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I(a) Hess’ law

(b)

(©)

(d)

The heat change of a chemical reaction at a constant temperature and pressure is the
same irrespective (independent) of the reaction route but will depenéon the initial

and final physical states of reactants and products of the reactioge” (01 mark)
For reaction route also accept; Number of stages passed through/path taken

(1)  Hydration energy ;
This is the heat change that occu\rs/when one mole of a gaseous ion is completely

surrounded by water molecules.
Accept heat evolved since it’s exothermic /

- + — -
Adg) > Aag) OF B(g) > Bag)
Accept any cation or anion, rej equation with wrong states or without states
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(02 mark)

(i) Lattice energy

The heat change that occurs (evolved) when offe mole of an ionic crystal lattice is

formed from its constitueflt/g@seous ions
+ —

A(g) + B(g) == AB(S) (02 mark)

Accept ionic compound for crystal lattice, rej equation with wrong states or without states

Or

The heat change that occurs (absorbed) when one mole of an ionic crystal lattice is
decomposed (broken down) into its constituent gaseous ions

AB(s) — Al + Bg)

Accept any ionic compound

electrostatic force of attraction between the oppositely charge (1% marks)

Ionic radius
The smaller the ionic radius, the higher the lattice e.nc‘éy because the ions of
opposite charge will be will be closer to ong¥nother experiencing strong

. : v 1
electrostatic force of attraction. (13 marks)

Accept; vise verse

Ionic charge eﬂ/
The higher the ionic charge the higher the lattice epérgy. Tléis/j?pe to a strong
ns

(i) Heat change = mass of solutionx S.H.C x Tem%ature change(A6)
(4 +50)x4.2x 8 X"
1814.4]
This heat change is negative because heat is being giwen off hence increase in
temperature = -1814.4J ¢
REM of CuS0,=64+32 + (16x4) = 160 N~

4g of CuS0, dissolve in 50g of water to evolve ~ -1814.4]
: : —1814.4x1
160g of CuS0,dissolve in 50g of water to evolve ( 7 \/ri ;

= -725676Jmol™! (03 marks)



(e)

(ii) Temperature change = 24.5-23.6 = 0.9°C «/
Heat change = mass of solution x S.H.C x Temperature change(A6)
(4 + 50)x 4.2 x 0.9¢

204.12])
This heat change is positive because heat is being “aﬁﬁmbed hence decrease in
temperature = +204.12]
RFM of CuS0,.5H,0 = 64 + 32 + (16x4) + (18x5) =5 250 \/

4g of CuS0,.5H,0 dissolve in 50g of water to evolve +204.12J

250g of CuSO4dissolve‘ in 50g of water to evolve (+ 204'12)( 25(\)}\/

= +12757.5 Jmol—‘/({s marks)
(i)  Anhydrous copper (II) sulphate is more solgb’lgthan hydrated copper (II)
sulphate because its enthalpy of solution is exothert\rll'x/ while that of hydrated copper

(II) sulphate is endothermics X
netfglll

This is because the ions in hydrated copper (II) sulphate are already
hydrated so that when dissolved in water, its lattice energy easily outweighs# g

enthalpy of hydration associated with any further hws; tion. (03 marks)
3 _ -1 B
(if) CuSys, —2orolmol X cuzt, + 502, (03 marks)
AHﬁydrc;tio |
Y 127578 mol-t

CuSO4. 5H2 O(S)
Deny % mark for any missing or wrong state symbol
AHgydratioﬁz -72576 - (+12757.5) \/

= -85333.5 Jmolg* Accept-85.3335KJ mol™~1
(TOTAL=20 marks)

(i)  Neutral iron (IIT) chloride solutio\-Aj reagent without solution (01 mark)
(ii) Observation: | | | |
Phenol : purple or violet colouration\/ (01 mark)
Ethanol :  no observable change / (01 mark)

Rej observation if reagent is marked wrong



Equation :

