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~ SECTION A: PHYSICAL AND GENERAL CHEMISTRY

I.  (a) What is a redox reaction?

-------------------------------------------------------------

(1mark)
(b) 31.0 cm’ of an acidified KMnOj solution was required to completely oxidize 50 cm’ of 0.25 M

solution of oxalic acid (H,C,04). The unbalanced i ionic equation is:
204(aq) 7+ Mn04(aq) + H(aq) - Mn(aq) + COz(g) + HZO(I)

(i) Write down the half equation for
A: Oxidation:

------------------------------------------------------------------------------------------------------- Sesnseses

B: Reduction; ...... S eeraineteuneeeatetntintaataientecentatinhiaiistiatnesnnaseesioesanenhniesendonsonsssnnnselsanss .
(i1) Write down the overall balanced equation
(iii) Calculate thg concentration of the KMnQ, solution.

(S marks)

(¢) Bond energy can provide information about the energy changes that accompany a chemical reaction.

(i) What do you understand by the term bond energy?

$00000000000000000000000008008 80888080 $000csesessncesevesn .o
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3

(ii) The table below shows some average bond enthalpies

Bond Average bond enthalpy/kJmol”
Cc-C 350
C=C 610
-1l 436
C-1l 410
A: Use this information to calculate the enthalpy change for the process
: - H H
Rl I+cd
/= +H-H ——bH—(II— -H
" % H H

B: The enthalpy change of this reaction was found by experiment to be —~136 kimol™. Explain why this
value is different from that calculated above.

: : - ~ rresticlsdisssenernes : (4 marks)
(d) The solid state of matter is characterized by the arrangement in fixed patterns of its constituent particles
(atoms, ions, or molecules). Complete the table below by filling in either the crystal type or example.

Crystal type | Example
Body centred cubic

Hexagonal close packed

Diamond
(3 marks)
(e) (i) State Le Chatelier’s Principle.

(ii) Consider the reaction
2NOy) NyOyy AH® =+58.1kJmol”

How docs an increase in temperature affect:

A. The equilibrium constant? _

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------

............................................

(3 marks)
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(f) Use the data below, where appropriate to answer the following questions:

Standard Electrode Potential _ TAY

AlFelyt+e —— pFef | +0.27

B N().\‘(m]) +3' l‘(:lq) i+ 26- -—’I'lNOKﬂq) + HzO(l) ‘H)()4

C | Clup+26¢ ——— 2Clg,, T +1.36

D | CrO;y g+ 14H o+ 66  —————— 2Cr"' o + 7H,0 +1.33

E | 8:05"wp+2e —> 250%, | | +2.01

(i) . From the table above, select the species which is the most powerful reducing agent.

T

................................................................
...........................

5 ¢

(4 marks)
(Total =20 marks)

2. (a) In the “scattering of alpha particles experiment”, the results obtained by Geiger and Marsden can be
summarized by the diagram below;

oy Nucleus
- > ; ;:;(”—’//’rv’
\V -~ P i P '

e \ > 4 = -

P i ",
™ ol > _‘;_/ L

o = QS o

- )

T T
C I e

\

\\

- Alpha particles A Phi ?i;—)Aioms of
gold foil

(i) Give the mass number of an alpha particle?

ssssmsssense essssssssssenssssen sssenseee P L L R L R R R R TR R T R TR Ry essessscecces .

(ii) Explain why a few of the alpha particles were deflected at large angles?

R T T T L L L R T P T P TR T TR ]
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(iii) * Explain why most of the alpha particles went through undeflected?

ssssenes R R LR R i sessee ssssespeassns

88800 4IE0NNSI00000000000000000R0RR0RNY

(3 marks)

(b) The half-life of tritium, a radioactive lsotOpc ofhydlogen is 12.25 years. Begmnmg, with a 2.5 g sample
of tritium, what mass will be left after 45 years? -

---------------- L R L AR

................ eI E s I B e Ressee00000000000000000e00esesisasassssassinaNBaNNsNEssNa0ReNN0RRsRRRRRRIIRIIRRRRR R RRRRRRRRR RO RS
erese R T R R T R L L L s sesesssssnavese ecssas
-------- 00N 000000000000 000000000000ees0000nec0enitestsnosasetsessesiescnseiocerrecactncessenescnesiitsssssncssssinsnssssissssnnisssssasse

(2 marks)

(c) The Collision Theory of Reaction Kinetics was developed from the kinetic theory of gases.

