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Actual mass of I(MnOr : moles x Rmm = 0'0061 x 158 : 0'96389

7o purity :ffi=o':l;i;ioq= s7.6"h

ADV EI.IC O D LEVEI, clrn,v]Sr.RV NATIONAL EXAMINA.I.tON PA PER 2003/2004

(BiologY-Chcmistrl')

SECTION A: Ansrver ALI. questions /55 marks

01 . a) 'l'1c 6iagrar:r bclorv shows the mass spectn-im for naturally occurring galliurn (Ca).

Prrcertt;-.ge

a.br.urda:rce

relative mass

Calculate the relative atomic mass of naturally occurring gallir'rrn. 2 marks

b) Brornine (Br) has two isotopes ieBr and 
t'Bt. lf Brotniue is r.tsed iu the nrass

spectrometer there are three peaks of Br2 are respoltsible tbr tlrese peaks. 1.5 marks

Anst'er:
a) R.A.M :LW=AI]..|#fl= 6e.8

b) Ntrotecular iorr respon-sible for the three peaks are:
('eB, - "Br)* henie "tB.r*
i"B. - 

ttB.)* hence l608rzn

it'u. - "8.)* hence 1628rz*

02. a) State Hess's law. 2 marks- ;iih. standard ehthalpy change for the combustion of carbon is -394KJrnol-r, and that ol'

carbon monoxide is -t1 tKJmol'r. Calculate the srandard enthalpy change for tire reaction

2C(s) + Or(g) -,2CO(8) 3 marks

c) Which of the trvo ,.u"tio6 below is more likely to take place? Cire a reason for your

answer.

2C(s)+Oz(g)*2CO(g)
C(s)+Oz(g) *COz(g) 1 mark

Ansrvcr:
a) f{ess's lalv states that the resultant heat change lor rcaction is the same u'hcthcr

it is carried in one or several stages.

Or That the enthalpy change of chemical reaction is

number of stages passed through but rvill depend on

reactants and Products.
b) C + O2 --+ CO2 '394 x2

CO +Y, Oz *COz -111x'2

thc same irrespcctivc ol'
initial and final statcs oJ'thc
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2C + 2Oz -+ }COz -788

. ' 2COz-, CO + Y, Oz--4 
-

2C + Oz * zCO -SOe UIZ*oles = -283kJ/mol

c) It is c + 02 +co:'l because it gives out more heat to the surrounding' i'e: It is

more exotltenmic'
Og.fh.;"*p;;;; erH;Brz(...) frn be 

'rade 
by reacting ethene with brorni'e'

a) Shorv the mechanistn for the above reactio't't' 2 marks

b) What obsctvations rvould you makc at the end of tltc rcaction? 1 mark

c) If c:HrBrz is refluxed with aqr.rcotts sodium hydroxiclc, an organic product B and givc

its sYstcmatic namc., 1 mark

Answer:

a) ClIr:611, * Brz "'3 gWrg'-CHzBr

Mechrrnism:

CH:;CH: ----) BrCH:--fiH: -----) CH:Br-CH:Br

Ir\s,'/i1" B,/
b) The bromine (brorvn) colour rvill be disctrargcd. i'e: changes from brorvn lo

colourless (decolourised)'
c) CH2GII-CHzOH -' Ethane - t,?: diol or glycol

04. An alcohol (Alk;njt has a relative mass of 74 and has the following composition by

ntass: C, (:t4.9Yo; H, l3'5%; 0,2l'6o/o :

a) Shorv tl-rat its empiricaifonnula is the same as its molecular lbr.lnula' 3 nrarks

b) Draw tSe stnrcruial fonnulae offburpossible isomers ol'the alcohol' 2 marks

c) one of the isomers F can be oxidized to fom a ketonc, G. Show the strucrural

fonlula of F and G' 1 mark

a)

Ansrver:

Element C H o

Nlolcs
64.9.

