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TOPIC 1

LEARNING OBIJECTIVES

Condidates sheuld be able lo:
1.1 Experimental Design

=

b1

name oppropricte opparatus for the meosurement of fime, temperoture, mass and volume,
including burettes, pipaftes, meosuring oylinders and gos syringes

sugges! suilable opporolus, given relevont information, for o variely of simple experimenis,
including the collection of goses and the measurement of rotes of reoction

1.2 Methods of Purification and Analysis

&

7}
&
i

describe methods of purification by the use of o suitable salvent, liltration, crystallisation and
distiliation (including the description but not use of fractional distiflafion - refer to the lroctional
disgtillation of crude oil and fermented liquer)

suggest suitoble methods of purificotion, given information obout the substances involved
describe paper chromotogrophy and interprel chromatograms

deduce, from the given malting points ond boiling points, the identities of substonces ond
thair purity

1.3 Identification of lons and Gases

&

USEFUL WEBSITES

ofeSalalls

describe the use of oqueous sadium hydroxide ond oqueous ammaonio to identify the lollowing
oquecus cotions: oluminium, ammonium, calcium, copper(ll], ironfll], iron{l], lecd{l) and
zinc [formuloe of complex ions ore not required)

describe tests to identify the following anions: carbonate [by the addition of dilute acid ond
subsequent use of limewater), chloride {by reoction of on oqueous solution with nitric ccid
and ogqueous silver nitrate), icdide (by reaction of an equecus solution with nitric acid ond
agquecus lead(ll) nitrate], nitrate (by reduction with aluminium ond oqueous sodium hydroxide
to ammonia and subsequent use of litmus paper) ond sulphate (by reoction of an aqueous
sclution with nitic acid ond oquecus barium nitrate)

describe fests to idenfify the lollowing guses: ammaonia (using domp red litmus paper), corbon
dicdde {uting limewoter), chlorine (using damp liimus paper), hydrogen (using o burming spling),
axygen [using a glowing splinf) and sulphur dioxide (using acidified potossium dichromate(V))

hitp://www.leam.co.uk/delault. osp?WC = UnitBWCU = 3757
hitp://www.yesmog.be.ca/projects/paper_chroma. him|
hittp://www.chemistrycooch.com/tutorials- 9. him# Chemistny %2 0Loboratary
hitp://chemistry.about.com/library/weekly/ac0206030. him

hitp://www kids. net.ou/encyclopedia/2p=ch/Chemistry basic_topics
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OVERVIEW OF THE TOPIC
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= EXPERIMENTAL DESIGN
._.
{a) Time, Temperature and Mass (Fig 1)

IMQE O

A digitol stopwatch (lett) or an anclogue stopwaich
mensuras fima in manuies {min] and secands (s)

o |
'

Fig 1 shows the opporolus used to megsure fime, lemperature and mass in the lobaralony.

asle FiviiC Ly Mied d
| |
R L N B Ly An electronmic balonce (lag
- —— L T T O T T T ko,
= i - i L di - r H n

ar i boom bolonce
i

lermpetet une Jriilig
: : or kikogrome flg)
A, MBrCuny-in-g 155 thammometer measures \ i
femperature in degree colsivs [*C)

Fig

Apparatus for measuring hime, temperoture and mass

(b) Volumes of Liquids and Gases (Fig 2)

“t Apporoius for measuring the volumes of hiquids vary in accuracy

MErBOSaT aorur oy
least oocurode -
" =

— e

most aoeurahe

]
100 g

i ||=. i _'| i I'||u |-|
||
g
1
L

e
- T
[ —

o

TH T j B IIII :_

meRrring cylinder

|

i ptte

\/
=

Gurste

Fig 2 Apparotus for meosuring the volumes of liguids

mensunes moss in grams (gl

(%83 CamScanner
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Ll The becker is used only lor esfimating volumes of liquids. i very accurate volumes ore required,
the burette, which meosures vp to 0.1 e, & wsed,

1 The pipatie measures occurately fived volumes of liquids, e.g. 10.0 cm?, 25.0 e’ It is cocurate
to | decimol ploce.

L] A groducted gos syringe is used 1o meosure the volumes ol gases. (Fig 3

ﬁ |..+-L..u.1u.mh.lu..l 2 :-'
| .

E]dt E'FHHEIE
Fig 3 A groducted gas syringe

ExamTrr T3~

Always include the units when recerding data or corrying out caloulations, Missing units will
result In the loss of marks

L Two lactors determine the method vsed fo collect a gas: the density of the gas end the soiubility
of the gos in woler,

Method of Collection Type of Gases to be Collected
Displocement of woler For goses that ame insoluble in water, e.g.
hydroqen, :
g em— yorogen, coygen
""1“?"!' = = DR
h.r..h:\lk_ o
—— o
Wk aCk
[_/_D =
Displacement of air - upword delivery Far goses that are less dense than ;:lir, -:-._g.
hydrogen, ammornia,
dhefivary wibe L
QoS —o
Displacement of air — downward delivery For gases that are -:!a_mr than air, a.g. o
QuE — = —— hydregen chlodde, corbon disxide.
\
/l - Gas jor )
chafrumy ube ‘
|
i
Toble 1 Collection of goses
- PR T T —— e~ MRS S IR ST . _—
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arbon dinxide gos s sometimes collected by chsplocement of waber, Corbon dios
cparingly soiuble n water to form carbonic acid. Thus, The wolume of gat collected «
less than expectcd bEcmuse sorrst corbon diode will drsalve mla The water

STOP AND THINK
Which piece of opporctus is used 1o measure exoctly 22.5 cm?® of o liquid?

A B c Do

beaker buretia mEasuning cylindes

ExamTre T 5

The pipette ccn also meosure velumes of liguids occurately
onky im fixed vwolumes, ¢ g 1 cmt. 250 em!

fAre: B] The burette con mecsure accerately vakhimes of

STOP AND THINK

The opparatus shown in the diogrom below con be used to collect some goses. Which one of
the following goses is most suitably collected by this method?

A ammonia g

i ! #
chlorine ¢ _ @os jor

B

C  hydrogen chloride o |
D oxygen ——

E

sulphur dioxide

Exam Tre T 3

Ammoena will dissoive in water to ferm on ofkaline sofufion, ond should be callected by
f) splacemen) nf @i Using upnard :"|'-'”‘;|' gince ammenid 8 less dense than air Chlorine
hydrogen chioride and suphur cicsde will ol disselve i woter o form ecidic salutions and
_';.".n:n_:lll be collected by displocement of o using downward delivery since they 'ore all
ienser tham air j

[Ans: B] Owxvoen ls the oftly inasiuble

A gas m the lsT that cen be collecred by the dieg-
placement of water

(%83 CamScanner
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—~ METHOD OF PURIFICATION AND ANALYSIS
& Smninont Ticreacy
“I {a) Filtration (Fig 4)

, () Used o separate out on insoluble solid from o liguid, e.g. seporating sand from o sond
i and woler mixture,

1] Very fine pores in the filler paper allow the liguid poricles te flow through, bul retein the
b lorge solid porficles.

(residus)
lomge porticles of
i 3 wr: salid ane tropped
i I (1] ¥
i ¥ the Eles poper
L — filber paper with
| srrall holes
F; = - smoll parfcles af
1 ligpsdd pezs throwgh
! the fithar peipar
- b
=— lilrte
Fig 4 Filtration
L
; {5] Copsscinctions (Hig 5)
: L] Used to separate out o pure solid from an impure solution, e.g. separeting copper(ll] sulphiite
; crystals from impure copper(ll] sulphate solution, The Impurities will remain dissoheed in solu
| =
2JEF 1 STEP 2
y
|
: P VT —
impure *
solid —
The impure sclid is J s sl e e
dissclved in o sobveni & siporte mes oS
e tha solvent.
| STEP3 STEP 4
Filber papar
crysials
The cold soluion s powred off fo obioin
The hat saluiion is allowed te coal, the crysials. The crysials may be dried by
The soiid appears o pure crystals, pressing them betwoen sheats of filler poper.

Fig 5 Crysiallsation

%83 CamScanner
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Crystallisation must be differentioted from cwaporation to dryness. In crystallisation, the
solvent 13 only. partiolly evoperated, leoving o smoll emount of solution in which the crystols
form. Impurities ore left behind in the solution when the cry$tals cre filtered off. In
evaporation To dryness, oll the solvent is removed The crystols formed moy be impure.

STOP AND THINK
Which method is most suitable for obloining o pure;, dry sample of sodium chlonde from a mixture
ol solid sodium chleride and sond?

A Heot the mixure gently and collect the substance which boils off.
B Heat the mixture gently ond collect the substonce thot melts.

C Shoke the midure with woler and distil off the liquid.

D Shoke the midture with woter, filler ond evoporate the filtrate.

Exan T T3

If the murture in the question i3 solhid crmmonmem chloride ond sodium chlaride, the methad
given in answer D cannot be used af both compounds ore gsoluble in water This misxtire
cen be geparated by sublimation. Heot the misture gently until the solid cmmanium chioride
starts to sublime, ie. turn nto o gos. Allow the vapeur %o come inte comtoct withea cold
surface so that sokd ommonium chlorde con reform, lecving solid sodium ehiloride behing .
a5 the refidue

[Ang: D] Shelng with woter will disselve cll the sodium chigride, The msoluble sand will
be filtered off, loaving sedwm chioride solution cs the filtrate. Pure, dey sodium chioride
con be obtoned by evoporghion

——— P

{c) Simple Distillation (Fig &)

el Used to separate o pure liquid from o sclufion containing dissolved solids, e.q. separating
pure waler from seowoler.

sl The pure liquid obtained is called the distillate.

pure welar
(distillate)

Fig & Simple distllation of secwater
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Mol Experimental Techniques

i<l A thermometer is ploced ot the mouth of the condenser fo measere the femperalure of the
vopour enfering it. This temperature is the boiling point of the distillate.
L The groph on the right shows the change in temperoiure
as the seawoter is being heated in the flask, The temperafure Termp
will remain constant of 100°C throughout the whole fime s
inlerval when pure water is being collecied.

100 (= 7--- -

ExamTr T o= Tima/min

Cold water enters the condenser from the bottom to ensure thet region is the celdest go
that all the wepour ertering the condenser will furn info g Irgiabd

(d) Fractional Distillation (Fig 7)

el Used to seporote o pure liquid from o solution of two or mare liguids, &.g. ethanol from
a midure of ethanol and woter

L Frochiancl disfillation seporates occording to boiling points, The liquid with the lowest boik
point will be distilled first, followed by the liquid with the nest lowest bailing paint, As
rough guide, the boiling points of the liquids to be separated shoyld be ot least 20°C opo

H'ilfmﬁm——-r

reanol .
{ditdigse)

Fig 7 Froctional distillaion of o midure of ethangl and waler
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| Tha graph on the right shows the chonge in femperciure
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i
os the midure of ethancl ond woter is being heated in TE""'P;“':
the flask. The tempercture will remain ot 78°C when the
first cistiliote {ethonol) is being collected. When all the 100 -emememcnnns
ethanol has distilled over, the temperature will rise agein e

until it recches 100°C. A! this tempercture, woter will be

7 Sl ethanal distils
collected as the second distillate.

L=

weghar distils

Froctional distillafion is olsc used o seporcte
@ the components of crude oil

@ fermented liquer %o obloin alcocholic drinks of ¢ higher
concentration (see topic 10)

STOP AND THINK

Which one of the following substances moy be seporoted using o woter condenser?

mon e >

metting point/™C bailing point/*C
ammeonic -78 -33
butane -135 0.5
sulphur dioxide -73 =10
hydrogen chloride -115 -85
penfane =130 +35

Exam Tre T~

R E—— = = e

Timadmin

e —————
The condenser in bBoth the simple and froctionsl distillation apg T b = B
1 plee  WaDGUur iftn | I'.'II P e Hdrterirune F 0 gos well anrlpnse 5 15
hing point 1% compidered. The mielting points given if the QUeEsTHOR Sery s gt
i redundant informatio

FAns: E] The temperature of o woter condenser i about Z5°C. Only pentone hos i
Baint above Thig 'I.'l'_r-|-";'.|j'l_ Thut when BT ORI erters The W

will Ccondense 1o Torm NG penTone of ThE Q ctillate

(e) Paper Chromatography (Fig 8)

| Substonces in o misture are separgied according Yo their solubilily in fhe saome sohent. The

mare soluble componrent in the mixure will fend to remeain in the solvent and fravel further

up the chrematogrom, while the less soluble component will separate out onto the poper.

| Procedure
..
] | Covar
| I
| |
|
e Hrops of ink on | ':E I
i_f-"’ the pancil line < g b
Bizzk md  blus gresn cmnpe ; | _ u__,..t:alun.'
ki -

Fig B Poper chromotogrophy to seporote cut the components of block ink



https://v3.camscanner.com/user/download

:

— = ==

Mol Experimental Techniques r 'j' s EET RO

Lise & pencil o drow the start line.

Use the block ink samgle to moke o smoll dot on the stort line, fogether with some
cther coloured ink fo use os reference.

@ Fold the paper into o cylinder and place it into o becker contoining the solvent, ensuring
that the start line is above the solvent level, Cover the beoker while the chromafogram
develops.

@ Remove the chromotogrom from the becker just before the sclvent reaches the fop of
the pcper.

Exam TIr ]:}-"

Condigotes may be cghed to expien why certan steps of an experment ore necessary. In
paper chromatography

(i) the start line must be drown in pencil If it is drown in ink, the components ; the ik
will aizs sencrate out fegether with the somple dots when the chromafogram ig run

(i} the start line most be cbove the solvent level Tf it goes below the sclvent level, the
somple - dots will desgelve imto the Bolvent i The beoker mstead of troweiling up the
chromategrom paper,

(i) the becker must be covered when the chromatogrom is run to reduce eweporafion of the
solvent from the besker ond fo prevent the solvent from éveporcting off the paper as o
moveEs Wup j

e o

= = — o — -

 Interpretation of results

[ ] L]
L] L]
»
L]
L] L
H i
black wd hill:-l r';nn u;ﬂgq

Dets thot has trovelied the same distonce from the start line in the some solvent belong
the some substonce. Hence the block ink conigins four colour components - red, blue, g
and an unknown colour

ExamTir T3> .

Paper chromatography hax several advontoges

() It uses omly @ small amount of seamiple

(i) It con be used to separate heat engitive substances

(i) Tt can be used fo test for the purity of the substonce. A pure substonce will give only
one spoT when a chromafogrem is run. If it gives two or more spots, then the substance
£ mpure
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 STOP AND THINK

| |twos suspected that o substance X contoined ane of the three substonces B R or 5. Two chramerogroms
i of the four substonces were obicined using different sclvents. The diogroms show the results.

What does X contain? o ol Tl m Sl Esenat
A P only . = .-
B R only
C 5 only
D either P or R W 3
| E either Ror S - o
— e
| R e PR SIX
| disgeem | diogeom 2
|

ExauTre T o>

I1 & possible for different substances 7o frovel the seme distonce n the some sobven!
in paper chremotography, L2 hove the some sohabulity in The same solvent To cenfrm the
identity of o substance, anotheér round of chromategraphy is carried sut uging @ differem
sohvent, I the spots still travel the some distonce, then the spots must comfoin the same
substonce. We con olsp conciude from the diogroms that substonce X 5 8 purs substorce
since it onfy gives one dot in the chromatogram

[Ans: B] Diogram 1 indicctes that X contains either R or 5. When the scivent i3 chenged,
the chromatogram obfained oz shown in dingrom 2 indicates the! X contoing either P or
R, Since the some substances wil trovel the some dittance during chromotography even if
different solvents are used, X contoing only &

[ o TYE—
¢ Piaty

Ll A pure substance hos o faed melting peint and o fixed boiling point.
(o) Determining the Melting Point of a Selid (Fig 9)

o]

)

A small somple of the solid i ploced into the melfing
point tube ond fied fo o thermometer

The set-up is ploced into o bailing tube containing
water ond heated slowly. The woter is stirred o
ensura even heating of the somple.

R:c_;_:rd the temperoture when the solid siars to malt
Record the tempercture when the solid has fully
melted = T,

For o pure substonce, T = Ty

An impure substance will melt over o range of
temperatures (T to T).

ExamTrr T3

Fig 9 Apporatus for meosuring
the melting point of o solid

Temperature control is very impertant when conducting this experiment. If the tempers-
ture is ncreased suddendy, the small sample will melt very fast ond T and T, comnet be
determined, Also, if the melting point of the solid is suspected To be above 100 o lepid
with a bailing peint higher than 100°C will have to be used in place of woter : i

lai o -

4

e

CamScanner
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(b) Determining the Beiling Point of a Liquid (Fig 10)

D The opporatus is sef up as shown.

- : : ; | L
@ Antl-bumping gronules are added o ensure smooth o —"THlEh
boiling. ir o thermomather
@ I the liguid to be tested is fommable, o woter bath A , E"GL'-'Eﬂ n
L | [ j s . 2 i —_ - i
should be wsad instead of direct heafing with o — P ™
Bunsan burmer.
@ Record the temperature when the liguid staris 1o boil
=T J[&— Fquid under
- r i 7
@ For o pure substance, T is o fixed tempercture. An l_ —.
impure substance will beil over o range of fempera- Qe OrtiouTping
biiras 1_ gromu el
o+
Fumad

Fig 10 Apporotus for measuring
the boiling peint of o lguid

= —

Exam e L

e T
I COses

STOP AND THINK

A student wos given on unknown sclid X to identify. He found its melting point to be 133
He looked up o chemistry dota book ond found thot o compound called urea hod a mel
point of 133°C. To find whether X is reclly ures, he mixed some pure urec ond X loget
Tha melting temperaiure of this midure was found 1o be 129 - 132°C. Whet con be dedu
about solid X¢

A A s ureg,

B X is impure uren.

C X is nol ureo.

L A must not be o pure compound, .

ExamTre T
Fall I | I il iof 1
4 | ¢ M T P
The 1w noe. when 1 5 i
A 516 £ | - it i e
should me i he m re v bt el
Ag ThaY m; i f pi i m
i - § i o
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i IDENTIFICATION OF IONS AND GASES

fTr-.-‘; Foi Aalpols Cancns

il Tohle 2 summarises the fests for cofions.

1] Wken testing for ¢ cofion using either oqueaus sodium hydroxide or aquecus ommonia, two
cbservctions will halp ideniify the cofion presenn:
@ the colour of the precipitote formed on odding o few drops of chemical reagent:
@ the solubslity of the precipilote in excess chemical reagent.

Cation

Aluminium (A7)

Effect of aqueous sodium
I!?dmcldl (NaOH)

Effect of oqueous ammonia

(NH,)

White precipitote formed. Precipiiote is
soluble in excess cquecus sadium
hycrexide to form o colourless salution.

White precplicie lormed.
Pracipitote is irsaluble in excess
OqueoLs ammorng,

Ammonium [NH, ) No precipitate formed on adding Mo chemical reoction.
aguecus sodium hydrodide. Ammonic
gos produced on wirmming the mixfum.

Calgum (Co®*) White precipiiote formed. Precipilate is | No predpilote feemed.
inscluble in excess ogqueous sodium
hydronide.

Copperll) (Cu®) Light blue precipitate formed, Light blue precipitate formed.
Precipitote is inscluble in excess Precipitate is soluble in exosss
aguecus sadium hydroxide, aqueous cmmonia bo lom e dark

blue solution,

lren(ll) (Fe) Green precipilate looned. Precipitate is | Green pracipitcte formed,
insoluble in excess agueous sodium Precipitale is insolublein excess
by edroxicle. agUedLs GmMmono.

lran{lll) (Fa®) Recdish brown precipitate formed. Reddish brown predipitote formed.
Precipitate is inscluble in excess Precipitate is insoluble in excess
oquecus sodium hydroxide. agueous ocmmornia.

Leac(ll) {Pb**) White precipitate lormed. Precipitate is | White precipitate formed.
seluble in excess cguesus sodivm Precipiteie is Inscluble in excess
hydroxide to lorm o cclourless solution. | oquecus emmonia

Zine {(In?*) White precipitale formed. Precipitate Is | White pracigitate formesd.

soluble in excess aqueous sodium
hydresicle 1o form o colourless solution.

Precipitate is saluble in secess
oguecys ommong o form a
codouriess salution,

Table 2 Tests for Colions

Ll The cations recct with the hydroxide ions present in oguecus sodium hydroxide or aquecus

ommonic to form irsoluble hydroxides. These insoluble hydroxides oppear o5 precipiales.
Ege Fe®tlog) + 20H |ag) ~  Fe{OH), (s

bom MalH or NH, iog) gre=n precipdate
Some of these precipitotes dissolve in excess aqueous sodium hydroside or oguecus ammonia

to form soluble complex slts. These appeor as colaurless solutions, or in the case of copper(ll)
ions in excess ogueous ammonio, a derk Blue solution.

CamScanner
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From tobla 2,

»  Copper(lll, ironfll) and iren(lll} ions ore eosily identified by the charocteristic colour of
their precipiiotes.
Aluminium, lead|ll) ond zinc ions cll give the some ebservations when oyueous sodium
hydroxide is used. However, only zinc ions will give o white precipitole soluble in excess
oqueous ommonia; cluminium ond leod ions do not.

solufion containing A", Pb** or Zn* l

odd & few drage of sovecus
emmania and shake

T
White precipitate formed
| odd srceds oguesus ammonle

T v

Precipifate is inscluble in excess Precipitcte is soluble in excess oqueocus
SguedUs ammenis emmonia io form o colourless solution
A" or PB™ present) [£n"" confirmead)

* To distinguish between cluminivm ond lead(ll] ions, dilute hydrochloric acid or oqu
pofossium jodide con be used:

A*(og) + 3CH[eg) — AlCI, (o)
from ydmchlzele ok colourless salytion

Fe™fleg) + 2CI{og) — PbCl, (s)
from Eydrochlor: ocd white precaitote

Similer resubs will be obigined # oguecus potassium jodide is used. Aluminium ions
give a colourless solution of aluminium iodide while lead!ll) ions will give o yellow precip
of lead(ll] iodide.

Exam Tir T3

When there i no vigble recction on adding ogueous sedivm hydroxide to an wnk

= — =

solution, continue the cotion test by warming The mocture jeEnthy and Tegr forf ammonio
the cotion present moy be the ammonium ion
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& 1o
L.} Table 3 summarises the fests for anions.
L. The tests for the ammonium ion and the nitrate ion produce emmenia gas. Check through

the procedure carsfully to see if cluminium powder is used - the ammonium ion test requires

only oquecus sodium hydroxide, but the nitrole fest requires both aqueous sodivm hydroxide
and cluminium powder.

Me.l Experimental Techmiques |

w— = =———==amm———a—

BAnion

Test

Test result

Corbonate [CO.*] | Add dilute odid.

Effervescence. A colourless ond
edouress gos thot forms o white

precpitate in limewsiesis produced.,

iGus is catbon doxice,

Chledde (CH)
[in sedution]

Acidify with dilute nitric add, then
cdd agqueocus silver nitrote.

White predpitate of silver chionde
formed.

lodide [

[in selution]

Acidifiy with dilute nitric odd,

than add aguecus |acd(ll} nitrate.

Yeilow precipitate of lecdfli]) iodide
formed.

i"iilmln NO,)
[in solution]

Add aguecus sodium hydroaide
then cluminium foil; wam
n:lre!'ully.

Colourless, pungent gos produced
turned moist red litmus paper bive.
Gos is ammenio.

Sulphate (30, %)
iin salution]

| Acidify with dilute nitric acid, then

ode ogquecus bardum nitrole.

White predpitole of berlum sulphate

{ormed.

Toble 3 Tests for Anions

ExamTre 35

@ Tesn 1o

lLl Toble 4 summarises the tests for gases.

L) Corbon diexide, sulphur dicxide and chlorine are oll acidic geses ond will tumn moist blue

=

= S

When recording the obgervations after conducting tests for the corbomate and the nitrate
igr, remember to, include the smell end colowr of the gos, the chemical fest result for the
ges a5 well o the name of the gas Simply copying from the data gheet prowded as
‘carbon disxide produced or ‘ommonio preduced i msufficient and will lead o0 o logs of

litmus peper red. Hence, the blue litmus paper test is not o conclusive test; i only indicotes
the presence of an acidic gos. It is necessary to conduct confirmatary tests in ordar 'o conclude
the presence of o porficular gos.

Ammania, chloring and sulphur dicwide hove cheracteristic smells and are thus scsily identified.
When recording observafions for gases, it i importont fo record

e Bee

oresence of eflervescence, i any

colour ond smell of the gos

chemical test for the gos and test result
name of the gas
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Colour and 4 k.
Gas Smell of Gas Test and Test Results

Ammaenia (NH_ ) Colourdess, Tums domp red liimus paper blua. ,
pungent oo |

Carbon dicxkde (CO,) | Colouress, Turns moist blue litmus po per red. Farms white
odourless gos precipitate in limewater,

Chlorine {C1,) . Yellowish green, Bleaches meist red litmus poper. Turns moist ,
pungent gos blue litmus red, then bleached.

Hydregen (H.} Colourless, Exinguishes a lighted splint with & pop sound.
odouriess gos

Cxygen (0,) Colourless, Relights o glewing salint.
odouriess gas

sulphur dioxide (SO, | Colourless, Turns moist blue litmus poper red. Toms oronge
pungent gas acidified potassium dichromate (V) green.

ExamTre 5=

Tobla & Tests for Goses

When testing for hycrogen gas. hkold
When testing for o -',r]m{ g
the calaye 'l'.i'u':h-F af
sronge 1o greed . on

STOP AND THINK

Dilute hydrochloric ocid was odded fo subsionce
ter milky. After the reoction stopped,

solufion and o blye

A CuCO,
8 CusO,
C FeCO,
D FeS0,

Exart Ter T 5>

— e —

the lighted splint a1 the mouth of the test tub
ffert the g.'nwmg spient inte the fest fube Whien recordin
ncidified poTossium dichremate[VT) alwoys recard as changing fra
not just ‘ocidified potassium dichromaote Tuwrmed geeen

{v1)

X. A gos wos produced thot turmed fi
an excess of oqueous sodium hydraside was odded o th

precipitote formed. What was X2

If Fe™ wus
hwdraxide
gt would be
(A Al The
The bige pree
U™ il The

e

presn

-

frern . precipetate il bse
§ WnOi present, bariom pitrate sokition will ke needed fo text for it
evalved, Instead o white precipitate of berwm sulphate will he furmed
qof produced arion dicxide, ndicating the presefce of the €02 o
Iptdte abfoined on ._-|_"J|I'.h; EXCERT afusdtid Sedigm bydroxide i Far Fle
oe precimtate g copper{Il) hydroxide

obtained with excess oqueots  codivm

Pl

ST

[EA
o ftest
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. STOP AND THINK

An oqueous solution conteining the compound X wos odded fo o series of solulions and the
changes thet took ploce noted,

sodution : ochsowalion
iron{ill) sulphate brown precipilate
iron(ll} sulphate grean pred pitote i
zZinc :.uiphnh white precipitate soluble in on excess of ihe sclution of X
magnesivm sulphate | white precipitate

copper{il) sulphaie blue predpitate insoluble in an excess of the sclution X

Whot is the compound X8
[ A aluminivm hydroxide

amimorg

barium hydroxide
colcium hydrexide
sodium hydroxide

| Exam T T 5=

= - — -

m o O

| Aluminium hydroxide ond berum hydroxide ore insoluble in water while calcium hydroxide
is only sparingly soluble in woter, They will not be obie fo provide the hydromde wong
needed to precipifate out the insoluble hydroxides of the cations present in the fest
solutipns,

[Ans! E] Motice that all The solutions =ed to test X are suiphaote compeunds. Hence the
phservations obtoined must be due to the cotions present n the soiuhenz Cohons o'e
esually oquedus sodiem hydroxide or aguesus emmonic. However, X conme? be  ammonia
becouse copper{Il) ions will gve o blur precipitate fthat it saluble in excess agueous
ommonig o form o dork blue solution

— == —_ -

STOP AND THINK
Which one of the lollowing ions will give only o deor solution when heated with on excess of

agqueous emmonia? .
A AP (og)
B Zn"|og)
C  Fe' (og)
D Fe' {og)
E P (og

Exam T T o=

Al* and P will form & white precipitate that it nzoluble n excesd ooueous cmmaonio,
while Fe™ and Fe* will form o green and o reddish brewn precipifote respectively that is
ingolusle N EXCESS DQUEOUS GMMon

[Ans: B] Only Zn" will form a white precipitate that (4 doluble in excess aqueous ammania
to form o colourless selstion

(%8 CamScanner
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SAMPLE QUESTIONS

Mome o process used lo separale o midure of:
three wotes-soluble d'r'l’.'S-

(b} water and on inscluble solid

ic] two liquitds with boiling poinis 78"C ond 100%C

A waler and o dissoheed sckl

'_'-E‘:';._-.:l._n_ﬁ secdium coroonote solution q_uluin-ng 5.4 -::;_-"c|rr|' WS p|{:|:|'_‘-d n o flask, A few Lir’{f-|.'-'5 of
ndicator were added. A burette wos filled with 0.1 mol/dm® hydrochionic acid The coid wos fitroted
ancinst the sadium corbenate solution in the flask. 25.0 om? of acid were needed fo reoct with the
sadium carbanate, The resulting solution wos evaporated unfil o saturated solution wos formed ond
ithen allewed o cool. The crysials brmed were filiered I.l‘-rF, weshed and dried,

fa) Give the name of the piece of cpporatys used fo meature 25.0 cm’ of sodium carbonote solution,
() Sugges! how you can bell o soturcted solufion wos tormed

i) Describe how you would wash and dry the crystols.

idl Give detoils of o 1ast you could wse ko show that the crystals conteinad chlarnde ions,

The fcllowing ligure shows some of the properties of o blue, crpstalline solid.

m:;i—;nu 2wl
CryS g
aolkid dissobve in water and precipitate, M
| add dilute nitric ackd
dissolve in waler and and bariwm mitrate
warm with sodium salution
hydmoxide solution
a gas= N, that tums a biua
restl rmies e precipitate, O
rmix wilh oxcess
dilute sulphuric aecid
]
blue agueous | | biue !
galution II crygsinis, P
evaponie
slowly

|dentity the following.
ot substonoe M
(b) substance N
iz} Substance O

{d) substance P

B o

(%1 CamScanner
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SOLUTIONS AND EXPLANATIONS

1. (o) Poper chromatography

(bl
{c}
(d}

2. [
(bl

fel

< P | |

[l
=

Filtrofion
Fractiongd distillation
Crystallisation

ExamTre T 5

Argwers should be oF precise of possible For 1{c), the befter onswer o Troctional Sis-
rillation’. We con be referring to either simple distillation or fractional distiliotion when we
just give the crawer of 'distillation’. Simple distilotion s wted %o separate out the fiquid
from o sokrtion containing dissolved solids (eg water from solt water), while {ractional
digtillation is used to separate out o liguid frem o mixture of muscible hqeds (eg. ethanl
from o ethonolwater muxture),

Pipette

A solyrated solufion is obloined when o thin loyer of crystals form os o crust on the surfoce
of the sclution.

The crysicls con be washed with o litle cold woler and then dried betwean loyers of filter poper.

The crystals ore first dissolved in distilled water 1o moke a solution. Dilute nitric agid followed
by aquacus silver nilrate are then added. N chloride ions are present, o white precipilole of slver
chloride will be observed.

Barium sulphote. Borium nitrote solution is used to test for sulphote ions. The while pracipitote
formed is barium sulphote.

Ammonia. Ammonia is on alkaline gos that will turn moist red limus poper blue.

Copper(ll] hydroxide. Sodium hydroxde solufion is used to test lor cations. The blue precipitaie
tormed is copper(ll] hydroxide.

Copper(ll} sulphote. Copper(ll] hydroxide or substence O is a base, W will react with dilute sulphuric

ocid in o neytralisafion reoction to form o solt and waler. The solt is copper{ll] sulphate, which
is obfained by crystollisation,
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TOPIC 2

LEARNING OBJECTIVES

Condidates should be oble to:

THE PARTICULATE
NATURE OF MATTER

1 describe the solid, liguid ond goseous stotes of matter and exploin their inter-conversion
terms of the kinelic particle theory ond the energy changes involved

USEFUL WEBSITES

e

L hbpy fwewe.chomdkids com/files/matter intro. himl

hittp=/ Fwewewe. chemistrycoach, com/tutanials- 2. htm# C hemistry% 201 aboratary

L1 hftpe/ Ao omsh, ge.coflaurenhill / science ki nefic.html

OVERVIEW OF THE TOPIC

THE PARTICULATE NATURE OF MATTER " ley arens

| 2.1 | THE THREE STATES OF MATTER

27 | CHANGES IN STATE

» Charaderistics of the Three Siales of Meaifer

* The Kinetic Theory

= A rgy and !'."E'I'_‘-?i."l‘__]

* Bailing and Condensafion

| * Evaporation

| * Sublimation
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Mo2 The Perticulote Moture OF Matter ’

"= THE THREE STATES OF MATTER
‘ hWolite, Laanns AnD Gases
(o) Characteristics of the Three Stotes of Matter

kil Motter is onythidg thot occupies spoce and hos moss:

Ll All substonces can be classilied Into 3 stotes of motter: solid, liguid ond gos. Toble | below
shows the charocteristics of these 3 stoles of motter.

Solids Liquids Gases |

Shepe Fixed shope Mo fived shope. Takes the | Mo fixed shepe, Takes the |
shape of the container shape of the contener

Volume Fuced valume Fixed voluma Mo lixed valome, Tokes the :

vosuma of the comnainar

—

Comprassibility | Incompressible | Very slightly compressible, | Very compressible
negligible

Toble | Charocleristics of the 3 siates of matter

(b) The Kinetic Theory

Lol The Kinefic Theory wos proposed to exploin the charoderistics of the three states of matler.
It siates that all matter is made up of extremely small particles that gre in constant mation.
These paricles con be aloms, ions or molecules.

Nogrammelic
g preseil afcn
I
—— — — I -

Packing betwesn Particdes are very dase | Porticdes are dose Paricles are far apart in
parliclos pocesd in an orderly packed in a disordordy o disorderly arrangement

cirra ncpEm ent arangameant

e e 1 3 L

Forcas of I' Very slrong forces of Strong forces of Weak forces of othoction
affrerclicn citrociion belween athraction behewper between parficles
vefween parficles | parficles parficles
Mmaa.l-m:rr of Parficles con only vibrate | Parlicles con move and Particles are inrandem
parficles and rofale aboul fixed exchonge patners maoticn

e firng throughou! tha liquid !

Table 2 Differences between the 3 stotes of matter in terms of the Kinetic Theory

<4 Salids end liquids are incompressible because their porficles are oll close logether, Howaver,
goses are compressible because the gos porticles are for opart from one another and can
be lorced to move closer by exerting pressure (Fig 1),
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Fig 1 Compressing o gas

STOP AND THINK

Which diagram shows the arangement of porficles inside o balloon filled with o mixture g
helivm anrd argon®

O argon alom
ExamTre I 5=
AlTou | T L 1 T . hie - ,
ali Rl (k1! | i erTL 1 FeoffogeREous s Tur l .
F ; i | MR bl i T el 1
Bart IM=0T 1 i

STOP AND THINK
An inflated balloon will shrink d it is ploced in o refrigerator. What does the lower temperoture
couse the gos porficles in the bolloon 1o do?

A Move loster ond become closer together

B Move foster ond become further oport
C  Move slower and become closer together
D Move slower and become furher oport

AT A 7T

(%1 CamScanner
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Exan Tre T =

B

Of the thres stotes of matter, porticles in geses have the highest smount of lametic
erergy, Tollowed by those in liguids amd then salids

[Ans: L] The gas particles ingide the balioon will lose energy to the surroundings on cooling
and become less energetic. Hence they will move slower ond closer together

#—~ CHANGES IN STATE

i) Changes in stofe are physical chonges thot occur when the particles of o substonce absorb
or lose energy.

L As o substonce is heoted, it obsorbs energy and changes from o solid to a liquid ond finally
to o gos. The kinefic energy possessed by its parficles increcses and they move mare vigorously.

L4 Fig 4 shows the chonges in state thot con foke ploce.

sublamotion
Boilng or
maling i BvOpOrahon : Ft
i wliion T
| solid | B | tiquid e | ges | .
by the particles
moreces

Fig 4 Changes in stole

(o) Melting and Freezing

Ld Melting takes ploce when the porticles of o solid obsorb enough energy to overcome the
forces holding them in fixed positions end move. They rearrange themselves to form o Squid.

tosmporahus )
0

g e

ot poird B
n-,.-_-,l,-;'n-g PO fe=—==x - L
af subsfance mefting is completed

& paird
A
e — e

“rinu From shart [iming

Fig 5 Chenges in temperoture during meliing

“d Section AB: The subsionce remains in solid state. The heat energy provided is cbsorbed by
the solid porticles ond they vibrate harder ohout their fised positions.

! Section BC: A mixture of solid ond liquid will be observed ot this temperature which is colled
the melfing point of the substonce. Al point C, the sclid has tum completely inlo o liguid.

"4 Section CD: The liquid porticles continue fo absorh heat energy ond their kinefic enengy
increcses, cousing the femperciure of the liquid 1o rise.

(%8 CamScanner
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L) In freezing, the reverse process fokes ploce. At the freezing point, the liquid portficles wil
lose energy when they rearrange to form back the solid structure, This energy loss is eque
to the heat removed by cooling, hence the femperalure will remaoin constant.

temparciura ')
[

| i

K freering & complaiad
fraar Fra | I of podnd ¥
BETA R rl!l X ¥

of pubshance |
| ramdting slods

il p.|||r"| = z_

-— -
ke from start {min)

Fig & Changes in temperoture during freezing.

l' .
(1) Section Wi: The substance remaing @ liguid, As cooling fakes place, the porticles lases kineti
energy and moves more slowly,

L) Section XY: A mixture of liquid and solid is observed os the liquid panticles rearronge themselve
to form o solid struciure,

Ll Section YZ: The temperoture of the solid drops os cooling confinues.
LU The leezing point is olse the meliing point for & pure substance.

(b) Boiling and Condensation

Ld Boiling occurs when the paorficles in a liquid obsorb enough energy lo overcome the jirce
holding them together and begin 1o move opert ko form o gos.

sermperioe L)
1

“
of
R bailing dare
F al poirt A
] buailing pointr=-==v=n=vm=-z
frp I""'”L o o S fidaeal] T =
':' [ lieguid i bailing bofwosn
3 | point A arcd B
as

I
figjuid

o =

firve from 2o {min)

Fig 7 Changes in femperoture during boiling

L Section OA: The substonce romains in liquid stote. The heat energy provided s obsorbe
by the liquid porficles ond they move more energetically throughout the liquid.

Wl Section AB: A mixure of liquid ond gas will be observed ot this temperature which is calle
the boiling point of the substance. Al point B, the liquid hos tum completely ine o g

Wl Section BC: The gos porficles will obsorb energy and move further opunt os they becom
mare energetic. The tempercture of the gos will rise.

-1 Condensation is the reverse of beiling. The gos porticles will lose energy when cooled an
rearrange themselves bock inle o liguid struclure,
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(¢) Evaporation

L Boiling ond evaporation are both physical processes that chonge o liguid into o gos. The
kguid obsorbs heot energy during these changes in siole.

L Teble 3 shows the differences betwoon these 2 processes.

Boiling . Evaporation
_{}_cl:urs at boiling point Occwrs of ony h:mpem.!wn below bailing point
Cecurs 'rh:'nughmillmiiquh:l—ﬂccuu only :d-'lhg surfoce of the liguid
Bubbles observed ' No bubbles observed .
| Oecurs mapicly . | Occurs slowly

Toble 3 Differences between boiling and evoporstion

{d) Sublimation

L]l Sublimaotion tokes ploce when o solid chonges into o gos directly, without going through the
liquid stote,

i1 Exormples of substonces that undergo sublimation include sclid carbon dioxide (dry ice), iodine
crystals and mothballs.

STOP AND THINK

A minture of water and crushed ice wos heated groduclly, with constort flome and efficiant stisring,
until the mixture boiled for o short time. If the tempersture of the mixture was plotted against
time [f), which groph would be obtcined?