CeHsOH(y + FeClyqqy ——> CeHs0FeClygqyt HCl(44)(01 mark)
Ignore states
(iii)
e Both react with phosphorous pentachloride mérm respective chlorides
e Both react with sodium metal to evolve hydrgge{ gas and the respective
salt
e Both react with acid chlorides to form esters / (03 marks)

Accept any corrects three and deduct 01 mark for any extra wrong
(iv) Uses;

e Synthesis of Plastics like Bakelite /
e Manufacture of antiseptics, drugs liku{irin and some herbicides

e Manufacture of non ionic detergents (02 marks)
Accept any correct two and deduct 01 mark for any extra wrong

(b)  Phenol is a weak acid while ethanol is ne(fgll. This is because the lone pairs
of electrons on the ‘oxyggﬂ[om of the hydroxyl group in phenol intgx;t with
the delocalized pie electrons in the benzene ring leading to formation of a
partial double bond which shortens and stpéﬁgthens the carbon-oxygen(c-0)
bond but weakens the oxygen-hydmfen‘(’O—H ) bond that is easily broken
when phenol is dissolved in water to release hydgoen ions responsible for the

acidic nature. , ;

Ethanol has no delocalized electrons instead has an alkyl group that has
appositive inductive effect that pushes gtectrons towards the oxygen atom
making the oxygen-hydrogen bond is stronger and doesn’t easily break when

dissolved in water to release hydrogen io%/( (04marks)
l .
§ H s »
© @ @’O + CH3EHCH3 2 L CH (CHS\)/CI
Mechanism |

—

@/OH + OHW —— @0_""/‘/1'120
Cl / i
rE’ﬂcllyﬂs)z - ‘/0 CH(CH3); + -

@0 (25 Marks)
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.

+
(i) CH3CH,OH + HCOOH _H__, cH;CH,00C“H + H,0

Mechanism
H o N . .
i QH
ﬁ X OH %ﬁ”/ el
g U oy — H-C-0H_— CHsCH,QC~ OH
C — OH
OQH ,)( CH3;CH,OH g ) . 5
CHyCH, § ¢ — o I oy cn, of - O ‘HZO‘/; g
’ th = R ?_ 2 Cchsz)C—H
H
e
(41 Marks) |
0
CH3€H2}BC—H
(TOTAL=20Marks)
@ ns2np2 A (02 Marks)

(b)(i) Carbon reacts with steam when heated to form agﬁ’ﬁlre of carbon monoxide
and hydrogen called water gas :

Cy + H0(g) ——— COy* Hyggy |
Silicon reacts with steam when heated to form silicon (IV) oxiﬂé‘;nd hydrogen gas
Sisy + 2H30(g) ——> Si0yg)* 2Hy(g)
Tin reacts with steam when heated to form Tin (IV) oxide and"ﬁ}//drogen gas
Sn(s) + 2H2 0(,9) TR Sn02(g)+ 2H2(g)
Lead reacts with soft cold \\/NA"[-/er in presence of air~(oxyger{% form lead (I)
hydroxide.
Pbesy + HaO(py + 3055y —— Pb(OH),,
¢ Award description with conditions and products
¢ Rej equation for a wrong state of steam (6% Marks)




(i)

(1)

(iv)

v)

Lead reacts with ethanoic acid in presence (L%ﬁ{ to form lead (II) ethanoate

and water. Award description with conditions and products \/
Pb(s)‘ + CH3COOH(D + %OZ(g) e v Pb(CH3C00) +ﬁ2./0(l)

2(aq)

Deny 0;mark for equation with missing or any wrong state (02Marks) HEEL 2
Lead (IT) chloride reacts with dilute sodium hydyfgde to form sparingly
soluble lead (II) hydroxide and sodium chloride. The hydroxide*formed reacts
with excess sodium hydroxide to form a soluble complex |
PbClZ(S) + ZNCZOH(aq) —_— Pb(OH)2(5)+ ZNaCl(aq)

