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THE OPEN UNIVERSITY OF SRI LANKA

FOUNDATION PROGRAMME / STAND ALONE COURSE IN SCIENCE
LEVEL I - FINAL EXAMINATION - 2014/2015

CHEMISTRY I - PSF 1303 / PSE 1303

DURATION : 2% hours.

Date: 17.11.2015 Time: 9.30 am — 12.00 noon

Planck’s constant,h =6.63 x 1034 Js
Velocity of light, C =3 x 10® ms-!
Avogadro constant, L. = 6.023 x 102 mol!
1 atmosphere = 760 torr = 105 Nm
Universal Gas constant, R = 8.314 JK-! mol’!

In. = 2.303 log1o
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e Answer FOUR (04) questioné out of SIX (06) questiohs.
If more than four questions are answered, only the first four relevant answers in the order
written will be considered for marking.

¢ Mobile phones must be switched off and kept away during examination.
¢ The use of a non programmble electronic calculator is permitted

I (a). The density of a gas is 0.0028 g cm™ and molar mass of the gas is 70 g mol™..
(i) Express the density of the gas in kg m=.
(ii) Calculate the concentration of the gas in mol dm-3. (15 marks)

(b) (i) Using relevant equations, calculate the energy of a mole of photons in a beam of green
light of wavelength 500 nm.
(ii) How does the wavelength vary when going from green light to red light. (30 marks)

(c). An organic compound X contains mass percentages of carbon, hydrogen and nitrogen

as 48.65% ,13.60% and 37.75% respectively

(1) Deduce the empirical formula of compound X.
(ii) If the molar mass of the compound X is 149 g mol™, deduce the molecular formula of
compound X (25 marks)

1



(d) The isotopic abundance of chlorine is given below.

Relative isotopic mass Percentage abundance
34.68 60.54
35.89 39.46
>i) Calculate the relative atomic mass of chlorine.

(i)  Explain why the isotopes of chlorine. show identical chemical reactions.
(iif)  Write down the electron configuration of chlorine (Atomic number of Cl=17)
(30 marks)

2. (a) The following question are based on the first eighteen (18) elements in the
[ 1 two periods] periodic table (See page 01).
(1) Identify the two elements that forms a bond with the highest ionic character.
(i) ~ What elements form the most stable covalent diatomic molecule?
(iii) ~ Which element has the highest first ionization energy?
(iv)  Identify the two elements that form an electron deficient compound.
v) Which element has the highest melting point? (30 marks)

(b) (i) Explain why Aluminum oxide is amphoteric whereas Boron oxide is acidic.
(ii) Write down the balanced equation for the reaction when CO; is bubbled into a

solution of Ca(OH),.
What will happen if excess COz is bubbled through this solution? Write the balanced
chemical equation. (40 marks)

(¢) (i) The second ionization energy of sodium is 4560 kJ mol-'. Write down the equation
which describes this ionization. Why is the value for the second ionization energy
higher than the first ionization energy?

(i) The ions Na*>Mg?* and AI’* have the same electronic configuration but have
different ionic radii. Explain.
(30 marks)

3 (a) Anelement, X, has the electron configuration 1s22s?2p%3s23p°

1) Identify the element

(ii) Write the formulae of the compound formed between element X and
sodium.

(iii) ~ What type of bonding would you expect in this compound?

(iv)  Draw a dot-and-cross diagram for the compound formed between X
and sodium.

(20 marks)
(b) Draw a dot-and-cross diagram for each of the following molecules and explain their
shapes by using the valence shell electron pair repulsion (VESPR) theory.

(i) PCls (i) H,0 (iii) SFs (30 marks)

(c) Give reasons for the following.

(i) Diamond is a hard material
(i1) Water has a high boiling point (22 marks)

2



(4) (a) Define,
(i) Standard enthalpy of formation Ikh}g of benzene, CsHsq)
(ii) Standard enthalpy of combustion AHF of benzene, CsHe()

(b) Calculate the heat of formation of benzene, CsHe( ),
from the following Information:

AHE(C.H) = —3267.6kmel™?
AHP{H.0) = —2855 kjmol™?
aHE(CO,) = —393.5 kfmol™?