.l 1

13.5

1.3s
1_ 35Simplest ratio 5.4UU

1-T
4 10 I

Empirical formula: CnI{roo
(CalIro0)n = 74

12x4n+10xn+16 xn=74
74n =74*n=l
IVlolecular formula: (CqHroo)x1 = C+[IroO it is the samc as cmpirical formula'
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lr) cnscu:cE:cEroE,CHTCH:CH:QH:

OH
CILQECH:OH --+

CTIJ

grr3
CILr-q-oH

CHI

c) CILCH:CHCI{3
OH

CILCH:CCI{-r
b

05.The table below gives some data about the chlorides of elements of period 3.

(G)

Fonnula
Boiling point oC

NaCl MgCI: AICI: SiCl4 PCI: SzClz Clz

1465 l4t8 423 57 76 136 -34

Ptrofaqueoussolution 7 .6 2 2 2 1 I

a) Expiain why the bo.ling point of NaCl is higher than that of MgCl2., 2 marks

U) nxptainwhythePH ofNaCl is 7 and that ofAlCltis2. 2marks

Anslver:
a) NaCl is more ionic than MgCll because the I\Ig2* has a higtrcr polarizing po\\:cr

than Na* and the higher the polarizing polver the lesscr is ionic charactcr.

b) NaCl dissolves in rvater to give a neutral solution of 7.
ao

NaCl(s) ll Na*(aq) + Cl-(aq)
Since Na* does not polanize rvater due to its small size.

rUCl:(s) 13 at'*('q) + 3Cl-(aq)
While Al-1*has a smaller size and big charge hence high polarizing porver. AI
therefore has a greater attraction for the oxygen atom in the rvater molccules.

This weakens the oxygen-h-vdrogen bond in rvater and relcases hydrogcn ions in

solution rvhich makes the solution to be acidic with Pn of 2.

At3*(aq) + 6tI,O0) :1 [Al(H,o).]'*(-aq)
tar(ilzb)ol3*(uq)a= [Al(Hzo)i3oH]2+(aq) + 3H+(aq)
Or AICh(s) + 3H2O(l)---+ Al(OHh(s) + 3HCl(aq)

06. When dilute sulphuric acid is added to copper I oxide, a pink solid X and a bluc solution

Y are formed. The pink solid X conducts electricity.

a) Identify X and Y. L mark
b) Write an equation for the reaction. 1 mark
c) Using examples from the reaction above, explain the nTeaning oIdisproportiortation.

1.5 marks

Answer:
a) Y is CuSOr - Blue solution

X is Cu - Pink solid
b) Cuzo(s; + H2SOa(ae) --' CuSOr(aq) + Cu(s) + H2O(l)

c) Disproportionation reaction is a reaction in which there is both oxidation and
cl^tr/nfl,
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higher repulsion and the lower the bond angle.
09.Butane C+Hroreacts with Cl2 in the presence of suilight to form a mixture of products

' including cqHpcl which is fonned as shown i, the equatio, below
CaHro+ Clz * C4HeCl+ HCI

a) Write equations fbi the following stages in the mechanism of the reaqion
, i) Equation for the initiation srage.

ii) Equation fbr the propagation srage.
iii) Equation for the tenninarion stagc. 1.5 marks

b) Compound A which is one of the isomcrs of CqHqClwas rcactccl in scqlcncc as
shown bclow

Retlur Heat Ref}_r.:

i) Write the structural fonnulae of A, B and C. 1.5 marks
ii) What chernical test u,ould you use to shou, that compound C has fbnned? 1.5
marks
Ansrver:
a) i) Initiation state

UV
CI-CI -+ 2Cl'

ii) Propagation stage
CaHls+Cl' ---'CqHc + FICI
'C.rHq * Clz * C4HeCI + Cl'

iii) Termination stage
'C,rHs * CI'-+ CrHsCl
'CI +'Cl --r Q1,
'C+Hs +'CcI{g * CgHrs

b) i) A is CH3CH2CH2CH2CI
B is CII3CFIzCHzCHzOH

/?
C is C&CH:CE[:C'