A terertee G B tomoeratumT
4 .
100 108
e o
i Ty ) e
ternoeratune™C ket
100 = 100 =
o o
- bma {1} gl

ExanTie T3>

B —

Remember that the femperature is constan? during ony change in state for o pure sub
stance, Answmer A will be correct ¥ the experiment started off with water ot 0°FC

[Ans: £] The experiment starfed with o mixture of water ond crushed ice Simce both
solid and liquid states are present melting must finish before any temperciure rige will

be chserved. Hence. the temperature at The stort remains at zero for all the ice to melt
bufore rising
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STOP AND THINK
Which change, A, B, C or D, con involve both condensation and freezing?

| steam |
A c

R S

[Ara: <] Steam miat first be condensed fo form water, which then Treszes fo gwe ICE

STOP AND THINK
Three substonces haove the following properties:
substance | is brittle;
substance 2 melts ot 5°C ond boils ot 150°C;
substance 3 has o high melfing point of B0O"C.
Whet is the state of each substance of room temperciure ond pressure?
substance 1 substance 2 substonce 3
gas ligquid solid
solid gos solid
solid liquid solid
sofid gos gos

Exam e T

rmoer ines can be used fo help determine The state of o substonce af a given temg
fure. Uzmg substonce J as an exomple, mork out the meltmg point and boiling point an
nigpber bae anc divide it o 3 regions. AT temperatured below the melting. paimt
stonce 2 is o golid, ot temperatures between the melting point and the boiling point,
a liquid, and at temperatures above the boiling peant, 1t 15 a gos. To determine the phy
state nf substonce 2 ot o given Temperatura (say, 26°C), locote this temperature on
mumber hne and see which region it Talls info

[Ang: €] Substonce | must be a solid since the ferm bevttle' means ‘easily broken int
meces and can ok be geed e degeribe o dolid AT room !In.-rr.l:q_':'p_r-_-r.- e o lg U { falkir

a5 IR J »

angd | atmospheric pIMeSSUNE ), substonce &

25°C (room temperature)

g m -

= a gud wihile substance 3 s a sol

solid ; ligquid ‘ _;',,:, p # tempergiure/’C X
{meiting paint) (boiling point)

From the mmber |ine, substance 2 |5 a liguid ot 292
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STOP AND THINK

The diograms show the cmongement of molecules in o substance ot & pressure of | atm and
ot two different femperatures.

ol -150°C ot -100°C

O

n Q
O

a5
Which substonce could the diogroms regresenty
Substanca Melting Point/*C Boiling PointC
A -183 -87
B -182 -162
C -146% =104

D =114 -B5
ExamTre T pa

O

Crem st ampression, 1T seems thad rufer fines must be drown fo sohe The
This process can be tedious, Alwoys examune The quesTion carefully
other nformotion previded  #
mieTes ench and shouyld s require long work ng Steps To ol

iAng: C] At -150°C, the substemce is o hgud, At -I00°C, the subsisnc

Juetan
1 B if there i<
Soive  the problem guicicy MEds are

llocated anly 15

5 4 gas
mecns thal the | I of the subtionce iz Betweer 150" and =

-
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SAMPLE QUESTIONS

ne drawing in the first box represents the particles in o subsionce of o lemperofune below its melting
prsind :_-.q_:-rr'.ph_ﬂ::. the other two boxes.

2
substance bolow substance just subsiance above
i meelting paint above melting point boalng pamt
Z. The f:|:n'.'\.'in-;-_| dicgram represcnis -‘.'|".:.".;’_.5|.:5 thot can toke pioce o o somple of woter, Each chance
is givan a lelter
-, —_— —
ice A wrater - G Salt
| e | *
coal 20d sait and shir | water
AT
¢ D E | F
heat heat concenirate | heat and coal
b
. —_—
watar e steam satt water
ool |
Wrile @ word o describe the following changes.
(@) A &) D (o) s
| (b) 8; (s} E;
& C; M F
SOLUTIONS AND EXPLANATIONS
Al femperatures just above the melting point, the substonce exists os o liguid. The diagrom
should show parficles close logether but in o disorderly orrangement. At temperofures above the
boiling point, the subsiance exists os o gos and the pordicles will be for apert, cccupy ng all the
space in the conmipiner
| L Ll #
| [ ) O ﬁh._..*
,
| O
L C \ \
subsiance halow substance just subsiance above
melting pont above melting point boding point
2. lo] A - treering 2] E - erystollisotion
(8] B — dissolving 5l F - simple distillotion
(b C - melting la] & = condersotion

(d) D - boiling
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ATOMIC STRUCTURE
TOPIC 3 AND CHEMICAL BONDING

LEARNING OBJECTIVES

Condidates should be able to:
3.1 Atomic Structure

Ci

i)

&
=

il
2

siate the reletive charges ond opprodmoie reletive mosses of o profon, a neutron and on
sechon

describe, with the oid of diogrems, the structure of an otom as confoining profons, neutrons
{nuclecns) in the nucleus ond electrons arranged in shells (anergy levels) — no knowledge
of s, p. d ond f dessification will be expacted; o-copy of the Perodic Toble will be ovailoble
in Popers 1, 3 and 5

deline profon number [olomic number) ond nuclecn number (moss number)
interpret and use symbols such es 3C

dafine the term isolopes

decuce the number of prolons, neutrons ond electrons in atoms and ions given prolon and
nucleon numbers

3.2 Structure and Properties of Materials

=

descrive the differences between elements, compounds ond mixtures

3.3 lonic Bonding

B

74|
7]

describe the formation of ions by electran loss/gein in order to abtain the electronic configuration
of an inert gos

cescrive the formation of ionic bonds between metols ond non-metels e.g. NoCl, MgCL)

relote the physice! properties {including electric property] of ionic compounds to their lattice
structura

3.4 Covalent Bonding

ri

describe the formation of o covclent bond by the shering of o pair of electrons in order
to goin the elecironic configurafion of an inert gos

describe, using "dot and cross’ diograms, the formation of covalent bonds between nen-metallic
elements (e.g. H,, O,, H,0, CH, ond CO,)

deduce the orrongement of electrons in other covalent molecules

reicte the physicol properties (including electrical property) of covelent substonces to their
structure and bonding
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Ma.d Atemic Structure And Chemical Bonding

USEFUL WEBSITES

oooooao

http: /fwewrw. chemguide.co.uk/alommenu. hirnl #fop

hitp:/ fwewew, schoolscience.co.uks/'conte i/ 4/physics/ norticles/porticlesmodel 1 htmi

bt/ fwewwe. krysstol.com/chembond . himl

hitp:/ fwwew. beyondbooks.com/psc¥2/3.05p

hifp: ! wewner, quic.com/dir/chem/
hitp://www.chem4kids.com/files/atom_struchure.himi

OVERVIEW OF THE TOPIC

ATOMIC STRUCTURE AND CHEMICAL BONDING ™ key oreos

| 3.

ATOMIC
STRUCTURE

* Ralative chorges ond relotive mosses of o

| B Smuctuke oF A
proton, o neutron ard on electron

Arons

 Proton number [otomic number)

» Nudeon number {mass rumbaer)

B ARRanGEMENT OF
ELECTRONS IN THE ATOM

I & lsoroees

32 | CHEMICAL

H’ mRODUCTION

BONDING e . R
8 lorac Boroms | * Formation of lons =
| * Fermation of lonc Bonds
| » Structure of lonic Compounds
* Prysicol Progarties of lonic Compounads
8 Cowenr | = Formotion of Covolent Bonds
| Boroing » Structure of Simple Covdent Compoungs
R - » Prysicol Properties of Covaent Compouncs
33 | STRUCTUREAND | & Eishenrs, |
MATERIALS Compouins |
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' ATOMIC STRUCTURE

1Ll Atoms cre mode up of 3 types of pariicles: profons, neulrans ond elecirons. The properties
of these 3 types of porticles cre listed in Toble 1 below

Particle | Relative Mass | Relative Charge | Location in Atom
'?ml_'i""_' T TR T AR - |
Meutron 1 4 gt TL :
Electn l 0.0005 - Electrenic shells cutiide the nudeus
Toble 1: Properties of paricles found in on alom o

L} Avorms gre eleciricolly nevirel, The number of profons is equal to the number of slachons.
The otomic number [proton number] is defined os the number of profons in on atom. H
olso gives the number of electrons in the atom.

The mass number [nucleon number] is defined as the number of profons ond meutrens in
the olom.

rformation about the number of porficles in on oom can be found from the Fenodic Toble:

mess number

{nocleon numpern)
symbol of

:x " gre elament
—

proion rumber
jolarmic number

Exant Toe T3

e P s e - E— - ——

Table 1 is offen tested during exominations. When stating the relohive charge on the
argten ar the electrpn, it (S partant To wirite +1 ar -1 ohd Aet St & ar -

STOP AND THINK

Which one of the following otoms has o nucleus which does not contoin any neutrons?
A cluminium D nitregen

8 hydrogen E ouxygen

C  leed

ExamTe T o=

e e 5

Moiice from fhie chove exomple that the number of neutrors £ obiained from

5 the Feriodin
iable ummg the fop number mines tThe bBottem nRumbers wwwever, this i mot troe for all

coges. For exsmple, chlerine m the Perodic Table o represented ag 2361 This does not

mean that the chiorine atom contoins 395 - 17 : 185 neutrons! Chiorine contams 2 isolopes
{gee later in the chapter), ord to account for these 2 isotopes, its mass number 2 a
calculched IvVEFGGE VeiUe af 3I6 |'_-\.I

%3 CamScanner
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MNe.3 Atomic Structure And Chemical Bonding l

(Ans: B] The number of neutrors in on orom con D eatike eolculoted uging the formula
mumber of nedtrons T oot nmMbDer - | ~aton nuEmDer
Takaminiom iydrogen| lead [nitrogen cxygen
Information from | 27 L aay 7 e
Periodic Table Al iH D Pl A a
| mass number - 1 207 14 16
proton number 13 1 a2 7 a
rumber of 27-13 | 1-1 [207-82| 14-7 | 16-8
neyiTons =14 =0 =125 uf i =H

Electrons are crronged in electronic shells [or energy levels) around the nucleus. For the first
20 elements in the Periodic Table,

tha pmeons and neuirong

Maximum no. of ’ eluster iogeiner in fne cantm,
Shell electrons that can foeming e nucheus; this is
occupy the shell 7 #ve haovy part of the ofom
] (nearest to ' :
the nuclaus) 2 s \\"hn alactrons circa very
= | — " fogt ground fhe rucheus,
2 8 " at difiersnt levels fram it
% 8

When drawing electronic structures of gtoms, use the symbol of the slement fo represent
the nucleus. The electrons start filling up the shells from the first shell onwards before going
on fo the next shall.

Example 1: lithium, L

The lithium atom contoins 3 electrons arronged in 2 shells.

©
o -

The potossiurn otom contgins 19 elechrons orranged in 4 shells,

773

(25 (®) %+

=

_,_\.
i

Example 2: Potassium, 1K

(@
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&

Ancther way to show the struciure of on ofom is o write down the number of elecirons
in each shell. This is known o3 the elecironic configuration of the atom.

Atom

Lithium

Potassium

2.1
2881

Electronic Configuration

[.! Elacirons found in the ouler shall of an ofom cre olso collad volence electrons. These ore
the electrons thot porficipote in chemical bonding.

STOP AND THINK
The bar chart shows the pariod of elements from lithium to neon. Which property of these
elements iz shown on the chon?

o B T

property

10—
5 —
B—
T
E—
5—

A

=
=1 |
a-—

LiBse B C N ©
elarmant

the number of electrons used in bonding

the number of achits heiding electrons

the nucleon [moss) number
the proloa {otomic) number

Exau Tir T 5

In the ¥eriodic Toble, clements ore orronged according o
zoiumns are <
of electrens thet

Mws o

when the madsimum namber

e called pariods, whi

the wertical

Motice that the perod nember

period & and it
- Moate oles *hat
rumber of elechrops n the

n its outer shell

ENENT

lARs D

Tar
aLyt

confams & skells

groups

i

Elements are arranged

rumber
wrile potogssum hos 3
lacated in peria
f elements

one con deduce that for an element

ok

F

Ma

- a e
il L i

con go |ni

of SneEfE

L IHERCE Cr

Fhi
caLim

e TLRLOE

LA 1a

- M g lacated in peried

1 M, MLUST Aave

Jr FALmOE 5 'r.r--;:' g e 4 ]
=l oup IT 2 elec irond

%3 CamScanner
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L) Mony elements contain atoms thot are slightly different from ecch olher. They hove the same
pralon number but different moss numbers [i.e. same numnber of protons but different number
of neuirons). These clems are known os isotopes of the element.

] Table 2 below shows the isctopes of some elements.

Element MName of Isotope | Number of MNumberof Number of
I Protons Neutrons Electrons
] = —-IL—-_ — : —-
Hydrogen | Prefium, {H ] | 0 | 1
) Deuterium, 4H ] | |
? Teitivm, '1..! | | _5_'_ ] |
J [Carbon | Cabon-12,13C 6 "aE DR
Corhen-13, ';C & 7 I
f'_'urbf:ru-l-l.'_;_c /] B & L
[ Chigine | Chivine35, 20 17 18 17
Chleine-37, 1201 17 20 5 17

Toble 2: bsotopes of some elemenis

i CHEMICAL BONDING
P S —

.1 When atoms combine together in o chemical reaction, we say that a bond Is formed between
the cfoms during the reaction. A reactive otom will combine or form bonds with ather atoms
easily, while an unreactive atom will not. The recctivity of an alom depends on its electronic
sifuctiore.

L} Group O elements in the Pariodic Table are also known os ined goses. They are very stabie
and hardly farm bonds with other elements. The full electronic structure of the first 3 nable
goses 1 shown below:

e e

o ¥

; e /.-"‘--“:““-\. -\"'.

)> | '

L7ayk o (®
(@ ) (@) (Q:M

. S NS

; B 4a
Helium, ;He Maon, 3 Ne Argon, Ty

Matice that all the outer electronic shells (or valence shelis} are completely filled. This fype
of arongement is very stoble ond mokes the otoms inert. Afoms of other elements try 1o
become stable ke the noble gases. They share, gain or lose electrons in fheir valence shells
so that they con ochiove stoble eleckonic struchures,

I There are 2 types of chemical bonds that con be formed between 2 gtoms:
@ lonic bonds - volence electrons are fronsferred from one olom 1o another
@ Covelent bonds — valence electrons ore shored

- ST W TET OEEE EEEECER e m——-—
%
f

e
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{a) Formation of lons

Atoms can obtain g full outer shell and become stoble when they lose or goin volence electrons.
Cherged porficles colled jons cre formed.

*  Formation of Positive lons

Exomple 1: Lithivm, ._=| - : - e
A e, ]
1|'| lose | walence
| -.E‘] 1| & cleciion { L )
') o .
."\-H - - -
E.U"E‘.’E‘P’“ u Lithiurn ion, U* '
3 pr’-::lrﬂni 3 F:lr-;_:h':.rlr.
3 slectrons 3= = 2 placirons
7 =3 = 4 neutrons 4 noutrons
Overall zero charge, i.e. neutral Overall 1+ charge

I The lithivm ion now caries o 1+ charge bacause it hos an edra proton. This is represented
by enclosing the fan in brackels and wrifing its charge on the top right hond comer, Nole
that 1+ is writlen simply os +. The 1 is not writen. We do not drow emply shells either.

Exomple 2: Aluminium, 314l

. ' s
_":...ﬂ-u.m % ¥ o
In" ! II_."'"-""\ L II" b 3 walence P o) b |
i | )
i{"@]:'k? _slacirons t,@}* .
\ S .
o N e N e !
W ' s --w-” _f;' |
S ,
Alyminium olom, Al Aluminium ion, A"
13 profons 13 prodons [
13 elecirons 13-3 =10 elechrons
27 -13 =14 neulrons 14 neutrons
Overall zero charge, i.e. neutral Overall 3+ charge
‘ In general, when an olom loses n valence electrons to form o skoble jon, the ion formed A

will carry n+ charge.

* Formation of Negative lons

el My

Example 3: Fluorine, :ﬁF /- ..

e

e X S X .-": i
Fluorine alom, F Fluarine ion, F~
¢ protons ¥ protons

¥ electrons 2+1=10 elecirons
19 =% =10 nevirons 1 O newutrons

Overall zero chorge, i.e. nm.nrulvf Overall 1- charge

e

..--""'""-'--

CamScanner
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The lluoride ion now cories o |- chorge becouse Bt hos
- PR A S PR T, | Y
nomes of the non-metallic atems change to end with ‘ide’ aiter they become ions. Thus,

¢  Fluohnne atom becomes Hueonda on

*  Phosphorus ofom becomes phosphide ion

*  Chygen olom becomes oxide ion

T
Reample g, “ulphur wem, 1
]

&
i
{ i
w
L
i L}

32

]

3

| & profons
& electrons

1 & = 16 neutrons

Overall zero charge, i.e. neutral

exing elecioon. MHole

%
-'-
K e
s AT
r
- i i e
nain 2 wolenca B0l \
e | i v \
i I
Eerinons { 4 'y g A TR SR |
e . 1 I-\. ] | g b
i L — i [ B
p e Ty F IR
1 S ¥
d r
"
|
| i
C3

5;::;‘:-!'.-” T
1 & pro
la+2=18

.
MOANS

LTS

16 nouirons

Overall 2

charge

rad

Wt

i |n genarcl, when on olom going m glecirons to form a stable ion, the ion will comy m

charge.

STOP _AND THINK

I i = . f 1 - (3 - —
Which one ol the following ions hos the some number of electrons s o neon alom?

Afarmic MNumber

|
11
17

19

“p=

¥ BF § 4 SFy BN @ TgTaeEEEww =
m Oy -
)
o

= 1

'
-
T
[

.
]

i
ok

fan
hydrogen
sadium
chiorina
BCIESSILIT

colcipm

& f ; 5
T r
ot
]
rar
-
i . . i
1
Fa 1
I
sm
I m

(%] CamScanner
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(b) Formation of lonic Bonds

Ll lonic bending occurs between metollic and non-metallic atoms. Valence elecirans o tronsferred
fram the melollic otom to the non-metallic clom so that both atoms achieve o full outer
shell and become siable.

: DFPQEHE'}' chorged ions ore formed. The metel jon cores positive: charge, while the non-
metollic ion carrties negofive charge. These ions oitroct eoch other with strong electrostatic
forces fo form an ionic bond.

Example 1: Sodium Chloride

*  The sodium otom tansfers | valence eleciron to the chlorine atom so thet both ixfoarrs
achieve a full oculer shell,

et
.--‘"'d___"“"‘
9 @ o b
B sodem 8 e
¥ chbarine slectron

b 2.8.1 C28.7

Mo son: 2.8 Cl ian: 208

" The formula of the compound formed is written as NeCl. lonic compounds are electrically
neutral, i.e. once the pesitive and negafive ions combine, these charges ‘cancel’ each
other out to give o neviral compaund,

Exam Te T 5=

When drowing electrons from different atoms, use different symbaols such as * or ~ ond
nclude 0 key to describe these symbois. These disgroms are sometimes colled ‘cross end
dot diagrams It is alse impertont that the nucleus is clearly labelied with the symbol of
the element,

Example 2: Mognesivm oside
* The mognesium oiom (2.8.2) transfers 2 valence elecirons to the oxygen olom (2.8).

i B e T 2-
ll.|"
oy
@ & abecion ol by
* algcteos of O

1‘\_ e

magnesium lon, Mg auide ioa, O
* The lormule of the compound formed is Mg,

(%8 CamScanner
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Example 3. Mognosium chloride
« The mognesium otom, (2.8.2) an

O

- =
mpgEesher @, Mg’

lors ona wolen

ehlosde ion, T
p of one Mg”’ ion
is writtan s MgCl,.

-

The compound formed s mode u
and 2 Cl jons. Hence the farmula

Evam Tee 9

[+ k4 not mecessary to droe ona S8 fhe movem
ro anothor L fhe question PeQUIRES Y
shepcture 0F Th mE arly

STOP AND THINK

The slements X and Y form the compou

STOP AND THINK

What is the formulo of the compo
with element ¥ of gtomic number 172

A W D XV,

ce eleciran each to 7 chloring

nd XY, What is the comect electronic configuration

42

oloims

@

\
’

chlerde ion, CT

key
» TR alechon

% chloring alacton

frons |

e Trend (o ]

of the atoms X ond Y% : SR ='e
[Ans: C] e pompoimd contains
elecironic configuralion of and 1 ¥ ion Thes is worked
glom of A alom of ¥ from the formula, since & ond of M
peeded Te sl out’ the charge o
A E ] ET JiF 6T ¥ Ik roLy lemernts {
| B 22 2.7 rs with «1 charge o proup VI el
mpnts FOrm iGns W F g it
C 2.1 Z8 from oraup 1 th 3|y ele
:-:' ‘2.2 2.-!5 ron e Y mast s rof. group
wiih R . ne

und farmed when element X of atomic number 12 combines

B XY E XY
o 4 |
J
|:_._" ,|-:l?-_F|.' E,_J;’_' *
Another way 10 work T | Eroe i the oS 8 Pt umd  Yhi mel Y
belong To. Sinc g g T it will form X7, whaile helng (n growp WIE wall form
:- [ARg: A} Element A [CE wnll form A7 Wwhilke clement ¥ [£.8.7) will Torm " This com
- pound sill cant xe it ¥" lonE To electrooily pnewtrs. S5 The Tormisn is =¥
1
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[c) Structure of lonic Compounds '

b A solid wnic compound has o gion! lotfice structure. In this structure, positively and negafively
charged jons ore held in fixed positions by strong electrostatic forces of ofraction.

&
P
&

. 9 il
-3 - @ I ¥

Fig 1: Arrangement of lons in an ionic lotlice

(d) Physical Properties of lonic Compounds
L High melfing and beiling paints
A lot of erergy s required to overcome the sirong uﬁ;drﬂﬂuﬁc forces of aftroction holding
the wons in the loffice. Mony jonic compounds exist os solids of room temperaiure.
A Conduct elecricity when malten or when dissolved in woler

lonic compounds, when molien or dissolved in woler, form mobile jons. Thess mobile jons
are oble fo move ond conduct electricity.

L.l Soluble in woter, insoluble in orgonic solvents

STOP AND THINK
substance X hos the following propertios. What is X2
1. It conducts eleciricily when malten,
2. I hos o high melfing point.
3. It dissolves in en oquecus solution of hydrochlorc goid

A coppor

B ethanol

C fodine

[ sodium chleride

Exam T T =

— SRR =

Meny lonkc compounds exist ot solide ot room tempergiure becouse they have very high
melting and boiling pomts due o the strong electrogtotic forces of affraction between
wns of oppesite charge. When heated, the ions in an ionic cempatmed wnll absert hoot
erergy, vibrate harder and overcome the forces kald ng them i fixed positions Im the
fHguwd or molten stete, the ions berome mobile end can conduct electricity

[Ars: D] i-!h;_‘:'-ml 10 hgued nen-conductor while iodine subiimes. e there is na ligiid or
malten state for jodine. Copper does not react or digsolve 0 aquecus hydrochiorre acid, bt
sodmwm chleride con disscive in the water formd w aguecus hydrochlerss acid )
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‘ T - ey e,

(o) Formation of Covalent Bonds

L1l Covalent bonding usually takes ploce between non-metallic atorns, Volence electrons are shared
between these atoms.

Example 1: Hydrogen molecule, H,

= Electronic configuration of H s 1.

« The hydrogen atom needs 1 mere electron in its cutermast shell fo become stable. This
eleciron con be obtained by sharing 1 electron with another hydrogen atom so that both
aloms hove complete outer shells.

e
® ©® — @8
% e
bydrogen bydrogen bpdrogen
otom, H ctom, H molecule, H,
« This covalent bond con be represerted by o dash, so the bonding between the 2 H
atoms con be written o5 H-H. Note that 1 covalant bond contains 2 valence electrons,

one from eoch oiom,

Example 2: Hydrogen chloride melecule, HCI

.+ Vaolence electrons con olso be shored between different atoms.
 Elsctronic configuration of H is 1,

« Flecironic corfigurotion of Cl is 2.8.7.

chloring olom, Cl h'rdllﬁﬂiﬂ chlonde mishecu h‘. HCl

+  The covalent bond formed con be represented as H-Cl. When drawing electronic slructures
of different clems, it is o good idea fo represent the elecirons from differen! aloms with
different symbols (% or *) A key will be needed to interpret these symbols.

«  Sometimes, instead of drowing full electronic structures, only suler electronic structures

by
» hyregen elestran
« ghdofine alaciron

ore drown:
/’.‘.) L @ \ ﬁ#mg’n alpctron
I\“ chlomse @lectoon
hydswgen J
alam, H

chlafine aiam, hydrogen chloride molcule, HC

Example 3: Qwgen molecule, O,
* Electronic configuration of O s 2.6.

* The cxygen atom needs 2 more electrons in its outermost shell to become stable. These
2 electrons con be obtgined by sharing 2 elecirons with onother oxygen atom!

CamScanner



https://v3.camscanner.com/user/download

45
Neo.3 Atomic Structure And Chemical Bonding I; o,

+_.

caygen siom, O axygen olom, O crygen moleculs, O,

* The 2 covolent bonds (or the double covolent bond) formed in the cuygen molecule
con be written 0s O = O,

Example 8: Weter molecule, H.0O
* Electronic configuration of H is 1.
* Electronic configuration of O is 2.5,

* The cxygen ofom will form 2 covolent bonds, one with eoch hydrogen ctom, ta obtain
g soble sfructurs,

# hydrogen alecon
® cwygen eleciron

Example 5: Methone, CH,
* Electronic configuration of C is 2.4
* Electronic configurafion of H is 1.

* The carbon otom will form 4 covalent bonds, ane with each hydrogen atom, o obigin
o stoble structure.

Example &: Corbon dicxide, Co,
= Elecironic configuration of C is 2.4.
* Elecronic configuration of O is 2.4

* The corbon ofom will form 2 double covalent bonds fi.e. 4 covolent bands in tetal)
one with each cxygen ofom, to cbisin a stoble structure.

a

corbon ctom, C  oxygen ciom, O carbon dicxide molecule, CO, tnl)
The carben dicxide molecule con be written os O = C =0
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ExanTre T3

f_q':"'. e the ohove exnmoles corefully ond yvou w notice a parfern the mpnber
valent Bonds formed | atom if the member of electrong if needs fe obtom
wmpbete outer she For cexgmsde. i\ o4 compounds, ydrogen ane tlasine will farm
ond, ‘oxygen will form £ bonds and carben will form & bonds. This pattery 1t
gintng: predict the structur | -owilomt compogt

When dréwtng covalent stroctures. always drow  The atom Tha? neecs 1 form the most

number of bondg in th ntre. then add on the rest of the atoms (see Examples F

(b) Structure of Simple Covalent Compounds

Covalent compounds exist os simple moleculor structures. The molecules of the compouna
gre held together by weok intermoleculor forces thot ore ecslly broken by hecfing.

® ¢ -
o 8 oo CP -:..__,_‘_H_waml::-:md:

betesen malecy ey

:}:' hold them together

Fig 2: Arrongement of molecules in o simple moleculor structure

(c) Physical Properties of Covalent Compounds
Low meiting and boiling poinfs
The intermoleculor bonds holding the molecules together ore weok ond eosily overcome.
Maony covolent compounds exis! o3 liquids or gases of room temperature.
Do mot conduct eleciicily n cme stole
Covelent substonces are made up of neutral molecules that are unable to conduct electricity.
Salyble in organic solvents, insoluble in woler
E.g. of organic solvents: trichlormethane {CHCL), ethonol, petrol

- e

Exam T T =

STOP AND THINK

Tha dlﬂgn:m below represants the structure of & molecule. Which one of the following com-
pounds could hove the structure showni

STITHOIG
calcium chloride
copperil] oxide

lead{ll) chioride
woter

m Qg o e
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ExanTie T o=

Lomic compounds do not exist ay melecules; 1 i wrehg to descrbe sodiom chlomde an being
made up of molecules of Mall BMafl iz referred 4 the umit of sedium chloride, and 0
shows The rotic of sodium wons to chioride lons Hen: it of calcnim chioride |5 CaCl
| the ratio of colcnem ioms te chioride lors s |

..'.r‘:_ :: LenceE The l"i'\-:'\-'-:. n states thol o diFerlure =hown 'r-:l:'h'. '-||=‘|' thie oo Ir.:
must be cowalent, ie non-metad otoms combeme with nomnomed Tom=s. Ammoned P The
formula WH., while B € ond D gre all ionic compowhds (mefal afems combine with non
metallic atems), Hence the mnswer 8 water, whose formaula g S

STOP AND THINK

The tcble shows the proton [otomic) number of three elements. Which statement about XY
ond Z is coreci?

element profon [otomic) number

X 3

Y g

z 10
A X and Y con combine together to form on ionic compound XY,
& Xond Z con combine fogether to form an jonic compound XZ.
C Y and Z con combine together 1o form o covelent compound YZ,
D ¥ is on alkali maetal.
£ 2 i o hologen
Exam T L5

-

—— e ——
seterfune The Type of bonding aresent in oinpowrsd. use the general rule - lonl
ompounds are formed when metellic and non-metallic atoms combune while covalent com
el farmed whe -mirtal 1o, 17T
AR b | bt JLIT I ] e Ll = AN Y
# o noble g angd will Ast form fnpounds, X if a broup T metal end will combine weith
¥. a Group VIT non-metal te form en fon omgrosnd

¥ STRUCTURE AND PROPERTIES OF MATERIALS
@

Elgments cre mode up of only one kind of atoms. The disgroms in Fig 3 show examples
of elements exisfing os oloms 8s wall os molecules.

e G| lEn o
53 ‘Cpcﬁ
()

=)

I}
Fig 3: Diograms showing
o} & monostomic gaseous element made vp of atoms, e.g. helium;

{b) on goseous element made up of digtomic molecules, e.g. hydrogen gas: and
(c] o solid element, e.g. iran.

(%8 CamScanner
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MNo.3 Atemic Structure And Chemicol Bmlrrql . P PO

A compound is mode up of two or mone fypes of atoms chemicolly combined together. The
diagroms in Fig 4 show examples of some compounds.

“° d-%] ® ®

' [l (b}
Fig 4: Diogroms showing molecules of o compound mode of 2 types of elements, e.g.
! (o] hydrogen chioride, HCI, and (b} water, H,0
L1 A mixtute i made up of two or more elements or compounds physically combined !ugelhnf_
) The components can be seporated easily from one gnolher using methods such os filtration,
o mognat, efc.
) 3 Toble 3 summaorises the differences between o mixture ond o compound,
Mixture | Compound
Composiion | No fixed composition. Fxed composition, Tha percenioge of
| esch element ina compound s ohwoys
the same.
1 Froparties A mixture does not hove its own A compound hos its cwn sel of _
properties bul reloin those properfies | properties, differert from the properfies
I of the substonces it is mode up of. of the elements it is mode up of .'
E.q. Scltwater is o mixture of soit E.g. Water is a liquid of room :
I and water. It is liguid, like water; temperature, but the elements hydrogen
and iz salty, like pure sall. ond oxygen ore goses.
l Melting end | Melts and boils over o ronge of Fixed melting and boiling peint,
l Boiling Paints | temperctures. l
Preparction No chemical reaction tokes ploce A chemical reaction takes ploce when o
) when a mixure is formed. compound is formed, sometimes with
the emission of heat and/for light,
Seporction | Eosily separoted using physical Cannot be seporoied using physical
| mears such os distillafion, means. Chemicol meons such os
|, alecirolysis ore needed.

Exam T L=
Flemenis and compounds are pure subsiohces and will have fixed meiting and boiling points
I The other hend mictures will meld o boil over a range of temperatures

e ——

- W

-

STOP AND THINK
| Which of tha following lists threa alements?

A orgon, mognesium, phosphorus D mognesium, bronze, hydrogen
B bross, phosphorus, potossium E pefrol, olcohol, woter
C chlorine, gir, nitrogen

| Exam Tre T2

Bross and bronre ore aclloves, An ,-1||:-:|.- is o muxiure confamning a metal ond another element
[Ang: 4] Brats ond bronze ore mixtures of elements, o 1% o mextore of elements and

-

compounds, ond petrol 8 a mixture of compounds, Alcohel and water are pure compouncd

e —————————————————— T T
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Mo3 Atamic Structure And Cremical Boading

SAMPLE QUESTIONS

Use the deoto sheet o help you ongwer this gueshon. : i
la) ) A colcum ion has on elecirical chorge. Explain how, © ! chargec
=i

: from on oiom. e
when it & formed i e of o cofcium atom and o colcium o

el A oo o the electronic structy ;
fii} Give, using dingrams, ; cam hag o moss NUmMoe!
b} Anisctope of colcium has @ mass number of 40. Ancther isclope of calcium has
(]

of 44. What does the nucleus of eoch isotope contain?

2. Atems of beryllium ond mognesium cre represented, respectively, by the symbols:

B Mg
{a) What do the following numbers fell you about these atoms?
[} 4 [in the symbel for beryllium)
i} 24 (in the symbol for mognesium)
(B) I} What is the electronic struclure of an otom of mognesium?
[il} In which group of the Periodic Toble is mognesium ploced?

el How do the elecironic structures of beryllium and mognesium indicate thot they ore both in the
scme Group of the Periedic Tobla?

The drawings represent the parficles in six different substonces of room tempergture and pressure
A B c
D E F
]
& o 0 |
oo oo i+ o

Complete the toble fo show which one of the drawings A 1o F best represents sach of the following
substances. You moy use eoch letter once, more thon once or nol of all.

substance copper | a gas & mixture hydrogen wortar
diogrom A ~F -

An element has the electronic struciure 2.8.4.

{o) Suggest the chemical formulo of the compound which this element forms with chlaring, Drow
a ‘cross and dot' diogrem of the structure of this compound.

lb] Compere ond contrast the boiling paint and electical condudtivity of this compound with fhese
of sodium chioride,


https://v3.camscanner.com/user/download

T TEET W T eem—

(50 ) oo o v :
No.3 Atomic Structure And Chemical Bonding | ——— e ofC e Y » FOINTS |

SOLUTIONS AND EXPLANATIONS

1. {a) (il When the caldum atom undergoes reaction, it loses 2 valence electrens to form the cel-

(k)

2. (o)

(=)

(el

cium 1o,

This ion will corry @ 2+ chorge since the number of prolons remain the some;

only the number of elecirons ore affected.

i

Atom lon |
Mo, of protons I 20 20
No. of neutrons 20 _ 20 '
R e S L 4
| MNo. of eleciroms 20 ' 18
coldum afom calcium ion

For the isctope with mass number 40:
Mo, of prolons = 20

Mo. of neutrons = 40 — 20 = 20
For the isolope with moss number 44:
MNo. of profons = 20

MNo. of neulrons = 44 - 20 = 24

il It is the proton or olomic number of the element. Bardlium hos 4 protons.
fi] It is the mass er nucleon number of the element. Magnesium hos 24 protons and neutrons.

{i

{i) Growp ll
The structure

of beryllium iz 2.2, while the structure of magnesium is 2.8.2. Both elements have

2 volence electrons, which indicate that they will be locoted in Group Il of the Perodic Table,
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substonce copper ogos o mixdung hycrogen winher
dicgram A —F A E F E ’ e
Exan Tee T3>

It £ imporfant to be able to identify the fubsteances rescesented ir BOgrams  such as

those given m 1l JUESTION. M i i emeEnt b ticles are cloge pac ki |
ard there are only one ¥ype of atom B & algo on oul @ ligend forml C and D

re pure compounds comtaining fwa types of nioms it o pure goseous «lement That exists

w digkomic moleodes, Finalky, F iz o mikture of two elements

= -

{a] The formula s SIC

: 3 '
\*«. : f r A g
-.‘_R:ﬁ,/ \‘\-...»-'/II "x\'\:// > I:,;| o

3 ehEchors
”r“'\-\.\_\ \

(6] Sedium chloride is on ionic compound with high beiling peint. It i on elecirical condudor when
mallen or when dissalved in woter

(C

Silicon tetrochlorde s o covalent compound with low |:l':|:|il'|;; point, |} does not conduct electricin
in oll states,

=

ExamTre T3>

. ce clechre ns & F ( il | larin
ater (it o : FEIMERCF i Iror Eacr F CE T SRINE DN f =1 N O T oier i I
wh % | il e i [ utea, - form | s b ] il W F 1] I FECTur |
PROCE 1 SHICCR aTom M Tne centre sinci T Torms TI TS gplis I Lor 1 3] i
i T Rlarne gtoms "
{ ]
{ ]
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STOICHIOMETRY AND
TOPIC 4  THE MOLE CONCEPT

LEARNING OBJECTIVES

Candidates should be cble to:
4.1 Formulae and Equations

stote the symbols of the elements and formuloe of the compounds mentioned in the syliobus

deduce the formuloe of simple compounds from the relative numbers of otoms present and
vice versa

H deduce the formuloe of lenic compounds from the chorges on the jons present ond vice
Warsa

M interpret chemical equations with stofe symbols

B construct chemical equotions, with siote symbels, including fonic equetions

4.2 Stoichiometric Calculations

define relofive clomic maoss, A
define relofive moleculor maoss, M.

HE A

celculate stoichiometric reacting masses and volumes of gases [one mole of gas occupies
24 dm’ ot room fempercture and pressure); colculotions invelving the idea of limiting reactants
may be set (questions on gos lows ond the colculotions of goseous volumes ot different
lemperotures ond pressures will not be saf)

1 opply the concept of solufion concentrotion (in mol/dm? or g/dm?) to process the results
of volumetric experiments ond fo sclve simple problams (simple guidonce will be provided
where unfomiliar reoctions are involved)

USEFUL WEBSITES

http://wwe.creative-chemistry.org.uk/gese/documents/Module8/N-m0B-11_pdl .
hitp:/ fwerw.maorsdenshs.gld edu.eu/subjecis/science/junicr_science/chem/elements. html

hitp:/ feeww. kryssiol cam/reactians himl

http:/fwew.carlton. poschools. pa.sk.ca/chemical/molemass/default him

htta:/ fwww.bbe.co.uk/scotland/education/bitesize/standard/chemistry/colculotions/index.shim
bt/ fwww.towson_edu/~leden/emgiric. himl

hitp:/fwww.crective-chemistry. org. uk/gese/documants/Maodule? /N-m07-10.pdf

hitp://veww.cchs. co.uk/subjects/science/chemistry/gese/resources/ionic/ionic. him

http://www.angelo.edu/faculty/kboudrea/general/formules_nomencleture/
Formulas_Momencloture.hitm

hitp://chemed.chem. purdue.edu/genchem,/probsclv/stoichiometry/index. hirmi
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OVERVIEW OF THE TOPIC

STOICHIOMETRY AND THE MOLE CONCEPT hhﬂy areas

éﬁmm

4.1 | FORMULAE AND o Chemicol formuloe of elements j
EQUATIONS FoRmuLae » Chemical lormulae of ionic compaunds |
* Chemical formulae of covolent compaunds
B Crenca » Constructing balanced chemico! equations
Eousnons with state symbels
* Corsfructing ionic equations
|
42 | STOICHIOMETRIC | § Revame » Raletive aromic mass
CALCULATIONS Musses * Relative moleculor moss
B % Mass or
Abl ELEMENT mi A
Cowrounp
8 Tue Mo * Introduction
Concrr '

* Molar moss

* Determining the number of males ol a
substance

= Determining the empirical and molecular
formulae of e compaund

= Cdcuating the masses and volumes of
goses

e — — — -

* Calaubations invalving chemical equations

* Calculafions involving concentrofions of
solutions
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Mod Stoichiometry And The Mole Concept

= FORMULAE AND EQUATIONS

{a) Chemical Formulae for Elements

Ll Metols exist ot atoms. The chemical lormmda for @ metal is s symbol, e.g. the formula for
" sodium |5 Mo,

Ld Maost non-matals, with the exceplion of the noble goses, exist as molecules, Its chemicol formula
will show both the symbol os well os the number of aloms that make up the molecule. For
exomple, the lormulo for hydrogen is H., where the subscript 2° shows thot the molecule
is mode up of two hydrogen oloms joined fogether

il Moble gases exist os otoms. The chemicol formula for o noble gos is thus its symbol. For
example, the formule for neon & Ne.

vt Table 1 below shows the chemicol formulos of some common elements.

Metallic Element  Chemical Formula Non-Metallic Blement  Chemical Formula -
'mn-g_'nal'lum Mg chiceing Gl |
Zine in DEygEn J,
e Fe nitrogen M.
lmcred Pb carban c
_menganese d kr | hallum e
mroury Hg | angon Ar
Teble 1: Chemicol formuloe of some common alements
Exam Tir T3
Sulphur watts ag 5 and !:Ih-::-r;p'-,.n.:.m: exists a5 P,, Howevar, for rensons nat exploined hg.-r_-_
when the fermuloe of these elemerts ore used in chemical eguctions, They are sinphy
represented as 5 and ' respectively
(b) Chemical Formulae of lonic Compounds
L The formuloe of beth the positive ion and the negative ion must be determined befora the
chamical formula of the jonic compound con be writien.
4 Table 2 balow lists some commen moncatomic ions with fixed charges.
hydrogen H hycide H
lithiuam Li* o fluonde F
ssdm Nt | OVR | tlements cHloride a Group VIl
- form 1+ jans elemerts form
_potassium K bromide Br T
miogreshum Mg iodide I
colcium Ca® | Group |l elements coide (&0 Group Vi
= ferm 2 4 ions
e Ba sulphide g ;]_E'E";f;m fom
cluminium | AP | Group Il elaments | | ritide N | Group V! !
= -4 h:':- 3j|- ion elements form
ES phosphide P 3- ions

Toble 2: st of common monoolomic ions with fised charges
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LU Some melals con form positive ions with different charges, depending on the compound that
they are found in. Toble 3 below lists some common monoatomic jons with variable charges.

