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THE OPEN UNIVERSITY OF SRI LANKA

FOUNDATION PROGRAMME / STAND ALONE COURSE IN SCIENCE
LEVEL 2 - FINAL EXAMINATION — 2011/2012

CHEMISTRY — PSF 2303 / PSE 2303

DURATION: 2% hours

Date: 08.05.2012 Time: 1.30 p.m. — 4.00p.m.
Planck’s constant, h = 6.63x 10" Js

Velocity of light, ¢ = 3x10° ms™

Avogadro constant, L = 6.023 x 10% mol

1 atmosphere = 760 torr

Gas constant, R = 8.314 JK 'mol™

Faraday constant = 96,500 C mol”

Standard atmospherlc pressure (1) = 10° Pa {Nm" )

Ine = 2303 logppe

o Answer FOUR (04) questions out of SEVEN (07) selecting TWO (02) questions from
PART A and ONE (01) question each from PART B and PART C.

s [f more than four questions are answered, only the first four relevant answers in the
order written will be considered for marking.

¢ MOBILE phones are not allowed; switch off and leave them outside.

PART A

1. a) Sclid CaCO; has a giant ionic structure.
(i) Write down the electronic configuration of °Ca .

(ii) What would be the electronic configuration of a calcium ion?
Would you expect a calcium ion to be bigger, smaller or the same size as a

calcium atom? Give TWO reasons to explain your answer. (25 marks)
b) One of the chlorides of group II elements will show greatest degree of
covalency. Identify the element and explain this behaviour. (15 marks)

¢) Calcium oxide is produced by the thermal decomposition of calcium carbonate.
(i) Write a balanced chemical equation to show the thermal decomposition of
calcium carbonate.
(i) Carbonates of other Group II elements can also undergo thermal
decomposition. Describe and explain the trend in thermal stability down
Group U carbonates.



(iii) Give the chemical formulae for quick lime, limestone, gypsum and plaster

of paris. (40 marks)

d) Magnesium nitrate decomposes when it is heated. One product is the brown
gas, nitrogen dioxide. Write a balanced chemical equation for this reaction

4

_ : (10 marks)
e) One kg of a solution contains 0.100 mol of calcium ions, Ca** .What is the

concentration of the calcium ions by mass in parts per million (ppm)?
[The relative atomic mass of calcium is 40.] (10 marks)

2. (a) (i) Explain why ionic compounds have relatively high melting temperatures.
(ii) Explain why the first ionisation energy of iodine is less than that of chlorine.,
+ (iil) Which of the following substances conduct electricity? What is the mode of
conducting electricity in the substance/s you identified?
Solid potassium chioride, Molten sodjum chloride, solid graphite (40 marks)

(b) (i) Ammonia reacts with Water as given below;
NH;(aq) + HyO(l) === NH,"(aq) + OH(aq)

Giving reasons identify the Bronsted - Lowry acid / base conjugate pairs in the
equation.

(ii) Ilustrate Lewis theory of acids and bases by considering the following

molecule, H3;N:BF; (20 marks)

{c) Nitrous acid, HNO,, is a weak acid with an acid dissociation constant of
K. =4.70 x 10™* mol dm™ at 4°C.,

HNOy(aq) + H;O(l) = H;0"(aq) + NO;'(aq)
(i)  Write down the expression for Ka.
(i) Calculate the pH of 2 0.120 mol dm™ solution of nitrous acid.

(iii) Calculate the pH of a buffer solution made by adding 1.38g of sodium nitrite, _
NaNOs to 100 cm® of the 0.120 mol dm™ solution of nitrous acid. (40 marks)

3. (a) (i) Giving reasons identify the following processes as either oxidation or reduction.
2l == 11+ 2e Zn™" + 2e <=~ Zn
(ii) Determine the oxidation number of the metal |

MnOs~, Cul,  Fe(CN)s™

n each of the following species.

(15 marks)
(b) (i) Complete the following half reactions and write the overall balanced reaction,
MnO,~ +H" == H,0+Mn?*
Fe?_+ ‘__%___} Fe3+
(i) Patients suffering from iron deficiency are often prescribed tablets containing
hydrated iron(1I) sulphate, FeSOQ4.7H20, Some tablets, of total mass 6.00 g,
were dissolved in distilled water and made up to 200 cm’ in-a volumetric flask.
25.0 em’ portions of this solution were titrated against a 0.0200 mo! d
solution of acidified potassium manganate(VII). The mean value obtained was
20.10 cm’. Caleulate the percentage of hydrated iron(Il) sulphate in the tablets,
[Molar mass FeS04.7H20 = 278 gmol™] (35 marks)

2




(c ) Consider the following reaction,

Cla(aq) + H,0 == 2H*aq) + CI~ (aq) + OCI™ (aq)
(i) Determine the oxidation state of chlorine in each species.
(ii) Identify the type of reaction giving reasons.