(30 marks)

(¢) (i) One of the gases emitted when a volcano erupts is hydrogen sulphide ( H,S).
The gas is oxidized in the air to sulphur dioxide( SO, ).

H,S,, + Oe) - H,0, + SOy,

(i) Balance the above equation.
(ii) Draw a Hess’s cycle to calculate the enthalpy change for the oxidation of

Hydrogen sulphide ( /7,S).
(iii) Use the Hess’s cycle to calculate the enthalpy change for the oxidation

of H,S .
AHS(H,0) = - 286 kJmol ™
AHY(H,S) = -21 kJmol™
AH (SO,) = -297 kJmol™ (40 marks)

(d) (i) Write down the mathematical expression for the first law of thermodynamics.
(iii)Calculate the heat capacity in joules for 28.4 g of water. (specific heat capacity of
water is 4.184 J g'10C) (30 marks)

(5) (a) Consider the equilibrium,
Nayg + 3Hyy &  2NHsy
Use Le Chatelier’s principle to predict the effect of

@) Increase in pressure
(ii) Removal of ammonia (20 marks)

(b) When a mixture containing 0.0015 molof each of Hydrogen and Iodine is heated in a
sealed tube, an equilibrium mixture is formed. The equation for the reaction is,

g+ Ly 5 2Hl,

c=ihd

(i) Write expressions for the equilibrium constants, X_and, &, for the reaction.



(i)  Explain why the values of k,and & _for the reaction are the same.
(iti)  The concentration of Iodine in the mixture can be estimated by the titration of
the reaction mixture with sodium thiosulphate (Na,S,0;) solution. Write an

equation for the reaction of Todine and aqueous thiosulphate (S, 03'2).

The following data gives the concentrations of the components in the above
equilibrium reaction at 600 K.

[H,] = 171 x 107 moldm™

(iv)

(1,1 = 291% 10~ moldm™
[ HI ] = 1.65x 107 moldm™

Calculate the equilibrium constant in terms of concentrations (K,) at this
temperature. (50 marks)

(c) At temperatures above 400 K, A 4y dissociates to give By and D, resulting in the
equilibrium,

adg, = By 0 Dy,
The equilibrium constants & _and, #(, for the above equilibrium have the same numerical
value. Starting with the definitions X_.and, K, for the reaction, show that the

balancing coefficient, ‘a’, for the above equation is equal to 2. (3.0 marks)

6 (a) State Raoult’s law and write down it as a mathematical expression.

(15 marks)

(b) At 20°C the vapour pressures of pure methanol and pure ethanol are 95.0 and 45.0 mmHg,
respectively. A solution, assumed to be behave ideally, contains 16.0 g of methanol
(CH,0H ) and 92.0 g of ethanol (C,H,OH );

Calculate,
(1)  Mole fractions of methanol and ethanol in solution
(if)  Partial pressures of methanol and ethanol in the mixture;
(iii)  Total vapour pressure of the mixture.
(iv)  Composition of the vapour.

(Given that relative atomic mass of C= 12.0, H= 1.0, 0=16.0) (45 marks)

(c) Sketch a fully labeled boiling point composition phase diagram for the mixture of A
(boiling point 86°C ) and B (boiling point100°C ) which forms an ideal binary solution.

(25 marks)
(d) Giving an appropriate example explain what is meant by the term colligative property.

(15 marks)
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1.

