ Catalylic cracking

* Lange molecules from heavier fractions of petroleum can be broker into srmalior,
mare valuable, molecules. This process is called cracking.

* Incracking reactions. particles of catalysts (made up of powderad minerals sych
as silica, aluming and zeolites) are mixed with the k vdrocarbons fractions af
aroung 500°¢
The following is an examale of g cracking reaction;

CraHzy ————a CaHiz + C:H,

* Al cracking reactions give two lypes of products;

- An alkane with & shorter chain than the original, and
- A short chain alkene molecule.
¥ Isomersm

= Isornerism is the QEEUTENCE of two or more compounds with the same molecuiar

formula, but different folecular structure. 1somers of butane are as follows;

CQuestion

(a) Plastics are organic polymers. The table below describas two types of plastics.
Complete tha table. Part of the table has been completed for you as an exam Dle.

| name | Repeating unit use | Type of 1
| . | polymerization used |
L | | in manufacture |
| Poly(ethane) ! Making plashc

bags

i | Condensation
. poiymerisation

—

[SCIENCE - 51243000201 ]

HKMNOUING THE EXAMINERS MuiD™ — Chemistry 2
22014 A Product OF Initiative Business



WORKED SOLUTION

[ name T Repeating unt | use "] Type of |
. : polymerization used |
{ in ma_nufacture 1
Paly(ethane) Making plastic Additional
DIAGRAM bags polyrmerisation |
|
Polyamide Used in textiies for | Condensation |
DiAGRAM ¢lothing, e.g. nylon | polymerisation
|
*TAKE NOTE:
Polynerization is the chemical reaction in which 7 compound s made ints & polymer by the additinT o
candensatinn of smaller malecis

- Jwining identica! monamers Ly make carbo chans & calby aodition palymerization
the jnining of s or mare dfErant manamers af varying lagth with the elimination of waler (or ather
aalymers) is salled Condensation polymerization

Question 2

T diagram helon snows he tio monomers which ars wsed 1o ke Trylon in e

\aboratory.
H H O o
i 1 - " -
H-N-CJ-N-H ol- LB

L, & dhaminchesans hexan=dioyl chlorid=

{a) What name is used to describe the type of reaction in which nylon i formed from the

two monomears?{1)

i mers
(b} Apart from nylon, name another compound formed by the reaction of the two mono

o form mylon. [1]

{c) Draw the structure of nylon showing fo ur(4) monomear ends. [2]

i i i above.
(d) Draw 2 circle around the simpiest repeating unit in the structure you have drawn

m
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(2} Name & raturally oocurmng macromalecule which has similar linkages to those found in
myion. What &= the name given to this type of linkage? |z
(f) State one use of Nylon. 1]

[CHEMISTRY S070/2/200a]

WORKED SOLUTIONS

(2) Condensation polymerisation
(D) Hydrogen chioride.

* TAKE hoTE
Harager is coming fram { § diamimieeane and chirine mmmmmmmmn chiaride
H H H '
¥ I H] | [T]
-N—[:I—N—f“ 2 R 'PF—IZ'I-N—{I.I—EE L —C
-+ H C}
o m .
() =“{N-to n-c E&E--:'.'—I;J—I:I—M—tl:l Ea— &L - ¢
%) T

{d) Name of macremolacyle: Protein

Type of linkage: amida {peptide) linkage
* TAKE MITE

Frotains are huitt Fom aming 20 MBLGmErS, Al Jting aci comiain fwr fnctional groges Wt and -LE0T Wher
AT RIS reart with gk mifar aw&ﬁmlﬁrﬁagwrkmﬂmedmﬁmiwsdﬁ:m&t

H H O HHO
1 [ 1 [ |
ML= =i =i
1 - ]
H H{DH HY.H: Ok
e R ¥
| \\
Jr NI WSRO ke
H H & H &
I P 0w | N
R T T T
| -

=

1 I N
H H H LH O
Gae ek
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When thiz is rageated many times using diferent aming aoids. & polymer i farmed Chans fnving move thar (00

iz LIS are caled prodedns.