(d) (i) The haif life of

(il) Whena /C nucleus decays, it emits a beta particle. State how the composition
of the nucleus changes as a result of the decay. (25marks)

{e) Zisan element in Group VIII (noble gas). 1.907 g of Z contains 2.87 x 102
atoms of Z. Calculiate t

he relative atomic mass of Z.

(15 marks)

7N is7.1s. Calculate the decay constant for '’ .

(10 marks)

Part B

4.(a) A sample of a pure organic compound (A) containing C, H and O dnly has 40.00% of
carbon and 6.72% of hydrogen by weight. Its mole

cular weight is found to be 180,
(C=12.0,H=1.0and 0= 16.0)

(i) Calculate the percentage of O present in the sample.
(ii) Find the empirical formula of (A).
(iti) What is the molecular formula of (A)?

(30 marks)
(b) Give IUPAC names of the following compounds.
OH OH ‘
(i) CHa_éH_(::—CHz"CHa - ()  CH3~CHy-CH=CH-COOH
CHj '
(18 marks)
(c) Give the necessary reagents and conditions to carry out the following conversions.
' Cl
O cHy-cHpcH-CH, — CH3-CHz-C=cH,
CHs CH;
,CH:S ,CHB
() CH3-CHp-CH=C] ~ ————— CHa-CHp-CH=0  + 0o=¢]
CH3 CHS
Br
OH CH
i) ©’ .
. Br Br
v O — O
SO4H
(40 marks)



(d) Give the major product of each of the following reactions.

. il ) Zn/Hg
(i) H3C—C-CH2—CH3 “ha A

) CH CgHsNoClI
(i) ©/ NaOH, 0°C

5. (a) Draw structures of the Compounds with the follo
(D 2-chloro-2-methylpentanal
(ii) hex-3-ene-2-one

(12 marks)

wing TUPAC names

(20 marks)
(b) Give the major product of each of the foilowin g reactions.

() (CHa)NH ~CHCOCl ¢

OH
(ii) CHCl, D
NaOH
PCls
iy CH3CH,COOH E

(30 marks)
y are

{c) (i) Name two common natura]]
made up of in each case. _
(ii) Name two synthetic polymers and give the monomers the
(iii) Name the chemical process that coconut oil unde
* making soap
* making margarine

Y oceurring polymers and give the monomers the

y are made up of in each case.
rgoes in the following instances,

(30 marks)
son

(d) Given below are the observation made
(inference) for each observation.

(1) Cinnamon oil gave an orange colored precipitate with Brady’s reagent.

(i) A compound dissolved in water decolourized the brown colour of Bry water
solution.

for two chemical tests, Write down the rea

(20 marks)




Part C

6. (2) Define the term ‘standard electrode potential’,
Explain why a reference electrode is needed when we measure the standard

electrode potential. (10 marks)
b) The standard electrode poténtials for two electrodes are given below;
Pb**(aq)/Pb(s) —0.13V Cu**(ag)/Cu(s)  +0.34V
The cell notation for the electrochemical cell is as follows;
Pb(s) | Pb*(aq) |] Cu*'(aq) | Cu(s)
(1) Write down the two half reactions and the overall reaction for the above cell.
(ii) Calculate the standard electrode potential of this cell. (25 marks)
(c) The rusting of iron may be prevented by
(i) a coating of paint and
(ii) with a layer of zinc.
How do these two methods work? Explain. (15 marks)
(d) Identify the substances and conditions used in the standard chlorine half-cell.
(10 marks)

(e) (i) Write the solubility product expression for each of the following,
AgCl, BaCO;
(ii) State the Le Chatelier ‘s principle.
(ii) Calculate the sulphate ion concentration when 0.015 mol of Ba(NO;); is added to
a saturated solution of BaSO,. (Assume total volume to be 1 dm3). The K, of barium
sulphate is 1.1 x 10" mol® dm ¢, {40 marks)

7. (a) Two gases A and B react according to the equation,
A(g) +2B(g) — ABy(p) .
A series of kinetic experiments performed at constant temperature gave the
following results. '

Expt. Initial concentration [ Initial concentration Initial Rate x 10°
of [A] of [B] / mol dm™ s™!
/mol dm™ /mol dm
] 0.05 0.10 1.00
2 0.05 0.20 3.92
3 0.10 0.10 1.95

(i} Define the term rate of a reaction.