(@

(b)

(c)

(d

The density of a gas is 0.0028 g cmand molar mass of the gas is 70 g mol-.

aumwQeuraiel  SILFSHwmeng 0.0028 g cm?® OO (peFamOmisS Senfeureag
70 g mol.
(i) Express the density of the gas in kg m?.
auTweleng SILFHHemwl kg m?> @60 HmHs.
(ii) Calculate the concentration of the gas in mol dm-.
aurweleng Gememeu mol dm? Ged el . (15 marks)
(i) Using relevant equations, calculate the energy of a mole of photons in a beam of
greenlight of wavelength 500 nm.

siemeopend 500 nm o eLw  uFmEBm  @dldsHflaemLul @m  ped

Guml CLrelipsrenr  soaHenw  QUIGSSWLTeT  FoauT(hsensn 2 LGWTHSS

&6 G B.
(i) How does the wavelength vary when going from green light to red light?

uFeng @alllmhs  Haly  @elwrs LTODLHLULWEAUTISH  DIMEVBELD

sTeleUMml WIMLHD? (30 marks)
An organic compound X contains mass percentages of carbon, hydrogen and nitrogen as

48.65%, 13.60% and 37.75% respectively
@7 Gosad Gajmeu X @60 SMUM, MSTFT LOOMID DBSTFET eTertLcuDmes Slewllay
Foaisd (WWeampBw 48.65%, 13.60% wmmid 37.75%
(1) Deduce the empirical formula of compound X.

Cajeman X Qe SI@ILIFGHSHTHMBH SHeoaTL M.
(ii) If the molar mass of the compound X is 149 g mol", deduce the molecular formula

of compound X

Gageman X @eigl cpevddapmibHenie] 149 g mol! eeafer, @&FCsiemer X @eor

(PeVSBEDIN GSHTHMBHEH HeL s

(25 marks)
The isotopic abundance of chlorine is given below.
&Cenflasieng Fwanell Grodendser &6 SFULL (BT
Relative isotopic mass Percentage abundance
gnjuenefleonest Fwogmal Helley  @MHobmse FHaisHLD
34.68 60.54
35.89 39.46

(i) Calculate the relative atomic mass of chlorine.

&Cenmilafeng srjuanisSHellaneud HemihEs.

(ii) Explain why the isotopes of chlorine. Show identical chemical reactions.



(2)

(b)

GCamflear  FwgTallsst @Gy rHfwrer GQrFTWeTS STHBESMENS ST (Heug
gt 616 61T (& .
(11i) Write down the electron configuration of chlorine (Atomic number of C1 =17)
GGenmflefleng @evsHyaflensowsntieny agis. (Cl @et SgmiGeuewt = 17
(30 marks)
The following question are based on the first eighteen (18) elements in the [1% two
periods] periodic table (See page 01).
eteuo  eleimbsammaig  opauissean  SiCLeumanulsd (s @k opeuijsHsen)
PGB0 18 (peVBEIGBMET SlglILeNL UITHS CETauiBaTengi.
(1) Identify the two elements that form a bond with the highest ionic character.
WBHIgUl SiWeT @WeOLemL W LTenElmL D (heUT s aniglL @ CLPEVDHBIDH 6N

DL ITEMLD  &HIT600T .
(i1) What elements form the most stable covalent diatomic molecule?

e 2 mFlurer UBS Goug) FIGD  (PSSD  D_(HaUTHELD CLP 6V MBI 61T
wimemeu?
(iii) Which element has the highest first ionization energy?
WBHamIgUl (LPSHEOTD JWSITHENFSS 2 LU (peusLD WITE)?
(iv) Identify the two elements that form an electron deficient compound.
BeogArat UHMTSGmOWITen GFTeneuemUWl D (hHEUTEH S dnlgUl @(h (LPEVBMISH N6
SIHLUWITEND  HT6wTH.
(v) Which element has the highest melting point?
Blassnigul 2 HEGBmeWeL W (LpeOsSLD WTE)?
(30 marks)
(1) Explain why Aluminum oxide is amphoteric whereas Boron oxide is acidic.
GurGgrent  elensl(h ouflev  @ueymLWSTE @dHEmsulsd  Sievblsfu
PLMFLLTEIG! AWML WSTS SHBUUSDETE STTOIHmS ol Es.
(i) Write down the balanced equation for the reaction when CO, is bubbled into a
solution of Ca(OH),
Ca(OH), sempsaigiet CO, @ement GeSHILOUTE MaWD STHHSS Do
FOUUBSSULLL. FOETUTL DL 6T(1DSIS.
What will happen if excess CO, is bubbled through this solution? Write the balanced
chemical equation.
sibsayFeimiar CO,Qmer Wmaswnss CsmsHanme e Bewb? @snamet
FOLLUGSBUUL L @UFTWeF FIUTL L 6IpSIsH.

