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SECTION A: PHYSICAL AND GENERAL CHEMISTRY

1. (a) Define the term “mole of a substance”

(1 mark)

(b) 1.50 g of ethyl ethanoate was hydrolysed with 50.0 cm’® of 0.5M Na soﬁ.ltion and the mixture was made
up to 250 em® with distilled water in a volumetric flask.

Calculate: ’ )

A: The number of moles of ethyl ethanoate in l% g. (RMM: CH3CO,C;H; = 88)

--------- secsessssssssssevscesetRRREERERRRRORIRERRS

f ethyl'ethanoate reacts completely with sodium hydroxide to give
1.0, 0 =16.0, Na =23.0)

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

.
-----------------------------------

.
L TR TR esevene ssssssnsente?

(5 marks)

c) The following is a path of the Uranium decay series
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2Ur_A o BTh_B_,%Pa_C X

i) Identify the particles emitted in steps A and B
A:

B:
i) If a beta particle is emitted in stage C, give the atomic number and mass number of the isotope X.

Atomic number: Mass Number:

iii) If the activity of 234Th is reduced to 25% in 48 days. What is the half - life of 23§Th ?

PIOPILISIINIIIIEIIIRIIIIIIRBERISIITS

®secscscscsssnvrssnene L Rl sssononsaEdE

®escscessssrsssssnssstsnae L R sonssided secesscsessaneecncroiEuppeeetesscane
------------------- R R R E LR LR LR AR L bR A b i
®vecscscssssessncssnssnne e e NI N IR SRR E R et e eeeeeNeNeertIteReeeeIeetIIITIRITIIsIeIPIEIIRIREEIRRITLTS ®esesssssnsusscssrsEsssrssrndrune

(4 marks)

d) The mass spectrum of a vaporized sample of chromium shows the following data:

Mass of isotope 50 52 53 54 4
Relative abundance 0.04 0.84 0.1 0.

-
Calculate the relative atomic mass of chromium y

--------------------------------------------------------------------------- sessscdancccsces 8800000000000 000000000000000000000RRRRREORRORRRRS
S RN R R Y]
D T P TP P Y

e) The following data were obtained from the react elow; v 4

2NO(g) + 2Hy(g) —= 2H,O(I) + Ny(

Experiment Initial Relative rate of reaction

[NO] mol dm"~ [H, ] mol dm™

1 0.1 0.1 1

2 03 0.1 _
3 0.3 0:2 18

i) Determine the ordér with respect to NO

----------------- 8 8 e e oo s s et s Fere e eseetsisasossIE I I T T s N I I I e s e IR IePIIIINeere0000000000000000000000000000000000000000000080808RRE0T

L ®mesessstssssestssversnnae ®ecesssses ®eessvsesrsesoscsssncene secvesscsse ssescsccnne L P Y N R P TN ssssensssncee

ii) Determine the'order with respect to H,

Sossscesvsnssssstesesansnne ssessssssescssssssscsnensnsns D R R R R R Iy D R R R

----- D
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iii) Write the rate expression for the reaction
iv) Calculate the value of the rate constant
(4 marks)
. - . . -3 H
) A solution, A contains 0.10 mol dm ? of CH;COOH (ethanoic acid) and 0.20 mol dm® of CH;COONa (Sodium
ethanoate). .
i) Give the general name for a solution such as A.
ii) Give one use of the solution A
y

. 4 (4 marks)
: (Total: 20 marks)

2. (a) The energy cycle below represents the Ipy cha)s involved in the formation of solid sodium chloride.
(g)
D -364 k.lmol
21 kmol 't
+Cl,
)+e + Clz(g) (g) (g)
B T +500 kimol ™

Nag) + 1Cla(q)

. E
A | +108.3 kJmol . =
-776 kJmol

Nags) + 3Cl2(g)

AH

Na Cl(s)

i) Identify the enthalpy changes involved in steps A, B, C and D.