(ii} Calculate the order of reaction with res

relevant steps)
(1i1) Hence write the rate equation for the reaction.
(iv) Calculate the value of the rate constant for the reaction.

pect to A and B. (show all calculations giving all

(50 marks)




(b) Five gas molecules have speeds (in ms™) of 300, 450, 520, 680 and 730. Calculate ‘
the root mean square (rms) speed for these molecules. {10 marks)

(c) Starting from ideal gas equation, show that the unit of Boltzmann constant (k) is
JK. (15 marks)
(d) (i) Air contains Oz , N3, CQ,, and trace amount of other gases. Calculate the partial
pressure of Oxygen (Poxygen) if the partial pressures of N3, CO,, and other gases under
standard conditions are 79.10, 0.040 and 0.94 kPa respectively.
(ii) The volume of a gas filled balloon is 30.0 dm® at 313K and 153 kPa pressure.
Calculate the volume at standard temperature and pressure (STP). (25 marks)
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GOUEATGLD. gai slen  alendEs.

LIefeuHD  USTTSEnSEnsT sy Dsianaih Sl GHalSleime?

BT SUEMLWTENE S0 USTTSSID/USTTSemisda seualsons  simerds
&L SIS\ anment.

Haio  GuipprAwnd  GGamengG, 2 GHW  Gemgund @ BsumenpL{
ghewrio Srenunml (40 LjeeMassi)
SBuwrafuir BupLar tetsubor) SNasIPMSITHS.

NHs(aq) + H,0() £ NH'(aq) + OH(aq)

E\F FFMUMLIgsd o eien Lysiegh - Geomft oplso/epay Blenem s
GomgEamen SOFENEIGET ShHE SHMILITGIE HT6wHS.

Lj]&deu@LB ppaGgmpamnds SGESSH Gereii il oo cped
Gansienaenl alendald SM_HS.

HjNZBF;
(20 usitafeseir)

(c) eopsTE oufsowraig, HNO;, 4°C ulsh oufen anLpifiens el

K,=

470x 107 mol dm™ 2 sniw g GuaieEmAiorELD.

HNO,(aq) + H0(1) == Hs;0"(aq) -+ NO:(aq)
2




3.

®
(in)

(iii)

(@) (i)

(if)

(b) ®

(c)

(d)

(i)

Ko uipesosnr Garansusbul sHLDHS

0.120 mol dm? Qerfsyemi_us mg_ag,géa sfiusssnysada pH @anard
BTN

Gomquub  enpSSemy Geler, NaNO; 1.38 g Geer, 0.120 mol dm™
Qapdasmiwl psHrs oufws @mysedar 100 cm® QisE GeTssl
o GRTGEILEH sEsh somyFalis pH Soads smiss.

(40 yenefasei)
SNTANRIGH ShHa Uaend Gowesipennsst @UdBummer oisbsog
HMDHSHET 61601 DENLILTEMD HTEHS.
2A7Es I+ 2e Zn*" + 2e = Zn

Usraumid geiGaraniand o Gsrsdsdler ol AGLmn amienemg
SO SE, '
MnO,;~, Cul, Fe(CN)s"
- (15 yeiTeiEsir)

(Teteupbld SIS SToHsmSMan YraniuGiss, sisaiiar anlu@ssiu
Gionds FwsiUTLanL. s &IS.

MnOs~ +H' == H.0+Mn*

2+
Fe* = Fe**

B\EIDL  GMmpUTLigeTsd  seugiypid  Gerwrefl@anse  QUEGLDUTEILD
EErmmiuCL. @y (1) geoBumm  FeS04.7H20, @eaflengasei
auprEslLGSEDE. Gurssors .00 g, HAafamiw Hao Gallms et
aniFd eanghs Hile Sorss, oimog ssuensy 200 cm® AR )
sameuatas  Ghmauied swnfestiuLg. S& seysefear 25.0 cm’
ursmisst  0.0200  mol dm”  Gsflepiiw opflen Quiprdlund
urBsECampieing. (VI sgflgrs muiddsinn L g Qumiu’L - sgrafli
Qumiterembd . 20.10 cm’. GelanF SaiMgisien SCrmmiu’ L. @by (1)
FaBupmnsiar sisHmes Sanlda

[FeS04.7H20 Benal cpsoisdlemiey 278 gmol™']

(35usnatitealr)

|NefeU(BD HTHEHMGD HHEIE.