Name Symbol ~ Name . Symbol

oo ppodl) Cu* mercuryl) | Hg-

iy copperill] L mercuryll | Hg""

' el | R | [lecdil) e
renflll Fe' lend(IV] Po* .
tin(il) S . Ed_'-ilh;:“]_ - |
fin{lV) Srt* ekl >
chromiumi(l) o rickel (1) e
chremium(lil Cre | | rickel(V] TS
mongoneselll) | Mv | | Talved) Ag® =%
mr:-;_g_.-_:rmse[i"."] At ' * zine(ll ' Zr . o

Table 3: List of common menootomic ions with vanable chorges

td Mote that ofl these ions are formed from trensition metels. The chorges thot they carry ore
written in brockets ofter their nomes and all the charges are postive

W Sometimes the chorges on silver and zinc ions are not specified. Assume then that the silver
ion is Ag*, ond the zinc ion is £n™',

ExamTre T

-

It iz impertant thot The romon numercls cre specified when writing The chemsesd formula
for & compound containing ¢ tromsition mefol, For exomple, if you cre orked T8 write the
formule for iren oxide, yeu can interpret as either mron{Il) cxide [Fel] or renfIll} oxicE
[Fe,0,]1 The two compoimds are not the some even though the same elements ore found
in them, The use of romon numerals helps reduce ambiguity when writing chemitel formulce

i=i Some negolive ions exist in groups with an overoll chorge. Exomples of such lons are shown
in Toble 4. When writing chemical formulge involving such ions, never toke opar the ion
- toke it o5 o whele group.

~ Name Symbol Name . Symbol =
nitrite NO., hydroxide OH

rifrate NO, carbonate )2

sulphite - S0 ¢ hydregencarbonale HCO:

sulphate S0 * hydrogensulphote HSO,
‘manganateVl] ~ MnQ, dichromate{Vl} - Cr, O B
| phosphate PO - ethanooie CH. .COO ol

* smmanium MNH,

Toble 4: list of some common polyatomic ions

Ll Writing chemical fermulae for ionic compeunds: alwoys remember thet an ionic compound
iz electrically neutral, i.e. total positive charge = lotal neqative charge.

Example 1: scdium chloride

o present are the sodiym ion, No* and the chloride ion, CI-, Since the sodium jon carries
I+ charge and the chloride ion comies o 1- chorge, the charges “cancel’ each ather oul
and the compound will contein 1 Na* ond 1 CF, ie. the formule is NaCl.

PSR S R —
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bodal 14 n'.'.hl:l:-;_',q: -{ Na’ cr l:- boteal 1— fl".l::r’gl:

Excomple 2: Potossium owide

lons present are the polassium ion, K* and the oxide ion, 07 . Since the polassium ion corries

1+ chorge ond the oxide jon comies o 2- chorge, 2 polastium ions are needed so ihat
the charges “cancel’ each other out. The compound will confain 2 K and

I =y,

4, e the lomula is KO

iolal 2+ chomge { E, o* ] totol 2~ chorge

Exomple 3: Magnesium nitride

lons present are the mognesium lon, Mg™ ond the nilide jon, N” . Since Ihe mognesivm
ion corries 2+ charge and the nillids jon comies o 3- chorge, 3 petossium ions ond 2
nitrida ions ore needed 3o that e chamges ‘concel’ eoch ofher cut. The compound will conlain
3 Mg'" ond 2 N*, e the formulo & Mg,N,

Mg™  N*

¥ 2 By i) §
total 6+ chorge J Mg* ™ folal &6 charge

| Mg™
Example §: Coloom sulphote
bons present Gre the coicium jon, Co®* ond the sulphoie ion, 50.°. Since the colclum ion
carries 2+ charge ond the sulphate jon comes 2- chorge, the charges will “concel’ ecch
ather out ond the compound will contain 1 Co?* and 1 507, je, the formula is Ca3O,.

tolal 2 + charge JIC'::'L 305 L otal 2- charge
!

E.'EIII"I'IPI-E -1 Imnill] riitrate

lons present ore the iron{il) ion, Fe?* and the nitrale son, NO. ", Since the iron{ll) ion corries
2+ charge and the nitrate ion carries 1- charge, 2 nitrafe jons are needed so that the charges
will ‘cancel’ eoch other out. The compound will contain 1 Fe® ond 2 NO, , i.e. the lormula
is Fe{NO,],.

g |
tolal 2+ charge ~|[ Fe NG, | total 2 - charge

NO; |

It 5 not necessary To write brackets arcund an lon when more Thon one of it is needed
n the formula In exomple 3. the formula = wreitien as Mo b, not (Mgl iN Wevar
when more than one emion growp is needed, oz in exomple 5, brochets must be used 1
FRHcate now mofy of such groups are predent, Hence The formulo i Fe(NO ), and not
redal

ARSTher teohn Jue commonly tought 5 To cross the charoes o s to obtain the Tormay

Mg =l == Mgcl,
Semere that this technigue although useful, has no conceptual boms Remember also wher

U el Techmigue To reduce the subscripts to the lowest terms Otherwizse the formula
Stomed mell B¢ wrong

(%83 CamScanner
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STOP AND THINK

What is the formula of uronium{Vl) oxide?

A U“G ¥ U-Dﬁ

3 U0, E U,

C U0,

ExamTre T 5
[f the cross charges’ method has been wsed here, o possbie coreless medtoks will be for {
the ftudent to lepe the omawer o U0 Always remember T nelh The Subdcriots af ter 'l
writing the formula out using this method to sea of they con be reduced te the lowest
ferms In thig coxe, the formula thould be reduced to
[Anz~E] The ions present are ' ond OF, Hence the formuls wil conton 10 aed 3 D i
ens m o crder Ter the |I:':"._:r”_' to Ve o erach pther aul

{c) Chemical formuloe of Covalent Compounds
L Mony exceplions exist fo the rules far wiitirg tha chamical formuloe of covalent compounds,
moking them difficull to remember. Some general rules:

*  Many goses are made wp of diglomic molecules, ie. H, O, N, eic
*  Group VIl elements olsc exist as diotomic molecules, ie. El,' Br.r. F!. eic.

wd Toble 5 lists some cmﬁmqlﬂcmlnnr compounds in the syllobus ond their lommlos.

| Compound gl_'nul.u Compound Formula
_earhan monoxide : e Lo | nitric ocid | HNO, - J
carban dioxide i Co, sulphurc acid HSO, - |
:.lphur' diexide 0. ~ *hydrochlonc acid HO
E-I,.I?pl"d.l-r ;ﬁ oxide 50, methane ' CH,
Bl | i | e 0,
‘dicasn chicida | HO athonaic acd | CH.COOH {
silicon dioside &G |ehanol | CHOH

Table 5: List of common covalent compounds

Mote that when HCl is in goseous form, it is called hydrogen chloride gas; when it is dissolved £
in water, it farms & solution called hydrochloric acid.

(@) Constructing Balanced Chemical Equations with Stote Symbols

L State symbols are written in an equation to idenfify the physicol siote of the reactants and
products of o chemical reaction. There ore 4 sicle symbols:

Physical State | State Symbol '
solid . 5 e |
ieyuic or molte N 1 - |
gos of vepour 1 gl
oquecus (dissolved in woter] | fag)
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L] Mote that the ‘liquid’ stote and the ‘oquecus’ siole is no! the same. The ‘liquid’ stote of
o substance is pure. For o solid substance, the liquid state is oblained by heating the substonce
until it melis, whereos the 'aqueous’ state of o subsiance is obtained by dissobving it in waler.

L Writing @ bolonced chemical eguation with siote symbeols:

ExamTre T 7

@

@

@

&

The word equation must first be given or worked oul:
E.g. sodium hydroxide + sulphuric ocid — sodium chloride + waler
Rewrite each substonce using chemicol formuloe:
NaOH + HSO, —» MNg,30, + HO
A bolanced chemical equafion has the some number of each type of atoms before and
ofter the reacion. In this cose, the number of Na end H aloms ore not the same on
both sides of the equation.
NeOH + HSO, = Ng30, + HO
Left Hand Side Right Hand Side *
1 No, 50,3H, 15 2MNa, 5O, 2H, 135
A ‘2" must be ploced in front of NaOH os well as in font of H.O in order to balance
the equction:
ZNaOH + HSO, - NgSO, + ZHO
Left Hand Side Right Hand Side
ZMo, 0, 4H 135 2 MNo, 80, 4H 15
State symbols con be odded lost to the chemical equation;
INuOH log) + H.SO, loa) — Ma SO, feq) + 240

Beginners often find it difficulr Yo balance chemical equetions, especially the more com-
phcated ones. A few rules fo beor n mind

If an equation connot be balanced, it moy be wrong. Either the formula of one or more
of the substances involved is/are written wrongly or there may be missing/extro sub-
stonces in The equation ;
Never change the chemscel formule of compounds when baloncing equations. You con only
add numbers in front of the chemical formula. For example, 2NeOH and Mo OH Has
ditferent meanings. 2Ma0H meons you have 2 units of NaOH (= 2 MNa, 2 O and 2 H), whi
Ma,OH meons you howe 2 Ma, 1 O ond 1 H

STOP AND THINK

Tha aguafion shows o chemical reaction between sodium and water. The equation is nol balanced.
Whaot ore the volues of x and ¢

o O L IR

iNe + yH,O — 2NaOH + H,

Mo = <

L]
1
]
2
2
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ExauTre T

No score iz given if you cannot give o balonced equation, even though the formuloe of the
compounds in your equalion ore correct. Siate symbels ore not necEssary m your balonced
chemical equation unless the cueshion recuires it

{Ars: D] The equaticn iz balanced as the number of sodium, pwygen and hydrogen ctoms
ore the same on both sides of the wquaton

(b) Constructing lonic Equations

bl lonic equotions show only the ions invalved in o chemical reccion. lons not taking part in
the reaction (speciofor ions) are ‘concelled’ out in the construclion of an ionic equation.

Example: copper{ll] carboncte + hydrochloric ocid
— copperll] chloride + corbon dioside & woter
@ Construct the bolanced chemical equation:
CuCO, + 2HA - CuCl, + CO, + HO
@ Split only soluble ionic compounds into s jons. Inscluble ionic compounds, elements

ond covalent compounds remain unchanged. {See topic & for solubdity nules of common
compound)

CuCO, + 2H* + 2CF —» G + 20" + CO, + HO ,

@  Cancel out the specteler iors. These are the ions that appear in both the “ud right
side of the equotion. .

CCO, + 2H* + 20 » G + 2 + €O, + HO

@ Rewrile the equation without the specmt;:r ions. This is the ionic equation for #he feoction,
CuCO, + 2H' —» C™ + CO, + HO

Lol Compounds thet ore sparingly soluble or very sporingly soluble con be considessd os insolubla
when wriling ionic equofions involing them.

ExanTre T5=

When constrocting ionic equations. the number of esch portcle ond the tatal cherge =t
be the some on both sides of the equation. For example, M- o s Br, is not a
balanced ionic equaticn since the total charge on the LHS is 2- while the total charge on

the RHS is only 1-. The balanced ionic equotion will be €, « 2B = 201 + Br. where the
tetal chorge on both sides of the equation is 2-

i~  STOICHIOMETRIC CALCULATIONS
‘1.'-1!.1'-:: Mgz

{a) Relative Atomic Mass of an Element

i The relative otomic mass of an element is the overoge moss of its cloms expressed on o
scole which the corbon-12 alom hes @ moss of exoclly 12.000 units. Figure 1 shows the
relofive olomic mass scale with the masses of hydrogen, carbon, cxygen and maognesium.

— .

— - S5
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I_I- Relotive alomet moss sCoks
Carhon- 17 i4 the peadand
' Fig 1: The relotive otomic meoss scobe

| The hydrogen atom is only 1/12 the mass of @ carbon-12 atom. Since the corbon-12 otom
has o mass of 12 on this scale, the hydrogen atom will have o relotive moss of 1. Similary,
the mognesium atom has twice the mass of the carbon-12 atom. |t will thus hove a relofive
mass of 24 units.

T W ™

I Al noturally occuring alemenis cre midures of isotopes. The relative masses of all the differant
isotopes present must be taken inle account fo give o “‘weighted averoge’ mass for an atom
of the element. This is the relative olomic mass of the elemant.

Example 1: A noturally occurring sample of chlorine containg 73% chlorine-35 and 25%

chlorine-37 otoms. Colculote the relofive alomic mass of chlarine.
Weighted average mass of o chlorine otom = (75% % 35] + (25% x 37) = 35.5
Thus, the relafive alomic mass of chlorine is 35.5, i.e. on overage atom of chlorine wil
have o relative moss of 33.5.

The symbol for relative olomic moss i A, The relafive alomic mass is o rofio and therefore
has no unil

Exam Tre T

There i€ & clear digtinction between mass rumber and relotive afomic mass: the mass
number (or mucleon rumber) of an atom is the number ef protens ond neutrons in the
muciess of The gtom I it ALWAYS ¢ whole mumber. The relotive ofomic mass of on
element is the averoge mass of its atoms compered te the mass of o C-12 ctom

(b) Relative Melecular Mass
| The relotive moleculor mass of gn element or o compound is the average mass of its molecules,
relofive to 1/12 of the mass of o carbon-12 olom.
The symbal for relafive molecular mass is M.
M i colculated by odding together the A of each atem in the formule. It has no units.

Example 2: Colculote the relotive moleculor mass of chleraferm, CHCL,
M, (CHCL) & A(C) + A(H) + 3XA(C) = 12 + 1 + 3% 355 = 1195

Example 3: Colculote the relotive molecular mass of copper(ll] sulphate crystals, CuSO,5H,0.
M[CuSO SHO] = A [Cu} + AS) + FxA[O] + 10x A [H
64 4+ 32 4+ 9% 16+ 10x]
= 750

W WELE R T
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ExauTre T 5

Strictly speaking, the term ‘relotive molecular mass’ can o y De uted for tonces tha
exigt of molecules, e covelert wrpounds and some elements fubsta rhat d
EXiST OF 1 'I'li,‘ll"a'l LE, |0 combounds The Term melotive formi Ia mase" [Rla b
Fortumztely, no distinetion it mode in the 'O level examinagt nd the ferm ‘re

moleculor moss 5 wWed for all tvypes of compounds

| The percentoge by mass of an element present in o compound is fxed. This parcentoge
cen be coleuloted using the formula
mass of element in compound
M, of compound e
No. of atoms = A, of element
E M, of compound :

% Mass of element in compound =

100

Example 4: Calculote the percentoge by mass of onygen in carbon dicxide, co,.

|
% O In CO, -ﬁf—mxmn%

= 727%

ExanTr T 3=

i The cakculations ore LOrreLl, The Tolol percentoges of Thie  glemdmty PRt n 2
Compounsd fhould add wp e 100%

Heice in example 4, F The raf of corbem present

I carbon deoxide i5 needed, it oig colculated simnl se 1 & " &

Example 5: Colculate the percantoge by mass of woter in sodium corbencis crysials,
Me,CO..10H,0

EDJ-L::EHT-i-Iﬁ.I:
2x23+1243x 1641002 1-14)
= 629%

% H,O in No,CO_10H,0 = = 100%

il The percentoge by mass con clso ba used 4o caleulate the mass of an
sample. The formula s

alement in o given
Mass of element in sample - % of element in compound « sample mass
_ mass of element in compound

= sample mass
M_ of compound “;P

EIﬂI'I'Ip]E 6: Calculate the mass of copper in 32 g of copperll) Eujph:‘lft.
mass of Cu in CuSQ,
M, of CuS0O,
o &4
64+32+4%16
I =285

L Mﬂiﬂﬂ{'l:l.. ~ 1‘323

32¢g

_— .
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STOP AND THINK

It is now known thet one form of corbon hos molecules of formula C,. What is the relative
moleculor mass, M, of these molecules?

A 12 C 360

B &0 ' D 720

ExanTre T _ E s

The formula €, indicates that the molecule containg 60 corbon atoms bonded together.
Mence the relative molecular mass of C is 60 = A (£) = 720,
[Ans D] M, of €, = 60 » 12 = TEO

STOP AND THINK
Whet is the maximum mess of chromium, Cr, that can be exracied from 76 g of chromium(litjoxide,
Cr,0 i?

A 48 g C 104 g
B 52¢ D 152¢
ExamTrr T
An ascumption that the chromiem(TII) oxide =omple s 100% pure is made in order to

cemplete The calculotion. Tn peactice, i1 18 postible to obtoin less thon 52g of chromium
i the chremim(TIT) swode sonple (s (mpure

2eALCr) e 2252

[Ang: R] Motz of chromum M_{Er0,) ToaL.Eaa e

«Thg=52g

@ T Mo

(@) Introduction

) The unit used in Chemistry fo count porticles (otoms, molecules, ions, elc.) is the mole.

i One mole = & x 107 parficles. The number & = 102 is colled the Avogodrs Constond.
Fig 2 shows how the mole is ysed in couniing portiches.

I male of casban atam
1 moke of sadium iang

el

[ mghe of weater malecyles

&x 10" HO molacules
Fig 2: Using the mole to count atoms, molecules and ions

i1 The short form for the mole & mol.
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(b) Molar Mass

l<l The molar mass of a substence is the moss of cne mol [= & % 107 of the substance.

i) The malar mass of an element mode up of aloms is its A in groms. For excmple, the molar

mass of cluminium s 27 g, ond the molar mass of argon is 404,

The molar mass of a compound or en element mode up of molecules is s M in groms. 1
For example, the molor mass of sodium chloride (NaClj is 23 + 35.5 = 58.5 g, ond the

molar mass of hydrogen (H) is 2x 1 = 2. |

| S

(¢) Determining the Number of Moles of a Substance

i The number of moles of o subslonce can be obtained using the lormula

mass of substance

H les= ~
MG 0 molar mass of substance l

Example 7. How mony moles of gtoms are there in 10g of colcivm atoms?

10

Mo, of moles = an = 0.25 !

Exomple 8: How many moles ore present in 32 g of sulphur dicxide, 50,3 )

No. of moles of sul s 5 '

0. mokes of sulshyr dioxide 927218 0.5 i

Ll Use o formula triangle 1o help rermember formuloe. If the 1 ‘
number of moles is needed, cover the term ‘no. of moles’ ne it

ic obtain the equatian, At ok .

Ll The tormula can be monipulated o give the mass of o ..-“". Mo, of | moke ‘

) = s moles | mess
substance, given the number of meles present. The farmula ————— i
i

i= Mass = Number of moles x Molar mass

This fermula can be obtgined from the formula by covering the lerm ‘mass’ in the formula
friongle.

Example 9. What is the moss of 0.1 mol of carbon dioxide molacules?
Molor mass of CO, = 12 + 2% 16 = 449
Maoss = QL] x 44 = 4.4 g

FE— .

Example 10: 0.25 mol of on clemaent X weighs 9.75 g. What is X2
Remember molor mass is the miass of ene mol of the subsionca. |
Since 0.25 mel of X weighs 2.75 g, 1 mol of X will weigh #.75/0.25 = 39 g,
From the Periodic Toble, X must be poiossium.

o l——

STOP AND THINK

The formule of copperl) oxide is Cu, 0. How many grams of oxygen are combined with &4 g
of copper in this compound?

A Bg C 38 g
B 224 D 64¢g !
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ExanTre T

The rotiz for the obove guestion 3 cbtpined from the chemical formy e, 2 Cy ofoms
combme anth I £ “torm to form @ uni? o u Thi= meEand 7 e hipse & = [H = 0= g
atems  they will combing with & = 10" O atoms. In other words, sice | mal = & {
2 mol of Cu atoms will mbing with 1 n toams
Ang: A] No. of moles of Cu = 64/64 | From the formule, 2 mel of G otems wll
comibine with I mod of atome. Hence 05 m i1 tomd will combime wrth | mo f

Mass of O = O

STOP AND THINK

What is fhe rotic of the number of molecules in 71 g of chlorine to the number of molecules
in 2 g of hydrogen?

A e AR
B 71:2 B 1]

Exam Tee T

— - - - e
" il - "

4] ’ | [ i € n P Lt | af malecifes of Cf 1T
nid | yolrog 1 # F 1 . 1 7 ' - 4 ! i ¥ " 11 P
S | I Thig will give

(d) Determining the Empirical ond Melecular Formulae of a Compound

The empirical formulo shows the lowest rofic of the different ofoms in o compound.
Remember that the formule of o compound shows the ratic of eoch fype of otom in the
compound. For example, if the formula is No, O, this means that 2 Mo atems combing with
1 © atom 1o form the compound, f we count using the mal instead, the farmulo will show
thot 2 mol of No oloms combine with 1 mel of O atom to form the compound.
Using this idea, the calculation fo find the empirical formula involves finding the mol ratie
of each type of olom in the compound.

Example 11:What is the empirical farmula of & compound with compasition of 80% copper
and 20% sulphur?

Cu 5
Maoss (g] 80 20
Molor moze ] 54 32

e 80 125 % - 0,425

&4

Mol rofio -—-—lI 23 =2 0.625

| Q.623 Q.625

=1

The empirical fermula is Cu,S.
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Example 12: 30 g of silicon oxide contains 14 g of silican, Find the formula of the compound.
Mass of O in compound = 30 - 14 = 164¢g

| Si o
Mass (g) | 14 14
Molar mass {g) | . 28 14
14 15
MNo. of mol - m ], —=1
o. of mo 58 0.5 E
: 1 ]
Mdrﬂhﬂ f{ﬁ-l. H:E

The ampiricel formula is SO,

Exam T T 7=

In most cases, the mel ratio obtamed in the ket step containg whols mumberg g pesrly
whole numbers such ot 19 which con be eosily rocnded off to o whole susher  Felever
if the rotio ebfoined contoins mumbers such as 2.5, do not round it off bot oo 4 mihpie
instend For exemple, if the ratio i 1:295, then the ratio 2:5 should be sad B The
emprrical Tormula shstesd of 103

L3 The moleculer formule shows the actual number of eoch kind of atom in o compound. i
5 @ mulfiple of the empirical formulo.

Molecular formula = (Empirical formula), wheren = 1,2, 3 ..
11 To find the value of n, we moke use of the equetion

Relative molecular mass = n x relative empirical formula mass

is B8. Find the moleculer formula.
Let the molecular formule be (C,H,O),,

Example 13:The empirical formuls of & compound is CH,O. Ifs relotive molseulor moss

moleculer mass = n x empirical formula moss
BE=nu{2x12+4x]+16)

ﬂ:_
ik

The molecular formule & (C,H,O), = CHO.

Exam T T _

When caolculgting the meleculsr formuls, ofter finding 1

o

e valae oFf n. do noT ledgve the

formula ot (C.H,O), but multiply cut the numbers to give the formula C.H.O
i - . 7

Example 14: A compound of corbon and sulphur hos o campasilion of 15.8% corbon and
84.2% sulphur,

[o) Find the emgirical formula.

{b) The relotive molecular maoss of the compound is 74. Find the molacular
formula.

S S ———

= ol
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() c ' 5
Mass (g) 15.8 84.2 <
Molar mass (g} 12 32
15.8 842
i e —= 2453
Ne. of mol 3 132 3
1.32 243
i — | =1 =2
s 5o 132 132

The empirical formula is C5,.
(b} Let the moleculor fermulo be [C5.)..

molecular mass = nx empirical fermule moss
7o=nx[12+2x 32
B o= E x|
76
The moleculor formula is {C5,), =

Exam Tr L 37
t is possible for the volye of n to be 1, In this case, the empirical formalo i clse the

maobrrulor formula of the compemnd

1

STOP AND THINK
A compound X contains 50% sulphur and 50% oxygen, by mass. What is the formule of compound |

Xz
A SO C SO,
B SO, D 50
ExanTe T3
Since the relative moleculor mas2 of compound X was not Qiven, one con offume that the

emgirical formula s alse the molecubor formula of compound X and select B as the answer.
[Arg- B] The empiricol formuio (§ S0,

mm—.

5 0 1 !
Mess (g) 50 50
Malar mass (o) 32 1%
B0 50

No. of mol 2015625 =325

: 15625 3125
Mol rati 13825 , 3125

* 15625 15625

{e) Calculating the Masses and Volumes of Gases

One mole of any gos hos o volume of 24 dm? (24 000 em?) ot roem tempercture [25°C)
end standard atmospheric pressure (1 otm), This volume is colled the molar volume of o
gas.
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L) The volume of goses is meosured using either the dm® or em?,
1 dm* = 1000 cm?®
I.] To calculate the number of moles of gos ot rcom temperature and pressure (rip), we use

the fermulo
lume of gas in em® at r.t.p.
Number of moles of -
R 24 000 ¢em?

or Number of moles of gas = volume of gas in cm® at r.1.p.
24 dm’ i
1
Example 13: How many moles are there in 0.08 dm? of hydrogen gos of elp? {

0.08 =100

Ma. of moles = -—'--“-—D-zl,'_l,{:ll'_'lj |

24000

Example 16:!n on experiment, when hydrochleric ocid wos reacted with calcium corbonote
al room lempercture and pressure, 48 em? of carbon dicxice gos was produced.
Calculate the number of carbon dioxide molecules evolved.
48
24000
MNo. of CO, molecules = 0.002 x & x 102 = 1.20 x 107

=0.002

Mo, of moles of E«D: modacules =

Il A formula trongle con olso be used to remember this formule:

i T e .

| The formula friangle can be manipuloted to calculote the volume of o gos, given the number
of moles. '

Volume of gas (in dm?) = Number of moles x 24 dm?®

Example 17: Colculote the volume of 0.014 g of methane, CH,, wnder room conditions. Il
an1é |

Mo, of mol of CH, = -
o 1 12+ 4% el '

Volume of CH* m 0001 %24 = 0.024 dm? |

Example 18: Colculate the moss of 1.5 dm? of carbon mencside, CO, under room candifions.

M. of mal of ¢85 = E-nﬁﬂﬁ?ﬁ |

Mass of CO = 0.0625 x {12+ 16) = 1.75¢ '|
ExamTre T 5= '
oscs expand and controct upon heating and cooling. When calculating the '.'-:-I..r:;—:_ of :

gnses. bear in mind that the wolume of pne mele of oot iz 24 dim? omty at 25°C. If the

e il i T I i
temperature i lowered to 0°2, the volume of the gus will decrease. At this Tempertiicre
oni: mole of gas will oc cupy only 224 dm! ;

[ ] (Mae o iy - o mCE | ] BRI
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STOP AND THINK _ .
The number of porticles in one mole of gaos is x. What s the number of chlorine molecules
in 35.5 g of gosecus chlorine?

A D.5x D 355«

B = E M.x

C X

Exam Tre T L
1 TrsS A= s ] Ll A O THn ] 11 if

{f) Caleulations Involving Chemical Egquations
Caleulations from chemicol equations imvolve five main steps, clthough not all the steps are
required in eoch set of colculotions,
The steps ore:

step ®  ‘Write o balonced chemical equation for the reaction ond define the problem fo be
solved by writing down the information thot Is given in the question.

sir @ Coleulate the no. of moles of the substance whose moss is given.
stip @ Weite down the relevant mole rotio from the chemical equation,
e @ Calculote the no. of moles of the substonce fo be found.

ser @  Coloulote the required moss or velume.

Example 19:Calculote the mass of woter produced when 4.0 g of methone is completely
burnt in cuyoen.

CH, +20; = CO, +2HO
2

The belanced equation | 40g

maoss of methane 40

Mo, of mal of methane =
. rrolor moss of methone  12+4 %1

= 0.25 ' "

) ey | molCH, 1
b i mel H,O 2
| molCH,; 1

. SO H?Di%xmd CH,

mol H,0O = %::: 025=050

mal H:.{:I-

Mo. of mal of woter

T

no. of moles x malor mass of H,O
Maoss of water =050x16+2x1)
| =';'.':|g

(%1 CamScanner
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The crucml sten in these colegletions 2 the determinatien of the mol rotie from the
belonced egumtion. In example 19, the balenced equation is CF, co. « 2} Ope
con interpret the eguotion of | molocule of CH, reacts wth & molecules of te mroduc
1 molecute of L0 and £ molecules of MO, If vek Cotmt ufaing the m ridtend [remember

the mol id :451 the mumber & o I ], Wi can interpret The eguotion 8 L mal of |'I'!I ekl 14
with 2 mol of O, to produce I mel of O, ond 2 mel of

Moy mol ratigs con be wrifien for this eguotwn, deépencing on what Two subsionces we
chopse, ITF we want the miol rotio betvwesn CH, ond O, thien maol O3 mal 0. = 12 The
mol ratio betwesn O, and (O, is 211, However, only the mal rotio between the substonce
given and Tre subsronce Te be Toumd is usetul, By deTining The p e in shep 1, we w
¥now which mol ratw & needed o help solve the problem

Example 20: Caolculole the moss of the solid product oblgined when 158 g of sodium
> hydrogencarbonate is heoted sirongly unfil thare is no further change. The
‘aguofion for the reoction is

2NaHCO, (5] = No,CO, s + CO, (gl + H,O(g)

2MeHCO,ls) = Na,CO4ls) + COyLlg) + H,Olg)
168 g 2

The balanced eguation

o8 I8 .
234+ 141243186 B4 ;

mol Ne,CO, 1
mol NaHCO, 2

mel Ne,COy 1 |
ol NoHCO, ~ 2. o NaLU, = o emE

Ne. of mal of NaHCO,

fdal ratio

Mo, of mel of Na,CO, : |
=—x2=0]
2

Mass of Na,CO, 01x{2%23+12+3x16)=0.1106=106 g

STOP AND THINK

| limestone decomposes when heated as shown in the equation, Which mass of limesione is needed
I produce B84 kg of colcium osxide2

Cﬂf:.'::'; — Col) 4 ED:
A 150 kg C 1000 kg
8B40 kg D 1500 kg

Exau Tre T 5=

Be coreful of the ity used in the question The melar mads I8 in grams Hence. when
calculating the number of moles of o substonce, the mots of the subghance

A gremy

must dlse be

%3 CamScanner
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[Ans: A]

T CalQ, — Cad + £
i ne balanced eguation | 5 84 o -
| No. of mal of Ca0 | Egﬂ_ﬁ = E;}Sﬂ 1500 i
' mal £al0, "
o molCal 1
il molCalO, 1 __ 1 =1
= T = mgl LalD, :.]. « mal Cald

Mo. of mal of Coc, | Mol CaO :
=1 100 - 1%00
1

Mass of €aCO, 1500 » (40+12 + 3 « 16) = 150000 g = 150 kg

STOP AND THINK

Mﬂgnﬂi;hl'ﬂ reacis with I'-}'d!'ﬂ{h]ﬂ-l'i{ peid o3 shown, What is the volume of ||',ldr:_;|gu|r pr:_:-du:
af rt.p. when 0,12 g of magnesivm reacls?

Mg + ZHCl — MgCl, + H,
A 5& om? C 240 cm?
g ]Eﬂl 1._."=|-I E' 4E||:} 'EITI-'
Exam Tre T
The colculation steps in this preblem are similor to those i previous examples
FEET fiep whnere volume mfteod of moss wos required The formuln Te use to
Volme f volume = mumber of moles = 24 dm'

;'.I.rl_. || —

Mg + 2HC| - MgCl, + H
The balonced equation 0124 oy
Me. of mol of Mg { I:'IELE = (D050
Mol ratia MHL = 1

mel Mg 1 '

| malty 1:"3 mel H, =-1a:mclihl.g
Mo, of mol of H, oy I k 2y
=%~ 0.0050 = 0.0050

Valume of H, 0.0080 « 24 = 012 dm” = 120 em’ =0 i

L Sometimes the question requires the student 1o idenfity the limiling reoctont as part of

solution to the colculation. The limiting reociont is the reactont that, once used wp, will cou
ihe reaction to siop.
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Example 21: 5.6 g of iron bums in 6.4 g of sulphur to form iron{ll] sulphide.
fa) Celculote ond find out which reaciont is the limiting reoctent
(b} Colevlate the mass of ironlll] sulphide formed after the recction.
e} Celeulole the mass of the excess reaciant thal is left chler the reaction.

() No. of mol of Fe = 35 = 0.

a4
Na,afmnlniﬁuﬁﬂﬂl
Fe + 5 — FeS

From equofion, 1 meol of Fe reacts with 1 mal ol 5 This means 0.1 mol of Fe will
recct with 0.1 mol of 5. Hence the limiting recciont is Fe.

(b) 0.1 mol of Fe will produce 0.1 mel of Fa5
Moss of FeS = 0.1 =% {56 + 32 = B8 g

(e} 5 is the excess reociont in this reaction. 0.1 mol o 5 will recct with Fe, leoving
{02 - 0.1 = 0.1) mol of S behind.

Moss of excess 5 = 0.1 x 32 = 3.2 g

ExamTre 15

In part [b) of example 21, the moss of product wos celodletmg using the nimber of maoles
of Fe, the fimiting reactent. Remember thot once the lmiting reactant o woed bp, no more
reaction fakes place. The omount of product formed will depend on how much limiting
reactan? was present in the recction,

STOP AND THINK

The equation for the buming of hydrogen is shown, One mole of hydrogen wos burmed with
one mole of oxygen, What wos present ofter the reoction?

EHJ ig) + ":"1 @ — EHED[H]

A 1 mal of steam only

8 1 mel of steam + 0.5 maol of oxygen gos
C 1 mal of steom + 0.5 mol of hydrogen gos
D 2 mal of steam only

| ExamTre T .
AnoTher Twist To The question will be to ask for the number of moles of gas remaining
after the reaction wes left fo ftand for some time IF the reaction mbctuse was l@¥t 1o
cogl, the steom formed will condenze o give water droplets The gos. left wall be G5 mal
of oxvgen onky

[Ans: B] From the equation, ? mol of hydrogen reacts with ! mol of oxygen to produce
2 maol of steam TE oy | mel of Wpdrogen wes burat @ will recct with 05 mol of axygen
to produce | mol of steam At the end of the reaction ofl the hydrogen will be wsed up
ond 0.5 mol of oxygen wili be left s excess together with | mol of steam a2 the product.

*
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{(g) Caleulations invelving Concentrations of Selutions

L The conceniration of a sclulion is the amount of o solute dissohed in a unit volume of the
saalulion
| The concentrgtion of o solufion is given in either g/dm® or mol/dny.
1o colculaie concentration, the following formuloe con be vsed:

mass of ml_ute (a)

Concentration (g / dm®) = -

volume of solution (dm*)
Gl sl ity 22 O sslen of S0RCS
or ration = - =
volume of selution (dm”)
ExauTre L

Diggelving 50 g of sodium chloride in 100 om® of woter if Aol The some os GLISSONING 504
§ sochum chls=ide i g little water and then foppng up to IO cm®. All matter Tokes wp
sonce and if 50 o of sodigm chloride is dissolved wm 100 cm' of water, the volume of the
fineel salutian will be slightly more Than Lo

Example 22: A solution of glucose contains 0.45 g of glucose in 75 em? of selution, Whal
is the concentration of the glucose solution in gfdm e

0.45 g

75
1000 %™

=40 g/ dm’

Concentrofion =
- |

Example 23:Who! is the concenirafion in mol/dm® of o solufion of sodium hydroxide i
it contoins 3.5 g of sodium hydrsdide in 100 om? of solution®

fmoss a5 .. 35

; i - i — =00875
Mo, of molas of NolOH 7 I LT
Cencenfration = w = 0875 mol/ dm’
Pt J
600°"

J Sometimes, it is necessary to convert from mol/dm’® 1o g/dm?, The following lormulo is usiad:

~ concentration (g / dm?)
molar mass

Concentration (mel / dm”) -

Concentration (g/dm? = concentration (meol/dm?®) x molar mass

Example 24:4.5 g of anhydrous scdium carbonate (Na,CO,) was dissclved in distilled waoler
and made up to 500 emd. Express the conceniration of thiz solufion in lemms
of (o) g/dm’ and (b} mol/dm’.

4.3 4
00,
1000 ™
b} Molor mass of MNo,CO, = Z X 23+ 12 +3 %X 16= 16 g

{a) Concentrofon = =90 g/ dm’

3
Concentration in mol/dm? = [crﬁl:clﬂr?:;;:ﬂ {g;dm ] = 0.085 mol/ dm’
o

s
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ExamTrr T 5=
A formudo ""-JFI{F|£ can be used here o well IF the moss of
the selufe = required, then the formule will be
Mass » concentration (m g/dm') = volume of solution [in dm')
Always remember to convert volume of solutions from cm' 1o
im' when performing caloulations 1000 emd = 1 dm!

na_ of Eﬂl‘x\
welurme
CONC. |of salutiam, ‘

Example 25:The dilute sulphuric acid used in school loboratories usually has o concentralion I

of 2 mol/dm?. What is the moss of H.,50, in 250 cm® of this ocid2 {
No. of moles = Concentrofion [mol/dm?) ® velume [dm?) 1
2mal 250 | 4 |

dmd 10000 - 03

Moss of H30, = 05 x (2 % 1 + 32 + 4 x 14) « 05 % 98 = 49 4

STOP AND THINK !
Which soluhon of sodium chloride hos the greatest concentration?
A 010 mel NoCl in 0.10 dm® of soldion
B 10 mel NaCl in 1.00 dm? of sclution
C 0.01 mol NaCl in 100 cm® of solulion
D 001 mol NaCl in 1000 em® of sohtion

[An: -*L A quick calculotion will show that the concentrotion is 1 mal/dm! in A 010 meal/ i
gm' in B end C. 001 mol/dm® in D



https://v3.camscanner.com/user/download

€L e
Mok Stoichiometry And The Mole Contept| ~———" ‘Sciancw|Chemurs}iET*PORYI3 |

SAMPLE nuﬁrmus

Fertilisers chen contgin the compounds with the following formuloe:
[NH_),HFO, NH, NC, KCl
«f Nome the compoud with the formule KCI.
WA Colculate the relative moleculor moss M) of (NH,JHPO,,
K};ﬂ‘,l Colculate the percentoge by mass of nitragen in ammonium nifrate, MH, MO,

2. (o) Define relofive olomic maoss.
(b) Tungsten metol, W, is monutochured by ceducing tungsten(lll] oxide, WO, with corbon.
WO, + 3C —» 3CO + W
Caleulate
(i) the mass of corbon needed 1o reduce 118 g of tungsten{lil] cxide,
i) the madmum mass of lungsten thot con be formed.

3. o] What is mean! by molor gos volume and what is its value for carbon monoxide ot room lemperoture
and pressure?

(b} Hydrogen gas burns in oxygen gos to form water Colculote
(1] the volume
{i} the mass

of owygen needed 1o bum 24 dm? of hydrogen, all volumes being measurad ol room femperature
ond pressure.

4. When the gas hydrogen sulphide, H.5, is mixed with on excess of oxygen and allowed o react, sulphur
dioxide ond woler vopour are formed.

(o} Balonce this chemical equation.
HS + O, = 30, + HO

(b} [} An excess of oxygen is mixed with 100 em? of hydrogen sulphide and the mixdure is bumnt
Al volumes are measured at 100°C. What volume of sulphur dioxide ond waoler vopou

are formed?
(i) When the products of the reaction ore colled lo room temperature, the volume decreases
by opproximately 100 em?. Exploin this decrease in volume. il

* =

5. Urea, {NH,),CO, is formed by reocting fogether ammonia NH, and corbon dicxide, CO,.
2MH, (g) + CO,lg) = (NH).COIs) + HO{)
(o) §) Heow many hydrogen otoms are present in one molecule ol urea?
[i} 1s the urea represented in the chemicol equatica o ges, o liguid or o solid?
lb} What moss of vrea con be formed from 6B tonnes of ommonio? Refer fo the Periodic Table

for relative clomic masses.

ﬁ/h solution of 250 em® of ethanal in water contgined 23 g of ethonal, C?H*DH. Caleulate ihe
concentration of the ethanol in g/dm® and mel/dm?’.
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SOLUTIONS AND EXPLANATIONS

il potassium chloride
{H M 2% 14 +9x 1 +3 +4x14 132
Zxld .

28 '
fiil N = ———————— =2 1= — = =
fiii) % N e R ST e 0o = 100 = 35

e} The relotive atomic moss is the mass of an ofom of on elemant compared to 1/] 2 5 the mas:
of on olom of carbon-12. o {

(b} (i) —
WO, + 3C - 3C0 + W

The bolonced ecuction
. 114 g 2

e ==

116 116
184+3x16 232

~m ol 3
mel WO, 1
= 8
1

No. of mol of WO, 05

| Mo refio

———

ol I:_
mal WO,

= = melC —'%amﬂl\"ﬂ'ﬂ3

"El.tﬂ..'i:ls |

Mo, of mol af C

Mass of C |15%x12=18¢g

rricd W

1 |
——a e T I w = - I w
AW 1 T e, W

fi)
]
=7x05=05

Mass of W = 0.5 % 184 = 92

[o] The moler gos volume is the volume occupied by 1 mole of any gos ot o given tempercture
and pressure. The value for corbon dioxide of etp. s 24 dm’

b §) 2H,lgl + O,lal - 2H.0 (g)

Jince all the reactonts and products are gases, the mol ratio con be weitten as the volume 1
ratio.
wal : 1
";E:I[-Iljté — \fl:lkﬂ? "Ekmll-fj 1?':]”13
Volume of oxyoen needed is 12 dm?.
12
(i} MNo. of meol of oxygen = e 0.5
Maoss of omygen gos = 0.5 x (2 = 18) = 16 g
Exam T T

The mal ratio con be comverted Ya a volume ratis if The substoances imvaleed 0 the mol
rotio ore goses

- e o = —_—
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(@) 2HS + 30, - 250, + 2H,0
o) i} Since all the reactonts and products are goses, volume rohio & used,

wlS0y 2 _ o150, =2 xvdl H;S
val H,5 il
'-u-g-l H:\.D - _2'_ == 'ﬁ}l Hi"I::l ?— q\l&ﬁ H?S = ]

(i)

vol H.3
When the producls are cooled fo room temperature, the waler vopour will condense. The
resulting gos will contain only sulphur dickide, which hes e volume of 100 cm?.