Asvisies teeeeereneanenneraensnsanttessoesEsantar e tarnararaatsonentetesestuoreeNenterentineneiirsbatnannnnns eSS e Ceteerieererarsaranenn
B srmsnenise s assisens R G S U SN S Cereerereen, s sindisnne siaa s e .
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C

.-t-v.!vll!l-nll!l.h---u--'---lnoan-.gooo-ua--.--n------.-o...o----ll--nqlooo-'---ocnutcn...------ncnnac--u-..o-------y..--oqcot-.-oonoonollcc-

l)".'.'..'lI.ll'l..I"l‘.'l.ll."..'...!.l.lll.l.l‘.."'-.l'lllll'-..l."|".ll.l.l..l.ll.‘--ll'."...lll.ll..‘.l--.ll‘..'.l.-.‘vl'.l......l.l
ii) Calculate the enthalpy change of formation of NaCl

.
ssene u-qvw.-i-c-cc-olc-uu-o.---'--o'-.o-uoloo-lnolnotuun-c-'--o-----u-qucucq.cq--c-oc-n--c--.-u-----c-n.ntonoac---t-oo-o----vo-ao-c--ac-cnn.--.m

(5*marks)
(b) i) Define the following terms as applied to solid state chemistry.

A: Crystal lattice

nv--cununc.-------.-.-u.--unn----anlolq‘-covooo-cc----lcu.otto-o-------on---'qqnqu'vuo|'-.'ccu-..-c-:-ccvyoc--c--vccconv--llococ-ao--ocnna-ccaon-

N T 00 a 000t s rrr o el rassersnssenesssaseeneereasesessssssssesssissssssssssts ssssesesasssssriassestssansssssssssassasedsscnscces

B: Unit Cell

e r PNt r e e NI ar Pt reeranrre e s s ers I I ons isscssssesnesennsssesessessssssssnssansssnsns

nno'o-‘-n.--oncc-»nlo-nnanuc‘ooootana-.a-

R R e A A R L L L L R

ii) Draw the unit cell of sodium chloride (NaCl)
’ a

Sevoovenssnene LA AR AR RS A A A R R A A Rl A R R R R L R R R N T AARS . - AR ERREL ) TXXY) B ER RN 00N N N0l NNN0ERssTEntsesRPeERITIORSIRSIIERSS
. LR o SN P NI ITRENIEe00N0000000ONRNEORNIRRGISIRORREROREY
4 (3 marks)
iii) i) Give one similarity and one difference'betwe hemical bond and an intermolecular force.
Similarity
0000000000000 000000cc0a0000RGRROORROCRO0RIOOLSE 0 00 e P P IR PN RPN RN s ssI NN aTNIasRrr RN NI ssisissssssssssscnns ®evsescecssevcsscscnscann
T R R R R L R R R R PR RN TR Y PP IR IINREINSISITRGEOSPOOIIRGERES P e PN P NI NS EeeerrrErNTIsessaEscsensssssesscsnssesse

Difference

A R g e R

e

 ii) List and locate all the types of bonds in solid (NH,);PO,

LR A L R R AL A A L N I e . o o I I I mnmmnTmmTmmTTTTTTT T ®ecccscsccvsrcnsscnsindtresenniinssnne

LA R AL LA ELE LAl A d b A i A A A i e T PN P PP P T P PP Y PP R T YRR TR T Y

LA ERER RS L AR A AR A A Y P P R R R LR R R R L L

L L A A A A A

(5 marks)
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iii) The diagram of vapour pressure against composition for mixtures of propan-1-ol and
methylbenzene at constant temperature is given below:

A
A A
Vapour Pressure ,
at constant ez
______ =
Temperature B o
,,,, e
-t K
----- 7,
_____ K4
---- e
= P
~ x4
~n .
S ’
~ n‘
- "
“. .
>, D
R4 Seo
.’ -
"f ~.~.‘ & i
b te, -
R4 ~.~_
R Sl
R ~ N
P e D ¢

100% 100%
Propan-1-ol Methyl benzene

What do the curves A to D represent?