{2) Mylon is used as a synthetic fibre in clothing, carpets, rubber reinforcement, sail cloth,
computer ricbons and sewing thraads.

Cluestion 10

(a) A gaseous organic compound, K contains 85.7% carbon and 14.3% hydrogen by
mass. 28g of the compound occupy 24 000cm™ measured at r.i.p.

() Work out the empirical and molecular formuia of the compound.  [4]

{ii) The arganic compound i$ an unsaturated hydrocarban. What do you
understand by the terms ‘'unsaturated’ and 'hydrocarbon™  [#

{1t} State the products of the complete combustion of any hydrocarbon. [2]

{iv) Draw the full structural formula of K. [1]

(b} The structural formula of 8 macromolecule is shown below.
—o—[}—0—[J—o— }—0—_}—

(i} What is meant by the term ‘macromaolecule™ [1]

(i) Mame the macromalecule represented shove. [1]

I Diraw the structural formula of the monomer from wiich the macromalecules is
made. [1]

(W)  The macromolecule shown above can be broken down into the simpler
molecules from which it is made, What name is given to this type of reaction?

State the conditions under which the reaction occurs. [3]
[CHEMISTRYS0T22010]
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WORKED SOLUTIONS

{i) Empirical formula is CH.

Caleulations of empirical formuls involve 4 steps as follows:

]

| ' Carbon Hydrogen {
|1 | Mass 85.7 | 14.3 '
| 2 | Molar mass 12 (1

[3 Moles ' 714 ' : 14.3

| 4 | Mole ratio i | 2

Therefore the empirical formulg iz CH-

Molecular formula = (empirical formula) X n

={CH;) x 2
= CzH,
n, is calculated as:
. = relative formula mass/ relative empirical formula mass
= 2814
=2
{ii} Unsaturated means the carbon atoms contains at least one c=c double bond
in the molegule
Hydrocarbon means the compound cantains only C and H atoms.

{ii}  Products of combustion of hydrocarbons are carbon dioxide and water only.
(iv)

H—0O—— — 00—

H

()

(i} Large/giant molecule consisting of many structural units joined together, e.g.
protein, fat, polymer, ete,
{ig} Carbohydrate (starch)
(i}  Hydrolysis
(v}
- Heating

Use of Hydrochioric asid and enzymes(hydrochioric acid acts as a catalyst)
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NOTES FOR

Tests for anions

USE IN QUALITATIVE ANALYSIS

Anion

| Test

Test resull

| carbonate (CO2™)

zdd dilute acid

chloride (C17)

[im moluticon]

i {1-}
[in solution]

ridrafe: {J"J {};}

{ [im solution]

effarvascence, carkan dioxide
produce

acidify with dilute niric acid,
then add
aqueous silver nifrate

white ppt.

acidify with dilute nitric acid,
then acd
aquaous lead{11) nitrate

add aqué:::-'ua sadium
hydroxide then
alurminiurm foil; warm canefully

suiphate {S057)
fin sofuton]

e add
aguedus barium nitrate

yellow ppl.

| ammaonia produced |

Tests for aguecus cations

' Cation

effect of agueous sodiunt
| hydroxide
|

[ effect of aqueous ammonia

Aduminium 'I:Fl E-:i o :]

ammanivm [ NH])

calgivm (Ca™")

|
|

white ppt., solible in excess
giving & colouriess solufion

white ppL, insciubie in excess

amumona produced onowarming

| white ppt., insoluble in excess

|"no ppt. or very slight white ppl

' mppmm]{r_fuf*}

light Blue ppt.. insoluble in
| axcess
|

light blue ppt., seluble in excess
giving & dark blue soiution

| iran11] (Fet)

ir-:::-ﬂl{_Ell;l (Fe 3""}

| zine (Zn?Y)

green ppt., insoluble in excess

grean ppl., insoluble in excess

red-brawn opl., insoluble in

|
| excess

| red-brown ppt. inscluble in
| BXCESS

| white ppL., soluble in excess
| giving a colowrdess solution

white ppt.. soluble in excass
giving a colouress solution
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