Pb(OH)Z(S) + ZOH(—aq) Er— Pb(OH)lZ}(_aq)’ Accept molecular equation

Lead (IV) chloride reacts with dilute sodium hydro‘)? to form a brown solid
of lead (IV) oxide, and sodium chloride and water
PbClygy + 4Na0H(aq) =3 PO, i NG gy F 'ZHZO(l)ﬂ/

Award description with products

Ignore states for the equations (4-% Marks)

Lead (IV) oxide reacts with cold concentrated hgdtochloric acid to form a
yellow liquid of lead (IV) chloride and water

PbOy(sy + ZHCl(aq) — PbClyyt 2H,0( \/

Lead (IV) oxide reacts with excess cold concentrated hydrci;}\g‘a‘ric acid to
form a complex of hexachloroplumbate(IV) ion and water

PbOsy) + 4H(qy + 6Cligqy —— PBCI2 gy + 2H,00Y
Lead (IV) oxide reacts with warm concentrated hydrochloric acid to form

lead (II) chloride, chlorine gas and water ~
PbOZ(s) =+ 4HCl(aq) _ PbClZ(S)'Jf" 2H20(l)+ ClZ(g) /

Award description with products

Ignore states for the equations (4-% Marks)
Silicon reacts with concentrated hydroﬂuorivfcgd only to form
hexafluorosilisic acid and hydrogen gas /

Sl(s) + 6HF([) O B B 4 HZSiF6(l)+ 2H2(g) /

Award description with conditions and products

Deny 0lmark for equation with missing or any wrong state (02Marks)

(TOTAL=20 marks)



4(a) Pure Chloroform molecules and pure propanone molecules interact vid¥an-der Waals
forces of attraction but both are polar comp®unds. The polarity in propanone is due to
difference in eIectronegathetween carbon and the oxygen atom making the C=0
bond polarized while the polarity in chloroform is due to a high electronegativity of
the three chlorine atoms which creates a partial positive charge to the hydnggen atom. Page | 6
When mixed Intermolecular b)/éogen bonding between the chloroform and

propanone are formed; (CHs),C = 03= g O N

This is a stronger interm\;I?ular attraction formed with evolution of heat and

contraction of volume. (04Marks)

(b) Methanoic acid has a hydrogen atom attached to the carb group(H — C — OH).
This makes methanoic acid to have both carboxylic acid and aldehyde properties,
therefore can be oxidized by a niacal silver nitrate solution to carbon d&&ﬁ and
silver ions reduced to silver metal |
HCOOHgy + 2Ag(NH3)500qyt H20qy ——  COygy + 2495y + NH{y \/

Accept any other correct equation

In ethanoic acid (CH, —ﬁzl — OH).there is a methyl group attached to the carboxyl
group making ethanoic acid to have only carboxylig/dcid properties and is resistant to
oxidation hence doesn’t react with ammoniacal silver nitrate solution. (04Marks)

(c) The fluorine atom in hydrofluoric acid is very electronegative due to .a\@ﬂr/small
atomic radius forming a very strong bond with the hydrogg%tom,’ therefore when
hydrofluoric acid is dissolved in water doesn’t readily rel(ia/\e’the hydrogeh ion making
it a weak acid ~ ‘ '

et - e, p =
Big+ B0y = H0Gi* Flagy 37"

However in high concentration, the fluoride ion released reacts with the hydrofluoric
acid molecules to form a hydrogen difluoride ion (HF;).

HEqy + Fagy —— HF(qq) \/

This reduces the concentration of fluorideddns at equilibrium, therefore more of the
hydrogen fluoride molecules digsolve releasing fluoride ions and more of the
hydrogen ions which shiﬁ%quilibrium to the right. (05Marks)



(d)

(e)

Benzene and water molecules do not intq;ég therefore form an imyiscible mixture

in which each of the components contributes its own vapour sure independent of

the other such that the total vapour pressure above the mixture is the sum,p’gthe

vapour pressure contributed by benzene and water molecules which will be t&b high
compared to the vapour pressure of either componerits. The mixture wil) boil at a Page | 7
lower temperature because less heat is needed to generate enough W‘:ules that can

cause the vapour pressure of the mixture to be equal to atmospherivtésure.