Avssttassnininns s ey R -‘- ----- ssesssssscccncnccccrcce secscass

) peteariestonvandas PR o o SIS RONT G, O STETATEITTILCRRLTIRT IR L REI aas
e) Give two properties of a mixture which deviates negatively fromRaoult’s Law
sesssssacnsssnne teesccnccacces t'..lllllll....'."’-. LR R PP P P “es

f) Given the following redoxypotentials.

I;(aq) + 26 —=2I(aq) E°=+0.54V

81057 (ad) + 26" =—=25,05" (aq) E°=+0.10V

i) Select the species which is the strongest.

A: reducing agent...eceesiierecesess e T P P L P AHR evsesssecesesasanasans ool e
B: oxidising agent ......... ST POPPPPPPPPPPPTPIIPTPTES e gt s

ii) Write the cell diagram when the two half cells are coupled and calculate the e.m.f of the cell.

Cell diagram:........ eeeeeessasntasessaestatetarensnenstsaEstsIETrenstasntaaans S R U S U

Celle.m.foveereeenees . e eseaddaasa e onsss EiBSIS aREn s T e .

(3 marks)
'('i‘oltal: 20 marks)
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SECTION B: INORGANIC CHEMISTRY
3.a) Li, Be, B, C, N, O, F and Ne are the elements of the Period 2 of the Periodic Table.

i) Sketch a graph of melting points against atomic number for the elements.

I L I T T P PR P TR T TR sesssssssssssense eSS s ISP EINs0s0s00000000000000000sENsesIeRINssERRRsEIe
------ T N N I I e A L]
------------------------- ssssensne --l-lvlv.l'lloll!i'I--"Il'l'l-nil-;ll;.l.ll'll"-c-...‘...--...l.l.!h!.cllll.l.ll.'.Ql!l...l!..'-.;obvcv'v'.'l
------------------- -lnolnn-.-lcntll'llIco.llln-.-ao--.-----'--.o--.u-'-o-'.-n-oo-nn.loloo!vc-oaoan--.-..--o--tl-.'--v.vu---v--oo..onlooollol.ooooo
............................................................................................ |...||||||q....-.ulo-llal--;-I'Ql:’:r-t-..;."'--l--nnnl
------------------------------------------------- e esessstasessanstesstsasisissosos ssoseesenssasessnsissttsisssssssssosssncsscocansccccncosoncnss

ii) Explain the shape of the graph.

ssessesensevenne L T T R TR RNy SeesessessnssRIRsIIVYERTRPEROOCRRLEE sssszsvense ssssses sssesssssncsccs

--------- oo-oohoootloloootnlololo‘lllolooln..u-c..-.----nn.-.n.n-a-a.---.--u-----"'ll- 49688808 E000EINEIsINIITET T IRTETIRTSITISIEORSIIRTS

b) From the elements of the period lithium to neon, write f%formula of:
i) An oxide which is amphoteric

eseesscsccsenes tsesecscscnncse T L L L L

(2 marks)

ssssessssssesstesEBREnee secscensns wesscssssssssssnsons

c) The elements of Group IV(Group 1 odic Table are carbon, silicon, germanium, tin and lead.

i) Classify the elements as méeta etalloids and non-metals.

Element Classification
C
Si
Ge
Sn
Pb

ii) Give a'€hemical cquation for the reaction of germanium tetrachloride with water.

S8 s88sscssbssssttansssecsensssRRERBIRRORER S L R PR T
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iii) Explain why carbon tetrachloride will NOT react similarly with water as germanium tetrachloride.