(i) State two postulates of the Collision Theory.

------------------------------------------------------------------------------------- 8060000600008 0000088000000000000000000000800000000000

(u) Hydroben peroxlde decomposes accordmg to the equatlon
21 '1()3(“([‘)* S and 2”20(]) ¥ Oz(g).

- State and explain one method by which the rate of the reaction can be measured -

...... e 060 neneaeenaets N naeeate s N saanaeeEiseausaecneseesesseessninteaessnieedsiasesetenesisiiesaesisesanuateseseatetstitoaTeaRtIIEIES

000 0000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000R0RRRREMS assacscssasecscscsscs essssscseces
. . i daknd ne > ‘
14 "1 i

(iii) leen llmt the rate law for the reactlon is Rate K[HzOz] What does K represent

R L L R LA CE R XX LR R R AL LR

00 0000000000000 0000000000000000000000000000 000000000000 00 00N 00 N I I s N NEe i s encenensonsscenNeeneseesnenesnenacasioscssene

(5 marks)

(d) Complete the table below by filling in the missing information
Bond type Species involved Example of compound with the
type of bond

lonic bond

Covalent

Dative covalent bond

(3 marks)
(e) Suggest an explanation for the trigonal pyramidal shape of NHj.

®ssssssssvsnsennee essssesecssessscnes 000000008000 0000000 000000000 sn00R000e sessccsesscse eessccesssesncsscscnanns tecseccnceansssesseancaas ‘e

L N R NN R R L L R R T R R R R R R R R T T A S A A S R,

(2 marks)
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6

(D Two pure liquids A and B, have vapour pressures of 1.5 x 10" Nm™ and 3.5 x 10" Nm™ respectively at 20°C. If'a

mixture of the two liquids is prepared by adding 2.5 moles of A and 1.5 moles of B at the same temperature,
calculate:

(i) The partial vapour pressure of A and B in the mixture:

--------
---------------------------------------------------------------------------------------------------------------------------------

(3 marks)
(g) A solution made up ofO 15 mol/dm’ propanoic acid (Ka = 1.35 x 10° mol/dm®) and 0.35 mol/dm” sodium
propanoate, constitutes a buffer solution.
(i) What-is a buffer solution?

---------------------------------------------------------------------------------------------------- RN

------------------------------------------------------------------------------------------ 90000000000 000PEr NIRRT PRIROIRRRIERIIBIOOOIIIRY

(ii) Calculate the pH of the solution.

(2 marks)
(Total =20 marks)

-SECTION B: INORGANIC CHEMISTRY

3. (a) The elements of period three of the penodlc table are; sodmm magnesium, Aluminium, silicon,
Phosphorus, Sulphur, chlorine and Argon.-
(i) Sketch a graph to show the variation of Atomic Radius against atomic number for the elements.

(ii) Explain the shape of the graph in (i) above.

--------------- P T T T T T T T N R RN N R R R R LR I

S BsESIBBEsIs OB NNRNNN0ERN00NNERRRIRENRRRRRRR RN ERRRORSOTTS 2800000080000 00000000000 000000000 tecrnve feeNesNIRIIRNRERNROIRRNNRRIOIRI RS
........ seessnsnncsnssene P T R R .
sesesersne essessnscessscnnree sssssssssserssene sesvessenane tevecesseveseeneen teesnasecsnnee teessssensnnse Petevesncses
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(i) Complete the table below by cither giving the structural form or the formula of an oxide.

Structural form Formula of oxide

lonic ,
SiO;

Cl,O

(7 marks)
(b) The complex ions of the elements of the first transition series undergo isomerism.
(i) Define the following;

A) Complex ion:

GssssssssssssassOseNERORIRRioERIRRRRRE RS

sssecsserscensreRsTRPR RPN iR bBIRIIY

B) Isomerism:

2090060 0sEsE080000000000R0RRINRIENRIREINY

ssssssnsence sessssecssnssssas ssssssss Ssessssssassesssssssssassane @ssssssssesces ssesee seesese .o

(i) Draw structures to show Geometric isomerism in the complex Co (NH;)4(H,0),.