(03Marks)

The strength of a base depends on the ease of donation o(ﬁ‘}e/ctrons. In phenyl
amine, the lone pairs of electrons on the nitrogen atom interac h the delocalized
pie bonding system of the Benzene ring which makes them less availab¥e for
donation +

NH, NH,
%‘ﬁ/ o "

In the ethyl amine the methyl group that has a positive inducg')f(efffect tends to push
electrons towards the nitrogen atom which increase electron densw the nitrogen
atom and makes the lone pairs of electrons more avai@b!e/for donation. (04Marks)

(TOTAL=20 marks)

(a) @OH HZ/N?/O/OH concst/ﬂ @/Mnoz(a{l\;()}’(_aqg O:SH

e
200°C 180°C H
T e

~~ Heat )

L

Cl

(b) CH3C[HCH3 _NaOH@q) CH3CIH6117:/ Cra0raq)/H) CH; OCH3'/\/

Heat Heat
Cl Ve OH
N

NH,NH, [/H*

(04Marks)

(CHs),C = NNOH
(04Marks)




/H
(c) CHsCH = CH, ——H—eai—+ CH3CHCH3

HBD/ AICTZO7 /H“"
: (aq)/ 7"
CH3GHCH; (NaOfia) CH3€HCH3/ Heat GHgC Ut

I
‘)/ Page | 8

Br g OH

HCN CH3),CCN “H*/H
CH;COCH, ___‘_,X( 3)2 HT/H0 (CH3)2(IfCOOH
H HeatX OH

(04Marks)

N
_ Fe®) Y AlCl3
(@) HC=CHp—mmr (O @Jé{z @@

i PBrg‘/‘/
o< = ",;;;c;gi @@ <<_>>—¢—@

(04Marks)

(0] J/ o
@ -l e (S L, BTZ/\N%H; SN
Heatd/

‘/( ‘)/ concHCly/I‘V/aNOA @_
@—NH + CH3Cl _>@—NHC113 05T X IX—N =0
. H

3
(04Marks)

e Stop marking once; reagent is wrong, condition is wrong, symbol or formulae is wrong ,
reaction is wrong

(TOTAL=20 marks)

6(a) (i) These are elements whose outer most electrons are in the d-g#bital or subshell.
(01Marks)
(ii)  This is an element with a partially filled d- orb1ta1 in its atom and at least one
of its stable oxidation state. / (01Marks)
(b)  The zinc atom has a completely filled d—oxf\)ﬁal (15%22p°®3523p®3d*°3S?) and forms
one stable zinc ion in_;& oxidation state in which the d-orbital is also completely
filled up (1522p®3523p®3d*°) (13 Marks)




(c)

(d)

@)
Both zinc and magnesium react with oxygen when hea{;@(o form zinc oxide and
magnesium oxide respectively (2% Marks)

Both zinc and magnesium react with steam when heated to W respective oxide
(2% Marks)
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and hydrogen gas
Znesy + Ha0(g) ————Zn0,) + Hy(g) v
Mgy + Hz0(g) > MgO , + Hy(g) \/
Both zinc and magnesium react with dilute non oxidizing acjd5 like hydrochloric
acid and sulphuric acid to form the respective salt and hy#fogen gas (2% Marks)
+ g
Zn(s) + 2H(aq) ———— Zn{ggy + Hy(g)
+ [/
Mges) + 2H(ag) ———— Mg(ag) + Ha(g) vd
Both zinc and magnesium react with chlorine when heated to form chlorides
Mges) + Clagg) - > MgCly
Both zinc and magnesium react with nitrogen when heated to form Nitrides
3Z7’l(5) + Nz(g) =g Zn3N2(S)
3Mg(sy + Na(g) = Mg,Ny,
Accept any correct three - (7% Marks)
Award (0% marKk) for a correct reactants, and product

Award (01 mark) for each of the equation and ignore states
Reject unbalanced equation