T Y PR T T TR TR LR R L R R R A ALl A bbbttt el L LI
R YT T PN R Y PR Y ] sessscceesresvenanssnsnrevvse e PP eI E TR0 0e0E000ETRTOINECINNNEENeIIIERIES
Y Y Y ) LR Y PP R Y YRR Y escccce PP seee e eI U I PN 00000 OEEINNEEEEININNIRRISONS

(4 marks)

d) Some of the Group IV elements show “inert pair effect”
i) What is the “inert pair effect”

L TR TRy esscscscssnse AR R R T R ) eescsecssssssssssrssssssccnose ®evsvcccssssscscencesenyis
R Y T T T T Y L P T T TRy PPN I RIS ER I NI IRIEsIPITRITOONOIOISIOITOITTERT escsscsessssaresesasserranat i
----------------------------- S et ettt rt e reeneer s s s rriisiteececinterressossersrsecendeseestsssssssresseencoscrocresersebocecvssncsasscrnis

ii) Why is PbO more stable than PbO,?

L T ey esessses A A R N NN e T e e e e e L R R R R R Y

--------- B e T e ot et s i a e il it et tretioecseeenetnrsssssoissesestetoiessesesessssssaeesecesssstessfissensescencesessessscsrsasesssssacsss

e) This question is on the Group VII elements (Halogens).. p

i) Complete the following table:

Colour at room temperature Physical state
Chlorine |

—

lodine

ii) All the halogens show variable oxidatiorgtates exceptsfluorine. Explain.

svossses AT Seasmaieseinsen Sy P ST O TN
iii) The following equation is used i titration
103(aq) + I'(aq) + H' (aq (aq)+ H,O(1)
A: From the reacting species identify the oxidant and reductant.
Oxidant... QR ...ccevererreerrensarrecnsrane T T e LT W B cenees critttecnnienes T T T o
Redyugsmgg, ... Q) o 1oconcessasetncarsaanrensesansensessonsensasasenanes cecereses cerienacenns sesenteseacenssnsesnsesane
B: Give thebalanced equation -

iv) Using suitablechemical reagents and stating your observations, clearly explain how you would distinguish between
aqueous solutions of potassium chloride and potassium bromide?

L R P e eseevssrsss et ssInssserInsTnORO s RO ReReRsRY e L LU UL L
®eessssssenccsnane .o
*sscsssncsccnccssns
sessssssnsensnnn Sesssssscscecccsssnosversrsssesssnanns ssscsssssenses esesessescccesccsccssrssasnans ssesevvese
----- *esssccncsnss
#ssecsssssnscnsns .
AR L L N R TN SEssevessssssens Se00cBRRNRNRBIRNOIGIIOIORERTS AR A R R R L E RN TTY
*tessscsesnncennns .
..... teverrensne
tseesveven $essccccecssresscncne T R E T sesscscssnse sssesens
*essssssncse sese
cesssas *rrsssvseee

(8 marks)
TOTA],, = (20 marks)

W
-
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4. a)The Groups I and II elements are known as the s-block elements.

i) State and explain how atomic radius varies down the Group I elements.

srIRISISISIINIISIISIEIRIOTOIOTS
M L L R T IR I NI I s ssssssssereresnnnane ®ssevcccvcosssese

L R L R N A apa e Ssssssvennccrnssens ®eNINIIINEINIRNGENIOIGIOILIOIETIOITVTRRBROERROS 000 IIIINIIEEEIEPEOITIOOTIRDBROORRES sew
i) List the Group Il elements in order of increasing atomic number.

111) Why is potassium carbonate readily soluble in water whereas calcium carbonate is insoluble?

*eecsnses ®sscecrerssssssnsnssncnne seccsssssssasss $840080802043482880083020 00400 0sd8vesvrrnnnrnene ssseccsevsnse
"""""""" """-"----------o--------....-...-...--o.oo----n-n-onoo-....----------....--..--.--------------ogo--------a--.-----.-o-gvoou
¢08s00088000d0v0nsnnes *%ssdcsceveces ®ersscovsscovssssssns teencnsens esescsovsvsevsnos esecssssssese S PP IR RRRRIIITITRRIINIRTIIREtsResOROREREY
""""""" ""'"""-0------|o--¢---------q'c...-..o.-..-..---ou-------c.n--o------n------....----o--------.---.--------o---.-.-..---..-...

iv) Write chemical equations to show the product(s) formed when potassium and barium are heated in excess
oxygen.