Isomer 1 Isomer 2

(i) Using the spdf notation, write the electronic configuration of the following ions;

eesnscsoessssesrssseee esecsccecone

. 31
2|SC lessnsssssrecsscsossansssenssns
24

{

(iv) Which of the ions in (iii) above is not coloured? Explain.

* 8 8580000000000 00000000000 N0ee0 IR RINe IR RTRRPeRRRRRRRRITR0eReRre0esRlINNisRIIBEIRNINTIIRLS

GsseeseensssNabLINEIRBERRNINBIRRIRENS

(8 marks)

(¢) The Contact Process for the production of sulphuric acid involves three stages; the production of
sulphur dioxide, sulphur trioxide and sulphuric acid. Write balanced equations for the processes involved

€0 PN PN INENNNNNRPIRRRRReRRPROERRRRERRERIIRRIROTITS

S0 0 IeEsNPENNNROPIRRIRRPRIROIPIESEIRBEIRRIIRRRIRETS

in each stage.

DY) A T L L R PO PP PP PP TP LT TTTETTTTPTITPER
Stag;ez:-....uDIIIIDIIIClI!'l.lI...l.lIlllll'lltl""l'l'll-l"'l'.vl‘t'v.‘iv'l.lnllll.l...llllllllll.ll.ll!lll'.llllIIIIIIIIIM

(3 marks)
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(d) Nitrogen exhibits oxidation states of -3 to +5 in its compounds. Complete the table below;

Oxidation state of nitrogen , Formula of compound ;e
) -

NH,0H B

—— -

+5 -

(2 marks)
(Total =20 marks)

4. (a) i. State and cxplain the trend in the hydration energies of the group 11 sulphates down the group

sesasssnresesnes L T R N P YT R Y ssssssssssssse tesssressesesessesasnasssersne ssesssvsseses sssssssenne sesssssessvesea
......... L L R T R R R R R R R L L R R R R
Tesecesrvenssnsene “vessssesssennecsssense 2escsevescssnseses esssssssesevssse $sssssssvsecsssssscscnsse escsesssnsssse ssccssssernensnsrecnnne

_ (i1) Write an cquation for the reaction of Barium with water

sossssssscessssssssNIBIRERERO

(1i1) Would the reaction in a (ii) occur more vigorously or less vigorously than the reaction of Calcium with
waler?
Explain

vssssessssssasssses 40sscssssssssssssssssasnnes sscssns D R R R R I I R R T SR I R SR

(iv) Ata given high temperature, which of the two carbonates, Barium carbonate or Calcium carbonate,
would decompose more easily? |

: (6 marks)
(b) The (;mup lV (I4) clcments Carbon (C), Silicon (Si), Germamum (Ge) Tm (Sn) and Lead (Pb), have

melting points 3730°C, 1410°C, 937°C, 232°C and 327°C respectlvely

(i) Give the'trend in'the structure of the elements

L R N R N N N T N RN R R LR L]

PO S LB ABB0NIEsNNREIBEEIRIREIRIBREERRERS ®sescsvprncpsssersacegsrnese sesavsnresee ®sevcressrccscance qevcssavsces esengssntanne seessasaevann

(ii) Explain the variation in the melting points

L R L N R R R N TR T TR TR Sy

A N N N N R N N N N R T R P N Y RS RR L]

L R R R R T ) sseensevee R R R Y P sesese “escesereNerst IR teT RIS IR IIIROREIOERRRERR Y
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(iii) Account for the fact that carbon tetrachloride is a inbsoluble in water.

.e
008880 0a0 BT I0NEE eI Nsass Nt aEisNensa s asnsesioeasenrnrietererIeeeNIneeeereeretitoeorNsrelERrErRnERrRRIRsORRRRRRORSI RRRIRRIRIRRIORSY

tesee
TR R e R R R A LR LA

I e e e R R L R A A A AL R R

(7 marks)

(¢) (i) Complete the table below

halogen physical state ) colour

Fluorine | .

Chlorine

Bromince

lodine

(ii) Write a balanced equation to show what happens when chlorine gas is bubbled into an aqueous solution
of potassium bromide (KBr)

S e 0800000000000 EN000sNE000Eaa000000E000N000sE00000s0000s0000s0N00000s0000400000000000000000000NNN000s00ER0ERIERIRIRDIRRRRY
1
<]

(iii) What are the observable changes?