(i) Observation;

White precipitat€ soluble forming a colourless solution (01Marks)
Equation;

Pk ; 2eve et sy : '
Iyt 20HGy = zn(ot),, (02 Marks)

2 -

Concentration of ammonia in organic layer
Moles of HC that neutralised organic layer = (—1&?:;3;0025)
' = 3.125x 10~* \)/
Equation; HClaq) + NH3(qq) — NHCly,
1 mole of HCI react with 1 mole of NH3



' —4
3.125x 10~* will react with = (1’“3-12?“0)

= 3.125x 10~* moles

25cm’ of the organic layer contains 3.125x 10~* moles
3 ) , 3.125x 10~ *x1000

1000cm” of the organic layer contains ( e )

= 0.0125M
Total Concentration of ammonia in aqueous layer

20x0.25
Moles of HC! that neutralised aqueous layer = ( 13(;00 )
= 5x10” 3/
1 mole of HCI react with 1 mole of NH;
. . 5x 10~

5x 107 3will react with - (_1_xx1—)

= 5x 1073 moles
12.5cm’ of the organic layer contains 5x 1073 moles

5x 107*x1000

1000cm’ of the organic layer contains ( - P ; ‘/\)

= 0.4M
Concentration of free ammonia in the aqueous layer

KD _ [I\Eijo]rgamc
3lfree
[NHs]free - 0':_(1)42}5 = 03125 M \/\/

Concentration of complexed ammonia in the organic layer

[NHs]complexed TOtal [NH3]aqueous [NH3]free
= 0.4-0.3125
= 0. 0875M !

Equation; Zn(y,, + 4NH3(aq) —_— Zn(NH3)4( il
4 moles of ammonia are complexed by 1 mole of zinc ions

0.0875M of ammonia will be complexed by (0 0875X1) 0.0219 \/\/

Mass of zinc in the ore = moles x relative atomic mass
= 0.0219 x 65

= 1.423gl~ 2 X

500cm’ Of a solution contained 3. Og of the ore

1000cm’ of the solution would contain (3 5100000)= 6g (05Marks)
% of zinc inthe ore = (@)=23.72 % \/

(Assumption; all the zinc in the ore is complexed by excess ammonia)
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-(e) Solvent extraction, qualitative analysis to distinguish bromide and iodide

ions and chromatography (O merk)

7
(i)
(i)
© @

(TOTAL=20 marks)

This is the potential difference or reduction potential established
when an electrode is dipped into a one molar solution of its ions and
measured relative to the standged hydrogen electrode at standard
temperature and pressure. (01Marks)
A platinum rcuih)s) dipped in an aqueous solution of one molar
Iron(IIT) sulphate td& form a half cgll. The half cell is then connected
to the standard hydrogen eclectgatie (S.H.E) half cell externally using
a connecting wir\e/\fla a high resistance V@ﬁéter and internally
using a salt bridgejf( he reading of the voltmeter giwﬁhe value of
standard electrode potentialflron (IIT) sulphate since the S.H.E has
an electrode potential of 0.00V

s
hydrogen gas at =7 :I-r , [

1atm and 298K -—— platinum rod

saltbridge‘x Ak

platinum

1M solution of fron{iil} \/\/

1M hydrochloric sulghate

solution or 1M
hydrogen ions (O6Marks)
To measure the electrode yential absolutely would require
connecting a high resistaneé volymeter to the platinum rode dipped
in one molar Iron(IIl) sulphate'Solution and to the solution. However
when dipped in the solution, the connecting wire wuld develop its
own electrode potential such that the voltmeter reading is for the
combined two electrodes. \)}1 (02Marks)

cell convention

- 3+ 2+ '
Ptisyliaay Lataay!! Felp, Felin/Ptey
Or |
Pt(sy/21 44> Iogagy!! 2F€layys 2Felqyy/Pt(s) rejwithout Pty

Page | 1.