A: Potassium (K)

------------- cycnnunac.n.-.-o------onco--p-vv'vc:-.---c..oo-----oa---o--o.-u-.ou--worn R T P T T TR R ]
B: Barium (Ba) »
.......... ""'.........'.....'...‘-‘..."."-'-..'..’......-.'..........'I.."......l"'....-'-'-...'.'-'....‘...."...........‘.‘. ®s0sssssenenesn

é

ii) What accounts for the ability of tra e
A: Show variable oxidation st

| B: Form coloured compounds
‘ Stersssessrsnccnnee sesson ssesccsne sseccscnne esesccsscccscnssncne sessese L R R T A sesesserrerIeTINIEIIIIISIITIIITISIIRROIRIRIOOOS

(3 marks)
¢) Cobalt (Z = 27) forms a complex of formula [Co(NH;),Cl,] Br.
i) Determine the oxidation state of cobalt in the complex

AR N RN L T PR TRy ®etesssscssssecssenssssnsncsnssen vevsvcns

ii) Using the electrons-in-boxes notation, write the electronic configuration of the cobalt ion in the complex

®tteeceessnsssrssssrsssssssnsns sesssssses ssesen R Y PR R TR R Ry L T T sssssssens

®vecsssesecssncnsnsnsnes 4esscsssssssnsscsce ssscsscusssssssussnen vssessevossosssnsss L TP TR T T T Ty sescessecne Ssesesssssssevvennee
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iii) Draw the stereoisomers of [Co(NH;)Cl,]"
(4 marks)

d) The Contact process involves converting sulphur into its oxides, purifying and converting to sulphuric
acid.

i) Give equations for the formation of the oxides.

i) Why is the gas mixture purified?
1ii) State one industrial use of sulphuric acid.

(4 marks)

e) Complete the table below by giving the formula and name of a
states +3 and +5.
»

hich nitrogen exhibits the oxidation

Oxidation state Formula of compound Name
+3
+5 \ 4
v A
(2 marks)
TOTAL = (20 marks)

SECTION C: ORGANIC CHEMISTRY

5. a) An organic compound W, on analysis was found to have a relative molecular mass of 58 and an empirical
formula C;H,O.

i) Define Relative molecular mass.

L R R R LR BB B e RIS TIPS TIPSR S IR EEERIE RS secesssscscsssses

ii) What information can be obtained from the mass spectrum of the compound?

JUNE 2021/0715/2/A Go to the next page
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11
Determine
A: The molecular formula of W
B: Suggest two possible structures of W
) o ) (7 marks)
b) i) A liquid X with less than 4 carbon atoms was subjected to the following tests in the laboratory. Complete
the table below by giving the corresponding inferences.
Test | Reagent i Observation " Inferences
A PCls No white fumes
B Bromine water No reaction 4
C | 2,4- dinitrophenyl hydrazine | Orange precipitate
D Ammoniacal silver nitrate No reaction
(Tollen’s Reagent) ! 4
AY H
ii) Suggest an identity for compound X.
------------------ aoo'ou-------l-‘-"'-----~'!' R R R R e T N T TR TR R LR LR T
. (5 marks)
c) Give the systematic name for each of the following compounds
i) CH;CH(CH3)CH;NH;
i) CH3;CH,CH,COCI
(2 marks)
d) State the reagents andfeaction conditions for the conversions in the table below.
Reaction rs s Reagent : Reaction condition
i ] C6H6 —_— Cﬁl'{(,NO] )
i 'CH_qCHZOH — CHy=CH, + H,O (6 1ark5)
iii | CH3CH,Cl — CH;CH,CN + KClI

(Total: 20 marks)
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6. (a) Three different reactions of 2-iodopropane are shown below:

CH; CH(l)CH3

s 1M
! I -

H,CH=C
CH, CH(OH)CH; (I;H3 CH; CH= CH,

CH3—C— OCHj

I
H

For each of the reactions I, II and III, give suitable reagents and conditions.