=

100 e’

00 e

fo} (1 4 (i} sohd
(B
- | aNHLtg] + COLlal — (NH,),COl + H,Of
| The balanced equalicn é-ﬂ m‘;::]m -Ly(g) ' ?E]J 4 &
&8 000 000 48 000 DOO
i f mal of MNH. = = 4 000 000
bt 14+ 3% 17 |
_— mdl (NH,),CO 1
WiEH ratio SRR NH-.‘ 5
-'TIEI [—E:‘:H—rdﬁ:iu - —I = mol !_NH._.f:C':l = % gl H‘H_.:
| Mo. of mol of (NH,1,CO | ™21 ]
=— x 4 Q00 000 = 2 000 000 |
2000000 (2x14+4x1+12+18)=2000000 = 50
Mass of [NH, L,CO = 120000000 g
120 tennes

Exam Tre T 5=

offe

RE——
I 1 I GO0 D00

6. Concentrotion of ethonol selution in g/dm’

Molar mass of ethanal

Concentration of ethanel solution in mal/dm?

Exam Tre 17
Alternat |'..'-.-"-,.' a _rr_- T R —
af mel of ethane £3
44

¥
e e

Concentration of ethanol -

239
250
1000

)

am

2x 12+ 6x1+ 16 =45¢

F2g/dm _
46 g

entration in el de
Q3
- 05mol
ITiar -
an Elﬁ-_dm]_ i
1000

e i 1 AN 1011111001 B ™
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TOPIC 5 CHEMICAL REACTIONS

LEARNING OBJECTIVES

Cendidates should be cble to:

5.1 Speed of Reaction

M describe the effect of concantration, pressure, paricle size and temparature on the spesds
of reactions and exploin these effects in terms of collisions betwesn reacting parficles

& interpret doto obioined from experiments concerned with speed of reaction
3.2 Redox Reactions

define oxidafion and reduction (redox] in terms of oxygen/hydrogen goin/loss
¥ define redox in terms of electron fransfer ond chonges in oxidotion state
r"-

El

i describe the use of agueous potossium iodide end ccidified potossium dichromate{V) in testing
for exidising end reducing agents from resulfing colowr chonges

3.3 Energy Changes

M describe the meaning of enthalpy chaonge in terms of exathermic | AH negotive) and endothermic
{AH positive] reoctions .
¥  desecribe bond brecking as an endothermic process and bond making as an excthermic process

USEFUL WEBSITES

hitp://werw.chemguide.co.uk/physical/basicratesmenu. htmifitop
hitp://www.chemguide.co.uly/inorganic/redaxmeny, himl#ttop
nitp:/fwww.chemistry.co.nz/redox_begin. him

hitp:/ fwww.chemistry.co.nz/chemegqua. htm
hittp:/foeww.chem.vt.edu/RVGS/ACT/notes/ oxidation_numbers, htm|
hitp://wew.cusetute. com.ou/existate html
hitp:/fwew.clko-selzer.com/os/experimeant/stud ent_experiment]_him
hitp://chemistry.cbout.com/cs/generalchemisiry/o/a005 19030 htm
nitp/fchemistry. about.com/library/weekly/bI09 19030 him

http:/ fwwe.science-groove.org/SSA/ContestD | /chemicalband. him
http:/ fwww.emsb.qc.co/lovrenhill/sciance/exo. himl
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OVERVIEW OF THE TOPIC

CHEMICAL REACTIONS ™ joy aroos
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| using exidation numbers
B Tesrs ror | * Dafining oxidising and reducing agen's
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: dichromate{¥]} 1o test for reducing ogenis
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=~ SPEED OF REACTION
¢

[.1 The speed of a chemical recction refers to how fast reactents ore used up or how fost products
are formed in o reaction.
lul Different chemical recctions hove different speeds.
Examples:
* Reoction of potossium mesal with woter — very fosf
Rusting of cn iron noil in the presence of air and woter - zlow, iockes o few daoys
* Gold reociing with cxygen in the air - no reaction, speed of reaction of geld with cuygen

5 Teroc.

B T "

-

@ Mesumnc ne Smio o A Reacnod
il The speed of o reoction is defined cg

speed of reaction = change in amount of reactant or product

time
Ll We con measure the speed of o reaction by measuring either how quickly a product is obtained
or how guickly o reoctont is used up.
Example 1: Cclcium corbonate (limestone or morble) reacts with dilute hydrochioric ocid
to produce corbon diceide gos.
CaCO, (s) + 2HCl (aq) — CaCl, (og) + CO, (g + H.O (]
We con mecsure the speed of this reaction by measuring
* the volume of corbon dioxide gos (product) formed over time, or
* the decreose in maoss of the system due to the loss of carbon dioxide over fime,
L) Meaosuring the speed of o reaction by measuring the valume of gas produced:
T A graducted gos syringe is used 1o measure the volume of carbon dioxide gos formed
cver fime (Fig 1).
ton funnal ta add $e agueous
reackant, a.g. HCI
’ b ks o v b s . '.l
s0hd reschant, -
e.g. Cal0), I
gradusted gos ayringe
Fig 1: Apporotus set-up for meosuring the volume of gos formed in o reaction
D The total volume of carbon dicxide gos given off of one-minute intervals Is recordad:
: Time / min gl T 23T &5 [ &
| Totol volume of CO, /en® |0 |24 |34 (38| 40| 40 | 40
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@ A groph of totel volume of carbon dicxide ogainst fime is plotted (Fig 2):

by of "

COyfem’ 40~

x...

- m-

10+

i = Eme/min

1 ] 1 L] 1 1

N R TR S T
Fig 2: Groph of volume of carbon dicxide ogainst fime

@ The predient ot vorious points of the curve is caolculoted.

_ wolume of carbon dioxide formed
Chdinnt: fime

= speed of reaction

The greater the grodient, the faster the reaction, Fig 3 shows how fhe speed of the reaction
changes over fime.

wizhuma ':f i ’,.I:'Hudiem = {0, renction hes stepped
CO,/em 404

30+ T Grodiant 5 smalber; reccion is
slowing dawn

164 7= Large gradiant near star,

reaction is very fos

0 c : . : - - = N i
1 ) J 4 =T "

Fig 3: Chonge in speed of reocfion over fime
Exam Tre T

The reaction is complete once the gradient of the curve becomes zera. In the obove
exgmple, the reoclioh i$ completed in 35 minutes.

It iz meorrect fo soy thoi smee the reaction o completed v 3.9 minutes, The redction &

half completed at 3.5/2 = 175 minutes, Thiz is becouse the raote of reaction chonges with
time - it is fofter ot the begining, becomes slower as the reaction procesds and finally
itops, Te determinge the time when the reaction is half completed, we need to look atf how

lerg it takes for half the amount of preduct o be formed. In thiz cose it takes apnres)
mately one minote’ for 20 cm' of corbon dioxide gat to form This Time is less than 1.75
minutes *

{.] Meaosuring the speed of o rescfion by measuring the decrease in moss of system due fo
loss of product:

@ A mass bolonce is used to follow the loss in mass of the system (Fig 4).

wool

Fig 4: Apporotus set-up for
measuring loss in moss of system

hydrochlons acid
markie chipa

(B Gomma o

elacranic balence
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@ The mass readings will drop over tima os the corbon dioxide gas formed escopes, The
mass readings are token of one-minute intervols ond then clotied against time [Fig 5).

moss of systam gl

= firme {min)

Fig 5: Greph of mass of system ogains! fime

@ The grodient of this groph ot vorious points of the curve will alse give the speed of
reaction, The reaction is the fostest ot the stort beccuse the grodient of the groph is
ine lorgest. The volue of the grodient decreases with time and finally becomes zero. This
means thot os the reackion proceeds, the reoction slows down ond firclly comes to o
stoo.

Exam Tre T3>

A wad of cotton wool is used g5 o stepper insténd of o rubber bung in Fig 4. The cotten
wool will allow the escope of corben diswide ges into the otmesphere and prevent the
soiution inside the conical flask from sproying out. If ¢ rubber bung i used, the pressure
ingide the flosk will build w because corbon dioxide gas connot escope. There will olss be
ne change in mass reading, Eventually the rubber bung will ‘pop’ out of the flask when the
Quf pressure S Too greot

STOP AND THINK

A sludent performs o series of experiments using catolysts. For each experiment he uses the same
amounts of reactonts ond the some amount of cololyst, He plots the groph below from the resulls,
Using only this information, which stotement is cormect?

A The colalyst alters both the rate
of the reaction and the products
formed.

B The cotalyst has no effect on the P.:.;T:Hf::-d
rate of the recction. ¥

C The cotolyst produces more
preduct from the same omount
of recciont.

D The reaction is faster whan the
catalyst pieces are small,

Exam Tre T 5

A catolyst is o substance thaot cen be pdded te a reaction to make |1 proceed faster, Tt
does rot toke part in the reaction and remans chemically unchonged at the end There
fore, only small omounts of catalyst are needed for o renction becouse they can be
recycled

-#= fime

(Ans: D] The grodient of the graph for the experament using smaller cotalyst pieces s
steeper than that for the other experiment. Mote that beth gave the same amouont of
procuct. This implies that the reaction i foster using smaller |:.:1'|:|.'r:,rﬂ meces but the same
amount of product will be formed .

i T S S —

e .
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|
For o meoction to occur betwesn 2 poricles,

@ the reocting porficles must collide with each ofher, and

@ they must collide with a cartain minimum energy known as the activation enargy, Ofhensise,
the particles will just bounce opart after colliding with each other without any cnange.

& collision that resulis in the formation of product molecules is colled on effective collision.

In general, ony foctor that increoses the number of eflective collisions will incregse the reacfion

speed.

| The speed of o reoction con be citered by 4 foctors:

porlicle size of reaclant — smaller porficle reoctants, faster reactions

concentrotion of recclont - more concentroted reactants, faster recctions

pressure of recclant (for goseous reoctions only] — higher pressure, faster reocfions

& e e 6

temperaiure - highm tempamiures, faster reactions

(a) Particle Size

Smaller particles hove o greater total sufoce orea compared with larger porticles of the some
mass (Fig &). There is more surface ares for reaction bebween the recctants, ond the number
of effactive collisions leading to reoction increases. This increases the speed of reaction.

¥ @& o

portichas of lguic

bog piece of solid small pisces of solid
- smel surdoce aren = large surface area

Fig &: Comparing the tolol surloce orea of
o big piece of solid and smoller pieces of the same solid
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Example 2: Reoction batween (j) maorble chips ond (ii] powdered colcium corbonate with
dilute hydrochloric acid
. CaCO, s} + 2HC [og) - CoCl, {og) + CO, (g} + HO(

+ It the volume of corbon dioxide gos collected was plotted over time, the following grophs
(Fig 7) will be cbicined:

walpma of & ,r‘ [ powdered colcium corbanate
gas fom’

[ martis chips

&= Hemalmin
Fig 7: Grophs showing the volume of gos collected ogoinst time for the reoction of
(i} meorble chips and () powdered colcium corbonote with dilute hydrochlorc ocid

*» The grophs show that the reaction using powdered calcium corbonate occurs of o greater
speed compored to the reaction using marble chips. The gradient of the curve obiained

using powdered calcium corbonate is stesper than thet cbicined using marble chips for
the duration of the reaction.

Exam T T g

When comparing reactions, it is impertant that all other veriables are held constont except
for the factor thot is under study. In this evemple, the concentration and velume of the
ecid, the fempercture of the surroundings and even the rate of shirring must be held
constant while the 2 experiments ore conducted so that ary difference in results must be
due to the difference in particle size of colcium carbonate

i1 In coel mines and flour mills, workers ore not aliowed o corry noked lights such as condles
or lighted torches becouse of the fear of explosions. Explosions occur because of the presence

of fine porficles of flour and cogl dust, which bums very ecsily when mixed with air ond
ignited.

(b} Coencentration

lul A less concentrated solution hos less number of resciont molecules {Fig 8. The frequancy
of effective collisions decreases, and the speed of recction goes down,

:@ ® ff}@ 1?@ ® 8

- Q)
@ | @~ O G
@ 5 %:@ axe

L

molecules in o less malecyules = o mare
eanceriroted salufion concerirated solution

Fig 8: Mumber of molecules in solutions of different concentrations

R R

i
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Example 3: Two experiments ore conducted to determine the effect of concentration of
reactonts on the speed of o reoction.

& 25 ¢m’ dilute
sth;dﬁﬂ::hwﬂ hdm\loﬁ:nﬁd
+ 75 em” weler
5'tm megnesium
ribban 5 £m mognesium
| ; ribben
beoker B
The results of these experments are shown below,
Beaker A B
Time token for mognesium to dissolve (3] 39 78
il Compare the hydrochloric ocid in beakers A ond B. Which is the more concenfrated

acid?
Ans: The ocid in becker A is twice os concenirofed os the ocid in becker B
il  How would you use the results obtained to explain the relationship between
concentrofion ond reacfion speed?

Ang:  The reaction in beoker B took twice as long fo complete — this indicotes that
reaction speed s decregsed when concenfrotion of one of the reactonis is
decrecsed.

fii)  Assuming that cll the maognesium is used up, sketch o groph tosshow how
the graph of volume of hydrogen gos collected would vary with time for the
reactions in the 2 beckers.

Ans: veluma of morg concantrated HO, foster mockon
H, gas/em'

\hnl:wmﬂh:l HCI, shower renchon

= Hmefmin

ExamTrr T3

The mydrochloric soid in beaker A 8 twice o8 concentrated in beoker B, If thers oe x
moles of hydrochloric ocid in 50cm® of it in beaker A, then there is only 05 moles of
bydrochioric acid in 25 cm' of it in beoker B

Concentration of aced m beaker A i —%:Eﬂxmﬂ!dm‘_ bl
e

1000

Concentration of ocid i beoker B is E:ii_—;rllﬂ! mal / ém*
-— 1000
The volume of hydrogen gas collected n both experiments will be the some becouse

magnesium is the limiting reactant. Since tha mass of magnetium ribbon uvsed 5 the some,
the reaction will stop once all the magnesium ribben is used up,
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STOP AND THINK
Aguecus hydrogen peroxide decomposes to form woler and oxygen.

HO, - 2HO + O, o
Two experiments were comied oul o measure the rote of production of cxygen from ogqueous
hydrogen peroxide. .

Experiment Solufion used
1 100 em? of 1.0 mel/dm® HO,
2 300 em? of 0.2 mel/dm® H,O,

Which groph best shows the resulls obtained?

totol vol of O,
I‘vﬂn5'||-|:|-|:“:::|1
tobal vol of O

|

ExanTre T3

Agquecus hycrogen peroxide is unsteble ot room temperature ond will decompose siowly on
standing. It is clse a redox recgent that will turn oquecus acidified potessiom dichromatelVI)
from crange to green. When aqueous hydrogen peroxide is used during practicels end there
is effervescence preduced, clways test for oxygen gos using o glowing splint

[Ans: A] The grophs have to be onalysed in 2 sections - the grodient of the curve, which

gives the reaction rate, and the final volume of product cbtained Experiment 1 will hove

a faster reaction rate becouse a higher concentration of hydrogen perowide is used, Hence
the grodient of the curve will be greater. Experiment | will also have more products
formed becouse |t contomns 01 dm' « 1 mol/dm' = O mole of hydrogen peroxide. while
Experiment 2 comtoms enly 0.3 dm! = 0.2 molidm?! = 006 mole of hydrogen peroxide

{c) Pressure

! The higher the pressure, the greater the speed of readtion.

! Chenging the pressure offects reoctions invalving gases only becouse solids and liquids cre
incomprassible.

! At high pressures, the reactant porticles ore pushed closer together in @ smaller volume (fig
7). This increcses the frequency of effective collisions ond the speed of reaction increases.

Ba® |
i by v
@55l 7=

mclecules of hegh pl'lﬂ-lﬂcl
Fig 9: Molecules of gases at different pressures

Example 4: The Hober process used to manufaciure ammonia 0as uses a high pressure
of 200 otm to increcse the rote of production of ammania gos,

3H, fg) + N, fg) == 2NH, [g)

P ——

— B T = —

A e o

(%8 CamScanner
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{d) Tempercture
Lel |pcregsing the temperature increcses reachion speed.

Il When the temperature is increased, the reactant porfides obsorb heat energy and become
more enemgetic |:Fl[] 10). The frequa ncy of effoctive collisions increases and the speed of reaction

INCIeasos.

bR ~ |
(30T s - A g

patiels bownoe gt el b SEmipprerluin u-.-ll"11:n.-+ r| raca! e

| m.ff)._~ d-"ﬂ{ i

1 || W

hagh spesd colimicns o highr iemparciune mace oltan
produce o reaction

Fig 10: Behoviour of reactant parficdes of low ond high temperatures

| Applications
' Food preservofion: Low lemperotures glows down the chemicol reactions tha! couse food
to decoy.
@  Industriol manufacture: The Contoct Process use o high temperature of 450 °C lo increase
yield of sulphuric acid.

STOP AND THINK
Tha thermomater shows the temperature at the stort of the reaction in each beaker |n which
beaker is the reaction the fostest?

A B8 [ ] 2]

1 g of marile chips 19 of marble powder

if 200 e ol i 200 et of
2 molfdm® HCI 1 malddm?® HEI
i —
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ExamTre T3>

The condittons stofed {or the experiment in beoker A oilew for tThe most member of
effective collisions between the calcium corbomate ond Frydrochiorse acnd pl:|r~'r|r_|¢1:. Irr_:ﬂr_.;:.
To the foftest renction rote, The second fegtest renction well scoee in Seaker B

[Ans: A] Marble powder hos grester total surfoce area, ond the concemrration aned Tem
perature of hydrochlaric acid i3 alse the highest m A

—~ REDOX REACTIONS

‘1 DTN

lul Redox reoctions ore reactions thot involve both oxidation ond reduction.
Lol Duidetion reacticas invalwe

0 gein of caygen

@ loss of hydrogen

& loss of electrons

@ gain in ceddation number or oxidotion stote

Ll Reduciion reoctions cre the opposite of oxidation reactions. Reduction reoclions itwrbve
I loss of oxygen
@ gain of hydrogen
@ gain of alectrons
@ loss in oxidation number or owxidolion sigle.

4 Osidation and reduction reactions occur simultoneously. If one reoclont i oxidised, then the
olher recciani must be reduced,

@ loss/Gan o Oxvoest/Himio
L When o substance goins oxygen during o chemical reaction, it is cxidised. I # keses axygen,
the subsiance is reduced.
Example 1: H. (g + CuO{s) —» Cufs) + H.O (g}
H, is oxidised to H,O becouse # hos goined cxygen.
CuO is soid 1o be reduced 1o Cu because it hos lost oxygen,

Exomple 2: Fe.O,(s) + 3CO|[g) — 2Fe(s) + 3CO, (g ,
CO is oxidised 1o CO, becouse it hos goined oxygen.
Fe,0, is reduced 1o Fe becouse it hos lost onygen

“! When o substance loses hydrogen during o chemicol reaction, it is cxidised. If it gains hydrogen,
substance is reduced.

Example 3: HS(g) + Cllg) — 2HCI{g) + Sig
H.3 is cxidised lo § becouse it has lost hydrogen.
Cl, is reduced to HCl becouse # has goined hydrogen.

Example 4: Cl(g) + NH (g) — N, (g + 2HCi(g)
N.H, is oxidised 1o M, becouse it has lost hydrogen,
Cl, is reduced fo HC! becouse i# hos gained hydrogen.
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STOP AND THINK

;;ﬂ_.n ) GCT T LEVEL
hoS Chemicol Reocticns | ——— b

g N = R

The definitions using oxvgen ond hydrogen are the eosiest 1o use However, fhewr use af
imited to reactions invelving cygen ond hydrogen atoms The most versotile definition by
far is the ¢ne usmg axidation mumbers

(e TIE T T P
When o substance loses elecirons in o chemical reaction, it Is oxidised. |T il gains elecions,
the subslonce & reduced.

To use this definifion, the ionic equation must be known, Balonced fonic equations involving
electrons con be written 1o show the oxidation and reduciion processes. These ionic equations
are known oz half equations.
Example 5: Mognesium reacting with dilute hydrochloric acid
Mg (s) + 2H' ([og) —» Mg’ [ag) + H,(a)
Mg hos lost 2 electrons to form Mg®*. Mg is soid to be oxidised to Mg,
Mg — Mg’ + 2e
2H™ hos goined 2 elecirons to form H.. H* is soid to be reduced 1o H,
2H' + 2 = H,
Example 6: Cl,(g) + 28r fog) — 2CT fog) + Br, [}
2Br hos lost 2 electrons to form Br,. Br is said to be oxidised to Br,. 4
2Br — Br, + 2e
Cl, hos goined 2 electrons to form 2C1. Cl, is soid ko be reduced to Cl-.
Cl.+ & ~ 201

1

Mote from the examples 5 and & that the electrons are simply tronsferred from one reaclant
to another. If one substonce loses one eleciron, the other substonce must toke in the electron
during the reaction,

Which statement describes the cenversion of o mognesium atom, Mg, 1o o mognesium ion, Mg?' 2

A The chonge is reduction, becouse there is o gain of electrons,
B The chonge is reduction, becouse there is a loss of elecirons.
C The change is cxidation, because there is o goin of electrons.
D The chonge is oxidofion, becouse there is o loss of elecirons.
ExanTre T

All metels underge oxidation when they lse valence electrons to form stable pogitive ions,
[Ang: 5] The megnesium atom lofes 2 welence electrors o form the magnesim lon, Mg
Mg —y Mg+ 2e

By defimition. logzs of electrons iz oxidotion Mg 15 oxidised to Mg"
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(a) Assigning Oxidation Numbers or Oxidation states

Ed Owidalion numbers are assigned occording fo the rules below:

Elements howe zere csidafion number

Assume all compounds.are ionic and essign the charge the “ions’ corry os their axidation
number.

A '+' or e "' sign must be writien in front of the cxidalion number, unless it is #ro.

Qe

b=

Table 1 below lists the cwidotion sicles of elements in some common substances.

Substance l Oxidation stale

hydrogen, axygen, zing, iron 0, since all the substonces ore elemeanis

sadium chlerde, NaCl - Ma: +1 : T =] a __1
magnesiuvm lluoride, MgF, Mg: +2; F: =] '
water; H,0 M 4102

carbon dioxide, ED_I. | T O

—_——— —_— ——m——

K& +1 ;O i ke 57

potossivm mangarate(VI}, KMnO),

patassium dichremate(Vl), K.Cr,O, [ K 41;0:-2;Cr +6
| potessium iedide, KI | K 41:k-1 ;

Table 1: Oxidolion states of elements in some common subsionces

ExamTrr T3>

In determining the oxidotion stote of mongenese in potossium mer snatiel
agEsume That potassem andg 1 MWHER Ho% pcancdotion reErbhece +1 and - respectively. If we et

the owidation state of monganese be v, we con St up on egquotion where

li} 5T i - T gnt i o BEN O " n

lveng th oo i a volue of =7 i n £t PETm in
potessium dichromate(VI) con be foumd using the same meth If we let the asxidat

stote of one chromeum be r then the Enuation =

L} = =
from J pelnsoiues| fi—m ~|y » 1= T T ¥ SRR e narag of - pe nit |
ving for e 3 at i

(b) Determining Oxidation and Reduction using Oxidation Numbers

An increase in exdotion number or oxidation shale during o reaction is cxddofion. A decrease
i oxidation number or exidefion sigle is o reduction,

Example 7: 2Mg(s) + O,fg) — 2MgO [s)

Mg s oxidised os the oxidaotion stote of magnesium has increased from 0
e +4.

O, s reduced os the oxidotion state of oxygen has decreosed from 0 fo
=2,
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Example 8: Cr O, + 2A » ALD. + 20
Cr.0, it raduced as the cxidotion siate of chromium has decreased from 43
o -'-|
[ IR

2 ] ! - = e a
Al iz oxidised os fthe cxidation stote of oluminium hos increased fram O o

—~ pR—_
Exam TIF & K
J Mote that xemple 8, the defirt sir en can also be used, C ¢ reduced té
- e : + hot [oat ST : widiot T sediaction s St pugly. this
I maans that Al must b figed 1o A ning oaygen
]
STOP AND THINK
Which underlined substonce is reduced?
A A + CI = AgCl C H; 5 2H' + 2e
B € + CO, » 200 D Ny + 3H, — 2NH,
Exam e & g
- hamiral senetiare o widatian and reduction. Deactien A . e e
coction becouse the omidation numbe hoth Ag crnd €1 have mot changed ofter the
tier Tn reoctlon B & widiend F s med axygen 1o Fore el
'\' |11k b ey W CCERE %t has s+ electrons to form
Ans In reacticr the os f gtete of nitregen has decreosed from | AR
n NH,)L N, 5 reduced to NF

@
(a) Defining Oxidising and Reducing Agents

Chidising ogents are substances thot help cxidotion take place. In the process, they become
reduced. Similorly, reducing ogents ore substonces that help reduction toke place, In the process,
they become oxidisad.

Example 9: Cu5 + 4H.O, - Cu50, + 4HO

Cul Is ocdised fo CuSO, as it has goined cxpgen, and H.O. is reduced
| to H.O because @t hos lost oxygen.

Since H O, couses CuS to become oxidised (by losing cxygen 1o i), it is the

oxicising agent. On the other hand, Cu$5 is the reducing ogent since it causes

H.'D.' to become reduced (by removing owygen from i,

Example 10: 2F? + Cl, o 2Fe™ + 2CI

Fe'* is oxidised to Fe®* since the cxidation number of iran has increasad fram
+2 to +3. It is thus the reducing agen! lor the. reaction.

Cl, is reduced to Cl since the oxidetion number of chlorine has decreasad
from 0 to =1, It s thus the oxidising ogent for the reaclion
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STOP AND THINK

The reoction botwoen bromine ond iodide ions is shown in the equation, What hoppars during
this rooction?

Br, + 2 = 28 + |,
Bromine molecules ore ‘the oxidising agen.
Bromine moleculos ore oxidised in bromide ions. '
lodide ions ore reduced to iodine molecules
lodide fons gain elecirons.

Exam Tre T o=

Lo B -

The axidation state of lodme has increased from <1 (m ©) te 0 (m 1 o the wodide ons
hiove been oxidised to iodine molecules and we coll the wdide ions the reducing dgent far
the resction

[Anz: A] The exiootron number of bromine has decreased from O (m Be) 1o -1 (n i)

so Br, molecules are reduced to Br jong, Br, molecules ore olso the oxidising agent for
the resction

(b) Use of Aqueous Potassium lodide to Test for Oxidising Agents
L Agqueous potassivm iodide, KI, is o reducing egenl. Il conlains iodide ions that are sosily
oxidised %o iodine molecules:

21 - I, 4 Ze
colourless reddish brown

When aquecus pofassium jodide reocts with on oxidising ogent, it will furn from colowrdess
to reddish brown.

ExamTre T

Todine iz net very sclible in water. If ewcess iodine 12 present in solutien: & wil appesr
% bloce precipitale i o reddish brown solution on shonding

= S

[€) Use of Acidified Potassium Dichromate(VI) fo Test for Reducing Agents
= Acidified potossium dichromate(Vl] solution, K,Cr,O,, is an cxidising agent. It contoins Cr,O?
ions thot are eosily reduced to Cr' ions.
CLO> -+ G :
ﬂl'ﬂl"lglz g'l"m

When ocidified potossium dichromote(Vl) soluion reccts with reducing ogent, it will tum from
orgnge o grean,

‘il Suphur dioxide, 5O, is o reducing ogent ond ifs presence is detected by the use of acidified
polassivm dichromote{Vl) solution.

ExamTre T 5

Acidified potassium manganote(VII), KMnO,, con be used m ploce of ocidified potessium
hichromate(VD) £ o test for reducing ogents It comtoins monganate(VII) jone thet are
reduced o menganese(Il) iens dioring o redox rescteon

MnO, —p Mn*
_ purpde coioisrieds
The purpie manganate(VII) ions are decolowrised, ie they turn frem purple 1o colourless

CamScanner
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STOP AND THINK

Solution X fums ceidified potassivm dichromote(Vl) from oronge to green. What must solution

¥ condning?

A An olkali C  An oxidising ogent

B An aommonium salt D A reducing agent
‘ Exan Tre T 9=
' bl widising oo¢ - tooether, | i il B 0 i i Hation of

i ron Mt Similtaneous Thig 1 ! s i
g

l A C : Tian I I contamn aCHm e
I

= EMNERGY CHANGES

Whan chemical reactions foke place, energy is either taken in or given out from the surroundings
in the form of heot andfor light. We describe reoctions os either excthermic or endothermic,
depending on whether energy s obsorbed or given out.

@

An excthermic reaction is cne during which hec! is given out, cousing o temperalure rise

in the surroundings.

Examples

*  ‘When sodium corbonale is dissolved in o beaker of water, the femperoture of the soluticn
rises from 28°C 1o 40 °C

*  ‘When methane is burnl, heat energy is evolved and the temperature of the surroundings

I rises.

*  Whan ocids mact with clkalis, neutralisotion fokes ploce wilh the evolution of heal, The
temperature of the solution formed rises.

! An endothermic reaction is ong where hegot i token in, cousing o temperature drop in the
SUrrouUngings,

Examples

When ammenium chlaride is dissolved in o beoker of water, the ternpercture of the solution
drops from ZB°C to 22 °C.

Heol energy must be supplied during the thermal decomposition of colzcium carbonate.

Light energy must be absorbed before photosynthesis by plants con toke ploce.

I —
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STOP AND THINK
Which of the following stotements obout endothermic reactions are correct?
|. Energy is relecsed fo the surrcundings.
2, Energy is absorbed from the surmoundings.
3. Tha temperature of. the surroundings rises.
4. The temperoture of the surroundings folls. |
A 1 ond 2 C )ond4 i
B 2and 3 D 2ond 4
|
Exam Tre T 3™
When trving to decide if a reaction is exothermic or endothermic, olwoys SHEEEEE The I
fempernture change in the surroundings. I¥ ¢ reaction i3 exothermc, heot H-.‘ wmill be
geven out to the surrcundings ond the surrounding temperature will mue whils fhe Setol
energy content of the reactants will drop. Similarly, if o recchion |1 encotharmee et
energy will be absorbed from the surroundings cnd couse the surround g e
drop, while the total ehergy cenfent of The reactonts will rise
[Ans= D] Sence heal 5 obsorbed from the surroundings, the Tempercture of tha
inge will Fall
.
I
": Ay 1
i.] Energy level diogroms [Fig 11 and 12} con be drown to show the changes in wﬂ
of the reactonts ond products involved in reactions. Enthalpy volues or H voluss e wsed

in energy diograms.
Heiw ™ ftotol energy content of the reactonts |

; TR = tolal energy content of the products
AH = chonge in energy during reaction = H - H

B |
anengyid & |
Flasewns ] reactarts
MHeH __  -H_.. = negative
-Wr!hmmlnfmiyg.'\mnnul
to the suroundings
H -1 SR, R 1
s products

o progress of moction

Fig 11: Energy level diogram for excthermic reschions

11} For excthermic reactions, the enthalpy change is negative, Le. AH = negative, This amount
of energy is given out to the surroundings during reschion.
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i produds

AH =H . = Ho . = posiltive

AH is fha omount of ensngy absarbed

from ihe sumaindings

r e
H i QOGN
= prograss of reaction

Fig 12: Energy level dicgram for endothermic reoctions

For endcthermic reactions, the entholpy change is positive, i.e. AH = positive. This amount
of energy is obsorbed from the suroundings during reaction

In @ chemical reaction, bonds between reactonts must be broken so that the otoms con rearrange
themselves to form producis. Heat energy must be token in by the recctants for bend bregking.
Hence, bond brecking must be endothermic.

Example: H-H - H +H

Energy is needed to breck the covalent bond between the twa hydragen afoms
in the hydrogen molaculs.

After oll the bonds in the recciants are broken, the otoms will form new bonds to give the
products of the reaction, Heat energy will be relecsed when these new bonds are formed.
Bond moking is thus exothermic.

Example: O = O = 0O=0 AH = negafive
Energy Is released when the two cxygen ctoms form o double covalent bond,

AR = positive

511:F’ llblt'.Tiilr*'( EF“;JJT}' I::ha

Which process i endothermic? —

A The formation of ¢ hydrogen-chlerine bend. kil i it Feobhopeg
| v e |_| N .”.-...._ i

B The formotion of rust. Siord

C  The fcrmofion of woter from ice. Ang. CF Heal energy mus

D The formation of water from oxygen ond hydrogen. be supphied to melt the ice

STOP AND THINK
Three equafions ore given,
Equetion 1 : H, = 2H S IETRY
Equation 2 : 2H + O -+ H,O b Il:_l__
Eguotion 3 : HCl = H + ¢ sygen atoms will form wat
Which equations reprasent endothermic processes? e | B = H
1 ond 2 ie 1 Heot shercy st ke
| and 2 fupplied reak- fhi ovalent
2 and 3 bonds in H gnd H - ¢
3 only

ExamTr T o=

on@erE
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~ SAMPLE QUESTIONS ;

. Three somples of colcium corbonote are placed in flosks for on invesfigation.
in flask E is 5 g of colcdlum corbonate — lorge lumps.
in flask F is 5 g of colcium corbonate - medium sized lumps.
in flask G is 5 g of colclum corbongte - small lumps.
The some volume, cn excess, of dilute hydrochloric ocid s odded 1o eoch flask. The flasks are

ploced on three elecironic bolonces. A doto logger is vsed fo pict the loss of moss of theflasks
and their contents agoinst fime. The results ore shown bDelow.

flasks and contanis
I
elecironic balances
|

L‘“TLl —
loss in mass mig
i
0.2
0.4
0.8
0.8 E
1.0
1.2
1.4

F
1.6
1.8
2.0 G
22
0 20 40 80 B0 100 120 140 180 180
time s

e i) Why do the three flosks and their contents lose moss?
{il How deo the rotes of reaction change with fime?
(b) In which flask is the reaction fostest of time 1 = 20 52
[e) {l Afer how long does the reaction in flask G stop?
(i} Why does this reaction stop?
[d) (] Sketch on the figure the curve you weuld expect if 5 g of powdered colcium carbonate is
uvsed instead of 5 g of lumps of calcium corbongte. Lobel this curve H.

(i} Use the porficle theory fo exploin why the size of the lumps of colcium corbonate offects
the rofe of reaction,

(o) Whot name is given fo o reaction in which heot is given out?

(%8 CamScanner
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2 The metal lithium reacts with oir and waler.
o] Suggest how lithium should be stored.
(b) A student reccted kfhium with water vsing the opporctus as shown.

- 100 cm? graduated giass tube

:,‘ =] copper wire support

[Ethiur —

The student meosured the volume of gas of infervals of 30 seconds. The resulls are shown below,

fime / s o ] 30| 0 | %0 [120]150

volume / e | ] 40 &0 74 86 o)
Plot o graph of these resulls on the grid below, Use the verfical axis fo plot volume.
f T TR
! I a I 1 - T T 1
| Lask | : - -
W +
HHHHH . :
List 1 i
1 i 1 - T T
- Il |
. - :
] i |
_|_. - = 1 1
L ' | ! L
1 l:i 1 ; 33315 =
! "“:-: '1 ‘;'i I'.i' ‘- i1 T Eaam f.‘:

[c) Tick o box to show when the rate of reaction was greatest.

of ime / 5 5 | 35 | 85 | 95 | 125

| greatest rote of reaction |

{d) How con the student find the fime foken for the reaction to stop?

le] The temperature of the water increased during fhe reachion. How would you clossify the reacion?

8 (1 MNome the cos liberoted in this reaction.

: i} Deseribe o lest to confirm the presence of this gas.

(g) () Universal indicator is odded ta the solution in the trough ot the end of the experdment, What
colour will you see?

(il What ions, present in this solution, cause this change?
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3. Three of the reoctions below involve both oxidation and reduction. Tick these in the oppropriate S

box.

f5]

: - (Cey L 'O UV =,
Mo5 Chemical Repotions snneroefC bty KT« POTS

e o=z = —

CaCO, (s

N, g} + 3H,(g)

£nts) + Cu** og)

NH,Cl (5]

Sl + Oy lg)

H,0 )

2MoOH (og) + CuSO, {oq)

el (5] + CO, (gl

4MH, (g)

It [og) + Culs)

HHJ llgﬂ 4+ HCI !,g]

0, (g}

H,0 (g)

CulOH), s} + No,SO, (o)

BT TO T S A

gogooon

Owidotion can be describad o removal of electrans.

Look of the reactions below and state whether the substance underlined has been cxidised, reduced
of hos been neither cxidised nor reduced.

) 2K(s) + Brjlg) — 2K*Br(s)

i) 2P (s] + 3Mg™ (8 — IMg™ (s) + 24l 5}

i) H* (og) + OH- foq) — H,O()

When magnesium metal is added 1o o solution of lead(ll) nitrate o redox reaction fokes ploce.
Grey crystols of lecd and o colouress solufion confoining magnesium ions are formed.

(il Writa the simplest jonic equation for the redox resction,

{i1 What is the oxidising ogent in the reoction?
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SOLUTIONS AND EXPLANATIONS
|. {e} {ii The reaction between calcium carbonate and dilute hydrochleric acid produces corbon dioxide
gos, which escopes injo the surroundings.
] il The reaction rate is the fostest of the beginning. As the reaction proceeds, the reaction rote
I decracses until the recction stops.
b (&) Flosk G
] {c) (i} The reaction s'ops ofter 130 seconds
i} All the colcium carbancte has been used up.
e i Iass in mass m'g
)
0.2
0.4
08
0.8
140
12
1.4
18
1.8
20 o
2 E L& |
0 20 40 &0 80 100 120 140 160 180
tima U's
(i} With smaller lumps of colcium carbonate, the total surfoce area ingreases, ollowing for more
effective collisions between the colcium carbonote and the hydrochloric acid molecules to
occur, This increcses the speed of recclion.
{2} Exothermic reacfion.
Exam Tor I-‘:?“’
When o grapn 1§ goen, Phe student i expected to exiroct doba from it to ocndwer the
guestions that rollow. Hence 1t 5 mot sufficient for The student o grve on answer o (ali)
W spéed of redction decrenses. The student 5 expected fo ¢ The graph into seclions
Ml ek pan £ changes in {48 1 ]
2. lo) Lithium con ba stored under oil.
{b} volumefeny
[ ]
G T L 7 - -
! 1 ! X ] i
i 1 ¥ T -
) e eeasaEsgie - :
I fra] ; ! T
) aas assanms: '
2=
| semzan :
20 -
1 ‘._1
0 . J S
30 &0 # 10 150
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ot fime / 3 5 |35 | 65| 95 |125| '

greciest rate of reoction v | | | |

|
The fime token for the reaction to stop is the time peried from the stard of the experiment to
fha fime when there is no more effervescence and tha valume of hydrogen gos collected remains q
constant, E g

Excthermic reochion.

(il Hydrogen gos

() It will couse o lighted splint fo exinguish with o pop sound.
il A blye solution will be formed.

(i} Hydroxide fons.

Fra N S_—
XA FIP b

LT T D - ———
awrm s FedFive et clongs to Group I in the Peri | T cpmsty mith

1 praduce 1 R K I 1 |

_} !

3 A TEE Fig] - M-

| ich | | ]

CeC2, (s -+ CaOfs) + CO,lal ]
N, (g} + 3H,(g) - 2NH, {g} Cd
Znis) + Cu** [og) =+ In"™ [og) + Culs) ]
NH.CH ) ~  NH, [g) + HCl(g) i1
Sis) + O, 1g) - 50.{g L]
H.O ) -+ H,0[g) B
2NoOH (og) + CusO, (eq) —+  CulOH), (s) + Ne,30, {og) [
ExamTre T
Y TJF
| I i LJ
I U ] 1
- - .
) Cxidised |'::'- i T jll-:._.-l‘""

[ii] Reduced

{iii) Meither i el B e it )
0 Mg + Pb* = Mg + Pb Al: it is reduce  is no chang
(i} PE? is the cxidising ogent. state for W i (). hence no redex
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TOPIC 6 ACIDS, | BASES_ANQ SALTS

LEARNING OBJECTIVES

Condidofes should be ohle 1o
6.1 Characteristic Properties of Acids and Bases

2

HE X

e E BH

=

describe the meanings of the ferms ocid and alkali in terms of the ions they contain or produce
in ogueous solution ond their effects on Universal Indicotor paper

describe how fo test hydrogen ion concentration and hence relative ocidity using Universal
indicator paper ond the pH scake

describe the chorocteristic properties of acids s in reacts with metals, boses and carbonates

describe the imporance of controlling the pH in soils ond how excess ocidity con be trectad
using calcvm hydroxide

describe the choracteristic properties of bases os in reactions with ocids and with ammonium
solfs

clossify oxides os ocidic, bosic or amphoteric, bosed on mesallic/non-metallic charocter

.2 Prnpuruthn of Salts

describe the techniques used in the preparation, separahion and puriticofion of solts os examples
of some of the techniques specified in section 1.2 - methods for preperofion should include
precipitaion ond tilrofion, fogether with reoctions of acids with metals, insaluble boses ond
insolubla corbonates

swggest ¢ method of preparing o given solt from suitoble starting materials, given oppropriate
information :

USEFUL WEBSITES

LUooogboono

kit :.-"fmvw.:'j'uzmisfry.cn-nz,’ucids_nnd_bnsas-hhn
hitp:/fwwe.quia.com/dirfchem/

. h“‘P:ff%w.chemdiids.:r:rm.-"iiles.-’ren:l_u cidbase.html

g/ e krysstal.com/ocidbase. himi

http://wwe.blc.co.uk/scotland/educationy bitesize/standard/chemisiry/acids/index.shiml
hitp:/f wew.sciencebyjones.com/acids_bases_solts.htm
hitp:/www.school-for-champians. com/science/chemsalts. him

httpe/fwww.angelo. edufoculty/kboudrea/demas. htm
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OVERVIEW OF THE TOPIC

— key oregs

&1

CHARACTERISTIC
PROPERTIES OF
ACIDS AND
BASES

B Acos

* Produdtion of H® ions

}

| = Physical properties of odids

| = Reaclion of acids with metals

—_—

» Recdion of ocids with boses

» Beodicn of ocids with corbonoies

m—

| = Bases and alkalis

|
i * Physical propedies of alkalis
|

* Reociicn of bazas with ammonium salfs

| . pH scole

¢ Fifact of acds ond olkehis on umiversal

indicator poper

* Conlral of pH in agrculture

8 Ouoss

» Classification of addes

g.2

PREPARATION QF
SALTS

i

& Sclubility Rules

8 Prersranon ce
IrsolUmE Saite

* Precipifalion

B Prerssancn ce
SowuBiE SaTs

E: » Action of add on an i‘-‘:d.ubfe
| metal/bosefcorboncie

| » Titration
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= CHARACTERISTIC PROPERTIES OF ACIDS AND BASES
@

(@) Production of H* lons

Acids are substances that will dissalve in water and undergo ionisation fo form I_'lrdrm;lﬂn
ions. The table below shows some commen acids found in the loboralory and the ions they

coniain.
| Name of Acid lons present
Hydl"ﬂ{H{?nﬂ acid, HCI H‘ el 5=
Sulphuric acid, H, SD I" SD 4 T
Mitric ocid, HNO, I" ND

Ethaneic oeid, CH,COOH T" .+ CH, CDU

Toble 1: Common Acids

| The properties ond reoctions of on ocid are due to the presence of hydrogen ions, H”. Acids
hove ocidic properies only when they ore dissolved in wuter.