Cl(aq) + H,O(l) == 2H'(aq) + CI™ (ag) + OCI” (aq)

() gabamm smealapsion GBemmilans LACLHD Hlasemils
g iomaiiihs

(i) owenmhiEsT FHHoH CLDSIIULL STEESEHEN UMEML DENLLITEIE
ETEI0TS.

(15 uetefisi)
"N Sz orampad @meob 7.1s uew. TN Bhmstar Gy

wmiedemid e,




()

4. (a)

(b)

(©)

(i) HC asarag CplousLujp Gurgl, OB [ Seldmsami
SraaTsGaAams. 5 Calels alameneurs &hHeEsaar semolil
sleLEUTE \OMHBUPsHLLD kb &nlsb. (25 eiarllein)

gl LD VI (sLpsien aumw)) Gevsien @f apssth Z syoib. Z Seim 1.907
g SyEmE 2.87x 1072 7 fas oandsmend Cstanbseng. Z .S
ayamihalenileneud; SHeauilhs.

(10 ysiefsair) -

ugs - B

C,H,O aisiiueupenp wrsdnbd QaremiL smu Gasan (A) genfisr LrgfGuram
40.00% amueneanib 6.72% mopFemenb Henmplugs GaETatGsiengl.

sl cpabanfn Genm 180 s aramlul &l
(engemis@enisy, C=12.0,H=1.0,0=16.0)
() wrfuiapsion O Geafleir eisdmes Hemidbs.

(i) A Wam oi@usy @GHETEHMSHE ST6wHH.
(ili) A wWers gprsambmE GDHHID wWirs?

(30 uehefise)
Leisumptd Caremsumsaielt  [UPAC Quuifsenens SiHs.
OH OH ‘
() CH—GH-G—CH,—CH; (i) CHa~CHp-CH=CH-COOH
1
CHs
(18 yshaitasair)

Ulsitaugpid ormEriE@ena BL-T &SI 6USHMDE S Gaapauiman Bangeneni
QUL EeneMUD, HUhHSERHEETILID S(HE.

cl
i ]
() CHy-CHp-CH-CH, CHa-CHz-C=CH,
CHa CHg

LHz ,CH3

(") CHa"CHz'CH:C\ - CH3’CH2'CH:O + O:C\
CH3 CH3

Br

OH OH
" 07— X
Br Br

w0 — CL
SO4H

(40 yeiterflesit)



(d)

(a)

(b)

o
HEYER Y

Naeupll @abaneg srassabelh Ursrar almaemsud SHes.
0 Q ZniHg
HaC—C—CHy-CHjz T
. N OH CeNCl
(i) ©/ NaOH, 0°C
(12 yenefasi)
Weireugpd [UPAC GQuwiisememysnt i Goansum@maanen UL ennliam
BUANT .
(i)  2-chloro-2-methylpentanal
(i)  hex-3-ene-2-one
. (20 Lysirarleeir)
Uaaumd srasmss] gekarambgl Ursmer ellenensmels SHs.
()  (CHa)NH _CHsCoCl - &
OH
(ii) CHCl4 D
NaOH
PCls
{iii) CH3CH,CO0H E
(30 ysneflseir)

() () Gurseuresr Sunmsiisd sSrarluBL Gremi( UL GSWESeiar Gy

(d)

Ty AGyuuiar Gargensill GUT(hEmLE SpsuTHengeon GFbLEhasT mm

Hhb, NSBELET @ gabaunrdenpun 2 (GarsGHam @
UG SLIRIBMEATLD S(HE.

(i) Qrwmms vhuGHukiasT Grangear QLT SGHS  SISSI-E
EeisuTsu@auraTenpuyd o (HeuTdhGED @UF LGS IIRSMETILD HiHS.

(iii) deieumd FhsrILAGID Corsml aeaGami o Uil
@remwang Gewesipenpsanatll GuifiH.

»  FRUfSEMD SWTHSHSE0
o orpafler B (mHeurdisid
(30 yeiallessir)

ey Sramuey SorsmansEhSErel Seugrainset S8 SFULILHeTena.
eUGlTs SEUSTATEANEGD Snyaid ((PYea) Sihs.
efipLigemeusd  ShBHE!-

(i) pfsd amsaiu’ L Copemsubwmaip yGImlsr Bfiers Hodms
hebENLISI.