I{eaCtEOTl[Z............--......----........--...........'.-.-.---...---.--......-......-................-....---..-1.--------------u-

Reaction Iliveeeerensnenns . 1 ..... SR SRS, o
Reaction [l:eeeeesearananenscnscascnnnans oo T x Caetenie . e R R R

(3 marks)

b) Benzene undergoes electrophilic substitution reactio”
i) What is an electrophilic substitution reaction?

ii) Give an example of an electrophili¢ reagent.
iii) Explain why benzene rea trophilic reagents
sessssssene essessssacsssessasssenrEReess e 90808000 0Es et ENINIePer et atEliteITIRRRTIRRPtIIRRIORIRIIISERIEIRIRIRERS sssssssssessssssesEseeeeRRERE

SEEENENNITITINETI NI RI RPN RIERS
P T e e T L L L L L L LR
SesesssssvserrITeeeReesesessssRRRsRr s sasTsERRReR Y

(3 marks)

c) Ethene is obtained on a large scale from the process of cracking in the petroleum industry.
i) What is eracking?

seescacscscasssssssnens
A T L L L e L R L R L LR R bbb i eessssersssscensssnRRITIRRS

sevesssssssesnsRIEIRR RSSO OS
sssses -nn--o-.l!.-.o‘----cn--n-A-o-l------.-'----oonnn-n-o.-o--o-.u--.cnl-c--.--n..-c-n.-n--l-.-onsnno.o--------n--

it) Write the equation of a reaction in which ethene is obtained by cracking.

. sesssssssesssasesIrss RN II IS seeve
F A SR T T T Y D ATRT R T DR XA AL AL AL AR AL AR bbb

esessssssssNtIeRERIRSEIITTRIERIRRETTS
L P P T T T T T TR T R R TR c$ 8888808808000 00RER0R0eEeNsEERITTResEPPsRRtRIIRRIIRIIIISIERIRISIRRRRARS

iii) Write the equation for the reaction of ethene with the following reagents:
A AQUEOUS DIOMINE. 1 1ueeeerrarseersnnrsnsrsssessusmessnsnsssssssssssessssssstsseessssstnesssstnnnssrtsraeessinnesietsttntenenstionses

B: Concentrated SUIPRUTIC ACIAuverrererseesererreammnssrrensssssnmnmerneetsemmetisttettttetttntntar i eetasasassssssnanieitinien

(4 marks)
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d) 2-aminopropanoic acid (Alanine) is an example of an amino acid.

i) Describe a chemi - ;
) QCid a chemical test to confirm the presence of any one of the functional groups present in 2-amino propanoic

sessmsnnee L cess
LR
®trasccsencrnrsrssenvaas P TN R TR RN Ry P T
sessssssesessaces R R
.o
R T R R Ry L N L R R R Ry tessrssssscane
PR R
"ssane
e R P R T TN R R R R R “esevecnonssssasas 4essserrenane

i) Write an equation for the synthesis of Z-aminopropanoic acid from propanoic acid stating the reagents and
reaction conditions.

....... R
*ressesennns
*ererecnns L R T R PR P T P PR LEEEER] sessssssssrsnve seesbencscscsannssnen

....... D
sesessvaan
A R R N L L O R R T R I ceeee

(4 marks)

¢) Give the structure and name of the main organic product of the following reactions:
i) CH;CONH, + Br, +4 KOH —

Structure and name of product:

L N T
'.".."."...“"-'lill.l.lillll‘l.'ll.l.l'.'l""lll.ll‘.l. ----- eseecevecen

------- sesesccsnne
Trsressceeversannne L R TR R R PR R N Ry sssssssssnerrney

I T PRy sececsesosnas seesvrvecane sssscserereIrIIINIIETRIIRINTL
sesssessrverve

ii) CgHsNO, + HCl/Sn  —

Structure and name of product:

..... ceresnesssesrensenssrensaneeees. SN . . ... ). oo
iii) CH;COOH + LiAlH,
Structure and name of product:

(6 marks)
(Total: 20 marks)
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