ExamTrr T2

Mote that HE| in gosecies ferm i called hydrogen chloride. If it i5 dissolved in warer, 17
will enderge iondsation to form o solution colled hydrochloric ecid

(b) Physical Properties of Acids

| Acids hove o sour teste. For example, vineger ond lemon are bath sour because they contain
ethonoic ecid and citic acid respectively,

! Acids chonge the colour of indicators. For example, blue litmus poper tums red when dipped
in ocid.

Acids have pH values less than 7.

(¢) Reaction of Acids with Metals
L. Acids react with metals obove hydrogen in the reoctivity series to give solis ond hydrogen

ges.
Exomple 1: Hydrochlorc ocid + mognesivm — mognesium chloride + hydrogen gos
2HC! [aq) + Mg (s) = MgCL foq) + H, (g)

2
1=,_..;;r
1 We con lest for hydrogen gos ysing o lighted splint. The
flome extinguishes with o ‘pop’ sound. Iag]h'la:l wonchen
skl

Exam T"' _.E..f

he metal reactivity series Hits metold occording
The mire reactive metols ore ploced

gt the top of the lst, while fhe less peactive metals

their reschnfity

_j

s L— ocidic sakution

ore piatec nesr the bottom of the LIt Hyorogen (o

nen-metal) M hgerted inte the st a5 @ referenne pomd mizlad
metals above hydrogen will react with dilute aewds T

produce Wycrogen, while metals below ydrogen il not

{See topic B)
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(d) Reaction of Acids with Bases -
L.} Acids react with basas i give salts and water only, Bases are usuclly metol axides or metul
hydroxides.

Example 2: Acid with Meiol Ouxide
Hydrochleric acid + zinc oxide — zinc chloride + waler
2HCl [og] + ZnOfs) — ZnCl, + H,O

Example 3: Acid with Metol Hydroxide
Hydrochloric ocid + sodium hydroxide —» sodium chloride + water
HCl {og) + NoOH fog) —» NoCllegql + H,O [og)

[ This reacticn is also called neuvtralzation.

{e) Reaction of Acids with Carbonates

[} Acids reoct with corbonotes to ghve salls, carbon dioxide gos and waler.
Example &: Colcum caorbonate + hydrochlonc ecid
—+ caoldum chloride + carbon dioxide + woler

CoCO, s} + 2HCl{oq) —» CaCl, [og) + CO, (g) + HO

L We con test for corbon dioxide gos
using limewoter (colcium hydroxide
solufion). Corbon dicxide couses the
limewater to turn challky,

dedrvery luba

STOP AND THINK
Dilute hydrochlordc acd, dilute nitic ccid ond dikde sulphudc agid all reoct with

A oqueous barum chloride to give o precipicie. "
B copper to gve hydrogen.

C  ogueous silver nitrate do give o precipilote.
D ogqueows sodium carbonate o give corbon dicxide. {
E oqueous sodium hydroxide to give hydrogen.

ExamTrr L3>

In A, only sulphuric acid will react weth borwom chlemde fo0 gve o white precipitote of
barium chioride. In B, copper 5 below hydrogen in The reactivity series, and 50 will not
react with any of the three acids to give hydrogen ges In C, hydrechloric acid is the only
aoid tagt Wlli react with 5i|'ﬁ'|"|‘ mrrate Ta ;l||-,|-¢ a 'hﬂ't ;"'l,":.'l'_u Tane :f I-;“'._-‘-_r— I:h!f_\.rhd: B 15
wrofg DECOUSE acids will resci with bases to give sat ond water anly

[Ans:D] All three ocids will recct with sodium cerbenate To give corbon dioxide gas ond
water, The salts formed ore sodium chioride (with kydrochloric acid), sodivm nifrate (wath
RITEIC aced) i:I'I:I.- sodnn E‘AFHII'.'!' it Eu:p"uru' fatal]n]

e —— S .
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STOP AND THINK
[ Dilute sulphuric ocd reocts with copper(ll] cxide and with copper(ll) r_ull_-u:ﬁcrh In which ways
] tre *h-::s-e twar reactions aliked
A A gos is produced. r"' |
B An insoluble salt.is precipitated. /
C  Sulphuric acid meacts 0s on oxidising ogent. I."'l
B Watar iz o0 produd
Exam T L5
Acid-base and id-carnoiale regctiong ore notf redox reactiongs. T the quesTion "\-'\-'.,r'
there 13 ho change in oxidation state for afy of the elements invalved i both reaction:
[Ans: D] Dilute sulphuric ocid reccts with ceoperID) oxide 1o form LAY _:_:.ra-rufTT
gulphate ond water, When it reccts with copper(TT) corbonote, agueois copper({1T) sulphate
carban diexide and water are formed
@ !

(o) Buses and Alkalis

A bose is o substonce that reacs with on acid to give o solt and water only,
Example 5: Hydrochloric ocid + sodium hydroxide -3 sodium chloride + water
Hlllog) + NeOH (ag) — MNell[agq) + H.O [eq)

-1 Boses ore usually metal oxides or metol hydroxides. Many bases ore inscluble in waler. Boses
that con dissclve in water form solufions colled alkalis. Toble 2 below lists some commoa
boases and alkolis.

Insoluble bases Soluble bases
v Nome _| _I"-:.'umul'-:: Nome | Fomuda .
magnesivm oxde | MgQ sodivmm F1;|rdr:uxic!e MalOH 1'
copper(ll} oxide ' CuO caldum hydroxide - CafCH],
ead(ll) oxide 2 | I-‘Lrl:.‘- cemaniui hydroxide | _NH_I‘.',.'IH
for cqueous ammonia)

Table 2: Cormmon bases and alkalis

ol Hydroxide ions, O, ome produced when bases disselve in waler to fonm afkalis.
Example &: Sodium hydrovide, NaOH
NoOH (og) — MNo* [og) + OH [ag)

4 The gbility of alkolis to neutrolise ocids i due to the presence of thase hydroxide ions.
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STOP AND THINK

What is the ionic equotion for the neutrolisafion of cquecus sodium hydreside with dilute nitric
ocid?

A H' + OH = HO D Ne* + HMO, - NaNO, + H*

B HNO, + OH —» H,0"+ NO, E NeOH + H' - No® + HO

C Na' + NQ,; — NeNO,

ExanTir T

SR 2 — e — S —
Students must be oble fo recogmse the ionic eguation: H + OH — 4.0 for ati-all
neutralisatien
[Ans: AD The ionic equation shows only the ient involved in the reaction Tn nestrglsaton.

water it formed from the H' ione that are resporsible for acidic renctioss el e O
icns that are responsible for alkal reactions

(b) Physical Properties of Alkalis
Lt Alkalis feel slippery.
Lol Edible clkalis hove o bitter foste.

el Alkolis change the colour of indicaters, For example, red ltmus poper will fum blue when
dipped inlo en olkalire sclution,

I The pH of alkaline solutions is grecter than 7.

() Reaction of Bases with Ammonium Salts

ol Alkalis recct with ommonium salts to produce saolts, ommonia gos and water,

Example 7: Sodium hydroxide + ammonium chloride
-+ sodium chloside + ommonia + waler

NoOH fag) + NH,Cl{sg) — NaClfeg) + NH,fg) + HO{

“+ The ammeonio gos evolved is pungent, colourdess

ond turns domp red lilmus poper blve. I A I'”“m-'_"“'__ — ]-’\

STOP AND THINK
A sample of smmanium sulphate is warmed with squecus
sodium hydroxide. The gos produced il omumenham salf

A ignites with a ‘pop’. b
B relights o glowing splint, |

C  tums domp red litmus paper blue. — ——
O turns limewcter clowdy.

Exam Tre T =

Students must differentiote between the ammeniom ion fest cnd the mitrote o

‘_f(_- alkalng walution

In beth
Tests, ommonia gad 1F produced, However, in the ammoniem o fect only oguoous sodium
hydroxide is added before warming the mitrate test re juires ene to add sodium hydroxide
AND alumenium feil before worming 1o grve ammaonia gas
[Ang: ] Ammonium salts react with alkelis on warmRing To produce ammonia gas. Amanonia
qas i an alkaline gas that will turn damp red litmue paper hiuve

‘wh-.

e ——— — = SRS TR

CamScanner
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(@) pH Scale
(i) pH measures how ocidic or how slkaline o solution in watler is. |t s a meosure of the
concentration of H* ions present in the soluficn.

:,H| Y o 3 4 & aOny R T Wig W
Arulic wiutions hoee phl : Allofne anlulicns hone
tu:. thae 7 /.f m’i":ﬁ;k i mora than

(.} The pH scole ronges from 0 o 14,

(L1 A pH volue of 7 indicotes thot the solufion is neutral, i.e. the number of H' and OH' ions
in the solution ore the same.

L1 A pH volue of less thon 7 indicates that the selution is ccidic. The sclution has o greater
concentrafion of H* ions thon OH ions.
A pH value of more than 7 indicotes that the solufion is alkaline. The solution hos o lower
conceniration of H* ions than OH fons.

Exam Tre T

An aquesus selution will diwaye have both H' end OH ions present irregordless of its pH
sajue. This 8 becouse woter itself widergoes ionisghion o give #° and CH

m——— L m————

(b) Effect of Acids and Alkalis on Universal Indicator paper
(1] We can use Universal Indicator 1o measure the pH of o solution. Fig 1 below shows the
colour chonge in the Universal Indicator with pH.

H[BT1LI 234156 7]l gli0/1112713][%4]

—

red orange yellow T ngr;- blue blue vialet
green

Fig 1: Colour chonge in Universal Indicotor with pH

(1] The Universal Indicator is mol very accurate in determining the pH of o solufion. |t is also
not possible to measure the pH of coloured solufions becouse the colour changs in the indicator
cannol be seen. For accurole mecsurements, @ pH meter is vsed.

ExauTre T 5=

When we meosure pH, we are measuring the concentration of He lons in aguecus soiufion
It iz not possible 1o meature the pH of an inscluble substonce

STOP AND THINK
The colour of Universal Indicater in soch of the four solufions is shown in the toble. Which
solution is likely to be on ocid of pH 2-32

Salution Colour of Universol Indicator
A blve
B green
C rad
D violet

%83 CamScanner
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The Feze of |..'|:'J!'§ W g !"I’:;r:'l:' galitione af oM for the wuniverssl indicater TaEros o Tes

——m = ——— = e — — E—

the ronbow colours FEi IRGE vk oy GrEER.  DINE [[gdntTa]a andd wiale b -_'_|-;'|:'I i 7
ineuiral) fo be green, colowrs to the left of green in the ronbow indicote ccidic solutions.
whike colours fo the rgnt EMocale ciEanne flals k-

[Ars ] Seolution B*has pH 7, while sokitions A end D ore cflaling, |e. theis pH 15 oreoter

thon T

{¢) Contrel of pH in agriculiure

Ll Mest plonis need o soil pH of 6.5 16 7.5 fo grow well. i the ground i too acidic, sloked
fime [solid colcium hydroside] can be odded %o neutrolise the ooid. This process is colled
liming tha sail.

| Sloked lime is chosen becouse
@ I is cheap ond eosily availoble.
@ Sloked lime & sporingly soluble in weter. Once the ocid is neulrolised, the excess bose
will remain as solid in the soil, It will not dissolve in water to moks the soil oo alkoline.

Exam T T3

—— _— —_— = — - |
e Soll e ol Bd BEl ol oroe

H her t5ible ameegls Tk U 6 ReEutr =Ll o @M orhan !
Imie T QCIRIT £ [lime

STOP AND THINK

in an occident of o foctory, some nifric ocid was spilt. Which subsionce, when odded in ex- J
cess, would: neutrolise the ocid without leaving on olkoline solution?

A oguecus ommonic C caleium corbenote
8 ogqueous sodium hydroxide D water

ExamTr ..fr_.'i""' : o |

Hoth ogueous ommorsa and aguesus sodium Fydrosxide or sy Mt will neutralise nifr
I Howewer, the pérson spraying the selotion (cg sodum Fedroxics solution} will net
1 I

aniow when chough alkali hos been odded 4o neutrolise the ecid since The o jucte af

REUTrANSAT 0N appard oF alourleas galution {gedien mitrote end water] Fucess sikall will

iige The grownd T lkalin .
AR ] {F 1 ngeluble In water, When e | utralise
1§ e pi [ ! In g i ot | i £ ALY

{o) Classification of oxides

Cides are formed when substances burn in oxygen gos. Oxides hove ocidic, basic or amphoteric |
choractes, depending on which type of cxide they belong to. |
| Teble 3 lisis 3 types of oxdes.



https://v3.camscanner.com/user/download

T 108 "ﬁ |
No.b Acids, Bases And Saits | cof KT =PORATS
Type of Oxides Examples
Adidic oxide nifrogen dicxide, MO,

sulphur dicxide, 50, .
coton doxide, CO,

Basic onide sodium oxide, Na,O
magnesium oxde, Mgl

calgum cxide,

Am photeric oxide zinc axide, ZnO
- aluminium oxide, AL O,

leadlll) exide, PHO

Table 3: Types of cwides

(b) Properties of different types of oxides
Acidic oxides are usuolly oxides of non-metals. They form acids when dissolved in woler
Exomple 8: Corbon dicside + woter —» corbonic ocid
CO, + HO = HCO,

Exam Trr T 7=

Metural raln has e pH slightly lawer than 7. Carbon dioxide in the air will disselve in
rainwater to produce o weakly ccidic solution of carbonic acid,

— e e -

[1) Basic oxides ore oxides of metols, They reoct with acids fo produce salt and woter only.
Example 9. Copperll) oxide + sulphuric ccid — coppedl] sulphote + water
CuO + HSO, - G50, + HO
Meutralisation fokes ploce. Baosic oxides thot dissolve in water form solutions
colled alkelis.

L Some axides of metols behave os ocidic or basic oxides. Whaen they reoct with ocids, they
behave as bosic oxides; when they react with alkalis, they behave os ocidic cxides. These
oxides ore known as omphoteric oxides.

Example 10:Aluminium oxide + hydrochloric ecid — oluminium chloride + waler
ALO, + &HCl — 2AICL + HO
In this cose. aluminium oxide is acting o3 o bose.
Aluminium oxide + sodium hydroxide — sodium oluminate + woler
In this cose, aluminium cside is ocfing os an ocid.

Exam Tie T 5=

There i5 a Tourth class of oxides called neutral oxides, They de nof disgelve i waler To
form ccids mor do they resct with boses to form solts. Exomples of such oxides are
carbon momoxide end water

STOP AND THINK
Which element forms on ocidic oxide?

A oluminium C phosphorus
B mognesiuvm D sodiwm
e zuiz
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Exam T T

As o general rule, metals form bowc oxidets, except for ohemimum, lead ond 2inc. which
farm omphoteric caddes,

[Ans: ] Generally, non-metals combine with oxygen 1o form otidic gumides. The oxide of
phosphorug is acidic ond will dissclve in wetér to form oh ocidic sohrtion

=~ PREPARATION OF SALTS

1.l The method chosen to prepore o solt depends on s selubility,

Ll Teble 4 below lists the solubilifies of some closses of compounds. Note that ol sodiem,
polassium, emmonium ond nifrate compounds are soluble.

Solubility of Compounds Solubility

Pl All insoluble except for carbonates of sedium, potassium and

ammonium
Ouides Al insoluble except for oxides of sodium, potossium and

caleium
Al soluble except for sulphates of coldum (sparingly seluble),

Sulphates lecd, barium and silver

Chiorides All soluble except for chlorides of silver and lead
All insoluble except for hydroxides of sodium, potossium,

Hydroxicles ammaonium, colcium (sparingly scluble] o+ i mognesium frery
sporingly soluble)

Toble 4: Solubility of sals

‘il The selection of salt preperation method is summarised in Fig 2 below Precipitation is coried
eut if on insoluble salt is required. If o soluble solt is needed, it is prepared by either the
action of on odd on o metcl/metal oxide/corbonate or by fitration.

Soit

e
Insaluble Solubile ¥ sodiuy, pokosium
l '\\u:‘-:im:imﬂ
Fracipitation Targman
[o.g. PbCL, FBEO0,, fo.g. Mo, IS0, NH,C)
Ca30y, AgT)
Action of acid on metal oside

Action of ocd on metol corbonoie
Adtion of acid an meto! {not for Cu-sol)

(o.9. CuSO,, MCl, CoiNOJ)
Fig 2: Selecting the corect preporafion method
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1) The preporcfion of lead(ll) iodide is used to illustrate the procedure.

srer @ Choose 2 starfing solutions. One must
salt, the cther must contain the negofive i

out the salt.

PBINO.), (oq) + 2Nol {og) = Pbl, (s} + 2MNaMNQ, (og)
sep @ Filter and wash the pracipitote with distilled water. Dry befween pieces of filer

poper.

The ionic equation for this recction is Pb* fog) + 21" {og) —» Pbi, (s)

L) Orher sclls prepored using precipi-

tation include silver chioride, berium
sulphate ond lead chloride.

Exam T T2

The reactants invelved In a pre
cipituton reection must be m
golution Tortm DECOUSE THE MBhs
mugt be chlie o move and in
teraet with one emother when
the reoctanis are mixed To
gether, When the iong in the
insoluble salt encoumter each
other, they will afirect ench
aother to form o folid that will
dink To the bottom of the com
toimer and be collected o the
precipriate

Ta ensure that the reactants chosen are sohible in woter, tne cosiest choice 15 To pelect
sadivm ond nitrate compounds which ore afl soluble. For exomple, if sihgearhloride 15 the
salt reguired, then we ran choose te mix sodium chloride solution and gilver nitrate solution
together to form the ealt, If barium sulphate is peeded, then borym mtrate sokiton anid

sodium sulphate sohutioh can be used

STOP AND THINK

Leod{ll} sulphate is insoluble in water, What should be odded to dilute sulphuric ocid to pre-

pare leadill}) sulphate?

A
B
<
0
E

lead metel

powdered lead(ll) carbonate
powdered leod{ll) chioride
agueous lead(ll] nitrote
powdered lead(ll] cxide

Exam Tre 357

Lead fead{II) corbonate and |ead{TT) oxide cormot be used fo prepore lead(II) sulphote
becouse they ore cll insoluble in water, When sulphuric acid s added To omy one of these

solid renciants, The reachion wil stcp onle
lead({IT) sulphete, leoding fo very poor yelds of the salf

[ Arss EJ} Soltd |leacd{1TY -;_-Jii_-.i-m're_ ond npiteic acid will be produced m Thes ceaction

-
i 14 ==
AW } Kfd=
contain the positive ion of the insaluble
on. Mix the solutions to precipitale
Na® joo)
and NO, {oq]
ore speIaior
N
--r
-
coafed with o loyer of Insoluble
= S o yieWbEE sl GE
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‘\1-'_"-'|.'-'~*'| q OF SOLUBLE SATS
(e) Action of Acid on an Inscluble Metal/Base/Carbonate

Ll This method & used for preporation of soluble soits when o suitcble insoluble storing motericl
con be found. This storting moterol can be o metad, & metal oxide or o cerbanate.

=

Ll The preporafion of copperill] sulghate is used to illusirote the procedure. Fig 3 illustrates
the whole process.
Starting materiols: copper(ll] oxide and dilufe sulphuric ocid.
CuO ) + HSO,foa) — CuSO,fea) + H,O ()

st @ Worm dilule sulphuric ocid in o beoker but do not boil. The acid is warmed t2
incrense the speed of reaction between the reocionts.

srer @ Add copper(ll) oxide pawder to the ocid with stirring until no more con react. This
ensures that all the ocid has been used up.

st @ The mixure contoing copper{ll) sulphate solufion and excess copperll) cxide. Filter
to remove copper(il] oxide.

see @ The filtrate is heoted in on evoporoting dish unsl @ #hin crust of crystals forms
on the sufoce of the liquid, It is then left o cool for more crystals to form.

sier @ The crystals ore then filtered ond dried between filler poper before collection.

" copper(ll)
sul phate o4l
/F:rr-d welar ki
g, red v
copparl] ey copperl
-3 uleha
oxice e —— :ﬁ:,mh“
@’_mlpﬁu exraef
water| EeIDCrESon crytalisetion
Steps 1 and 2 Step 3 Steg 4

L ]
Fig 3: Preporing o soluble salt by oction of ocid on o metcl/bose/metal corbonate.

Exam T T 5=

1 It o metal carbonate = used 1o orepare o sall ising this methed there will be efferes-

I cence of carbon dioxide ges as the metol corbonate = odded to the acid i Step 2. When

| there i3 ho more effervescence, all the acid hos been wsed wp ond we may proceed to
Step 3
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STOP AND THINK

The diogroms below show how o colowress solution of £ is produced from the recction be-

tween sulphuric ocid ond o solid Y. What ore ¥ ond ik

- solid¥
dilute Bn excess colouriess
sulphuric acid of solid ¥ sodution of Z
Y L
A copperlll] oxide copperlll) sulphote
B sivar silver sulphaote
C barium nitrote barium sulphaote
D megnesivm carbonate magnesium sulphate
Exam Tir T
T A VEIE 1§ ] made using the m 1 d 1 Tion I
I trate i |
And ] Mognesiom carton 5 AL I F - JF. TEGRESn barate wil
P 2T | ey . % = I e IS
ourless soluticr o la eI B
(b) Titration

This method is used when it is not possible fo find o suilable inscluble storting moterial ke
a metal, a medal oxide or o carbonate that con be easily filered off of the end of the sgoction.

All the starfing materials ond the solt product ore solufions.

The preporation of sodium nitrgte s used &o illustrote the procedure. Fig 4 and 5 illustrate

the process.
Starting moleriols: ogqueous sodium hydroxide ond dilide nitric acid
NaOH fog) + HNO, (og) — MNaMO, [og) + H,O )

! In o fitration, on indicator is needed to show the endpoint of the reaction. The endpoint
is the volume of one recciont needed o excctly neutralise a given volume of the other reactant.
A commen indicator used in the loborotory is fhe screened methyl crange. The colour changes

for this indicotor are shown below.
acidic solution | alkaline solution

Ingicotor is red | Indicotor is green
Endpoint
Indicator is grey or colourless

(%83 CamScanner
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B A prefiminary filrafion is corfed out to find the endpaoint with the -heln of an indicotor.
}—‘ burette L
g “
: '_‘l;— diluie E
{ - riine acid H
soivim —& % :; E
hyelvide { i indicater H H
soluticn I| . L] IIIL'< }:l'il ".
| | : 3 T 1
If " "-. J |
\ Y smedioes pleais
sodium ;
= . ~ J!r hydroside b,
(O Using o pipefte, measure @ Add dilute nitric ocid @  From ibe titrglion
260 em” of sadium from @ burette to sodium resulf, we con
hydroxide info a conical hydroxide undil the knoww the exoc)
flask, Add two dross of on sodusion Just s colour. volyme of mitric
indicater 1o the elkak. A this point, just enough ocid neadad ho
acid iz edded i neutmbise react with 25.0 em’
the alkoli. A8 the alkoli hos af sodivm hydraide,
reccied. The resulting Volume of mitric ooid, I
mixture contoing only L= V=W,

sodivm palrate ond waler.

Fig 4: Preliminary fitration

A second titration is coried out without the indicotor. The exoct valume obigined from the
prediminary titration is used, |

W &

n e R

I E— dilute H

il nifric ocid E
I\ B,

saddium ——-Li‘ [—I
frpelraide \ - {

] k J sodivm nitrote
ﬁ::“ ond e
@ Using o pipette, meosure 25.0 e’ @  Ada ¥V o of dilute nite ecid from e Burafe
of sodium hydraxide into o conicol to the sodhum hydrowide. Sodium nitrote is |
flosk. This time, ro indieater is added, formed in the wnlution, |

@  Evaperate the mixiure to cbiain o soturaled solution. Coal the sotwroied solution to cbegin sadi
: _ ! , sadiym
ritrote crystals. The mixture is fltered o obtain pure sodium nitrote crystals. i

Fig 5 The ectucl fitration o prepore the salt
Exam Tre T =
The salt selution obtoined n the prelimngry Tiiration (€ Thrown awiry becouse 5 com-

T " i | ~ : "
famimated by the mdicater Thig 18 why a second Trbrghion without. the ndicohor 1% earrmd

aut
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SAMPLE QUESTIONS

Lime is on olkofine substonce. Give two uses of lime thot depend on this property. One of the
uses musl be in farming

The figure shows some of the properfies of o colcium compound, O. The letters are not the
chemical symbols of tha subsionces.

a calcium
compound
Q
heat add
siranghy dilute acid
}/\ L
white solid gas lireraratir
P a mix with turns milky
lirmewater
dissolve in
wiater
1
colourless indicator
aguecus add furns blue
SoltOn | Universal Indicator
A soiutian

i) Suggest the icdentity of O, B Q ond R.
{il Mome cn odd that could be used to liberote gos O from selid O.
{iii} Write an egucthion, including state symbols, for ary one of the recclions shown.

Hew con ommonio gas be mode from ommonium sulphote?

When cmmonic is disselved in woler, ogueous ammonia results.

i} How could you show thot agueous emmenia is clkoline?

{ii} What couses oquecus ommonio o be alkaline?

An excess of dilute hydrochloric ocid is odded to oqueocus ommonic drop by drop.
li} Describe whal hoppens 1o the pH of the mixture.

(i} Stote the formula of the solt formed.

This toble is cbout the ocidity or alkolinity of three liguids.
(il Complete the toble.

Liguid | pH | colour with universal indicator |
hydrechloric acid rad
witer i
cqueous sodium hydroxide lue

i} Briefly exploin, in terms of the jons in sclution, the reasan for the differences in ocidity and
olkalinity of these three liquids.

A Ifae'rner deciced fo neuirglise and ferfilise his soil by odding of the some fime both caleium

oxide end en ommeonium salt. Why wes he wasting his fime and money?
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4, Here 5 o list of coddes.

sluminium oxide colelum oxide corbon diowids
carbon meonoxice sodium ouide sulphur dicide

Use any cxide once, more than once, or not at all. Choose from the list an oxide which is

o)
]
(e}
(d)
le)
(f}

{a)

(5]

=]

Most acids have similar chemical reactions. Describe three reactions typical of ocids
equation for cne of these reachons.

Copper(ll) sulphote crystals moy be prepared in the way described below. Read the ¢
answer the guestions thot follow.

cemmonly colled quicklime
o bosic oxide

an amphoteric oxide

o couse of ocd rain

a poison found in car exhaust fumes
produced when one of the others bumn

A small emount of solid copperll] carbonote wos odded fo dilute sulphuric oe
¢ beaker. The mixture was stirred until oll the copperl]) corbonate hod reocled.
wos repected unfil no mere copper(ll] corbonote would reoct. The midure wos Siems

into on evoporating basin which wos warmed unfil o soturgted solution wos obi

ond then cliowed to cool. The crystols produced were filiered off, woshed _'
before being weighed.

Describe all thet you would see from the fime the first somple of copoer{ll] corbe
te the ocid until no more would react. Explain how you would know that il fhe copg
hod reacted.

What is meant by the term soturated solution? Describe one fest you would l-huii"m
of copper(ll] sulphote to see thot It wes soturcted before it wos ollowed to cool

Describe how you would wash and dry the crystals,

e milw = 4 L

B N T r—— IS —
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SOLUTIONS AND EXPLANATIONS

(g} Lime is mixed info soil fo neutralise excess acidity. Wet lime is olso used to remove sulphur dioxide
from exhoust goses of cool buming power stofions.

bl ] © is colcivm corbonate ~
P is colcium cxde
@ is corbon diexide
R s cakivm hydroxide
(i} Hydrochlare acid
(ii] CaCO,ls] » CeQis) + CO,(g)

Exam Ty T >
Moest corbonates decompade on hegting %o Torm metal oxeded snd corben digside gra. Since
Heiurn ooide € g bane oxide o will diggolve in water 1o form e Fvdrosge. whech
S CEmOFIE (OF ShADwWn :'\3. the blug colour of the Unversal mdicorer o
ther passible eguotions that con be written ore
Cald({sl « HOM —= CalOMH). g
CalO, (8]} » 2HC1(ag) =» CoCl (ag) + €O, (g) « MO

{a} Add sodium hydroxide or colcium hydroxide to emmonium sulphole and werm the midure gently.
A colourless, pungent gos thot turns damp red litmus poper blue will be produced. This gas
i= ammonia gas.

b} [} The sclufion will turn universal indicator blue.

i] The presence of hydroxide ions in oguecus emmonic mokes it alkeline.

fe) [ The pH of the mixure will drep from @ velue areund 12 es the hydrochloric acid neutrolises
oqueous ammonia. The pH will hove o pH volue of cbout 2 when excess hydrechloric acid
i5 present,

) NH,CI

ExauTre T 5~

Ancther way To show tnot aqueeous ammanks i5 alkaline 48 Yo uie red litmus paper. It weill
TUrn  [lne
[a] (i) Liquid pH | colour with universal indicator
hydrochloric acid 1 red .
wiater 7 green
ogueocus sodium hydroxide | 14 blue

{ii) Fh’d_fﬂ‘ihlﬂ'l'il: acid is ocidic because it contains more hydrogen ions than hydroside ions. Agueous
sodium hydroxide is alkaline becouse it contoins more hydroxide ions then hydrogen ions.
Water is neutrol oz it hos equal numbers of hydrogen and hydroxide fons.

(o) Calcium cxide will react with the ommonium salf on worming under the sun to produce ammonia
gos which escapes info the atmosphers. In this way, plants will not be able o cbain the nitrogen
they need for protein synthesis.

ExanTre I 5=

SERges noirogen, plonts alse necd phosphoris ond potassiom for proper growth, These
QIEMENTS are E.J:EIP.EH".‘. 0 r||'|r.". i the form of BMPE f|"".' iEers (d forF mitrogen. P far
phosphoriys and K for potassium)
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(a] colciym oxide

(b] colcium oxide or sodium oxide
ic] aluminium oxide

[d] sulphur dioxide

[#) eorbon monoxide \
] carban dicxide ;

[} Acids will reoct with metals above hydrogen in the reoctivity series to form soits and hydrogen
gos. |
Mg + H30, —» Mgd0, + H,
fii} Acids will reoct with corbonates to form salls, carbon dicxide and waoter.
fiii} Acids will recct with boses to form salts ond water only.

ExamTre T3>

The other two equitions are: (i) SalD. « 2HO — Cacl +« £O. » H O
and (i) MoOH + HNO, —» MNeNO, » H.0

{a) Effervescence of o colourless, odourless gas will be cbserved s the green copper(ll) carbengte
is added to the ocid. A blue solution will ba formed groduclly. When there is no mare effervescence,
the reoction hos stopped end no more copper(l] corbonate will react.

{b) A soturated solution holds the maximum amount of solute ot o given temperature. A lew crystals
of copper(ll] sulphate can be odded to the solution. i they dissolve, then the sclufien is not
soiuroted.

[c} The crystols ore woshed with o litle cold distiled woter ond then dried between filler peper.
ExamTrr 15>

The coleur of @ comaound can gve @ clug a8 To what iong ore present T r_g::,pgr{!ﬂ e
are pregent oo solution, the solution is usually blue Iron(Il) lons are pale green in
sadution, while iren{III) ions ere pole yellow in solution. This property arises becouse many
tronsition metals form coloured lemg
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TOPIC 7 THE PERIODIC TABLE

LEARNING OBIJECTIVES

Condidates sheuld be able o

ra

5

53

[+

B

Periodic Trends

describe the Periodic Table o3 an orangement of the elements in ordar of increasing proton
number (etomic number]

describe the chenge from metallic to non-metallic chorocter frem left 1o right peross o period
of the Periodic Toble

describe the relationship between group number, number of valence elecirons and metollic/
non-metallic characier

predict the properties of elements in Group I, VIl and the Tronsition elements using the Periodic
Table

describa lithium, sodium ond potassium in Group | [the clkeli metels) os o collection of relotively
soft, low density melals showing o trend in melting point and in their reaction with water
describe chiering, bromine and iodine in Group VIl [the hologens) as o collection of digtomic
non-metals showing o rend in colour, state and their displocement reactions with solution
of other holide ions

7.2 Group Properties

A
=

deseribe the elements in Group O {the noble goses) os a collection of monoatamic elements
that are chemically unreactive and hence imporant in providing on inert almasphere le.g.
argen and neon in light bulbs; helium in baolloens; argan in the manulocture of steel)

describe the lock of reoctivity of the noble goses in terms of their electronic siruclures

USEFUL WEBSITES

O
8

L]

M

Itz /e, chem4 kids. comyfiles elermn_ intro. bl

http:/fwvew bbe.co.uk/scotland/education/bitesize/standard/chemistey/p ropertissolsubstonces/
index.shtmi

hitp:/ fweb. buddyoroject. org/web01 7 /web017/metcls.him|
hitp:/ fwww.chemsoc. org/viselements/pages/periodic inble. himi
hitp:/ fwwew chemicalelemants.com/groups/halogens. himl
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b7 The Permodie Table

OVERVIEW OF THE TOPIC

THE PERIODIC TABLE ™ kuy creos

7.1 | PERIODIC B ArmaricEmErT oF
TRENDS ELEMERTS #1 THE

Pesicoic TaBie

72 | GROUP B Growe|

| PROPERTIES | Eipnarirs
8 Grow WV
| ELErsERITS

* Paltems in the Periodic Toble
* Electranic struciure and the Paricdic Table

; .
» Pranedies of ronsihon metals

* Propertios of Group | elameants
* Reoction of ':':h'_|. | alements with wtber
s Preperties of Group VI elements

E Disclacement reacfions of Group VI ele

¥ Uses of Group VIl dlements

i
(LELE]

8 Grow O
Euenerars

* Electronic structures of Group 0 elements

» |Jses of Group O elemens
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"F'-ihr.. EENT OF ELDMENTS N THE PrRiomic

Mo.7 The Periodic Toble |

T 320 ) Gt © L
= SCwmTCn -_"|:rrJL‘r::|'1 il

"

SECE

(o) Patterns in the Periodic Table

(|
number).

Ll
Paricdic Toble.
BN
Periodic Toble.
fad

Elements in the Périodic Toble are arronged in order of increasing profon number (alomic
A horizontal row in the Periodic Toble is known os a pericd. There are 7 pericds In the
A verfical columin in the Perodic Table is known o5 o group. There are 8 groups in the

The groups in the Periodic toble ore divided info sections ond given nomes. Fig | below

shows the seclions of the Periodic Toble ond the nomes given ta them.

i |

=]
A

|
8
| |
Eﬂ
= |
—_
£

s I peali

alkaline earth metak

.E"":

tramtien metols

landhanides

actinkas

Fig 1: Sections of the Periodic Table

L A ‘zig-zog” diogonal line in the Periodic table divides metallic elements from non-metallic
+ glements. Elements near the line are caolled metolloids. Metolloids hoave the chorocheristics
of both mefols and non-metals. Fig 2 shows the position of the diogonal line.

L |

MON-METALS Y

m v oW o

Li'| Ba u -
| MNa| Mg METALS
i 4 K |Ca|Se|Ti |V | Cr| Mn| Fe | Cof Ni| Cu|Zn
"... " B S | Y | Zr | Hb| M| Te | Ru | ®h|Pd| Ag|Cd
) CsfBalo|Hf|Ta |W | Re|Cs|ir |Pr|AulHg Po|B | Fo
k
] metale [l non-metals ﬂm:?ﬁ:ﬁh

Exam Tre T 5=

Fig 2: Diogonal line dividing the mefals and non-metals in the Periodic Table

By comwention, the group rumbers of the elememts in the Perindic T.nbaz- are writien in

Homen numesrals, Meralloids are sometimes colled sesu-metals

CamScanner
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(b) Electronic Structure and the Periodic Table
L1 Fig 3 below shows the elecronic arrangement of the first 20 elements in the Periadic Table.

"
s

ExamTrr 2™

| a
==, Group Mumben =
|_}H f’f ‘ \\. El"“
oo . J "y
—T 1] imn v v Vi v r
i | 3Be | B | "2C | "N | 20 | IF |®Ne
| s e | hidizrim .,.'.I',.l.h i I'I-q-...“_I i I Tiks El!:rn::'
I 13 71 0 25 74 TF 73
23 24 27 MWe: | N 32 35501 | 40
nNa ;Mg | AL | S | P | 335 |55 18 Ar
e | o A o [, | S, | Seiw | Sy, | s
| 780 |2k 2ha 284 | 245 285 | 287 208
K e
1L | 20
Juan, | Boms,
A 2ER2

Fig 3: Electronic Armangement of the first 20 elements in the Periodic Toble

Elements in the same period have the same number of electron shells, Going ocross a periad
from left to right, the number of cuter shell electrons increases by one for every consecutive
element => elements change from metcllic to non-metollic choracler across o period.

The group number is the some as the number of culer shell electrons in the elements belonging
to the same group.

Elements in the some group have tha same number of ouler shell elecirons (valence elactrons).
This means thot elements in the some group will have similar chemicol properties since they
will form ions with the same charge. They will also form compounds with similar farmules.
Going down a group from fop to boltom, the number of electron shells increases Dy ane

for every consecufive element = elements bacome more metollic in character, i.e. they lose
valance electrons more easily.

It becomes eosier for on clement to lose electirons Qomg cown o group. With en increcte
in the number of electron shells, the attraction between the pesitively charged rucleus and
the vilence electrons are reduced The elements become mare mtellic in character
The element hydrogen i3 unicoe becmge @ H atem con form either H° by losing T8 one
velence eiectron, or K by goining one walence electron to complete its outer shell Farming
iong with 1+ charge 12 choracteristic of Group [ elements, while forming ions with |
charge ig typcal of Grogs VIT elements This exploing why hydrogen i placed By itself mn
the Perlodic Tahble,

STOP AND THINK
Which one of the following statements concerning the Pesiodic Toble is correct?

A

mgnw

All groups conlain both metals and non-metals.

In Group VI, the meling point of the element increases with atomic number,
In Group |, recctivity decreases with incréasing olomic number,

Elements in o period become more metallic with increasing ofemic number.
Atoms of elemenis in the same group have the same number of elecirons.
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ExanTre L7
A iz wrong bocouge only SroEps 117, IV, ¥V and VI |
diggunal Hne cuts through these groups £ is wrang Do
electron shells incresse with increasing OTamic pumber. Sinoe Thi
micleus ond the volence electren will Ceipease with T

T element Yo ldse 115 valence electren To Torm clable ons, L. PEl

sroup 1. D is wrong as clements Decome W pre - takl

also wrong becouse atoms of elememis I the gome group have same AUmaes

alectrons, not totol number of elecirons

tane: B1 ' The melting poent of Group VAL slemenis i reases

col $totes at reom temperatura change froftl and [Fluorine ond chiorine) Yo bquid LHRCTIEE]

then solid {iodine)

STOP AND THINK

Phosphorus is in the same group of tha Periodic Toble as nitrogen. What is the formula of fhe
compound contoining only phasphorus ond hydrogen®

A PH B FPH, C ™, B I, E PH

Exam Tre T

Elements in the mome group W iopm CoMDoUnds with mimiiar chemicsl {ormuiloe
A I

(c) Properties of Transition Metals

Transiion melals are found in the centre block of Periodic Tobie.