(40 marks)



©

(2)

(1) The second ionization energy of sodium is 4560 kJ mol-'. Write down the equation

which describes this ionization. Why 1is the value for the second ionization energy
higher than the first ionization energy?
Gomguud @Renml  @IMILID  SweITe&EsnFSsHwTak 4560 kJ mol'.  @su
SILNTEEHMS lTeHG  FDSUTLML  61SHIS. @FewILID WUSTTSSDFHS
QUOIOTETID  (PHEVTD JIMTHSMFHHUINID SFBOTE  EBLULSDETET ST JEUILD
wirgl?

(i) The ions Na*Mg?" and Al have the same electronic configuration but have different
ionic radii. Explain.

Na’, Mg* womid AP eaeud Sswesst @8y  BevsdyaimewieniolisnLis
OamemigmULIeDILD  SumPle  SIWTTEnT.  IMUGMSDHSTET  SIFEUOID  UITE
el6NT (@ s.
(30 marks)
An element, X, has the electron configuration 15?2s?2p°3s23p?
X eiib cpevssHHleng @eosdreiamsowentoliy 1522s2p°3s23p°

(1) Identify the element
QUOPVEHENS @) 6UTRIHT6I01 5.

(ii) Write the formulae of the compound formed between element X and sodium.
apsusd X wmmud Gsmgund CFImH 2 HmamHGWw CFmeuuist FHHSHSHens
(D SIS.

(111) What type of bonding would you expect in this compound?

@5CFTemeuuiled eTousuaBWTEN LlemesniUlenet B erdlyumyiniy?

(iv) Draw a dot-and-cross diagram for the compound formed between X and sodium.

pevsd X mmid  CFTpuissTed 2 (heutdl GFJemeusdsmen UeTedl - LefTerTig

CUMILIL HEND  6UDTH. . (20‘marks)

(b) Draw a dot-and-cross diagram for each of the following molecules and explain their

shapes by using the valence shell electron pair repulsion (VESPR) theory.

deteumd  peoddamiseian  yetell - Leleny  audIULSMS  uDIh&, Sleumndlest
&l'_L_GU)LDL'ﬂ;mu @nHACWTLH @esdrear  Gamg FHetenmad Gsreimsemw (VESPR
Theory) vweiu®shd alend@s. (20 marks)
(i) PCI, (i) H,0 (iii) SF,

(30 marks)

(c)Give reasons for the following.
WesTeumeusneumPMEBTeT STTemSHms allend @& s.

(20 marks)



) (@

(b)

(©

(i) Diamond is a hard material
MEUTLD SHIQ6ILDT6N ugrrﬁ;_i;g,wrr@m
(20 marks)
(i) Water has a high boiling point
ByTengl Snlgul QamHblensoujenLiwig
(22 marks)
Define,
esTeu(HeUETEUMEND  6UENTUIMIE (&) b.
(i) Standard enthalpy of formation of benzene, C_H, (1)
Guendefleng CH (1) Bluiw Gareaimsd GeuliLieysiiehemnm
(i) Standard enthalpy of combustion of benzene, C H, (1)
Gueideafeng CH(1) mluw Gamaimsd GeuliLiesiiEnemn
Calculate the heat of formation of benzene, CH, (1) , from the following Information:

Ueiteupd  grousement LwsiuGsHd OGuardlaist CH, (1 ) Gameamed Geuliugmss

60011 6b (& .
BHICHD = =367 L et T8
AHHH.0) = —2859 k& mol™
AMF{CO,) = —393.5k mel™

(30 marks)

One of the gases emitted when a volcano erupts is hydrogen sulphide (H,S). The gas is

oxidized in the air to sulphur dioxide (SO,).

sifloensy  Qeuglniesr  QuUTpgl  GausfBuDDULGL  auTwESeMed mBTFST  Fevemul (H

(HaS) geimr@w. @eueuru] sueflu el sbasaiQrmlsnglLrs (SO, @l AGwmmiu@Lb.

HySyy  + Oae) —> H,0, 4 SOy,

(i) Balance the above equation. ‘
GuoGBeowyeien HTHEHHMBF FOUUGSHSHIS.

(i) Draw a Hess’s cycle to calculate the enthalpy change for the oxidation of Hydrogen
sulphide H,S
(H,S) osrsar  geoenul B  @LACLODUILGSHSTE  ahseoll  THnSmSH
seulluugnste sgealar (Hess’s) so6a5sHme alenysm.

(iif) Use the Hess’s cycle to calculate the enthalpy change for the oxidation of H,S.
sigelen  FHEIHG®E o uGurhssm H ,S  @UACWODILGSDSTET  6hSHe0L
WTHMSHMSE SHeulld G .



AHY (H,0) = -286 kJmol™
AH (H,S) = =21 kJmol™
AH (50,) = -297 kJmol™

(40 marks)

(d) (i) Write down the mathematical expression for the first law of thermodynamics.

) (@

(b)

Qautiuelwsseilweler (pwHeomd el sewils Gomemen algalled ETUOSHIS.
(i1) Calculate the heat capacity in joules for 28.4 g of water. (Specific heat capacity of
water is 4.184 J g'°C)
284 g Bfet GauliusQsTsisnenensy Wedled HeisEs.
(Best HelQaulil Qameiieneney 4.184 J g'°C™) (30 marks)

Consider the equilibrium,
SIUULL FLOBEmeMmUSE H(HSHIS.

N, .+ 3H © 2NH

%) 2g) 3@,
Use Le Chatelier’s principle to predict the effect of
(Le Chatelier’s) eSsmmelwiflesr Gameimsamw o _uGundlss aaumd  6len6re|dener
gl Fnmis.
(1) Increase in pressure
SWPHsD DiFsfleamasulleo
(i) Removal of ammonia

SIBwreilwm QeauefGuihmiiuBemsuied (20 marks)

When a mixture containing 0.00150f each of Hydrogen and lodine is heated in-a sealed

tube, an equilibrium mixture is formed. The equation for the reaction is,
mETFET OOHMILD Sjwlea @eubeursimid 0.0015 ¢psd Siea LU SHeVENEUWITETH] (LPIGU
Griaiet  CeuluGHPUUGmEUTed  FLBMEOWITET — HEOMIWLTEIS 2 (HEUTGL.

BHITESSIMBTE FLOGILITL TSI,

(i) Write expressions for the equilibrium constants, and, for the reaction.
sréssdar K wopod K eaubd swplme wrflelsenbsta Cammeumul 6gis.
(ii) Explain why the values of and for the reaction are the same.

gréssder K wpow K Gupioramsisst swowrs @muug gar e alsns@s.



(ii1) The concentration of Iodine in the mixture can be estimated by the titration of the

reaction mixture with sodium thiosulphate (Na,S,0,) solution. Write an equation for

the reaction of Iodine and aqueous thiosulphate (S,0,> (aq)).

sevenailigveien  oueaflar  GFfleuneng HTEBE  Sevensusnw BFmguid
mzp6wreaGupm  (Na,S,0,) segsiler Buliugsr apeold  SeRILMWLIOTLD.
Sl  wHMID  mHCLTFNHCUHM Bissemgssw (S,0.> (aq)) @ndenLulsome
STHEHHMS 61(LDSID.