(20 ysirafasir)

:f— k] tr—é

g il
N

.y
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el



6. {(a)

(b)

uga - C

B WleitsumL gs(lgg,g,m” gD USHMS eUmILSEE. _
Buip Haeuryl Supssb Senssiun Gurs ger @F eniy siteumi
(reference electrole) gmdlund aa afens@s. (10 yeitelEmair)

[AEIIG L\ ST ETLLL| (@ 5 50T 6T L T5lz0 (5] {Hil (S HRISETT &0
SIULC (BisTamsm.

Pb*(aq)/Pb(s) = —0.13V Cu?*(ag)/Cu(s) = +0.34V

Heiresiyamulans SasHbhsnar s GiluiG derarnmorm

Pb(s) | Pb**(aq) || Cu™(aq) | Cu(s)

(1) Guhsgiul L snsdBaErar GremE Simid STEEREMaUID SISl
QTSe STHEHHMSWID SIDSIS.

(i) BossdAiana BHuwn Waam SPSHSHMmEH HalbHS:
(25 yefiefiasair)

(e) @upiby suELLglug), 1SeegmoTn  SESSIULOTLD.

(@)

(€)

7.

()  Oolgés gpsob
(il) wmreEsHHsr wenL Gumedmilsd eeod
Bsielyeai@ (enDEHEH ssteuTnl SIGUALILMSS SHedlamen’ allensgs.
' (15 usiiemee)

Bl @8enmilar oenréESHlst LWsETUEGSUILEL USTTHSHSMETILID
BLUBSMTSmeTUD  SEDLITEID SIS, (10 ysherflessir)

(i) Uesumeausn @siCamanfhGh corSHned Gupssd Commeuemy 6(DHIE.

AgCl, BaCO;
(i) B s Gownfiel HEHESHIEUHMBE Fnfs.

(ili) BaS0; @emg Bybiw somgas  geaniayer, 0.015 mol  Ba(NOi);
Bos&slLIiiD (Burr@ FeoBumm owe Gupialmens saflds. (Qurds
fﬁsmauaneu T dm® eremds asa_r,@;fs) Cuiwih seoBupmelar Ky 1.1 x 107°
mol® dm ~®

(40 Lysirerfimei)

(a) A, Boanb @ eumybssi Llefieughd FOGUTEIGET LG SnosnmiEsimen.

Ag) +2B(g) — ABa(g)




G GsTLgrar Gussaiwsd ufiBarsanaseT WIHT GeutiLblensauTed
BLISHULLE Uersumd umGumastt slanL dalbibmenr.

ufiGergman | [Alulst sybu Qe [Bluder auibLs sy elsh x 10°
(mol dm™ @) QiFnfiay / mol dm? s
(mo! dm™ gsv)
1 0.05 0.10 1.00
2 0.05 0.20 3.92
3 0.10 0.10 1.95

()
(i)

(i)
(iv)

SNEEELTAMET aiSh sranib USHSHMmE aUIUDIGHS.
A, B somjurs S S5S i aflenFamulds GG b, (G eEB60
&MilYSSEHEGD Cohemaulrsr FHa0 LIGSMeND SM{HE).
Adedpha B8 Srhsshslhsme Gﬁ@é’. FIDETUTL ML 61(LHGHISH
B sréssdhsret ois wormisiiufdr GuDIoTaETdms  E(nGn5.

(50 yetrefaseir)

(b) oba ey apeossmmsst 300, 450, 520, 680, 730. agmb Geushisamernsd
(ms™ Bab) GaneriHeaitencn. GO aparEspISEHbETR sI18] Goubeufss
fpeuHSmeand sanfids.

{10 ysiretilmeair)

(c) @l amuF sosunigelmbs Gsmrsl, Gursieriwrsisr wried (k)
uNeiresl SIS J K aramss &L (Bib.

d) O

(i)

(15 ustrememeh)

O, ., N CO., aunubsEnLa1, WsF  Anfsealsd  genem
AMLGEmenud  ecuetl  wewiLeolh Oaredi@steng). Na, CO2,  wbmib
genemy amusEallal  wGHWphaRIssT Blun  Blubsamarsaler &
apemp@w  79.10, 0.040 , 094 kPa awiar gUdiger (Pop)
UG LpESSmBS HenlldHs.

313K uiggb, 153 kPa sypéssdaund sumy BIFOuooc L OgTeT
peer  saeueney  30.0 dm’. Pue Gale  swsssdHo (STP)
SHEMEUETENEUS EEMNSS.

(25 ystrarilenair)

(ughiyflenw  Guibpg)