They are oll herd, streng melals with high melting and boiling points. They alse hove high
aensiky,

1 Many tronsition mefals form coloured compounds.
Examples: Copper{ll] compounds oré uswally blue
lronlll compounds are vsuolly paole green

leon(ill) compounds are usually reddish brown (when solid] or yellow (when
in solulion)

They form positively charged ions with varoble chorges.

Examples: Copper forms either Cu* o Cu™ ’
tron forms either Fe®* or Fe'

Many transition melols ore ssed os cotolysts in indusiry to speed up reachions.

Examples: The hydrogenohon of oil 1o moke margorine uses © nickal calalyst
The manulocture of ommonia uses an iron caotalyst

Many tronsifion metals ore also used to make alloys.

Example: Sieel & mode by mixing iron with o small amount of corbon
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"= GROUP PROPERTIES -

-
(a) I"rvnp-nrﬁﬂ of Group | Elements

H Group | elements ore olse krown a3 alkali malals, They aore the most reoclive melals n
the Periodic Toble, These metcls are stored under ail or in vocuum to prevent them from
roacting with woter ond/or oxygen in the airc

Group | elements are shiny, silvery sciids. ’.
Ll Toble 1 shows some physical propedies of Group | elements,
Mame | Symbel | Density (g/cm’) | Melting Point ("°C)

Tihlom _ Li | 053 180 .

Sodium " Ne N

Pastoss ium K i 0.B4 &4
[Rubidioms | Rb 15 39 &
.E:EIEEi;.'I'I'- I Cs 1.9 il ?9‘ _i

Toble 1: Physical peoparties of Group | elements

! Group | metols have low densities and low melfing points. They are alse soft and easily
cut with a knife.

kel Going down the group,

& the densities of the elements increase — the first 3 £
clements in the group can floot on water
@ the meling points of the elements decreose. .

L1 The compounds of Group | metals are oll ionic. Group | metals clways form fons with 1+
charge in their compaunds.

ExanTre T3

Metals in general are hard, dense salids with high l".r='+|-'14 ond baoilling paints, Group I

meToes are Ragnly unusucl becousie they are Soft, easily cut ond have low -'-'-1:4.1';- and law

== SRS —

melting posnts

Take note of the trends in the different Grouns when studving thi s tople “I'lﬂk JueEtions

gt oan The exam invelve predicting proparties such of melting ;-* nrs and physical stotes
. g

based on the growp an element belongs fo

(b) Reaction of Group | Elements with Water
wd  Group | elements become more roactive down the Group. '
| Group | elements recct with cold woter 1o form metal hydroxides and hydrogen gas.
Group | metal + water — metal hydroxide + H,
ZNofs] + ZH.O(l) — 2NeOH jog) + H, {gl
! The reactivity of Group | metals with woler increases down the group:
L reocs violently

No  reocs vary viclently, somefimaes with an explosion
K reods explosively

The metal hydroxide selulions farmed are all streng alkalis with pH volues mome than 7.

e s N
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STOP AND THINK |
& Forythe meoin groups of the Periodic Toble, the eries ol the elements show trends down
' H'»ngupi What is the posifion of the element whit _ ast metallic in choracter?
’ | N v 1T Vi [vi] 0|
p— % - 5
3 i & | :

| s‘“wf;:f _____

of the Periodic Table 11

The moti reactve metal is found ot the bottom left hond tide
§ Froncium. When it reacts with water, the reaction 1§ very expiosive with The production
of kedrogen gas ond"on dlkalme solution af francem hydrosde

[Ans: A] iEroup I confans the most reactive metels in the Ferodic Tolile
- Wy
3 e
v ' e
. STOP AND THINK v L :
&,
" What dascribes the sblution formed and Ih! gﬁ:: when potassium reacts with cold
waterg &
solution gos L
3% A _ clkaline alkaline *
. aB afaling seytral
G neutral alkaling
D neufral neutral
Eu.ﬂ?l;m._l.}
golution fermed will turn blue or viclet when a few drops of umversal indicator i
- | _EE Patagtium reacts '.-}.n}r*r-':-_;-:l'-,. with water tTo form potesswim hydroxide soluticn and
‘ﬁ . g%
STOP ..;mmu
L

Caesium, Cs, is & metal in Group | of the Period® Toble. Which conclusion can be drown
fram this informotion?
A A coesium olom goins an electron when it forms an ion.
B gsium is more reactive thon lithium,
ivm shows vorcble volency imeits compounds.
ny compounds of coesium ore coloursd.

Eu’s‘f}- N

r‘t‘F‘.'S!rl'lﬂ metals form coloyred ..1rrr|;:n|.r1.':'-$ and show varinble wilency hé Compoimdt
Group I elements are o ally cofourless wnless the compound contain a Trongtion element
For esample, potasgiem r"..!'qum::'!ru"n.-"lil", EMnO,, i purple and potossium dichromate{VT)
K,Cr,0., it pronge '

:J‘-I"‘-S- B] E-"!:I'.I_:." [ clements become more reactive down the group. Corsigm o expected o
bghore reactive than lithim -

—3%
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{a) Properties of Group VII Ellnunh %q
| Group Vil elements are also -E.ﬂn u: hologens. They ore very reoclive non-metals. E‘ =

] Teble 2 below shows some phr:hl properties of the Growp ¥l elements: “
Elomens | Molscular | Melting | Boling [ (25Cp 00
2 Conditions
fluorine i F, —é?ﬂ I - i ; gas i
chlorine a, -101 -35 gogh yellowish green | !
bramine Br, =7 580 quuizﬁ::' ‘reddish brown :
jodine | L, 114 184 soliff” ', | block

Toble 2: Physical F'n;:perl[:: nﬁ@up Wil =|prr|=r|ll r‘

3
All Group VIl elements form dictomic I'p'f%cu}es Eoch molecule is m:}da vp of 2 gloms

joined together by o single covelent hﬂl‘ld‘ -‘ *

Going down the group, %—L {

@ fthe bailing points and meliing points increcsa - fluorine and rJ-nlnnnu ore gases, hromine
is o liquid while iodine iz o salid, i

@ fthe colour of the elements becomes dud:af.;‘p? . : e

The compounds of Group VIl elements can either be ionic or covolend. If the GM
element is combined with o metol, the compound is ionic. I |I i ©
non-metal, the compound s covalent.

=

STOP AND THINK

lement | M gt
ol oy J vaiancy elecirons
chlorine 71 7 ’
bromine 160 7
iodine 254 7 L i
A The boiling point of fluorine is -188°C, . . het s
B Tha melting point of fluorine is 4+212°C, - T e (
C The M of fluorine is 19, : c . 2
D At rtp., flucrine is o black solid b |
Py L
. il e I
ExanTire T =
The element fodine .I--1-..' marly calours, dependeng en et phytical state it is in. Tt is purple
m gosesus state, black i solid stale. ond forms g Fedeesh brown soigtion when diszabesd
in water,
l.ﬂ.-‘-* Al From the table, the bodin &) point, nccepsed Trem ehlorsne e |r|_,rl-|-f-'“|:-r|_hc thi
boiling point of fluorine should be lower than thet of chiorine
- - . S

k0
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(b) Displacement Reactions of Group VIl Elements

ExamTre T

| Group V1l elemenis become less reactive down the group.

in o displacement reaction, ¢ more reoctive halogen will displace o less reactive halogen
from its ogueous salt solution.

Example 2:

Example 3:

i " [ )
Holegen | ' g \\, The more reactive halogen displaces
s Br ) | the less reactive hologen from its
k1]

reclive

Example 1:

|| .:: /' egueous sall eclufion

T A '

Cl, + 2Nal — 2Noll + |,

Chlorine, being the more reactive holegen, will gisplace iodine from ogueous

sadium jodide. The reddish brown solufion formed conmtains sodium chloride
ond ogueous iadine,

F. + 2NalCl — 2ok + CEE

Fluorine, being more recctive thon chiorine, will disploce it from ogueous scdium
chloride. The yellawish selution formed contoins sodium flucride ond chlorine.

There is no reaction between iodine (L) end sedium chicride [NaCl). lodine
iz less reachive than chlorine and does not disploce chlorine from sodium
chiaride,

— = — —————— = - T

Digplecement peactions sre redox renctions, In example 1, chlorine is reduced become the
anidation stote of chlorme 5 reduced from O Te =1L Sadium sedide i oeidised becouse the
pxisintion state of iodine incresses from -1 to O

STOP AND THINK

What deduction about astofine, Al con be mode from its position in Group VIIZ

A

g
C
b

S I
Exam Tre L g™

[}
It
¢
I..

forme covalent compounds with sodium.
v

is disploged from ogqueous polossium ostofide, KAL by chlorine.

iz o gos.

it 'more reactive thon iodine,

CRARTEL T
A H
equatian

£ The |easT recclive ©
the qroup Maore menctinme |

1l
5 T
1 saluhen of thetr lons. The
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*
STOP AND THINK
In each of the three experiments, o hologen wos cdded to seporote solutions confoining ions i
of cne of the other two hologens. The toble shows the resulis. Whot were tha halogens X, Y '
and Z2
' ! halide selufi :
| alide scdution
axpenment ' Fm;?ﬂg:!ﬂ | e — ‘I
| cdde X Y- s
1 X - Y, disploced Z, disploced
2 Y, no maction = no madion
3 E, no meaction Y, disploced -
= Y i L
A Br | |
B Br | cl
C Cl Br |
o 5 | I Br
ExamTre T 52
Hulegers ore dxidising agents. When a displacement reaction tokes ploce, the halogen i
reduced fo 118 ioh - Cl, 15 reduced fo CI when it takes part in o displecoment spartian
(fee Example 1), Since the hiogens become less reachive down the group, thie rpheg that
Ve oxidiging power decrenses af well Fluorine if thus the frohgest oand 5y GpEnt
[Ans: D] X, is the mest reoctive since from experiment 1, if displeces ¥. ond 2. frem ¥

and £ respectively,
P RE b R R ) it T |
A, v 2L = 2X e 8
Y, is the least reactive smce from ciperiment 2, it connat disploce X ond L from X and
respectively. Hence, X, must be Cl, and ¥, is I

(c) Uses of Group VIl Elements

1.0 Fluorine is vsed in fluoride tocthpeste to help pravent tooth decow
Chiorine is used fo kill hammiul micro-orgenisms in the woter pusificaion process,
! lodine is needed by the human body for proper thyroid glond funclion. d

(&) Electronic Structures of Group 0 Elements
i Group O elements ore clso known os inert goses or nobla goses.

! Group 0 elements ore the least recctive elements In the Periodic Toble becouse all thair outar
shells ore completely filled. (See topic 3)

! Group 0 elements are moncctomic gases with vary low meliing and boiling points. They
ore goses thot consist of single atoms. < -
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(b) Uses of Group 0 Elements

Argon is used fo fill light bulbs to provide on inert cimosphere

o
i

Mean is vsed to fill coloured glowing tubes used n

Halium s used o fill weother balloons as it is the

vt Tre T3

5

sdvartisamants

cond lightest gas
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2
SAMPLE QUESTIONS
i e s 2
. i " 2 s + ¥ - M
\, Caoesium, lithium, polossium ond sodium ore oll in Group | of the Periodic Toble,
o} Ploce thess medols in order of recciivity with waler, most reaclive metal first,
B} HNome the chemicol products of the reacfions between lithivm ond woter and  between sodium
and water.
el [} What would you expect to see # small pieces of coesium were dropped onlo woter? How
would the pH of the resulting solution be different from the pH of wolerg
i} Write the Tull chemlcal equation for the reaction of coesium with water. Include sigie symbals.
2. Chlorine, bromine ond iodine ore ploced in this order in Group VIl of the Periodic Toble.
{a) Stote four woys in which the physicol or chemical properties of chlcrine, bromine ond iodine
ane- similar.
(b} [} Describe the trends In physical properties of chloring, bromine and iadine.

il How is the trend in chemical reactivity of chlorine, bromine and ioding shown by displocement
reactions? Give an egquotion for a reaction in which one element displaces cnother from
ona of its compounds.

3. Fig 4.1 shows o toble of elements 1aken fram o lorger clossification of elements given in the Periodic
Toble
it | I ' il I " vl Wil 0
| | hydrogen e | el ium
lithiam b rlliner boron sarsan i frag e Sy e B e e RECT
— ] et ahen 1 . L SRS | e -
sodium | mognesium gluminiven | sidicon photpheras | sulphur | enforlne argan
@] Which group contoins
i) hologens
L

(i) olkali mefals?
[} From Fig 4.1, choose
[} o melal from Perdod 2
(i} o noa-mets] with o velency of 2
(el Hydrogen is difficult to clossify into & group os # con be compared with bath chlordne and sadium,
[} How mony elecirons are there in on clom of hydrogent
i} What Is the vaolency of a hydrogen otom?
i} State one way In which hydrogen is similar %o chicrine.
livl Stale one way in which hydrogen is similor fo sodium,

4. Oxygen and sulphur ame the first two elements in Grous VI of the Pl"‘":di: Table.
o] [} MNome the next alement in Group V.
(i} What is the formulo of the compound of this element with hycrogen? |
] At room temperofure and pressure, oxygen s o gos ond sulphur is o solid.
[} Suggest the state of the element you hove named in {a)fi], ot reom temperature ond pressure,

(i} Suggest how the parficles in this element ore moving of reom temperature and pressure,
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5. The atmosphere on o strange planet consists entirely of o green chemical element. Scientists studying
the plonet have given the element the chemical symbol Ze. The element does not conduct elec-
tricity, It combines with other elements to make covalent end ionic compounds. It forms the ion
Le

l6) From this information give two recson why fhe elament should be clossed os o non-medal.

(b) Ancther element occuming on the planet is given the symbel Yn. It hos o volency of 3 in its
compound with Ze. Write the formulo of this compound of Yn and Ze.

{c) Suggest
{ij the name that Ze is given on Eorth
(i) why hydrogen will not bum on the plonet fo form waler.

(%8 CamScanner
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SOLUTIONS AND EXPLANATIONS .

1. lo}) Coesium, polossivm, sodium, lithium
(B} When lithium reecls with water, bthium hydroside and hydrogen ere obioined. When sodium reocis
with water, sodium hydroxide ond hydrogen are obicined.
el 1 A violent reaction will foke ploce with the production of bubbles of o colourless and odourless
gos. A lot of heat and light energy will be produced. The pH of the resulfing solution will
have ¢ volue of arcund 14 instecd of 7, which is the pH of wolse

il 2Csfs) + 2H,0 0 — 2COH foq) + H, gl .
ExamTe 3= . - |

When the question asks for ebservations, it o wrong te desoribe @ PESCEEENE
hydregen gas’. Thig is a deduction chtaned by Testing the gas evehes s
and seecing it extinglash with o ‘pop’ sourd, It is more Correct! To Soy
effervescence of o colouriess, odourless gqos’.

2. [c) Similerities in physical properties:
1) All exist as diotomic, covolent molecules,
{2) All are @s coloured, non-mefallic elements.
Similorities in chemicel properties:
3] All form ionic compounds with metfals. Their jons corry 1- chorge.
{4) All form covolent compounds with non-metals.
(b) (i} Down the group, from chiorine to bromine to iodine,
{1} the melting point and bailing point Increcses
{2) the cclour intensity of the element incroases, i.e. become dorese

. |
{ii) In displocement reactions, the more reoctve halogen will disploce The e
frem @ solution of its lons, An example is chlorine reocling with os .
solution: a
Cl, + 2 — 2KQ + |,
Chlorine, being the more reactive halogen, will disploce iedine from mm odide |
to form cguecus potossium chloride and oqueous iodine. |
-
Exam Trr T
m— — =——— —_— — & |
The way the question is phrased makes it oppeor very open @il T8 score oz mony marks
as possible for such questions without wasting foo much TEEEETRg excces information,
lock at the marks allocated fo each part The number of Sl @lecoted will indicate the
mimber of poinks to include in your onswer |
3. (o] [} Group Vi J
li} Group |
(8] {i} Lithivm or beryllium
(] Cxygen
e Gl 1 I
i1

{iil} The hydrogen atom can gein one volence electron to form H-, on ioa with 1- charge. This
is similor to chlorine, which forms Cl- during bonding. The Cl ion olso has 1- charge.



https://v3.camscanner.com/user/download

- ——— -

()

= N == .

(132) ot o wn
No.7 The Perlodic Toble | ~— rennc g EY PN |
L
(iv) Beth the hydrogen clom end the sodium afom forms ions with 1+ charge. Hydrogen forms
the ion H*, while sodium forms the ion Na*.
ExanTie T 3=
Other pogsibie mimilarities between hydrogen ond chlorine are: they are bath goses, or
both have o wvalency of one Both sodium omd hydrogen also hove o valency of onr
[ Selenivm
{ij H,5e
i} Solid
(il The porficles vibrate in their fixed positions only.
ExamTre T3
wnce owygen ond sulphur form H.O ond H.5 when they react with hydrogen, Se i ex
peclted To Torm H,5e, since elements In fthe Some group form compownds with  samiber
farrmulme
The meiting ond beiling points increase down o group. Since sulphur € o folid ot room
temperatire ond pressure, selemum must olss be a solid as well
Ze occepts electrons 1o form Zew. Most non-meials cceept elecirons fo form negatively charged
particles.
Ze con form both ionic and covalent compounds. When non-metals combine with metals, they
form ionic compounds. When they combine with non-metels, fhey will form covalent compounds.
YnZe,
[} Chlorine
{if There is no cxygen on the planet.
Exan T I
Hydrogen gas must bumm in gxygen gas n arder fo form water, If hydregen and chiorine i
were ignited ingtead, hydrogen chioride will be formed
-
L
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TOPIC 8 METALS

LEARNING OBJECTIVES

Condidotes should be able 1o:
8.1 Properties of Metals

] describe the general physical properfies of metals as solids having high melfing ond boiling

points, being maolleable ond good conductars of heal and electricity, in ferms of thelr siruchures
] describe olloys os o midure of ¢ metal with onother element (e.g. brass; sloinless sheel
E  identity representolions ol metals and clloys from diograms of struclures

8.2 Reactivity Series

& ploce in order of reaciivity colcium, copper, [hydrogen), iron, lead, mognesium, potassivm,
silver, sodium end zing, by reference 1o the reactions. if any, of the metals with water, steam
ond dilvte hydrochloric ocid

¥l deduce the order of reoctivity from o given set of experimental results

B.3 Extraction of Metals

¥l describe the ease of obloining metals from their ores by reloting the elements to their positions
in the reachvily series

Bl  describe melal ores as o finite resource ard hence the need fo recycle melols

]

®l discuss the sociol, economic and environmentol edvantoges ond disodvanioges of recycling
matals

8.4 lron and Steel

=

¥l describe ond exploin the essentiol reactions in the exraction of iron using hoematite, limestone
and coke in the blost fumace

= - 3

1 describe steels o3 alloys which are o mixture of iron with corbon or other metols and how
controlled yse of these odditives changes the properties of the won [e.g. high corbon stesls
are strong but brittle, whereas low carben stesls are softer and more easily shoped)

bl stote the usos of milkd slosl {e.g. cor bodies; machinery), ond sioinless stec {e.g. chemical
plant; cullery; surgical instrurments)

8.5 Prevention of Rusting

i dE‘S_CFIl'-‘IJ the essenticl conditions for the corrosion {rusting} of iron os the presence of arygen
and water; prevention of rusting can be achieved by placing a barrier around the metal [a.g.
poinfing; greosing; plosfic coofing; golvanising)

1 describe the socificiol protection of iron by o more reoclive meatal in terss of the reachvity
series where the more reactive metols corrodes preferentiolly (e.q. underwater pipes howe
o piece of mognesium attoched to them)

8.6 Aluminium

b stote the uses of aluminium and relate the vses o the properties of this metal ond its allays
[e.g. the manufocture of oircroh; food conlginers: electric cables)

—— —

[
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OVERVIEW OF THE TOPIC

METALS ™ Ly oreas

B.1 | PROPERTIES | | Prvoca Pecemmes | * Malleahility gy bl '
OF METALS | oF Merais * Melfing and boiling points |
» Conduction of heal and elecincity ‘{
i- _Al.;ﬂr:. § " Ftl‘l'l‘ie:irim and siruc?ur?_ =
s Differerces batweaen alloys crd pure metals :
* Bxomples of alloys
B2  REACTMTY @ Ouotr o reacry * Readlion of melals with water or steom
SERIES « Reodion of matals with dilute hydrechlodc add
* Dizplocement reachions _i
8.3 | EXRACTION | @ Bamacnion of Memue | * Ease of exiradlion of metals from their ores
CH-METME: P !

B Recvouc or MeTas

| * Advontages and dsodvantoges

_H--ﬂ
|

IR AND
STEEL

B Breacnion of lkon

B SEa

* Formation of steals
* High corbon ond low carbon sieels l

| » Uses of mild sleel ond stainless steels

A At me Alrons

§ Usts oF Ao
AvD 1S ALews

B85 |RUSTING | § Fomwanow of Rusr | * Cordifions for rusiing
| B Prevermeg Tee * Placing u_hurrier ground the iron or steel cbject
M I’Em‘ucu oF Rust i Sacrifigel profection
8.6 | AAUMINIUM | B Pacpernes of
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— PROPERTIES OF METALS
@

Metals wsually

heve shiny surfoces -

are salids

have high boiling ond melting points

have high densifies

ore good conduclors of heot and electricity

ore strong ond lough

con be eosihy benl [maolleabile] ond streiched [ductile) withou! brecking

aaoeeae

e o e

Pure metols are uswvally too soft and weok for most uses. In pure matols, e oloms o
arranged orderly in loyers, When o force is applied fo the metal, the loyers of melel cloms
can slide one over onather (Fig 1).

metal shructurn aller a force i applad
Fig 1: The struclure of & metal ofier o force & opplied on i

To improve the strength and hordness of pure metols, otoms of ancther element con be added,
usually in small emounts, These cloms prevent the otoms of the meicl fram sliding ower one |

another, making the melal stronger and horder and less likely 1o hove i shope disloried

[Fig 2). The final proeduct is an alloy of the metal. :
0O one melal, 0.5. copper I
]
. second melal, 8.g. sine
|
Fig 2: The structure of the olloy bross {
- ; b
An olloy is o mixlure of o melal{s) with another element. An esomple of on olloy is steel
which 15 o migure of iron ond carbon, iz
Other advontoges of alloying: '
@ Improved metol oppeoaronce {e.g. pewler = fin + onfimony + copper) {
@ Increased resistonce lo corrosion 1
(e.g. slainless sleel = iron + chromium + nickel + corbon)

STOP AND THINK

An alloy reacted with dilute hydrochionic acid 1o evolve o gos which ‘pops’ a lighted splint. The

residue reacted with dilute nitric ocid 1o form o blue solulien. Which one of the following pairs

of metals is present in the olloy?

A  copper and lead C leod end mognesium

B copper ond mognesium 0 lecd and zinc >

E  mognesiom and zine
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ExauTe 15>

Lend will alse resct with hot dilute hydrochloric acid, but insoluble lead chloride will be
formed on the surface of the lend, inhibiting further reaction

[Ang: B] The blue solution obtained is cduer to the presence of copper(ll) |ons, o copper
must be presant. The other metel present in the olloy reacted with dilute kydeochior:

acid Yo produce fydrogen gas. o IF must be megnesiom

= REACTIVITY SERIES
@C REAC]

The reactivity series is o list of metols with the most reaclive metal of the top ond the leos!
reoctive metol af the boliom

The order of recchivity can be determined by the reoction of the metal with water or steom
pnd ocids. In both Wpes of reoction, I o reaction lokes ploce, hydrogen gas is formed.

(o) Reaction of Metals with Water or Steam

Takle 1 lisis the reaclion of some melols with water

Metal Observations /Equation

=z =

Postess iuem | Roocts vaey viclantly Enough heat is produced 1o ignila the |-r|||~r|r.:-.:?g,q Gas
produced. The hydrogen bums with o blue llame.

2K ) + 2HO ] -» 2KOH (uc] + H, a]

Sodium Reacls ".-1-~|:_-:"|‘-|'||. Tha h""','rrl:';.pln Qs wree] ueed vy coteh S, {
| 2Ma {5} + 2H,O [l) -+ 2MaOH {ug) + H, ()
Cdlecivm Feads recdily. Hydrogen ges ond colcium hydroxide solufion are formed,
______ | Cafs) + 2HO () - CalOM), fog) + H, [g) g
Magnesiom Reacts very slowly with cold water. A tesl-lube of hydrogen gos is produced
only after o few days, |
Mg 8} + ZH,0 () = MgiOH. foq) + H, fa] 2
. - |

Zine, Iron, Lead, | Do onel reoct with cold water
Copper, Silver

loble 1: Reoction of metals wath woier

i Table 2 lists the reaction af e melals with steam

Meotal Observations/Equation

Magnesiom Tha hot mognesium reccts vielently with steam to form M grEsium
cxide [o white powder) and hydrogen gas. A bright white glow is
produced during the reaction,

| Mg [s] + HO [g] = MgO [s) + H. [g)

Zlrc Haot ginc burns in steam to produce zinc oxide and hydrogen gas. Zinc

oEice is 'r'n,.':||_|'n' when kot and white when cold.

. (inBl+HO@Gl»InO s+ Hlg)
:I: lron Red hot iron reocts slowly with steam fo form hydrogen gas and ti-iron
| tefrconide,

[_Lr:u;..‘, Copper, Silver | Do not react with steam,

Toble 2: Reoction ol melals with steam
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L Whan metols reoct with woler or steom, metal hydroxides or metal oxides and hydrogen gas

ofe tarmed:

mets + woler — metal hydroside 4 H,

M
]

mefal + sleom — metfol oxide

fhe more vigorous the reaction, the more reoctive the metol. Hence, from Tobles 1 and
2, we conclude thot

sl

'  Potossium, sodium, colcium ore reoclive. meicls.

& Maognesium, zinc ond iron are fairly reactive metols
& Llead, copper ond silver gre unreoctive metals
s,
Exam Tir 35>
AL T i b =4 MASHES I rear td with wth wates wred ETenm I"I-i,-.rqa-\. it rEscTe wil ar [
prodoct is mognesium hvoroxide, when (T redets with steom. The prodied 12 nes
(w8 & fm)

(b) Reaction of Metols with Dilute Hydrochloric Acid

«X Toble 3 below lists the reacfion of some mefals with dilute }'.]lqlri.-_.-;_r'ﬁ-uric ocid

Metal | Observations /Equation

Patassium, sedium

aleium

i OGS T

Explosive reaction. Recclion is nel '..|5|.':1.|'|r cairied ol

Reacis '-';ZGT-'JUE- i o ﬁi'-'l:l h'pimgnn Gas and eadeium chlonds., |

CE s} + 2HCI |-_-|E;:- - C:‘:'f_él_.,_.::ql 4 H'_ (g)

Reads rapidly fo give hydrogen gos and magnesivm chloride,
Mg (s) + 2HC [ag) —» MgClL (og) + H. )

Reacts moderately fost to give hydrogen gas and zine dhilaride.

T iFe

FH £n {5} + 2HC {og) - ZnCl, {ag) + H, [g]

[reim Reacts ::':'""I’::' to give hydrogen gas and iron {il) dhlodide,

| | Fe &) + 2HC [oq) ~» Fe(d (oa) + H._ (g)

Lo, CIOEEr, 5ilwir Mo eoclion oocuE =
Toble 3: Reoction of metols with dilute hydrochlodc ecid

The list of metals in the reoctivily serles is shown in Flg 3:
Polossium mast reactive
Sotlium
Celelum
Mogrirsivm
Adurmdnium
Zing Tha metel becomeas
It loss e livie down the
Tin siias
Leod
(Hydrogan)

Copper
Silver
Crold | least reactive

Fig 3: The motal recctivity seres

= Hycrogen is incduded in the series although it is o non-metal. It serves os a ralerenca point
in the series ~ metols above hydrogen will react with dilute ocids to give hydrogen gos, while
metols below hydrogen will not recet with dilute acids 1o give produce hydrogen gos.
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Aluminium is placed quite high up in the reoctivity series although 1 shows no observoble
reaction with dilute hydrochloric acid. This opparent lack of reaclivity is due to the presence
of @ layer of cluminium oxide (ALO,) thot protects the metel undermeath.

(138 ) GCF ¥ 1w
No.# Metals concal b7 POIMTS

it S | m—

Exam Tre T

il = -—

The metal reactivity series maoy differ from book to book, depending on how mamy medols
gre mcluded it :'-.;n.-.-n;il:.- &roup I metels will be locoted af the top of the feres, soce
they are the mest reactive metals in the Periodic Table, They will be followed by Broup
IT metols, Grow [IT metols and tTinolly, the trongrbon melols

If a piece of cluminium foll i reacted with het dilvte hydrochioric ood, the initial rate
of recchon will be very slow ot the eoid reocts with the kiyer of aleninbiem axide on The
surfoce of The foil. Once the oxide loyer B removed, the reoction will fpeed up af
aluminium i reactive metal located qute b _Ji‘- U ifn the redctivily Series

STOP AND THINK .
Which metal has reacts ropidly with steom, but only very slowly with cold water?

A
B

calcium C  iron
copper D potassivm

ExamnTe T =

Iren ond copper hos ne reaction with cold water, while potassium will react wiokatly with
il woter with vigorosus effervescence of hpdrogen gos

[Ans: A] Celoiom rescts with cold water te form colcium hydroxide and hydrogen gos, ond
with steom To form colciom oxide ond hydrogen gos

STOP AND THINK
The metals iron, lead, mognesium and zinc are each odded to dilute hydrochloric acid, Which

tube contains magnesivm ond dilute hydrochlorc ocid?

Exan T T g2

AL

ubeA twbeB tubeC tubeD

— = =

The metcls, erranged in order of decredsing recctivity, cre magnefium, zine, =on and lend
Thus, zine will be in test fube B, iren in Test Tube B ang lead in test tube A The reactich
between lead aond hydrochlorc aod is '-l.l':.' slow of room temperciire The mixture must
be heated 0 arder for recction o toke nloce

[Ang: C] Mogneshom is the most reactive of afl the four metals ond should produce the
most effervescence

STOP AND THINK
Which metal has the least tendency to form positive ions?
A colcium € mognesium

D sodium
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Exam Tre T3 3

When sodium undergoss reaction to form o compound, o loses miectrons To become sodium
| fons. The half equatien for this chonge m Mo — Mot = & Sedium is oxidised in The
process All meTols undege oxidaticn when they recc? o form shoble ons

Metals are clso reducing ogents The mest powerful reducng Soent & found ar the Top of

the reactivity Series,

[Ans: B] The more reactwe metal hos the higher The TTnosnoy e lege wolence cicctrons

grd form positive ong, Iren is the least reschive of the four metels and hence forms
[ pogitive ons lenst eafily '

(c) Displocement Reaclions

L1 A more reoctive meial will displace o less reactive melal ion from s oo
Example 1: lron + copper(ll) nitrate solution — iron(ll) nitrote solution §
Fels] + CuNO.), (oq) — FelNO.), log) + Culs)
A brown metcllic deposit of copper melal will form s the
blue to pole green due ko the formation of ironlll) ions,
L Displecemant reoctions frem solutions can be predicled using the reactivity
higher in the series will disploce o metal lower in the serias.
Example 2: lron + zinc{ll] sulphote solution
lron is lower than zinc in the reoctivity series. Since it &
zing, no displacement reoction will toke ploce.
Example 3: Copper + silver nitrate solution A
Since copper iz obove silver in the reoctivity series, copper w
fram silver nitrole solution. :
Cu [s) + 2AgNO, [og) =+ CulNO,), og) + 2Agis)

A layer of silver will form on the copper metal. The =
from colourless to blye due to the formation of copp

- i i i -

STOP AND THINK

Mrips of metal were dipped info two solutions. A metollic deposit ag
could metal X be?

| h cnpper mm-i; " . m o L3
8 iron bl
C leod o T e
D MOGNEsium ritrode _

| E zinc

Exam T2 -
e —

Displacement reactions oo toke place for Group VIR Messents The more reoctive haloger:
will disploce the leds reactive hologen from o solfeE Eontcining (s ions
[Ans: B Metal X mst be mognesnim becouse o hgs e be fll:l._l.' reagcime tThan 2ine ol
lead in order to displace them from sclutions comdelmms zinc and lead ions respectively

CamScanner
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EXTRACTION OF METALS

B

P

There are two methods for exrocting metals from their ores:
@ Reduction of the metal compound using corbon
@ Eleciolysis of the molten metal compound

| The method of exraction of o metol from ils compounds is delermined by ils position in

the metal reactivity series. The more reactive the metal, the harder il is to extroct the metal
from its compounds. Fig 4 shows how the exiraction meihod is delermined by the recchivity
SRS,

mast reactive K |
e Exirocted by
Ca + electrolysis of their
¥ malt . nds
Recsciratly _.ﬂ:ig PR
CHrCrEasEs
!_.E 5 Extracted by reduction
FE L of the meld adde
using carbon
least recctive Cu

Fig 4: Extroction of metals and the reoctivity series

Electrolysis involves the use of large amounts of electricily ond is o very expensive process
compared to reduction using carbon. |t is only used to extract very reactive metsls because
their compounds ore too sioble fo be reduced wsing corbon.
When corbon i used io extroct o metol from its metal oxide, o redox reaction fokes ploce.
Carbon is soid o be the reducing agent os it reduces the metel cxide to the mefal by remaving
oygen becwmy .
Example: copper(ll] oxide and carbon

2000 + C - €O, + 2Cu

bl reddish browm
ExanTr T =
Amother reducing cgent that is commonly used s hydregen goes It 1 weaker reduting
aoent compared to carbon The reduction of copperill) pwitde ushg hydrogen god 5 shown
by the aguaftion Cist) & o, s G+ H.O The rydragden Qas rEmowves Caygen fram | :-.-.-,-.-l'r':II
pxacle to fTorm water

STOP AND THINK

Experiments ore carried out to crronge metols X, ¥ ond Z in order of decreesing reactivity.
The tobie shows the rescits, What is the order of reactivity of the metols?

experment X i ¥ T
[Does the matal liberate hydrogen fram yBs . no I yas
dilute hydrachladc acid?
Is the metal oxide reduced by hecfing yes yes ne
| with carbon?
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most reoctive —» leost reactive .
A X z Y
B Y X L
B z X ¢
D i ¥ X

ExanTre T 5=

| Metols below hydrogen m the reactivity serles do not reccl with dighe
hydrogen gos. These unreactive metals include copper, silver ond gold .
Only metols from zinc downwards m the reactivity series are reduced byl
carbon. Metals abewe Zine must be reduced win electrolysis
[Ans: C] Y i the least reactive metdl becouse it i the only one that doeg
dilute hydrechloric acid, Z |5 the most reactive metal becouse it is the cnly
ot reduced by henting with carbon

Tﬁ?‘l‘t

‘1F'-'--.|-:- LTRSS

L Metcl ores ore finite resources, It is essentiol that we recycle mefols thot are siill usehd .

us. &
‘.| The advantoges of recycling metals ore

@ Befter conservation of notural resources, so that reserves lost longer. The
metal ores will decreese once scrop metal is identified as o viable source of g

@ With recycling, less mining will toke ploce. There will be less air ond we
coused by the mining process.

@ More effective woste disposal os serap matal s recovered. Less lan
meeded. This will aise sclve the problem of liter accumulotion

! Recycling is sometimes not feasible becouse of the costs invalved. Transpoe

woste ond cleaning the scrop metal, efe. moy cost more than exd
ores, This is true for some cheaper metals.

ey R AT me~LS
—~ IRON AND STEEL |

'+ Tron s extrocted from ifs ore hoemafite by reduction using cor takes ploce

in o blost fumace (Fig 5). “
! Row materials:

D Hoemolite (contoining iron{lll] oxide, Fe,0,)

@ Coke fcorbon)

@ Limestone (CaCO,)
L. Process:
s& @ Corbon burns in gir to form carbon dicuide:

Ci + Oylg) » CO,fg
——— “
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siep @ Corbon dioxide combines with more coke to form corbon monoxide:

€o,lgl + Cly - 2€CO(g

ciep @ Corbon monoxide gas reacts with iren(lll) oxide to form mealten iron:
3CO (g) + Fe,O,(s) — 3CO,(g + 2Fefl

Carban monoxide ocls as the reducing ogent in the recction. The liquid iren formed
flows to the bose of the blost fumoce.

srer @ Limestone (CaCO,) decomposes fo form colcium oxide and carbon dioxide:
CaCO,(s] = CeOfs + CO,lg)
The basic colcium oxide & used fo remove ccidic impurities (e.g. sand, SIO,).
CaO [s) + SO, -» CeaiO,{l

The liquid slag (CeSiO,) flows to the base of the blast furnoce ond floats on fop of
the malien iron,

equal omewn

L.} Tha row iron obtoined in this process is known s ae el 1t ‘J chimney
os cost iron or pig iron. I con be purified | i wah some
further by bubbling cxygen gos through @ | limestons
io bum owoy impurifies, The purified iron !
iz then used to make clloys such os stesl. bt e

" ey posed ore

Exam Tre L usoed o

| preheat
The reaction between calcmum oxde and | #e ar
ockdic impurvies in step 4 8 on esomple
i 1 REusTr :.i-'--'.‘-.l A FSECTsan
prehected —
a4

Fig 5; The blast furnace

STOP AND THINK

Which metal con be extrocted by heating on ore containing its oxide with corbon?
A colcium C  mognesium

g8 iron D potossium

ExamTre T3

Colcuss. magnesiumn and potassium are metals fegh i The reschvity series, They form wery
stoble compounds that ore net reduced by carbon. To estroct these metals from ther
pred. elelTrohysls |5 used,
Ang: 3] Trom s cbhimned by reducing its ore (haemalite) with corbon mompsxide guid Ttz
re rtong comtaing [ren(lll) exide. The eguation for the process i€
# PG 4 350 —y £Fe » 3i ‘]
i = il

(%81 CamScanner
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L) Steel is an alloy made by midng iron with carbon or other metals. There ore many types

ol sieel depending on the type cnd omount of odditives odded o it
There ore 2 kinds of steel: corbon steels and olloy steels,

Corbon steels contoin maoinly iron and corbon. They ore divided inlo either low carbon stesl
[mild steel), or high corbon sieel.

T Llow carben steel is sofler and more easily shoped. It is used to moke cor bodies and
machinery,

@ High carbon steel is strong but britfle. It is used to maoke knives, hammers, chissls, sows
and other cutling and boring tools.

{ Alloy steels contoin iron and corbon and o transifion element such o mongoness, nicksl,

o
chromium, fungsten or vanadivm,
An example of on clloy steel Is stoinless stesl. | does not rust, is exiremely durchble ond
resisiont to corrosion even upcn heating. It is used fo bulld chemice! plants, in moking of
cubiery ond surgical Instruments.

=  RUSTING

¢

¢ lron reects with oxygen in the cir in the presence of water to form rust. The chemical formula

for rust is hydroted iran(lll) axide, Fnlli:}],:tH:D.
The averall reaction thot takes ploce is given by the equation
4Fefs) + 30,1 + 2HO(] - 2Fe, 0,0 fs) : ~

This is an-oxidafion reaction tho! tokes ploce slowhy. In this process, lron is firgt ﬂ'ﬁ
iron{ll) lons before the iron(ll] ions ore further caidised to iron(lll] ions.

Fe -3 Fe?* + Za
Fe** 5 Fe? + &
Ef!&c‘.iuely, iron is oxidised into iron(ll) ions during rusting.

Unlike cluminium which reacts with cxygen in the gir to form o protective loyer on the melol
sufece, rust is brittle and floky, The iron undemeoth will eventuglly rust and flake awoy.

STOP AND THINK

P T ——

- —

maest iron Angs
The cpparotus shown was set up . ‘
with 100 em? of air in the tube. ait:
The volume of gas in the fube waos = '
measured ot intervels for six doys. |
Which graph best represents how e
ihe volume of gos changed over |
timad 1 -

walies, e I, /
RE B ’
TR W
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§ CH0) = 100
volume of 5 volume of 59
A pasiom? €  gasiom®
o OTTTIrT]
0123458 by2assh
I fimedays L
100 nae
voume ol g5 volume of gy
B gasiem? D gasicm?
0 O TTTTI
0123456 0123456
time / days tme./ days
ExanTre T
The rate of rusting will merecse in the pResEnCe gf soclivm ehloride amed acicdic  pollutants
such as 50, and CO
[Ans: B The iren present in steel will rust the prisence of oxygen and wobter over
several doys, Since air contains 20% by velume of oaygen, BO% = 100 cm®= 80 em’ ef ges ¥
will remain in the test tube ofter & coye

)

There are 2 main woys of preventing rusting of iron or steel.

(¢) Placing a barrier around the Iron or Steel Object

| Coot the iron/steel object with o loyer of substance thot will stop cxygen in the air and/

or water from recching the melal
Examples: painting, greasing

| Coot the iron/steel object with o less reoctive mefol or with ploshic
Examples: steel food cons cooted with fin

{b) Sacrificial Protection

(11 Coot *he iron/steel object with o more reactive metal, The more reoctive metal will corode .

in ploce of iron.
Example: gelvanizing (iron cooted with zinc)
| How sacrifical profection works:

@ In golvanising, iron matal is ploted with zing metcl fo prevent the iron from rusting,

When iron corredes, the first step in the recclion is Fe — Fe'' + Ze.