-
R R YN

L N R N NN RN

(iv) An aqueous solution containing an unknown halide ion, was acidified with nitric acid; aqucous silver
nitrate was then added. A cream precipitate was obtained which dissolves in concentrated aqueous
ammonia. ldentify the halide ion

49 e 800000 E 000000000000 P0 0000000080000 000000000 0NN E0000N000000000000000000000000000000000000 000000000 0NNeENIEERERRIRRRRRRRN

(7 marks)
- (Total = 20 marks)

'SECTION C: ORGANIC CHEMISTRY
5. (a) The mass spectrum of a compound A has parent ion f)eak at m/e = 168. Elemental aiml}sis shows that it
contains 42.9% Carbon; 2.4% hydrogen and 16.7% nitrogen by mass. The remainder is oxygen

(i) Calculate the empirical formula of the compound A

) ‘. ’ . !
I e T T I T T T e

(ii) Determine the molecular formula of the compound A

L R O R R R R R R R L I I I I T
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(iii) Bricfly describe how you can test for the presence of Nitrogen in compound A.

R GecsecssensocnssTrRerRIaRIRRR RO
--------- S D e e e e e o nm e E sttt e tmatetesrtsatsstesenieiesensesnsesioteansroeesenseseioessesetasestisssssiasasesineoasninsiosnenss

L R TN R W A R P R T T T T P P P P PN R T R R EN RN R XN

(7 marks)

(b) Write down the systematic name of each compound below.
43 FLe TV W ol | (TR 0 NN Y -\ e O T1S 7, e
(i) CILCHBIACHCH, vaeenenniennenn. PN R 00 NTTTTOTTIRRE RN 1. 5 S Ry A |, o 1 R, ’
(iii) CH(CH,),CHCH,,. ........ SRR, ceesens e Ry Ty PR creeene

(3 marks)

(¢) Under different reaction conditions, methylbenzene reacts with chlorine by different reaction mechanisms.
One product of cach reaction is shown below

H,CI
M,

(Chloro methyl benzene

2-Chloromethyl benzene

(1) For the reaction leading to the formation of Chloromethyl benzene;
(A) Give the reaction condition ‘

------- L R R R R R R R R R eI I ™Y

(B) Name the type of reaction mechanism involved

-------- L R

(ii) For the reaction leading to the formation of 2-chloromethyl benzene.
A: Give the reaction condition

© 0000000000000 000000E00 0000 RBERIREEROROIER RS

B: Name the type of reaction mechanism involved

(4 marks)
(d) Aldehydes and ketones undergo nucleophilic addition reactions with HCN.

(1) What do you understand by a nucleophilic addition reaction?

...... R R R T R RN R R YRR

L N N N N N N RN R Y I A R R R R R RN
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(i1) Using ethanal, (CI 13CHO) write the mechanism for the reaction with HCN.

------------------- Seccnsvennessenn lb'lllltll-ll.lcno"l'l!.!lllltlnl.ll.ul.ol.lll.u-l-ll'-no.-o.-l--ono.'oucl--.t'llltlll!lllllll"

............... ...‘...-."l‘..II........‘..‘.IIlI...l'."..'.'..-.II.IIll'.....‘.ll..‘.l.lll‘l.ll..lll'll.l'...'..l'.l".'... fessvenee

llllllllllllll "..".“."'.‘"....‘.."Il.....'.l-..'..l'-"..'...'I.-l..ll.l..ll.l.‘lll..I..’-.l..‘..."..'."'..."....'.".'..'..'.
(iii) Name the functional group present in aldehydes and ketones

llllllllll .I.".I"llll.'...l'l.l.l....l'..l.llll'l.l..l..‘l..."..'l.'.....'Ill...l'lll'l..l-lll-l.lll.lllll.l‘l.lll..l.."l....“."‘

; ‘ (4 murks)
(¢) (DWhat is a [unctional group?