(iv) The following data gives the concentrations of the components in the above

equilibrium reaction at 600 K.

600 K @60 GumsamiulL soBlme STéHsshdeeist samssie Oepleureng &G

STULILBeTeng).
| [H,] = 1.71 x 10~ moldm™
[Z,] = 291 %107 moldm™
[ HI ] = 1.65 % 107° moldm™

Calculate the equilibrium constant in terms of concentrations (K,) at this temperature.
@suGauiuplensoued Qamley srjurs (K ) #wBlmen wrflelenuwis saflses.
(50 marks)

(c) At temperatures above 400 K, A, dissociates to give B, and D, resulting in the
equilibrium,
400 K @ng GuiullL Geniummsoudsd A, UflswmLba B, oo D, =
CarmmielsEh FLomlene0uITaIS) |

; e ) ;
adeg = by * Dy

The equilibrium constants and, for the above equilibrium have the same numerical value.
Starting with the definitions and, for the reaction, show that the balancing coefficient, ‘a’,

for the above equation is equal to 2.
GuBeouysiisn  FElenev&HBTeT  FOHM TS K, wpmd K esiuer @By e
QuOIOTET(IPEL W6, ST SHHDETET K, wmmid K ereiusupilesr  susnyeilsudssemg oo

BBHaI, FLILGSSH Gasd ‘2 oLag 2 slarh HIL[Hs. (30 marks)



6. (a)

(b

(©)

(d)

State Raoult’s law and write down it as a mathematical expression.
gGeumsvigest elFlenwis (Raoult’s Law) sms. oismarar sails elgen Gamensusnul
TIDSHIB. (15 marks)
At 20°C the vapour pressures of pure methanol and pure ethanol are 95.0 and 45.0 mmHg,
respectively. A solution, assumed to be behave ideally, contains 16.0 g of methanol
(CH,OH ) and 92.0 g of ethanol (C,H,OH);
fobd BLSMBUMLWSTHS SHSULUGL Sengseomers 16.0 g GQuwgsGearmsd (CH,OH)
wpod 92.0 g agGamed (C,H,OH) mé Garemiig. 25 °C @6 smuwi GwgGarmed
womid Hrw asCarmels opelluipssd wWemmGuwi 95.0 womiw 45.0 mmHg.
Calculate,
1N68T6U (T 6UETTOUNMME  H6T01ED (G .
(i) Mole fractions of methanol and ethanol in solution

senyFeiaien GgGeaimed MMID 61586 Tedl6n @éi)ljlshamm
(i) Partial pressures of methanol and ethanol in the mixture;

sevemeuligiel GghGeimsd WML HCaTell6T LGH DI(Lp&HBLD
(ii1) Total vapour pressure of the mixture.

sevemeuliel QTHs opeNUILPSHSLD
(iv) Composition of the vapour

wyreluler GsmeELy

(Given that relative atomic mass of C=12.0, H= 1.0, 0=16.0)

(smjuamsdenie; C=12.0, H=1.0,0=16.0)

(45 marks)
Sketch a fully labeled boiling point composition phase diagram for the mixture of A
(boiling point) and B (boiling point) which forms an ideal binary solution.
fobs @m sevemeu (Ideal binary) senysemevd GCamomelsg A (Cardbensv
86 °C) wmmww B (Gardmlenso 100 °C) sevsneuuinasmer wsTel  Guuiflt il
QBTHBMEVBEHTH HEVEN6EU DIEUSHMS CUMTUL HENG  6UMTH. (25 marks)
Giving an appropriate example explain what is meant by the term colligative property.
(CTgImEHGMMTGL  @uieol]) Sieveg Osmenssty @uweol (colligative property)
sr@JLb usSHEHHE alenmiGeug wrgh? QUIHSSHLTET 2 _GTT6ID SHhHH elereh @ .
(15 marks)