@
@ Zinc i3 & more reactive metel than jron, i.e. zinc loses elecirons more easily than inon.
@

f o plece of zinc is ottuched to iron, electrons from zinc will flow to the iron metal,

greventing it from forming Fe?* ions. The following reoction fokes ploce:
. In = In* + 2o
% Hence, zinc comodes in place of iron.
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Ship hulls clso hove bars of zinc oftoched fo I o prevent rusting. Underground pipes are
protected using blocks of magnesivm connected to them with wires. These Blocks of seerificial
metals must be reploced periodically.

Exam Tir =

the rote of rusting 45 decreased when iren I8 cooted or connecte wire 1

‘et tive matal If iron o coated 5% renctive metcel a g1

i, the rmate of rustihg well increase iF the cating 8 sorotche e the stesl i3
cxposed. the iran will starty 9 errode by forming Fe®™ ions. Tin, bemo o legg reachive
netal Than ron, will accept electrons from jrom, and this increases the o I formation
o Fe™ that o8 Teund in rust

STOP AND THINK

Which matericl s not used as @ coofing to prevent iron ond stesl from rusting?

A grease
8 mognesium

Exan Tre T

C point
O zine

Mg ng of an iroh or sfes t becouse it will react with
the axygen giF T8 forn magnesom oxe. Magnesium exide fHokes easihv and well
™ T The H1 CAPOdrng mord MogheEtum T PR Tion Ty, O magnesioe

oiatifng will wear oot very

Quckly, 0N the ofher hond, pae

g i ted ant the iran

oige 1 1 farme &7 FEQCIE with oxygen in the air will Torm
CORETEn i & M | prevent further peactios
[Ans: B] Mognesium - when d in th i pretection of won end stes! s
jene £ ¥ wireg o the iron fteel e jeet

= ALUMINIUM
e
! Alyminium and its alloys heve the following properties:
[t hos low density.
It has good electrical and heat conductivity.

It is resistont o corrosion.
It is a relofively strong metal.

2o

Aluminium is used to make food containers, cooking ulensis and cverheod electrical cables.

s clloy, durclumin, is used to moke ports of circra® bodies ond racing cars,

¥
8 STéd

I SR Emn———— = il . i i
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SAMPLE QUESTIONS

la Read the following possoge ond answer the quesfions cbout if

(a)

(k)

An ore of iron, A, is mixed with coke end limeslone anc lagded into o blost furnace. Hot B

it blosted in through o ring of pipes af the bose of the fumoce. The coke bums producing gos

C which is reduced by reaction with more coke fo give gas D. This gas reduces the iran ore

to iron. The limesione decomposes fo firm corbon dicxide and o white solid E which reocts with

silica, SIO,, to give o molien slog containing colcium silicote.

i} Idemify A, B, C, D ond E

(il Compound E is bosic, Whot does this tell you obout o chemical propery of silico?

[l Write & balonced equation for the ‘reaction between ironflll] oxide and corbon moneoxde.
Exploin why the iron(lll] oxide is considered fo have been reduced in this recction.

Sodium oxide carnot be reduced 1o sedium by heafing with coke, Insteoc, sodium is extracted

fram molten sodium chloride by electiolysis. Stote why iron can be edrocted from its ore in the

blost furnace ye! sodium connot.

2. Imogine thot three metals cre tronsported to Eorth by rocket ship from o far distant planed, Cn the
planat the throe meatals ore colled beium, ceivm and delum. On Earth the three maicls ore dropped
inte woter: deium does not recct but beium and celum do, liberating o gos which ‘pop’ when li.
When belurm is mixed with dilute sulphuric ecid, o solufion of beium sulphate is formed. When ceium
is dropped info o solution of belum sulphaote, beium is not disploced.

3.

la] ) Mome the gos which ‘pops’ when Iit
iii} Place beium, ceium ond deium in order of reoctivity most reoctive first.
(i) Whot would you expect to see if o piece of magnesium wos dropped into o solution of deivm
sulphote?
(b Deium could be the some metal os one of Eorth’s metals.
(i Neme one of Eori's melols thoi might be the some os deium.
(il In the future people on Earth might need to impon this metal from the for distant plonet.
Suggest why this moy be necessory, .
lc] The woy metals are used depends upon their properties. Complete fhis foble,
metal ' possible use properfies upan which the use depends
sluminium making paris of airerall [}
(i)
making soucepans (i)
.
i) I galvanising iron loses elecirons more egsily than iron
(b} Mome on clloy ond the element it contains,

(]

The circles in the diogroms below represent ofoms in o metol when pure ond when alloyed.
The orrows in the diograms represent forces opplied to the metal ond its alloy. Suggest why a
force in the directions shown by the orows will eosily chonge the shope of the pure melal but
not the shope of the alloyed metal.

-
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(i} olloyed metal

B i —

Describe how the reactions of the _:-:.”-;}wing metals with woler may b used

The reacfion of metal X with woter places it between calcium end iron in this ordes

to
an order of reactivity: colefum, copper, iron and sedium. Write chemical aquations for any e
of the reoctions you describe.

Suggest why X would disploce copper if odded to e solution of o copper sall.

pioce them in ‘

renctvity,

Thiz loble gives information about six melals. Tha letters are not the symbols of the melels. Chogse
the letler of the most suiteble metal lor coch of the uses described below. Give a reasan for your
choice in soch cose.

metal | melting point/*C |  shength cost density/g per cm’
_"-. il 1535 | strang ingxpensva y .-"'_"? !
B 3410 sirong EXPENSive 19.4 !
C 650 stramg TGE n:p;i; ;R 2.7 . I
¥ 98 wack inexpersive | 09 i
= 261 faidy sl-.-.:rf_:_ very expensive i 10 é— i A
—F | 328 foidy strong inaxpensive 11.3

tor the wings and bodies of aircroft
for the filoments of light bulbs

for bridges
b

bor moking fishing nets and lines sink

I

.

(% CamScanner
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{b)

{a]

5]

SOLUTIONS AND EXPLANATIONS

il A is hoematite
B is air
C is corbon dioxide
D is carbon monoxide
E is colcium oxide
(i Silico is an ocidic oxide.
{i} Fe,C, + ICO — 2Fe + 3C0,
iron(ill) oxide hos lost cxygen o form iron. It is thus reduced in the reochion.

Sodium is a very reactive metal lacoted high up in the reactivity series. It forms very stable compaunds
which cre not reduced using coke. In comperison, iron is locoted in the middle of the seres
ond the compounds it forms cre not so stable, hence iron con be extrocted by reduction using
coke.

Exam Tre T 5

Always compare the reactivity of metais by referring to their pesitions in the resctily
series. Simply statng that ‘sodium / more reactive fhan irof’ s not goad encugh

(il Hydrogen

fii} beium, ceiem, deium

() Mognesium is likely to displace deium melal from the solution. It will dissolve to form mognesium
sulphale solution.

(il Copper

(i) Copper mefal is o voluoble metol ond is axensively used. It s o non-renewable resource
that is present in very small guantities in copper ores.

Exam Trr T 57

Do cen be oy of the metals below kydrogan in the reactivity Series

-
[i:l it is |ig|’11_
() I is strong.

i} It is o good conducter of heot,

(v} It is unreactive

{v) zinc

Bross is an alloy mode from copper ond zint.

When o force is applied to the pure metal, layers of metol otoms ore oble to slide one over
another. However, in the alloy, the presence of atoms of different sizes disrupts the regulor crrangement
of tha mefal atoms and prevents the layers of metal atems from sliding.

Exam Tre T

Cocking uTensils should be mede from unreoctive Mmetals such os copper se That foed
cooked wsing the utensil will pat react with it and be contaminated
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Mo.8 Metals | sk

Sodium reoacts vigorously with waler, giving sodium hydroside ond hydrogen.
2Na + 2H,O0 — ZNoOH + H,
Calcium reocts less readily with woter. Caleivm hydroxide and hydrogen are formed.
Ca + 2H,O - ColCH), + H,
iron does not react with cold water, but will bum in steam to form friiron fetracxida,
Copper does not reod with cold woter or steam,
The reoctivity order is, the mos! reactive first, sedium, coldum, iron, copper

X is more reactive than iron and iron is more reactive than copper. X is thus more reactive than
copper, ond will disploce copper from o sclution of o copper salt.

Exam Tre T 5>

VWhen won burns N STeam. o reversible reccHon tckes ploce where F mibires with
steam To give truren Tefrooxide (Fe O.) and hydrogen gas. The some
when iren o8 burnt in oxygEn

Metol C becouse it hos o low density, The wings and bodies of gircroft should be strong ond

ligght.

Metal B becouse it has o high meling point. Very high temperctures are resched in o filament
light bulb and o metel thot will remain solid under these condifions is needed,

Metal A becouse it is strong ond inexpensive. A bridge must be made of ¢ strong metal thal
s also inexpensive to reduce cost,

Metol F becouse it hos o high densily and is inexpensive. Sinks need to be made of o dense
mefal so that the nets and lines will sink in woter, but it cannot be too axpensive to be vnaffordable.
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AIR AND WATER

LEARNING OBIJECTIVES

Candidates should be oble fo:
2.1 Air

[

agE a ] - = = 50 :
describe the volume composition of goses present in dry oir as 79% nilrogen, 20% oxygen
and the remaindar being neble gases (with argon as the main constituent] and carbon dioxice

B shote the uses of axygen [e.g. in making steel; oxygen tenls in hospitals; together with acetylene,
in welding)
[ nome some commen atmospheric pollutants [e.g. corbon monoxide, methane, nitrogen cxides
(MO and MNO.); ozons; sulphur dicxide; unburnt hydrocorbons)
1 state the sources of these pollulonts os:
i carbon monoxide from incomplete combustion of corbon-containing substonces
i} nitrogen oxides from lighining oclivity ond infernal comBbustion engines
i) sulphur dicsdde from volconoss ond combustion of fossll fuels
7 discuss some of the elfects of these pollulants on health and on the environment:
(| the poisonous noture of carbon monoxide
(il the role of nitrogen dioxide ond sulphur diexide in the formation of acid rain and its
effects on respirofion ond buildings
9.2 Water
Fl oulline the purification of the water supply in terms ol:
[} filfrotion to remove sclids
[} chlorinafion to disinfect the waler
7 siate thot seawater con be conwverted into dankable woter by cesafSinobon

USEFUL WEBSITES

O

g oo

0 O
0 O

[]

O

Mt/ fwww.sciencenet.org.uk/database/eorth/energy/e0005 Td. himi

hitp://school discovery.com/sciencefoircentrol fjokesathc/leb/ocidroin/p | whotsacdidrain, himl
hitp:/ fwwew.nsc.orgfehe/mobile/girpollu. him

hitp://epp.nen.govsg/ems/hidoc./eategory sub.ospPcide34

hito:fferwrer atrm.ch,com.oc, uktour)

hitp:/fglobolwarming.enviroweb.ong/

hitp:/ e halcom fifenvironment/eutrophicotion. himl

hitp:/ fwew.pub.gov.sg/brought fo you.him
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= AIR
.'l
| Clecn, dry air is & midure of gases.
| ) Teble 1 below shows the typical compesition of clean, dry air.
J
Component Percenloge
‘ Mitrogen, M, _ 77%
\ Owygen, O, 20%
Corbon dioxide, CO, C':':'il%
) Moble goses {moinly argon) 0.93%

Table 1: Composition of cleon, dry air
Air glso contoins waier vapour in variable emounts; depending on the humidity of fhe surmoundings.

STOP AND THINK

Alr contains cboul 21% cxygen by volume. When o somple of river waler wos boiled, the air
expelled from the water wos found to contoin 30%, What is the best explonation of this difference
in oxygen conlenis

A  Carbon dioxide is more soluble in woler than is oxygen.
B MNitrogen reocts with waler,

L Oxygen is more soluble in woler than is nitrogen.

D The noble gases are inscluble in water.

Exam Tie T =

- — _— —— = e ———— .

AiF 2 a mixture of cdfes ond the relotve proportiongs of The mponEnT Oief are not
fixed, The percentoges of the gases That maoke yp or will vary shohth Trom ploce prlie
mdimg an lpcal et ool
Ans: €] Mitregen 8 léss soluble i woter Than oxvgen, Thit means that more axygen will
disgoive in water, and the pPelathee propartion of patygen |H Tha r oxgglied from woter 15
! .

E
(a) Determining the Percentage of Oxygen in Air
i Fg 'I shows the experimental sel-up used to determine the percentoge of cxygen by volume
in .

gloae fube corfoining
firvaly divided coppar

'
- _'!a&_ﬁ__i]
t i $

g syringe 1 heat s Fyringe 2
Fig 1: Apporotus for measuring the percentoge of cevgen by volume in air

—'-"-"_"-_'_'_‘-"—"_'—m_‘-’-'-'-_'_-'-_-—-— T—
13
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Procedure
& Gos syringe | contoins o known amount of air
@ The copper powder is heated strongly os air from gas syringe | is possed ovar I

Copper reacts with coygen in the air 1o form copperlll] caide:

£luilsl + O,lg) = 20wl is)
The remaining gas is collected in gos syringe 2.
The gas in syringe 2 is passed over the copper powder ogain fo ensure complete reaction.
When the volume of gos collected in gas syringe 2 remainas constont, the ﬂ:rpnm'rus %
cooled 1o room femperature before reoding the volume of gos collecied.

= B

clume of air in violume of gos
Volume of O, = Y=MIMELE O — sl
z gyringa 1 initially collected in syringe 2

Volume of Oy

% O, ingir = — —
Volume of air in syringe |

« 100%

STOP AND THINK

An BO ey sample of air is tropped in o syinge. The air is slowly possed over heoted iron in
a tube wntil there is no further decrease in velume. When cooled to the original tfempersiure.
what volume of gos remains?

. irct
A 16 em? r ; ! aly
| = = "
g 2 | i ail = LT e ——
B 32 em? L Eismiantenos o s & 6w A
o - ¢
C 48 em B crv ol oir heal
D 64 em®
Evan Tre 5=
frnges exponG ond controct on hesting and cooling Hence, the mesrrsssst of oof n ths
EXpEFITEnT MAET DE cofducTed of The some femperature S0 e B - T
[Ang! D] The remaining gas 5 mainly mtrogen gas, Since nitrogen gEE EReS ¢ approx
Fra Ty BOR af oir Ery '.::lll'-ll" The volume of fuTrogen Qg -1_4, - I et - &4 '
(b) Combustion

aubstonces react with oygen 1o form oxides. This chemical resclion i Easwn o3 combustion
and @ lot of heo! is genercted in the process

Complete v Incomplele combustion of carban contoining subsiomees:

T When there is o plentilul supply of oxygen, complete combusten Bccurs and tha pr |:||:||.u:15
are corbon diokide and water,

Example: Octane, C.H,, {o hydrocerbon found in peleell Ssed in motor vehiclas)
2CH, + 250, - 16C0O, + 18H.O

@ When there is |ﬂerH.r.|en’r supply of oxygen, incomplele Eemmbustion tokes ploce, Possible
preducts formed include corbon dicxide, carbon momesde. waler ond soot [carbon)
porticles.

Example:  Ocdone, CH,
ACH, + 190, & 4C + 4CO + 8oy + 18H,0

ExamTr T 5>
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(c) Uses of Oxygen
21 In steel production, oxygen is bubbled into mollen iron 1o bum off impurities.
Ll Owygen is used in oxygen fents in hospitcls ond diving farks.

I In welding on construction sites, oxygen is mixed with vcelylene ond burt to produce o very
hot flame used jor welding metcls togethar The flame is colled an oxy-acetylene flome.

@' Auosererc Pouumon

L3 Air is soid to be polluted when it contains chemicals in high encugh concentrations to harm
living things or domage non-living things.

{a) Commen Air Pollutants

[} Commen air pollutants include

® Corbon monoxide, CO

& Smoke and dust

& Ohades of nitrogan (NO ond Nﬂ,:l
@ Unbumt hydrocarbons, CH

@ Sulphur dioxide, 50,

® Methone, CH,

@ Ozone, O,

— —

CRT S ]

!..F 1.54ﬁ bEvEl

i [t 1|
i KL ¥ o PR

{b) Sources of Air Pollutants and their Effects of Air Pollutants on Health and
on the Environment

[} Table 2 lists the sources of some common air poliutonts and their efiect on health ond on
tha environment,

5 Qos.

—

Air Pollutant Sources Effects
Carbon Incomplete combustion of It is @ colourless and odourdess palscnou
monadde, 0 cobon condaining subskances. It combines preferenticlly with hoemogickin in
Commonly emitted as part of the blood to form corbomghaemoglobin, which is
car exhaust fumes, a very sioble compound. This prevents
hoemoglebin from combining with cxygen, ond
the body dies from cxygen slarvalion.
M |ower concentrofions, corbon monoxide
couses headoches ond foligue.
Nitrogen eides | MNitrogen monoxide (NO} is Nitrogen oxides domage lungs ond iritole eyes. |
[nitrogen produced when nitregen [N H also undengoes hurther maction with cygen

monodda, NO,
and nilrogen
dicxi de, NO.)

reocts with axygen (0.} under
high femperatures or dudng
lightning storms:

N? + O, = 2NO

Milrogen monotide then
undemgoes further cxidotion 1o
form o dioni da, N'D:,:
ZMO + O, = 2NO,
Commonly emilled from cor

ergines and coal buming
power stalicrs.

and minwater to form add rmin:
4NO, + O, + 2H,0 —» 2HNO,
Acid moin couses e corosion of buildings ond

metals. It aise kiills plants and marine life by
making woter bodies become foo oddic.
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photachemicol smog.

Unbumi Incomplete combustion of Reoct with cther pollutants 1o form
hydrocarbons carbon-conteining fuels in the photachamical smeg
{CH) infemal combusfion engines of
motor vehides.
Sulphur dickide, | Buming of sulphur conldining Sulphur dickide couses b ing difficulfies and
50, tossi| fuels le.g. coal) ond eye imitafion. It also undergoes  caadation
emission during valeono ond dissolves in rain water to form add rain.
erupticn. 250, + O, + 2H,O mb?H_sﬂ‘
Adid rain couses the comrasion of buildings and
metals, Il alse kills plants and maiine life by
making water bodies become tos aadice
Methane, CH, Bacterial decoy of vegatable l can combing with oxddes of nilregen in the
mcier-animeal dung and presance of sunlight fo-form photochemicnl
rubbish buried in lendfills, smog. It is also o greenhouse gos thal con
eause alobal warming.
Ozene, O, A pdiviant formed ino At ground level, crore is on eye iritont, couses

Breathing preblems and domaoges plants

Exam Tie T3~

Unburnt kydrecarbons, carben monoxide and nitrogen oxides emitted = cor
ore removed by the instollation of o cotalytic converter of the exhsust pipe of the meter
car. The catalytic converter uses ¢ platinium catolyst to change these pellstont gases intc

Tahle

2

—

cerbon dioxide, water ond nitrogen, which are less harmful te The envieomment

STOP AND THINK

A sample of poliuted gir is bubbled through water, The pH of the schuion lommed is Jess than
7. Which gas couses this? e 3

A ommonig
B corbon moncside

ExamTre T 3=

C nitrogen
D sulphur dioxide

exnmat fumes

-

Corbon menoxide = olso an at pellutant, but it is a neutesd @
[Ans: D] The eir pellutont sulphue diokide is an ocidic el

| gve an acidic solubon

B nitrogen

ExamTre T 5=

STOP AND THINK

Which substance, presant in cor exhoust fumes, does not g stmosphera?
A corbon monoxide L nitrogen oxides
D unburned lwd

Unburnt hydrocarbons and nitrogen oxides combns
a phenomenon called photochemical smog Smogs M
elderly ond the young because the hesvily pellute
[Ans: B] The nitrogen gos is in the air token n &
emitted a5 port of the exhaust fumes

fouses breathing difficulties,

3 imzoluble in water
gizsolve in water 1o

hce of sunlight o produce
the couse of deoths for the

. _' engine for fuel combustion Tt is

—

(%8 CamScanner
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(a) Treatment of Raw Water

l) Purification of drinking woter is comried out ot the waterworks,
) Three main sleps ore involved in the waler purificotion process:

Filtration to remove sclids

@ Additien of ocliveted carben 1o remove foul cdour ond foste.
@ Chicrinofion o disinfect the woater,

Ll Fig 2 oullines the woter frectment process.

aodition of bme and
alum {polasium
eluminiem sulphohe)

Fig 2: The water freaiment process

L]
ser @ Row woter is firsl screened o remove lorge solid impurities. Alum fo cosguloting ogent}

i3 added 1o waler lo cause fine suspended porticles to clump together and seftle in the
sedimenigfion tonk. Lime (colcium oxide) is odded o reduce ocidity

siee @ Activated carbon is odded to remove foul edour and toste. Filtrofion removes any remaining

solid poricles.

ster @ Chlorinafion is carried out to kill harmful bacteria present in the woter. Fluoride compounds

are sometimes also added to help prevent footh decoy.

(b) Desalination

ks

Cesalination is the process of removing dissolved salts from seowoler The sea thus provides
e ready source of drinking wober.

! Two methods of desclinotion are commonly used.
@ Distillotion: Seawater is evoporated ond the pure woler wopour formed is condensed,

e.g. sclor distillofion

@ Reverse Osmosis: Pure waler is extrocted from seowoter using o semi-permeable membrone

under high pressure,

Exan Tre T g™

Reverse osmasid is the technology used to obtoin Newcter

e e e
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STOP AND THINK
What is removed in the chlcrination stoge of the purification of o woler supph?
A boclerio C  nilrates

B fluorides D suspended solids
Exam T 17

I__. come countries orane or LUV Podietion r e Ter woter ster ot rhenn
Ams: A] Chioring i3 used To steritize drinking weter by killing i Tera present in
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SAMPLE QUESTIONS

A student wonted to find the percamoge of water in oir. A wax condle wos fixed 1o o weighted piece
of cork. This waos flooted on waler. The student then lit the condle ond lowered 4 graduoted gaos

jar- over if, s seen in fhe diagram.

he condle flame slowly went oul gnd the walers :
T ;i .L S g ; g 20cm =, gradusted jar
lavel rose in the jer. The siudent noted the fincl

iBcm — Al

woter level in the jor

fal Why did the tlome go out?

fb) ‘What two substances are produced when o wax
(hydrecorbon] candle burns?

le) Whot did the weter reploce when It rose in the
jare

(d] Why did the woter not fill the jer?

lg} The water rose fo the 3.5 cm mark on the jor.
Caleulate the parcentoge change of volume of
the gir.

2. lal Mame two goses, oiher thon sulphur diswide, that pollute the atmosphers, Give ane possible
source of ecch pollutant. Sulphur dioxice is chown o5 on example of a poliviont.
pollutant: sulphur dicwde
source: burning coal
(b} i} Give one reason for consenving fossil fuels,
[ij What is dameged by the sulphur dicxide released when some fossil fuels ore bumi? Give
e D:.E"‘I'I]]h:!ﬁ.

3. The block greph compares the amounts of different energy sources used Dy o couniry in thres yeoars.

Bl =—
A .
Energy Sources
[ oerroieum fueis
40 =
|| muciear slectric
ralative
guantities . hydro alectic
used E[I | E w
| 4‘ T 1 Sie . sold fuaks
e £

1860 1870 1980

la] Whet wos the main energy source in 19402

(b) Stote one problem of using petroleum fuels of high rofes of consumption.
ld) Which of the sources on the groph s guickly renewsd?

(d) Why does buming large guantities of coal harm plonts end onimals?

(%81 CamScanner
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SOLUTIONS AND EXPLAMATIONS

All the oxygen needed to support combustion in the jor s used up.

Carbon dioxide and woter.

The woler reploced the cxygen gos uvsed up lo bum the condle.

Oxygen occupies only obout 20% by volume of air. The remoining gos s mainly nilregen gos.

Percentoge chonge = %H 100 = 17.5%

ExamTe T

The percentage obifmnec |5 fess then 206 becouse the experment ossumes fhat ne prod
uct is formed during the combustion Im foct, most of the corbon dioxide formed wi
diggalve i the water, but some will remain in getecus state ond couse the Fewl water lew
to be lower thon what it should be if ne corbon dicxide wes present ot

Pollutont: carbon monoxide

Jource: incomplete combustion of carbon contoining fuels in limited supply of air

Pollutant: nitrogen dicxide

Sowrce; combushen of nitrogen ond cxygen under high tempergtures in the car engine.

() Fossil fuels are limited, non-renewcble energy resources.

(i) Sulphur diowide in the oir will dissclve in roin waler fo lorm ocid min. The ocid min will

corrode metol ond limestone structures. Aquatic plenis ond onimols are clso killed when ocid
rain folls into river bodies because the ocid rain mokes it too ocidic for them fo survive.

Exam T T3

= — — SR

Sulphur dicsode 5 alfe on eye ifrrtont ond couses brecthing Sifficuithes

Petroleurn fuels
It produces corbon dioxide on combustion. Excess corbon dicside will lead $o globel warming.
Hydroelectric source

Cool contains sulphur. Buming large amounts of coal produces sulphur dioside that will dissolve
in rgin %o form ocid roin. When acid rain falls to the ground or inio woler bodies, the scil ond
water become too ocidic for plants and animols to survive

Exam Tre T 3=

- — . w— e —— — i

Encess corbon dicxide couses gichal warming when it trops So8 mwch of the hear that s
rodicfes oufwarcs mto spoce by earth in the night, Slobal eermng moy lead 1o 0 general
rEe In ambient Temperature, Tlooding of low lying crect amll meiting of the poler cape
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TOPIC 10 ORGANIC CHEMISTRY

LEARNING OBJECTIVES

Candidates should be chle 1o:
10.1 Crude ?il

#

BEA H

&)

siate that nophtha froction from crude oil is the main scurce of hydrocorbons used as the
tsadsiock for the production of o wide ronge of organic compounds

describe the issues relating o the competing uses of oil o5 on energy source ond s o chemical
feedstock

name naturcl gas, mainly methone, and petroleumn as sources of energy ]

describe petrcleum os o midure of hydrocarbons and its separation into useful froctions by
fractiong] distillation

name the follewing froctions and state their uses: -
() petrol (goscline} os o fuel in cors

i) poroffin (kerosene) os o fuel for heating and cocking ond jor aircrolt engines
(iii) diesel os o fuel for diesel engines

(v} lubricating oils os lubrdconts and os o source of polishes ond woxes

iv} bitumen for moking rood surfoces

10.2 Humuln_qpm Series

o

describe a homelogous series as o group of compounds with o general formula, similar chemical
properties ond showing o grodation in physicol properties os o resul® of increcse in the size
and maoss of the molecules [e;g. melting end boiling points; viscosty; Sommability)

10.3 Alkanes and Alkenes

|

2|

E = =

describe the properties of olkones (exemplified by methone) os beiag generoily urreactive
except in terms of burning ond substitufion by chlorine
describe the monufocture of alkenes and hydrogen by crocking hydeocorbons ond recognise

that crocking is essentiol to maotch the demond for froctions comlaining smaller molacules
fraom tha rafinary process

describe the diference between soturated and unsaturcted hydeocarbons from their moleculor
struciurss and by using oqueous bromine

describe the properties of olkenes in terms of combusfion ond #he oddition reaclicns with
bromine, sieom ond hydrogen

siofe the meaning of palyunsoturcted when cpplied to food products

describe the manufacture of margorine by the oddition of hydrogen to unsaturated vegetoble
oils to form o solid product

10.4 Alcohols

=
ri

&

describe the properfies of clcohols in terms of combusiion ond axidation to carboxdic ocids

describe the formation of ethonol by the cololsed oddition of steom o ethene ond by
fermentation of glucose

stote some uses of ethonol (e.g. sobvent; fuel: constituent of alcoholic beveroges)

CamScanner
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10.5 Carboxylic Acids

&l describe the formation of ethancic ocid by the oxidation of ethancl by atmospheric oxygen
or ocidified potossium dichromate(Vl) H

B deseribe the reaction of ethanoic acid with ethancl to form the estes, ethyl ethonoate

10.6 Monomers and Polymers

[ describe mocromolecules as lerge molecules built up from small units, different mocromolecules
having different units and/or linkages

M describe fhe formation of polyiethene) os en exemple of cddiion polymerisation with ethene

as the monomer

sicle some uses of poly(ethene) as o typicol plostic (e.g. plostic bogs; cling film]

describe the structure of the polymer product from o given monomer end vice verse

& deseribe nylen, o polyemide, and terdene, o polyester, os condenszation polymers, the perfiol
siructure of mylon being represented os:

? <t f
| | = Il

|
B R\ R
H - - H

ond the particl structure of ferdene as:

-0{}o-e -0 _Fo-c-N¥£-o-
o 0 o O

(details of manufacture ond mechanisms of these polymerisofions are not requ:red)

siote some typical uses of mon-made fibres such as mdon and terylens [eg. dlathing; curain
moteriols, fishing line; porachutes; sleeping bogs

cescribe the pollufion problems coused by the disposal of non-bindegradable plastics
identify corbohydrotes, prefeins end fots as notural mocromalecules

describe proteins a3 possessing the some amide linkages os nylon, but with different mancmer
units

describe fafs s esters possessing the some linkoges os terylens, but with gifferert monomer
Wit

B =

B BEaAa /B

USEFUL WEBSITES

hitp:/fwww.schoolscience. co,uk/content/d/ chemistry/ findex. him|
http:/ fweerer.chemguide.co.uk/orga nicprops/alkones/
htp:/fwwew.chemguide.co.uk/organicprops/acids/ o
http:/ fwww.quia.com/dir/chem/ _
hﬂp:,ﬁfwww.riclurkmn-dumnn.:u.ukﬁunim'arguni 220-%2Cintro
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~— SOURCES OF ENERGY
“.

| o

(13 Mast of cur energy come from the buming of petraleum and notural gas. In some countries,
solid cool is used os fuel
(! Petroleum (o dark, sficky liquid clso known os crude oif), naturol gos ond coal are fossil
fuels. They ore formed o3 deed plont and enimal matericl are subjected fo infense pressure
and heat over millions of yeors. Consequently, thase fusls ore non-renewable energy sources.
(] Nctural gos is mostly methone gos ({CH,). It bums cleanly in gir to form corbon dicxide gos
and woter:
CH, lg) + 20,1{g) = €O, lg) + 2H,0 g AH = —BE2k
This reaction is highly exothermic.
| Cogl is mainly carbon, with smell amounts of hydrogen, oxygen, nitrogen and sulphur. When
4 burms in gir, the main products are corbon dicxide ond water:
coal + oxygen in gir —» corbon diowide + woler
At the same time, smoll amounts of soot, cxides of sulshur ond nitrogen and csh (o solic
residue) are formea.

Exam Tre T3

coal is nat o clean foel The sulphur dwode ong miTogen | {ioxicle poses pregent in tho
wasie Qosed of a cool burping power SioVien Ore removed Ly posiing Them fhrough  wet
limestone before the waste goses ore emitted info The atmosphere

Pﬂm:]aum s o midure of hydrocarbons with different carbon chaoin length. Molecules with
o short corbon chein have low boiling points while those with long corbon chains have high
boiling points. Petroleum is quite useless as a mixture; it is usually refined by fracfional disfillotion
to seporote out its different components to make useful fuels and petrochemicals.

(a) Fractional Distillation

I} Petroleum is seporeted into 7 froctions
in the frackionating column, Fig | shows

patoisum a3

Siudents must be oble To
st the order i which The
{rochions of petrolesm ore
obhroaned

the different froctions sbigined infrom | fractionating
a froctionating column, golumn g R A
- ey i—-lLE..
crade oil TT 0 © 1—r
Exam T T2 Ipatgiagen) T I L T.
Je— |

7259 :ILF""E'“""H‘

TSt ’_'”__F‘.i-- lubrico¥ng i

crude & \ﬂpﬂkﬂ'—-! '\-\..__. ,_/
| I"—a'--- bitumen
Fig 1: Froctional disiillation of Petraleum
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(b) Uses of the Different Petroleum Froctions

Ll Toble 1 shows the usss for the different petrcleum froctions.

| Boiling  Length of C chain
Fisa i Point [°C) in Molecule e
top of X T ey botiiad nos loF SO MR
Irticresing |I Poiralaum Gas :JLFUW III';J“ | = nflﬂli' :I ek 1. A
ceurnn = bkl e 8 | s liquetied petroleum gos, LPG)
Patrel (gasoline) 40 -75 5—-10 pefral for mator vehidles
| . chemical feedsiock o g~
Nephtha | 75-150 | 714 BRirochamico! Inaustiy, wivich
| ITOL e U s |.-|u;.|u:5__
s o f detergenis, elc
{ fu.'c{ﬂn | 140 -750 | 11-16 | uir-:;.-.uﬂ engine ‘:'JE.'||' fue Tor
| ixerosene| = heating and cooking
: tuel for diesel engines of heavy |
Diesel 230 - 300 16 =20 | vehicles such as lorres, troins,
e,
lubrcont for :'|‘:_-_:1.r.i.|'|-§_] -'n-:|d'|.in.|;_-
Lubrieating Oil 300 =350 20-33 parts; making waxes and
i . poiis s N
foctionating | Bivurmen e asn | mere than 70 road surkading
cohamin = | i [rugu:llcjl el e

Toble 1: Uses of petroleum fractions

¢ About 90% of all the petroleum produced is used os fuel to generate eleciricity, to drive
motor vehicles and 1o provide power for industries.

The naphtha froction is the main source of hydrocorbons used os the chemicol fesdsiock
tor the production of o wide ronge of cmganic compounds.

Tn.:. rred |1=E dem_und for fuel and chemical feedstock, the heavies froctions (frochions with
higher baoiling points) undergo eracking to provide smaller hydrocorben molecules, such os

those found in petrol.

-
ExamTir T 5=

1 maeEt The demond l'_:-u {_.I. f .-_!-l-\,._,.,_:-..__:: such o solar R
i TR —_— o oty 3 me BRChErT i g4 Ong My
Srosielric enerdy Can be considered

-

STOP AND THINK

| When crude oil is distilled, severol products are ablained. What N eorrec! order of their boiling

poiniss ;
|...” : lowest boiling point —_— M;ﬂim
A desel porcfin S [Lccciing o |
| B porcffin patrol lubricoting o diesel
C petrol paratfin el lubricating cil |
D petral diesel lubricofing el poraffin '
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et =)

= e e
. 2 o =

Although crude oil has been seporated infe 7 fractions, ench froction 15 mnot pure. The
process {2 umable fo give pure froctions becouse the boiling peints of the hydrocorbons
found in crude ol are Too chose for efficient seporation Hence, In lTobfe 1 The dobg
guoted shows o range of bailing pointy (indicating the presence of a mixture] instend of
g single beiling point '

[Ans: €] When crude ofl s froctionally distilled, the froct:ion with the lowest boiling pont
is coliected from the fop of the columm, whie the frection wiTh the ?‘llﬁihl‘:ﬁ' I:-n:.'lnﬂ point
is collected at the bottem

STOP AND THINK
Usclul froclions cre obloined by the froctional distillation of petroleum. Which froction and wse

| ore cormect?
Frection Use
A bitumen fuel in cars
B lubrcoting oils for making woxes ond polishes
C porcflin (kerosena) for making roods
0 patrol {gosolina) aircraft fuel

ExamTre T3~

When answering questions regarding the uwses of the different froctions; do net be vogue
and give answers ke ‘kerosene 15 used i cogleng, Kerogene is inedible. the proper answer
should be 'Merosene is used o fuel for cooking

[Ang: 3] Bitumen is ysed for meking reod surfoces. paroffin is used od absoreft foel while
petral = wsed o5 fuel in cors

F—~ HOMOLOGOUS SERIES

‘1}’: T

L The chemicol and physical properties of an arganic compound are determined by its functional
group. Orgonic compounds with the some functionol group are grouped info o fomily called
o homaologous seres.

There are mary homolegeous seres and eoch series is given a nome. All arganic compounds
ore nomed occording o the series to which they belong. Toble 2 lists some homologous
series of orgonic compounds.

L all
i)
@

homologous series hove the fn[lnwing cheraclaristics:
They hove the some general formula,

They hove similior chemical properties becouse they hove the same functional group,
i.e. they wndergo the same type of reactions,

They differ from the next consecutive member by o —CH- group.

They show a gradual chonge in physicol properties such s melting point, bailing point
ond density. As the number of corbon cloms in the molecule increases.

*  the meling point, boiling point ond density increases.

they become less flammable,


https://v3.camscanner.com/user/download

Homologous | General Valuve of n in Functional
Series Formula General Formula Group
Alkones CHH?"_? nzl Tl
Alkenes l:‘i‘l.‘,._ nx" -C=0C-
Akyries C;I'| _— n=2 B
Aloshol CH. ,;OH nzl _O-_H

A=A}

Corbondic odids | CH,, COOH nz0 5 "

Toble 2: Comman homologous series

== e —

STOP AND THINK

The diogroms show the structures of four organic molecules. Which two are members of the
some homologous series?

P o R 3
H H H 1 M H H
H—t:: O —H n-l—n::: C—H %_a_fj:_ﬁ H 1::-%-_|::_|-|
H M H H H H H
A PondR C GondR
B Pand§ D Kook 5 .
Exam T T3~ -

- —_— - - — - —— e
Foand 5 also differ by a -CH.- group. Consecutive membars of the sese Ressicoous series
diffes by o EH." Froup. -
[Ang: B} P ond 5 contain the -OH funcrional group.

mtain ond which
the different number
s fo the dilfarent

L) Orgonic compounds ore named according to how many co
functional graup they possess. Table 3 gives the prefives o
cf corbon atoms in o molecule, and Table 4 gives the s
homalogous series.

Prefix No. of carbon
_uinml ]
mieth- ] ;
L Mh_' ] 2 otkone
__pro- | . i olkene
but- L ; | l:IiEd'l!}'I
pent- e
_EF | corboxylic ocid
hex: & ' mﬁ il

Table 3: Prefixes in nomes
of organic compounds

K= in names
pegonic compounds
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An orgonic MOoNed

ijl_.'|-C".!1E|
Elwt!' 2 Thae nomsa of tha
% eomtains 2 corbon oloms ond belongs 1o the

#— ALKANES
®
The olkanes are a fomily of hydrocorbons, le
only
Their ceneral formulo is CH, .

[heir nomes end with ‘ane’.

-

L 168

ula belongs fo the alcohel series ond contains 4 corbon

atarms. Since the names of olcohols end with ‘.ol the molecule will be colled

melsculs with farmuln C _H_L:"_-'i IH is ZS"LI|.:‘=.”|-!,"il'. ocid, snce

ooyl

they contoin hydrogen and corban gfoms

 whare n is the number of corbon aloms

el seras.

in one molacule

{1 Table 5 shows the first 5 members of the clkane senes.
I I s
]
Mo, of f'm" bt i | Siruchural elative Physieal state
cAars in one formuln of one molecular al raam
(=113 farimubn
rroleode maleoule mms fem pera fure
| H i
| c i | (3as
] |"n'1E:'.'.F|'T'|I;‘- "1 [ Q. H ] ':l 2 :
3 Y 162 °C)
' H
HoH -
. ; | . Gas
2 Fihone g Ho e —H K
| LAY “C] |
] H H
H H H
. Pr CH Lol 4 i
o Propane R L e 1 e e !
| | | [-42 "C)
= | H H H
i H H H H - |
1 | r!l C H I: I } | E | EJ(IH I
i EhL o P L H—=—1 ' et —H =
: | B ) | 050
3= ‘ i H H_H |
5 H H I H
: | | Licpuict
= Pentana | CH, o 8 'l' e C—M T. _ .
: | e I - (36 "C)
| = | H H H H |
Toble 5: Properties of the first 5 meambers of the alkone series

Alkones ore covalent compounds with wook inlermolecular forces bebween ine molecules.
As the number of carbon atoms increases, the melting point, and bolling point increcse;
the first four members ore gases, the next thirleen ore figuids ond the rest arg salds.

U Alkanes ore insoluble m woter

(%81 CamScanner
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-1 Alkores become more viscous, Le. more difficult 1o pour out 65 the number of corbon aloms
increase,

| The corbon atoms in alkones are held logether only by single covolent bonds. Alkcnes ore
thus said to be soturated,

ExamTre 15~

An orgonic maleowe = goid 1o be saturgted confring chry Sngle corbon-carbon cove
lent bonds. In all orgonic Lampounds, eoch carbon afom will ferm 4 pavelens bands, while
Jd will form § renw ;_-._| haned ‘:_J Xy atoms ore |' "_.-r|'_ I -.:'.-" atom will farm 2

ovwalerst ban J_:.

STOP AND THINK 4

In the olkane series of hydracarbens, C.H,. ... the boiling point [b.p.) of the compound I
o5 n ancrenses. Which groph comeclly represents this effect?