Equation /
2iaqy + 2Fely —— Lygq) + 2Felyp VX

(aq) (aq) | |
Deny% for wrong or missing state symbols on equation (2—;— Marks)
(11) ‘/ Page | 1
Ecenn = ERight' Eleft . '
(+0.76)-(+ 0.54) K (11 Marks)

= +022V\/‘/ rej without positive sign
(iii) the reaction is feasiblgbécause the E.m.f of the cell is pOsitive
Rej if E . is marked wrong (01 Mark)

(d) (i) Equation
2Brg, —— Brygy+ 26 v

Quantity =  Ixt 6// ‘
= 40.5 x4 x60x60
= | 583200C
2 electrons liberate 1 mole of bromine gas (03Marks)

2x96500C liberate 1 mole of bromine gas
—_— 58320(1\/P3 > ol
583200C will liberate

= 3.02 moles of bromine gas

2x96500
(ii) RFM of C¢HsOH = (6x12)+ (1x6) + (16x1)
= 94 |
Moles of C;HsOH =~ = == =  liole (01Mark)
(d) Observation; white precipitate \/\/ o
H

() + 3Brygey — @ (aq) + 3HBr(aq)

BIr
deny. for missing or wrong state symbols (02Marks)

(TOTAL=20 marks)



.8) (@)

Oils . Fats
e [iquid at room * Solids at roogptemperature
temperature \//
e (Contains mainly e (Contains mainly saturated
unsaturated fatty acid fatty acid

Accept any one correct (01 Mark)

(i1) Ground nuts seeds, simsimeeds, sunflower seeds, cotton seed e.t.c

(b) @
(i)
(© @)

(i)

Rej yvithout seed (01Mark)

Soap is a sodium or potassium salt of loag chained carboxylic acids.
(01Mark)

Sodium stearate (sodium octadecanoate) / (01Mark)

_ Accept any other correct ‘
The oil is mixed with concentratedw6dium or potassium hydroxide
solution and the mixture is strongly hew to form a saturated
solution (until frothing stops). Concentrated sodiugphloride
solution is added to the saturated solution to precipitate soap a

process called salting out soap.
The soap is filtered (3;@/ washed with clean wat\eﬂénd left to dry.

RCOOCH, CH,OH

RCOOCH

RCOOCHZ(D | CHZOH(aq)

Ignore states on the equation (04Marks)

C15H31C00 HZ

R.F.M of the oil
Ci5H3,COOCH
C,sHs,COOCH,
(17x3x12) + (98x1) + (16x6) =806
g 9.5 /
Moles of the oil that reacted et 0.011787
1 mole of the oil forms 3 moles of the soap J(

0.011787 moles of the oil will form (0.011787x 3)

=0.3536 /

+ 3Na0H(aq) == 3RCO0Na(aq 3+ HOH t\/
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(iii)
d O

(i)

R.F.M of soapC;sHs;, COONa = (16x12)  (31x1) + (16x2) + (23x1)

=278
Mass of soap formed =287x 0.3536
=98.3g N (03Marks)  Page | 1
used to make animal feeds
Used to make fertilizers / (02 Marks)

Soap and detergents dissolve in water and lower théSurface tension
of water to allow water spread and wet more effectiy&l’y. The
hydrophobic part of soap attach to the..vdfﬂ{ particle while the
hydrophilic part gets attached to the Watgy,\/this creates tension such
that on agitation the dirt is slowly,vpé'reased from the cloth into water
to form tiny globules that can be poured gyaév. (03Marks)
Soap is a sodium salt of a long chain carboxylic acid(RCOONa)
while detergents are sodium salts of alkyl benzene sulphonic acid or

alkylsulphonic acid ( R —<{O>-s0,Na or R :/593 Na) (02Marks)

(iii)) Advantages

e More soluble in water than ordinary soap/
e Do not form scum with hard water

Disadvantages '
e Most of them are non biodegradable /
e Encourage growth of algae if washed in water bodies
(eutrophication)
‘e Attacks skin. award any one correct for each | (02Marks)

(TOTAL=20 marks)

END