--------------------------------------------

(2 marks)
(Total = 20 marks)
6. (a) Study the reaction scheme below and answer the questions that follow.
A . B " C " D
C_]l I(, —— C3H7BI‘ —_— C3H30 el C3H602
l z
O3
C3H¢ =———> CH,0+F
Zn dust
A
(1) Write down the structural formulae of compounds A, B, C,DandF.
Ai oaniisensandsobs Fhitens e Gt st B ciiiunens AN iteissinsyikaisth it atel D Dvas
G5 spersinhan ol sennminnuissvinisiip heles secevnroin ) PR S W 0 DTSRI, I 5 WD I, S
Fa s oxse Y6 Fobsbunnsinossnnronnmtladuessgonisvsvanesiurtaohghasad ssisros e hsnsbasssasssbnsssius oo ordun os FesTads
(ii) Suggest the reagent(s) and reaction condition(s) for the reactions w, x, y and z. -
Reagent(s) - , Reaction condition(s)

w —

x —_——

y o

z

(9 marks)
(b) How can you distinguish by a chemical test the following pairs of compounds?

(i) CIL,CH,COCH,CH;3 and CH;COCH,CH,CH;

-------------------------------- O o T

seee

evrennsssenensnans ssessesns sssssesssssnse sesesene tessvssrne ereerrerenRrenens teeveessernssene eecsctssans Sesssssctcnnviananee tenasens

4080000 0p00000000000000000800 sessrsreer 2998060000 0000E0N eI INENIIRIIReeeeerssesINRLIIORIIES tessvreacrnnse tesonnee sevseane (R RN R T
------ tecsssssesssnes
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(ll) C11,COO0IT and Cel 15-OH

--------------- .Iul'llni-llllu.nlol.lilllelllvllc!?.l!l!!.ollllill..Olllli'tll.lllIl.lll.n-ll....OOIOOOOOIOOIIOIIOO‘l'l"!"'!]"""'
llllllllll Q‘.!"fll-I-DIUTIDI:ro-.un.--:ll-lIl’l-l"||lllltillvtltllDl-lll.ll'nﬁ.l-ul'.!'lllll!l.lo'lll.lll.lllllll.lll.!'lll"l"""'
-------- unu-u-----o----oo-n------v-o.ouon|oloonn-nn‘--u.----to-u------un-nn-..nu.u..........-..c...--u--oltﬂ"li"";"""'
oooooo .o----------.----|--0--------co-;-n'oo;r;||oon--o---;---o------u------.-------oyo P I TR PP ORI IPRERN R PR RRERERIRRRRRIPPIROORERS
SsssssesssnvreranuRn NS Sessnesscessessssnsssnss sessesnese R T T T T T e S BRI EI NN PSR EsBREBsIsENBERRNNAERDRRTNS
(ifi) CHLCHyNH; and(CH; )N

AR R R R R RN ) '.l.;ul. llllllllllllll Sssssssene LR R RN ] .l‘ll'll'tl-ll.lll'l!.l.ll.'ll" llllllll [EEEEENNEREN NN LR
M R R P R PP F PR T T TP I Sevcresssresanirenstennen esesscesnsssescersasenr RN
IIIIlI.I."‘IT’IVY!ll.IIl.lllI-l.lll,DOT'...I‘l.l-!-.'llll".el'.lllll'. llllllllll L N RN RN NN NN edvied
----------------------------- S e 0 it e 000 rt e e o n e e reres s as s saretootosnstniseses neressensenseenencenseeeenssssessnsiosenssees
-------------------- e
AR L N T RN R R ) PPN Ne NN 0ssNssBERssERRRRRRRES [ R N R R NN ‘_l...'!'ll. lllllllll ..l.‘.'.'

' (6 marks)

(c) Carbon undergoes sp’, sp® and sp hybrldlsatlons in order to bond to ltselfand with othel elements.
(i) What is hybridisation? LE~

(ii)  On the structure of vitamin C (ascorbic acid) below circle any three sp® carbon atoms and then

place an asterisk on all the sp> hybridised carbon atoms.

S
s

()ﬁCH (OH) CH20H "
HO OH (3 marks)

(d) Suggest the spectroscopic methods that could be used to ldentlfy the followmg:

(i) Ppsitions of hydrogen Alom;jtesssddesesserssesssdnssresressares —

(ii) Presence of double bonds. ........ gidias lligini A T weseessgsng

NN TN N T ssassissncnne

(2 marks)
(Total =20 murks)
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