L= o
'Y
a b.p. B.p. op. '\ b.p.
it |
] n i .
-

ExamTr T3> ¥

>rdph B i5 wrong bocouge the | P 1= conston! for the first fow members of ﬁ
series. -

| [Ans: A] As the size of the alkone ncreases, The sfrength ef the W“
| sctween The alkone molecules increases leadmg to highier mett rg ol h*
1 L

—
w

STOP AND THINK

The fellowing displayed formula is of o long chain hydrocarbon. Which %DF‘ s correct
about this hydrocerban? ,

g H H H H H H H H H H M

k' ERTY (TR [N (| 3 il |
H [I: IZI' £ {I_ 'fl' [y PR s R ol
| I | Lo o

H " H H H H (=] I 'I.l F

malecular formula empirical formula
Cilt, £H,
C.H, CH-
I 5 o il i

} OCHfCH) CH, CH,

w5

™

I —_ ) [}
Exau Tre T3> 1
— e ——— e — N . '
M PormEr f g Qant ‘1'.'|Ii_'J_'.i-' rnde from She tihed toaoe) |'.-:'.F 7] tovicreEnt LT |
bonds. The alkene C M. is just ,

1 g

(Ans: 8] The moleculor formulo of the STraCIrE S The smplest ratio of © end H
aromes i€ N8, e the empiricol formula e TT R o
fe la fre 2 lhimma e 5 ; -

rrlila Tl £ mkane gemeral formols e ite

e DECOUSE we con geb the
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“I At REs £ AEATE
(o) Combustion of Alkanes
(1 Alkanes cre not very reaclive. They ore used mainly os fuels o provide hect energy.
(i) Alkanes bum in air (oxygen] lo farm corbon dioxide ond waler

Example: methane + orygen = . corbon dicsdde + woler vopaur

CH, + 20, ==, CO, + 2HO

(1] When there is not enough oir, burning is incomplete. in this cose, soot and carbon monaxide
are clso produced.

Example: ethone + insufficient caygen =, carbon + corbon monoxide
¢ carhon diowde + waler vapour

3CH, + 40, it iC + CO + CD: + “?l"._':l'

(b) Substitution by Chlorine
Alkares react with chiordne gos in the presence of sunfight to form chlaroatkanes.
Example:  methone + chlorine — chloromethane + hydrogen chloride
CH, (g) + Cl,{g) — CH,Cl{g) + HCl{g)

L1) This is on exomple of o substitution reacfion. One of the hydrogen cloms in methane has
heen subsfituted by o chiorine olom,

(.} This reoction does not toke place in the dark. Sunlight is noeded to provide energy lo break
the C1-Cl bond to produce chlorine otoms which then reoct with the alkone molecule.

= ALKENES

@

1] The alkenes also form o fomily of hydrocarbons - they contain only carbon atoms and hydrogen
alams.

[} They hove the gereral formula C H. . Nole that the olkene fomily storts with ethene where
n=2. Methene, where n=1 to give the formule CH., does not exist.

L Their nomes end with “ana’.

Ll The formula of eoch member differs from the previous one by on estro —CH,— group,

%81 CamScanner
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bid Toble & gives the properties of the first three members of the alkens series,

Ma. of corban Structural Raeletive Physical stote |
atemiE in one Ml'wihr farmula of ene malscular al room
malecule RE: i moleoule -t ] T peroture
. F :
L
2 Ethene ‘:;,HL F -G 28 Gas
H M
H H H
H : | _,I. ?
3 Propene CH, H— tl: C=C 47 Gos
" h .
H o H H .
{ /
4 Butene | CH, H—C—C—c c 56 Gos
LY
H H H H
— I —_— i C—_— = .

Toble &: Propories of the first three members of the alkene faamily

) The alkenes contain corbon-carben double bonds (-C=C-}. This carbon-carbon double bond
s knewn as the functicnol group of the alkene family. All olkenes must have fis funclional
group.

i Any orgonic molecule with @ corbon-carbon double bond is soid to be unsaturcted. If

u molecule has mere than ane set of carbon-corbon double bonds, it is soid fo be poly-
unsaturcted,

STOP AND THINK
The diagroms show four structures. Which structures represent olkenes -ﬁ*mhculnr formula

CHZ?
&* .
: 1 2 3 E‘
H W i H oMW 4§ .
L.} . Lok H—C—C—H
H—C—C—C=—=L H=—Cm === —H | ] —
] | | H—C—C—#
H H M H
M
| A 1 ond 2 only C 1,2 3ond 4 X
B 1, 2 ond 4 only D 3 ond 4 only

| ExamTie T 3=

Structueres 1, & 3 ond 4 are called isomers of
compounds which have the some chemical o f
| [Ans: B] Structures |, 2 ond 4 all hove tha S agm
mmber of carbon and hydrogen atoms A - -
it does not have nhy corben-carbon deuble bemd

C.H, Isomers are orgenic
gErent STructures -
aniondl group and the corpect

et structure 3 5 alsp C.H,.

%83 CamScanner
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4
P Pesheasnos ALIFTES
1) Big hydrocorben molecules con be broken up it smoller molecules by o process called
cracking. The big molecules are possed over o solid entalyst (aluminum oxide or silicon(IV]
oxide) ot o high temperature (obout 600°C), where they breck up lo give smaller molecules.

Long - chein hydrocorbon | * eseme | mixture of shart - midure of short- |
molecules wsaikng chaoin molecules chain olkenes 4

(i1 When on olkone molecule is crocked, two smaller molecules ere produced. One produd
molecule is on aolkone ond the other is on alkene.

b 5
Exomple: C, H, ———» CH, + CH,
lip il pranller gliayre Hhura
v i e ull T

L Cracking is essential 1o maich the demand for fractions contoining smaller molecules lom
the refinery process. Some of these smaller molecules ore used os chemicol teedstock, while
others are used to preduce high grode peirol for molor vehicles,

il Crocking is also used o make hydrogen gos.

Example: © —== 4 CHyy + Gy + 1,
LT b gem

ExamTre T 5>

The products of cracking conmot be predicted accurately. What we know is that at the end
of the process, smeller hydrocarben melecules (either alkcnes or alienes) andfor hydrogen
may be formeo

The apparatus shown is used in the loboratory 1o form olkenes from paraffin oil. What type of
reaction is 1aking ploce?

1‘ STOP AND THINK

A combustion
B crocking

C  distillation
D reduction

ExamTr T o=

The catclyst used i often porous pof. Poroim pot & made from cioy, end clay confains
silicon dicxide which con be Sed to speed up the crocking process

[Ang: B] Peraffin i= o hedvier froction containing large Fydrocarbon molecules. On heating
gver o suifable cotolyst, i will breok dowg o smaller molecules These molecules may
[ I.j-'.l' alkenes

‘"" (X P, T FaL KEES

L Alkenes are more reactive thon alkones. The reaclions of olkenes take ploce ot the carbon-
carbon double bond. During o reodiion, the carbon-corbon double bond opens up, ollowing
the wddiion of ancther molecule onto the alkene:
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The unscturgfion in the alkene molecyls is destroyped. A soturoted preduct is Tormed in which
the double bond is replaced by single bonds. An oddition reocion & said o have foken
ploce.

An eddition reaction is o reaction in which malecules join together fo form a singls molecule
produdt.

(a) Combustion of Alkenes

Ll Alkenes burn in plenty of oir (oxygen) to form corbon dicxide and water,
Example: ethane <+ oxygen — corbon dicxide + waler vopour
CH, g} + 30,(g) - 200, {g) + 2H,O (g}

| Alkenes will produce soot and carbon monaxids when

there is insufficient cxygen for cam plata
4 Combushion.

(b) Addition of Aqueous Bromine

Alkenes undergo oddition recction with the aqueous bromine.
Example: CHy + By - CHBr

eri P Erovrinm 1 2-dibvernzathara

H H H H

| 1 -
H-LC=C-H + Br=Br - H-C—[_:'—H

Br Br

The bromine molecule odds onte the cgouble bond of the ethene molacule.

(c) Addition of Steam

Alkenes react with water {sieom) in the presence of phosphoric(V) ecid (H,PO cotalyst ot
high temperature and pressure to form aleahols.

Example: CH, + HO0 —sdlews | C;H,OH
15T AV whamo
M1 H ¥
o I
H=CeC-H + H-0O-H 35 H-CHEEN

(d) Addition of Hydrogen

Alkenes undergo oddition reection with hydrogen gas in the presence of o nickel catalyst
to J.l'::lr'rr‘. n!k{pm;_

Example: CH, + Hy o CH,

¥ hirg Fydroges ges fhare
H H H
-

H=C=(C - H

H
|
=H + H=H 4 H e
|
I-|.

-

%3 CamScanner
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(L] This process is known os hydrogenation. Hydragenation is used in margarine manuiocture
to change unsoturated vegetable oils into o solid product. Hydrogen is cdded onlo the double
bonds of the vegeloble oils,

Exam Tre T 5

In additien reactions, molecules are clways edded acrost o carbon.corben double bond, ie
the cddition is acrass adjocent carbon otoms. Hence the finel siructure of the preduct vall

I
chwoys toke the oppeorence of L=C- + X-¥Y — —.'it_

=
- — Ty —

STOP AND THINK
Compound X reccts with steam fo preduce compound Y. Which structures could represent X and
¥e

¥
- ExanTie T 5=
now " f ‘i'
—-Ef [ " —_T—T Anather poszible strocture for Y ois
&N Il HoH
L 4
H
H o H=C—GC—=&—H
" N gl 1
Vg i H H o
H |
H
C lil lil lil r]l |]l ? Tflfliew nat matter which .:urhun:::;
=M group attoches (rself o, as
H-T"_T_T_" " | ]—T—Q—H a% The corbon 1 one of the carbons
H H H H O H H from the deubie bond, The remain:
ing. H then attoches itsslif to rhe
WO pther corbon of the deuble bond
i T T o [Pl [Ans: D] X must contain o corbon
He= 'l.':\ H—C—C—C—H carbon double Sond fo reoct with
| M l-ll ‘!. III.' steam, Alkenes underge eddition with
" ] water fo Torm oicohaly
H

STOP AND THINK
The diogram shows four stoges in o reoclion scheme. Which sloge inveolves on oddifion reaction?

petroleur |—22B A | octone | stoge Bl Ly e [—2225C | cibonot |— 2238 D | ethancic

CaH, L acid
s —
ExamTre 15>
Stage A wvelves fractiomal distillgtion, d%tage B inwvolves cracking, ond stage D involves
axidation,

[Ans: £] Water must be ndded fo ethene to comvert i info ethanel

— == == . -
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Ll We con use the oddiion reaction il i
f Gs a fest fo find out if o hydroacarbon i
an olkene. Fig 2 shows the testing process. ; o

(o] liquid clkenes

1 [
leguid |
otkars _ F—1
I:rrc-r'1i-1|.—|_ oo | |{' N—.
waluton | : ‘& hecomes
'.\_h_—,_.l' cokuness
SHAKE
b} gosecus alkenes
gasesus olkenes _-.-:hllﬂ,'
\ [ T

III.III TI _J

bromine — bramine bacomas
s0lufion L= T T

Fig 2 Testing for unsoturcfion in o moleculs

[ & =

o ;H:h:r:e:“in:}ierﬁw [W*‘l";hd.c}?nb’rmns o C=C bond) is shaken with @ solution of bromine in waler
“wie, the redolsh brown colour of bromine is quickly decalour: - '
of the mixture in the testtube channes | , k. Y clourised, i.e. the coloyr

7 ges from reddish brown to colourless. The : \
hos added onto the double bord in the alkene maleculs. oromine molecule
Lad z*h-unnn on aikene (which doss not hove any double bond] is shaken with bromine waler, there

reaction, Alkones do nat undergo oddilion reactions becouse they are soturaied.

STOP AND THINK

The struciures of four o i .
Bitriice? rgorc compounds ong shown, Whick compounds decoloyurisa St

1 2 3 -
H
| fﬂ H
x H
”_"i-.'-'"‘c\ IGE‘E/.! s
H O0—H H \H : L“'H
A hend 2 C 2 ond AN
8 lend3 D 3 od
Exam T I
Structure | represents a corboy] . 4 ———
o WEow reochion with oqueous broming Seepcesents on alkane, 8oth have
[Ans: C] Both e
Sueays rﬂ: nrﬁ[:.':l-_..::h g :-."j © comioin Serbon-cortMeut|e bonds, When shaken it
& v TITING Molecules odd ocress the betdond the solution will tl'f;ﬂl.' H::
. e T ]
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—~ ALCOHOLS
‘-]I b

| The alechols form o homologous series. All of them contoin the hydrowy (-O-H) group of
atoms. The -O-H group is olso the functional group of the seres.

The general formula for the alcohol series is C H, ,OH, where n21. The formule of each
olcohol differs from the previous one by on extro -CH.~ group.

L) The names of the olcchols end with ‘ol

ExamTe 15

Alcohols are not hydrocarbong since they contein cicygen
hydregen gfoms

afoms m additon 19 carscn anhd

- ——— -_— e

‘-ﬁil':

2
LY

L Toble 7 shows the physical properties of the first 4 members of the sleohol series,

Te— Soskirel Relative Physical state |
S | Chemical mm:rl formla of ane moleculer at room
otoms s formu bocile mass tem perofure
. H i
| iquid
1 tathansd ':HJGH | H=C—=0—H 32 e .
| | bp=564°C)
! H
' H H
2 Ethanol | C.H.OH - _¢_o 46 .
: H—C—C—=0—H
H H
H H H
B Hauid
3 Propancl | C,H,CH H—il'-—':,—*l:—":'_ﬂ = i m;;""{:,l l
| H H H i
I ; H :ii H H L
. - : L | Liguid
‘ | s CHOH| AR=C= cl: ? C—0—H 74 | T-;I?,
[ ] | =
; H H H H = 2

Toble 7: Physical properiies of the fimt 4 alcohols

‘ol Alcohols are colourdess liquids, hove low boiling points ond cre soluble in water
Ll As the number of corbon alems in the clechel increases,
& the beiling point increcses
@ the sclubility in waler decrecses
L Alechals are not olkalis even though they contain the ~O—H group. They are neutral liquids.
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STOP AND THINK

The farmule for butenol may be written os CH.OH. The nex higher member of the homalogous
series of olcohols is pentancl. How moy the formulo for penfancl be written?

A CH,[OH), C GHOH
B CHOH), D CH OH
Exam T T o= - . .
e L —— '} 5 es diff £ Tl

STOP AND THINK

Which stotement about the homelogous serdes of cleohols is not trua?

A They oll contain oxygen.
5 They con be represented by a general formuls.
L They exhibit o gredua! change in physical properties.
L They have the some empirical formuls,
ExanTrr T 5
jients mugT be chile 1 niche he Terms structural formola, meleculss
yeneral formula and empir farm
A ; e i fat | ' e o ' o mple, methenal jg o4 O
7 - -|'. cHe Hoth formulae connot be reduced + vy omeler
| 5]

(a) Addition of Steam to Ethene

Ethene is mixed with steam ond passed into o reacior containing phosphenc(V) cod cotalys:,
The reaction tokes place ot o temperature of 300 °C ond o pressume of 45 oim. Addition
of woter takes place of the deuble bond ond ethancl i formed:

ethene + woter — ethono
H H

M—2=I

H-C=C=-H + H=-0O-H = H - -

L=f—X

&

-H

The efhene is obtoined by the cotolytic cracking of big hydrocarBon molecules thot cre present
in crude oil froctions such oy the nophthe froction.

(b) Fermentation of Glucose

Fermentotion is a chemical process in which micrg-o

_ rganisms such cﬁ'yenn oct on corbohydrotes
to produce ethono! and carban diaxide.

Sugers ond storch are exomples of corbohydrates

L -

™
!
i
L'l |
%

! |

(%] CamScanner
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|1 A solufion containing glucose (o sugor) is mixed
with waoter and yeos! and ollowed to react for
a few days in the absence of oir During fer-
mentation, the yeast ocls on the glucose ond
converts it into ethancl.

Glucose solution — E’rl'lmnul + corbon dioxide
CH.0, = 2CHOH + 2CO,

& i3
11} The enzymes found in yeost cotalyse the reaction,
This process tokes ploce ot an opfimum fem- :
perature of 37 *C. If the temperature goes above Fig 3: Fermentotion opporatus
40 °C, the enzymes in yeost become denatured
so that they can no longer oc os coialysts.

[} The fermentation of sugors produces only o diluie solution of ethenol (uvp to 15%). When
the ethanol content axceeds this value, the yeast dies and fermentofion stops. Higher con-
centrations of ethonol con be obigined by froctional distillotion of the solution.

[.! The fermentation process must foke place in the obsence of oxygen. i gir is present in the
midure, oxidation of ethancl by the bocteric in the gir will toke ploce ond the end producs
will be woter ond ethanoic ocid.

ExamTrr T 3=

En the fermentolion apparctus obove, the limewater bas £ uses 17 deoly up The opparatus,
preventing air from coming inte conmtact with the reoction mixture It glte indicates the
completion of the reaction by turning cloudy due to the carbon dioxide formed during the
process

HERAICAL BlEASTIOES OF SaCOoHOL

(a) Combustion of Alcohels

1.1 Alcohols burn in plenty of oir [oxygen} to give carbon dioxide and waoler vapour.
Exomple: Ethonol + oxygen — corbon dioxide + woter vopour
C,H,OH + 30, - 2C0, + 3H,0
L1 A lot of heot energy i3 given out in the process. In some countries such os Brezil, ethanol
chtained by the fermeniciion of sugor cane is used os fuel in motor vehicles in ploce of
patrol

STOP AND THINK
Which equotion represents the complete combusfion of C,H,OH¢?

A CHOH + O, = C1H$CQ,H + H,O
3 2C,H,OH + 30, - 6C + BH.0
C 2CHOH + 50, - 4COC, + BH,
0O 2CHOH + 90, = &6C0O, + 84,0
Exam Tie T 5=
In option A, tThe reéachion represented by the equation i an cxidation reachion |>m;1-::n-'.-l

it axidised into propaneic acid (see {ollowing section)
[Ans: D] Alcohols burm completely In air to form corben dioxide and woter ondy,

(% CamScanner
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(b) Oxidation of Alcohols to Carbexylic Acids

Hd Aleohols con be oxidised 1o carbomylic ecids. This reaction tokes place in the presence of
on axidising ogent such as ocidified polassium mangonate(VIl) [KMnO /H'] or ocidified potossiem
dichromate(Vl} [K,Cr.O,/H*].

Example. Etherol con be oxidised into an organic acid colled ethansic acid,

ethancl + ° 2[0] -+ ethonoicodd + HO
hunf-:uliir'g:g“

H H H O-H

P e
H-C-C-0-H + 20] - H-I:[:—(lj—{'} + MO

F

H H H H

I If the oxidising ogent is ocidifisd potassium
manganate (VIl), the ethanol sslution will
decclourise it on mixing, i.e. purple fums
colourless,

i the exidising ogent is ocidified polassium
dichromate (VI), the ethanol will tum it from
oronge lo green on mixing.

=l wodnr in

Oxidation of olcohols can olss toke ploce they
ore el exposed to oxygen in the air for o few
days. This reaction tokes place in the presance
ot bacleric in the air.

= sthanal and acidifed
CHOH + 20, - CH.COOH + H,O 1' ks e etV

This reaction couses wine ond beer to sour hest
if thay are left exposed to cir for somefime. Fig 4: Apporcius set-un for
The product is o dilute solufion of ethanaic ¢ the cxidafion of uﬂE:r.rnJ

ocid called vinegar.

Exan T T3>

In the cwdation apparatus above, the condenger i held vert i-':"l"f o preven® the R
of ethonol vepour, Ethonel hos o low b nlmg moint afed visorised ethy Wher 1o ey
comesd mio contact with the cold surface 5f The condenzer. ot alll Bty ond retuen

the flask

| Ethanol is used: @ os fuel for vehicles
@ o3 solvent for points and vomishes
@ in olcoholic drinks such os besr ond .

= CARBOXYLIC ACIDS

‘.'::: T O

Il
'] The corboxylic ocids form o homalogeus seriss. All of thesmive the - C-O-H growp

of atoms. This group of atoms is the funclional group of the series. h
i The carbowylic acids hove names ending with ‘oic ocid’. They are so nomed becouse thase
ocids con ionise weakly in woter to produce H* ions.
Ll The general formula for the corboxylic acids is C.H, ,COOH, where n = 0 for the first
member of the series. The most imporiont corboxylic ocid is ethanoic acid.
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Exam Tre 17 - =
gince solstions of carbosylic acds oe elidig, They underas typienl reactions of ooids
C they will renct with metals cbove hydrogen in the reachivity Sersed 1o Sorm mpdrogen
with metal corbonates fo form solf, corbon diaxide Ghd warer, ohc WITH DASES fo form ST

o water

'I: f FEM AR ! . i
(1 Takle B below shows the physical properies of the first four members of the series.
of carbe : Structural Relative | Beiling |
::u:un: Wisesien! mhr formula of one molecular Point |
molecule oo moleculs mass el
o)
. ' iy
| r--'l.rlhr.'._.;c::: HCOOH H—C 46 101
ok
O—H
i W H o)
<. |
2 Bhondic | cH,co0H ik &0 | i
aci \
H I‘-':':l —H | |
H B D
o : 1 i
r 3 ':‘m_"d“"": C.HCOCH H—C—'-.’ll et T4 141
aci . |
H H B—H
I H H H 0
Bisvie | L
4 uloneic | ~HCODOH| H—C—C—C—C B6 | 164
acid b | | X
| _ H H H  O—=H |
Table 8: The first 4 members of the corboxylic ocid series
|‘ | The first 4 members are oll liquids ot room tempercture. As the number of corbon otoms
in the molecule incregse, the boiling point increcses.
|
| B
L ' ] T EiH ]
I Ethancic ocid is prepored by cxidation of ethongl.
{a) Oxidation of Ethanel in Air
(1] When o solution of ethonol is exposed fo oir, the oxygen present siowly m:i-:t'is_u: athanal into
ethanaic ocid in the presence of bocterio. Vinegor, which is o solution of ethanoic ocid in
weier, i§ made this woy.
(b) Oxidation of Ethonol using Acidified Potossium Dichromate{VI)
(.1 The crange ccidified potossium dichromote(V]] sclufion fums green in fhis reodtion.
CHOH + 2[0] —» CHCOOH + HO
I FronT Daili g e
I
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H H H ©

. Il
HeCaC=D=H 4+ A0l 4 H~C-CrO=H + HO
r

H H H

Exan Tir 157

The coaversion of ethenal to etharoie acid i an oxfdetion recction Ethans {I:IIHIDH} hos
logt 2 hydrogens and goined 1 oiygen in the process

STOP AND THINK

Compound X con be oxidised to compound Y, What ore the nomes of X ond ¥7
A butanol propanoic ocid campound X compound ¥
| B ethonol ethonoic ocid H H |.|.| T T o
ic ol I 4
C propanol e1hnnr.-|c_ 1;r|:|d. H—t!:-‘[:—'—l:—ﬂH Pt (S
D propansl proponcic ocid e I i
CH
H H H H H

s e Y
ExamTir T 5=

When X i oxidised to ¥, the number of corbon atoms remalns unchonged. Only the number
of oxygen ond hydrogen atoms are effected

[Ans: D] X is propanol, while ¥ is propanoic acid Organic compounds: containing three
corpand hove nomes Starting with ‘pro-

"u x ;:_- s OoF CambOiry

Carboxylic acids react with alcohols 1o form esters and waler in o reaction colled esterification.
Concentrated sulphuric ocid (H.50) is used os a catalyst.

Exomple: ethoncic ocid + ethanel h,‘ﬂgth-,-l ethancole + woler

H O H H H O H H
- W oy b |
H—lt—C D=H> + H—II:—C--D-I-H _ H-ﬂ:l':‘C-D-C-!lf—H O
T — l BT
H : H H H H H
L by i [T o o

“d In this reaction, ethanoic acid loses the -OH group while ethamel loses the -H group fo
form water. The remaining sections of the molecules join together to form the ester,

L]
"h e 1
* The name of the ester lormed follows the arder: alechol, then ool For excmple, if methanal |
reacts with propancic otid, the ester formed will be colled melhyl propancate. \
. . 5 H]
! Esters ere sweet smelling products and are commonly used os foed ficvaurin gs or o3 ingrecients
in perfumes.
e
Exam T 15~
_. — R e T e a — - S - 4 a
=sterihcation 15 not the some of noutralisation even fhemeh woter is produced in bath |
reactions. In neutralisation, the hydrogen ion reacts with The hycraoxide ion to form water (]
in esterification, on acohal reacts with a corboxyiic Sol to form water
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STOP AND THINK
When C.H,OH is oxidised it forms substance Z. This substance reacts with C,H,OH to produce
an ester. What is substonce Z¥

A HCOM € CHCHCOH

B CH,COMH ‘D CHCHCHCOH

ExamTre T 3=
Writing formidae The way o & wreitten in the sbove guesTion i another wity of showing

| the structure of the molecule If you ore uneble fo recognise the formule, edd all The

corbang and hydrogeng cuttide the functionsl greup up te help deduce the identity of the
tompound. C will be CH COOH (proponcie scud), and D is C W CD0H [Dutoneic e
Ang: B] Ethaned forms ethanoic acid, CHCO0H, when it o sxdised

= MACROMOLECULES
@

L) Polymers ore giont molecules formed by joining smofler molecules together These smoller
molecules are colled monomers.
Gl M- - M=M-M-PA-M- M-
monomer molecule polymer molecule
L The process of joining monomers jo form o polymer is colled polymerisofion.
i1 Polymers contoin thousends of otoms linked together by covalent bonds. They are also called
macromolecubes.
L) There are 2 groups of polymers:
] &yrﬂwﬁc or mon-made polymers [often colled plostics), e.g. polylethena), ferdene ond
I'I,I .
@ Natural polymers found in plonts ond animals, e.g. proteins, corbohydeotes and fots

%

(a) Additien Polymers

In oddition polymerisation, monomers odd onto one another to form o single polymer.
. Example: Fermation of polyfethens)
Polyethene s mode from ethene moleculas. The molecules contoin o carbon
carbon double bond (-C=C-) that con odd onto one another. The sieps below
show how to draw the structure of polylethene).

crir @ Drow some ethene molecules side by side:

H H H M HH HH HH
| i | | | | | | I
Lo i CoesiC ComC e =i
el Rasa) "4 [, & | |
H H H H H H H H H H
sir @ Open the double bonds in the molecules:
H H H H " o H H "8
| | I ! !
i -t e S gt
1
H H H o HWoOH M H H M
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s @ Join the molecules together.

'?'?TT'?T I
i C or g =
Cr el T

HHHHHH HHJﬁ

—n—x

The structure of polylethene) can be represented simply by the structure shown on
the right, where n stonds for the number of manomers in the strucure. The group
~LH,CH.~ in the simplified slructure is colled the repeating unit of the polymer.

I Teble 9 shows other exomples of addition polymerisation.

Name and formula of Name and formula of
) monomer polymer
H € H <l
e | ]
*l?='-|: o
Hon VoA
Chioroathena Polylchloroethene}
Viryl chloride) {PYC or polyvinyl chloride)
- ]
T i
¥ S
Polyltetrafl v oroethena)
Tetrafluorcethane (PTFE or teflon
'? ’lis"fa 'l" CeHs
|
n i
|
H H H H
n
Phenylethane Poly(pheny ethane)
[Styrene) [Pelystyrene)

Table 9: Exemples of addifion polymerisafion

' The names of the polymers are cbiained by adding ‘poly” in frontel the nome of the monomer
in brackets. Hence, if propene wndergoes oddition pﬂ|fwﬁe polymer will be called
poly{propens).
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STOP AND THINK

Which of the kollowing shows the comec! monomer lor making the polymer?

s e ExanTrr 35
H H H ‘H H H To jatm  MoRemers Tegether
| | | | | | They must have erther carbon

A | i — e e T e carbon double bends or reac
| | i | | | tive functionol groups that will
H H H H H H ing Them together on the left

ag well ag on the right to form
H H H H H H d cham struciure, Strocture A
e | 1 || does not fulfill the reguire-

B | H=—C=—=C == H =0 D e ) e e T e ments and s will net
¥ | ] | polymerise. Structure B is only
H H H H H H ikl te hnk To enother molecule

on the rght Dot netl on the
H H H H ‘H H left, s o long chain giructure
| i T I | will net be formed, Structure

C | C==0 === —G— O b wall gove o pobymer, bt the
| | ey ) | structire will be
CfH B ' H & H

i)
CHy H CH
i i =gt

D C==C —C—C—C—C— L. A
] et tH, H CH, H
CH, H NN K [Ans: £]1IFf the monomers aore

drown side by side and the
double bhonds ‘opemed up’ to link
them together, structore B i

obtoined

STOP AND THINK
The siructure of o polymer is shown, From which hydrocorbon is the polymer mode?

CH, H H CH, H =
| | l | Exam T T 5
C—C—L— O - . w—
| l I J I I To determine the structure of the monomar,
- M H H H H first -.irr!hh- the repeatmg unit in the poly
mer, The monemer i shfmeed oy closing the
A B enas of the repeafisg wmit fa obifoin the
double bond. STrectuere 8 m the cuestion will
be obtaimed from fhe repecting wut shown
CHy H ¥ p
CH, belomy:
o el
o e | )
H H -
H H e
P
c D H H
[Ans: B] The pelymer is on addition pely
[ CH, Sty o THE mer. The manemes from which it i mode
4 l ! from must comtain o corben-corbon double
‘,.-"" _E\\\ H—C—C—C—H bond From the structure of the repedating
H H l i upit, the monomer must be B
H H H
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(b} Condensation Polymers

' In condansation polymerisation, monomers join tagether 1o form & polymar with the elimingtion
ot small molecules such os woter ar ammenia. Terylzne ond nylon are made using this process.
-\ Example 1: Formation of lerdens

Two different monomers join together to form terylene, The dial and the dicarboylic
acid ends on the monomers con react o form on ester linkoge. The steps
below show hew the polymer s formed.

H-0- +-0-H H-O-C-fi33-C~0O=-H
I [t
chica dicorboxylic acid
sir @ Drow the monomers citernalaly
H=0+4 }O-H H-D-C-EBRRC~-0=H NH~D __JFO-H H-D-C-355 lL—u-H
I i | |
L& i L8 £

ster & Take awoy one waler molecule from each poir of monomer molecules. The malecules
are said 1o condense fogether fo give water. Fost
"0 FOod_n-OrC-NWCHO-H Mo T4 H-O) CANE- €0~
o o 0O o}

stie @ Join the remoining parts of the monomers logether
H—0O-H J—ﬂ—'i'._;-E}Qﬂ-ﬁ-gﬂjnﬂ..ﬁm.c_ﬂ..

Il
O o o o

g g

Il f
The repeating unit of terylens is -0 FO-C-fSS-C=-0-
Hence, the struclure of terylene con be represented os

.
I
o4 " }+o-CiS%-c-0
n

o

Il
The units in torylene are joined by the - ¢ -0 - group of cloms. We soy that terylene
has an ester linkoge. Polymers containing ester linkoges ore olse known as polyesters.

—
ExanTr T3>
= T ——— ——
The term 'di-' means “two’. If o molecude is colled a dial, it simply means it hog two aleohol

functional groups. Likewise. o dicarboxylic acld molecide’ MSm ocid molecule with twe
~-CO0OH groups,

‘U Example 2 Formofion of Nylon

Two different monomers join together 1o form mylen. The ocid end the amine
ends on the monomars con reacl te form an omide linkoge.

H H H-O O-H
o ;;—ma-c;
H i O o
dioming dicarboxylic ocid
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ster @ Drow the monomers cliemately.
o Q H H o o H H
I I ! | il Il | i}
C S5 C L c_m..vi; r:.i __r_p;
I L I
H—{l:- O-H H H H-O o-H H H

sier @ Toke owoy one water malecule fram each pair of menomer maolecules. The malecules
are soid to condense together fo give water.

&) o H H Q o H H
li Il | | '!:| l_i rj«l_[ ?L
C-{5-C o | N B S
| T ]-l_.L-F——'-L} _.&I«:lf'_H ]Ii |-l-|
HeB:  EeN B g A=) (Onh
sier @ Join the remaining porfs of the monomers logether.
o i o ]
I I i [ I
S T T"._—P' 'T e P kS f‘j'—..__‘-‘Tr -
H H b H
o
Il |
The repecting unit of terylene s - C 45T .:..,.li N
i H -
Hence, the stucture of ferylene con be represented os
|
C-E-C-N- _"-'l‘ -
|
H M|
o
I
The units in terylene are joined by the H group of cloms

We soy that nylon hos on omide linkoge. Polymers contoining omade knkoges cre
glso known os polyomides.

Exan Trr 35

Students must be able To identrfy the ester and amnde linkoges
The ploce where monomers jon will alse be the place where They will seporate if the
polymer is broken down into its monomars

STOP AND THINK
From which poir of reagents could the following polyomide be monufoctured? -
- i
— 5% lu@"_'i':"i““
H

H H H
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a wooc—EF—coon  aw  wN—FZ3—nw,

B HOOC—F—MNH,  and  HOOC—{_F—NH,

¢ wooc —_|—mw, Hooc —{__|—ni,

p nooc —EZ— coon e B {
ExvanTre T 3= § 1

i

;-

To werk cul 1he monemers used To form fhiz polymer, first work ouf the repeching unit
in this question, The strocture of the repeoting it s .
| o
—t— B |
H H
This r'|'|I':'.|1I|"i|.' url canlaifis © monomers Jr._r"'.l b | -:_|I|'r|'l"' ||-:|- an dmede bond il-l"l“'u',l'. Thie
gruce bond fo get part of the £ monomers:
li:i n
—o—F—— — O
-
M H '!

Ldpreng cofidénsation polvmermsction, water wos removed Put back the M ond OH grolps
That were remeved from the monomers, The OH will go back to the acid (easily identified
from the C-0 secticn), and the H will return to the other monomer to give the final
structures of the monomerd shown i daewer D

[Ansz B] The polvmer iz an cendensation polymier mode from twe dif ferent monomers with
hemine and dicarboxylic acid functional groups. (Reter to fection an formoticn of rylon)

(¢) Uses of Synthetic Polymers
1 All man-made polymers such as polylethene), terydane and nylon ore colled plostics,
| dome uses of plostics:
@ Polylethene]: plastic bags, mineral woter boties, cling film

@ Nylon: con be mode info fibres to moke strong ropes [e.g. fishing lines) or woven inle
cloth to moke sleeping bogs, porochules, etc.

@ Terylene: con be mode into fibres and woven into cloth

(d) Poliution Problems caused by the Use of Synthetic Polymers

~! Flostics burn gosily and may produce poisonous goses on combustion. They need fo be coated
with fire retardonts to reduce the risk of fire,

Plostics are resistont to corosion. They are olse non-biodegradable, ic. they ore not de-
composed by bacteria in the ground. Disposal of plostics is difficultend gives rise 1o enviranmental
pollution when they ore incineroted or buried in londfills.
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Proteins, carbohydrates and lats are natural polymers found in plants ond enimals as well
as in our food.

'. (a) Proteins
)

Praleins are needed by bath plants and animals mainly for growth, and alse lo provide enzymes

and same enengy.
Proleins are mocae by polymerising amino acids. The diagronm below shows part of the structure
af o protein maolecule:

M= ol S — [y = |'_-\.| =i

Praleins canfain the omide linkoge, just like nylon

(b) Fats : =

. Fats [olso vegetoble oils] provide fthe body wilth enemgy i e
St molecules hove the ester knkoge, just [ike terylene, L . .
| -0 -c-7za *
| 3

FO=c{
(¢) Carbohydrates
ed Corbohydrotes provide energy to plants and onimals. An example of o corbohydrole is siorch

Corbohydrotes are made from small suger molecules joined together. The diogram below
shows oor of the structure of the storch molacule,

S o 1 G e e ¢ g
STOP AND THINK
Which paoir of substonces both contoin the linkoge shown?
[
— e ™
o

[ A mylon protein
| B P Jﬂﬂ";ll.'.‘l'll:!

C sugars protein
! D ferylena polylethene)
! ExamTr T

Bath pabemers i o I_"‘;|,|' o ol ] ':_I-I_ P | e hE ST T | E aroleEin i

[Ang: A] Both mylon gnd protein comtain The omide linkag
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SAMPLE QUESTIONS

Chemicol reactions sometimes have naomes. For example, the complete reaction of an ocid with an
alkali is colled “neutralisetion’. The figure contoing o seres of chemical reactions. Give the nomes
of these reactions.

B carbon dioxide and water

[ sugar sctution 2wl ethand \\
c

ethanaic acid =1 athyl ethancate

g} reoction A
{b} recction B
(c)] reocfion C
[d) reaction D

@] Nome one homelogous series ond give the general formule for its members.

(8] Exploin why, on moving from one member of o homologous series to the nex higher member,
the relofive molecular mass increcses by 14. Give an example of cnother propery thet changes
on moving up the saries.

[c] The molecules of an slechol sach cantain six hydrogen ctoms. Suggest the nome ond formula
of this alcohol. Use your knowledge of hamalogous series fo suggest the full structural formula
of this alcohol. Determine the percentoge of corbon in the olcohol.

fa} () Some hydrocarbons are saturcted and others are unsaturoted. Nome one exompie of ecch.

i} Give one chemical test by which you could distinguish between the two hydrocarbons you
have nomed in (i, and stote the result for each substance.

(o) Alechols recct with ocids fo form esters. Ethyl proponcate is an ester
(il Neme two substances that reoct fo form ethyl propanoate.

(i} Give one chemical test by which you covld distinguish between the two substonces you howve
named in (i), and stote the result for eoch substance.

(o} Stote two uses of ethonol,

[b) The diogram below shows some of the properfias and reactions of ethanol, B, ond some reloted
compeunds.,

| & |w“=':ir:s- B | cwdised C
colouriess calowiess
‘ s ™ sthanal Keuid
1 J
wunuLuum milad wit:
& few drops of e
cencentrated sulphuric gcig |  Imeiemter
) r
D red
pres
smalling schision
Yquid

B
E]
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{i} Identify A, C ond D,
fil Write the full structural formula of B, and of ony one of A, CorD
fiii} Write o symbol eguotion for ony one of these reoctions.

5. This diogram shows two industricl processes.

[crude ol | ———[ alkene |————[ polymer |

) What is meant by
{} crocking

[i] pelymerisation?

(b} Give the nome and forrmula ol o polymer

(c} Some polymers ore very unreactive.
lil Suggest o use for o polymer that depends upon this unreachivity,
(i} Suggest o discdvonioge of this unreoctivity.
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SOLUTIONS AND EXPLANATIONS

ExanTre T 7

The egutions for the reactions are at follows:

Al gitcese godubion - ethesed « carban dioxide
B ethanpl + owygen -« corbon cheside + warer
£ ethamsd -+ ethanole cod [oxidation using ocidified potossum dichromatolVT)]

ethanoic ackd + ethonol -+ efhwl ethaneate + water

[a] Alkone series. The general formula 8 CH,_ ..

[bl Consecutive members of o homologous series :IrFFer by o -CH.~ group. Relative mass of o
~CH~group = 12 + 2 % | = 14, The melting ond boiling points also increases on moving
up :r homologous series.

H H )
[l
(¢} Ethanal, C],HI,_'DH_ The structure of ethansl is H = [l: [l: O=H
H H
, 2x12
% corbon in ethonol = ST e 0 = S2.2%

ExanTe T 7

Cther properfies thot chahge on moving up o homolegous series inclide viscosity and

flammabalrty. Vescosi iy increaSes a2 the menber of corbon dtoms i the pllesule ncrente
pitdle malecules bacomie more fifficult_ to Burm as the mumber of carbon otoms in them
ACHEse

(o} () soturated hydrocarbon: ethone
unsoturated hydrocorbon; ethene
i) Test: Shake both hydrocerbons with oguecus bromine.
Result with soturcted hydrocorbon: Mo visible reaction. Aquecus Bromine remains reddish
brown.
Result with unsoturcted hydrecorbon: Reddish eguecus bromine decolourised,
6] [} oclechol: ethonol
ocid: propancic ocid
{ij Test: Add oqueous sodium carbonate to both substonces.
Result for olcohol: Mo visible reaction,
Result for acid: Effervescence of o colourless, odourless gos that forms white precipitote with
limewater observed. Gos is corbon dioxide.

gy
ExamTie T 5=
Another pessible test to differentiale between the aleshel and the acld is to test Ui

itmus paper, The dlcohol is neutral to litmus, but & selkation of the ocid will turn ble
litmiss poper red
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[a) Ethanel is used os @ solvent, ond os o constivent in aleoholic beverages
] ) A i ethens, Cis sihanaic acid ond D is eibyl ethanoate,

H H B H O H
Y | .

(W Bis H—‘fli—(;—'D—H D is H—I:_:-—'ilz-D,—C—l:E:—H
H H H H H

(i) C.H, o} + HO (gl — C,H.OH (g)

Exam Trr T

H H H a

e b L 4
The strugtures of A and C ore H-C=C-H and H=0—%

Other equations for Y] ore CHLOH = 2071 = EHLLO00H + H, U
£H.OR & CH.O00H - 6H.O0000H, + H L

(s} {} It is o process whereby large hydrocarben molecules are broken down infa smaller molecules
by the use of heat ond/or o cofolyst, .
(il 1t is o process whereby thousencs small molecules ore joined together to formm o giant malecule.
d , 0 o 0 Q

4 '\N I i i L

(b () Tens, - CESF-C— NN —CESSC— N TRNET
L . . Il'l |I't (3 H

ie} (i The unreactive polymer can be gsed to moke food confoiners. ’
[i] The polymer will be ncn-'::ﬁd;gmﬂ::ble and will contribute to um—:r.:;dﬁhmml poilution on

r;lmpqm- - .
e
Exam Te 17
—
M. B racgble. plostics are often dismosed off My burying tham 0 landfills ar by 1
b, Hlme fnert plastics like PUE (poly wryl chisride] will enal poesonols fumes when
M burnt, or toke up woluable landfill space when they're buried There i @ neod 1o ook inta
recycling of plasties Yo prevent pellution problims j
(1
1
_'-_r i
s &
iy L
&
_'l-
ol .
# -
.
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