\H
ii) Using Tollens reagent and heat

Observarions: Silyer mirror
10. The tabie below shows some bond enthalpies. Snrdy the tabie below and answer the

questions that follow.
Bond Average bond energy/ KJrnol-r
F_F
CI-CI
H_F
H. CI

+158
+214
+ 568
+432

Given that the enthalpy change for the reaction
Hz(S) + Clz(g) -- 2HCl(g) is -184 KJrnol'r
a) Calculate the bond enthalpy of the H - H bond. 2 marks l

b) Calculate the enthalpy change of reaction tbr the fonnarion of HF from its .I.,r.,.,tr.
H26q1 -FF2.1'1-t2HF( s)
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A,nswer:
a), AfI, =LA[r"orranrs * lLHproauccs
. -184 =H-II + Cl-Cl-2 x II-CI

-184 = H-H + 244 -,2 x 432

-184:H-I{+244*864
, FI-Itr = -184 + 620

FI-H = +432 kJmol'r
b) AIt f = L AH r"ortants * | AII products

= H-H + F-F- zH-F
= 436 - 158 - px568 = -542 kJ

Enthalpy change of formation of H-F

i.4: For one mole of H-F :# = -271kJ/mol

11.The graph belorv sirorvs the Boltzmann distribution curve for the same amount of a gas

sarnple at two different temperatures.

State what you would label on X and Y axis. I mark
What does the shaded part represent? I mark
Explain wh;- a small increase in ternperature increases the rate of a chcmical rcaction
tremendously. I mark

Ansrver:
a) On the Y axis * number of molecules

On the X axis - Kinetic energy
b) Nlolecules rvith lorver tctivqtion snorgy.
c) Increase in temperature increases the kinetic energy of the molccules. i.e. thc

speed by rvhich the molecules collide with each other increases as a result the
speed of reaction increases.
On addition to that, as the temperature incrcases, the number of moleculcs that
gain necessarv activation energy also increases, hence incrcasc in re'action ratc.

12. Th; solubility olcalciurn phosphate Car(POq): is 0.001 1g per l00g of rvater at 250C.

a) Calculate the solubility product of calciurn phosphate.(Ca:-10, P=3 I , O: I 6) 4 marlis
b) What would be the effect on the solubility of calcium phosphate when a solution of

sodium phosphate is added to a saturated solution of calcium pliosphate? 2 martis

Ansrver:
a) Car(POr)z c 3Ca2* + 2POa3- , let the solubility of Car* be x:

a)

b)
c)



I
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3x 2x

' Ksp: 
[f;.,'rli,?;l; -,

, Solubility-of Ca3(f,.pa)2 in g/l
. lo=1cm3=1ml

' ,. l000cm3 --+ 
0 0011 x 10,00 s 0.01 I g/l

100

Solubility of Ca3(POa)2 in nroles dm-'1 = *#Y*,
Rmm of Ca:(POr)z= 40 x 3 + (31+16) x 2 = 310

Hence , solubility of Ca3(POa)2 in moles drn'3 = H:3.55 x 10--5 mol dnr-'r

Sotrubility of Caz* rvhich is x is 3.55 x l0's molclm--1
Ksp = 108 xs: 108 (3.55 x 10-5;s : 6.08 x 10'2r mol-sdm-rs

b) T'hc solubilitl' of Ca3(POa)2 decrcases because of common ion cffect. Acldition of
sodium plrosphate increascs the conccntration of phosphatc ions in equilibriunr.
So to restore Ksp; the excess phosphate ions from NatPO.r rcact rvith Cal'.
3Ca2* + 2I'Or3'-* Car(PO,r)z
This decreases the solubility of calcium phosphate.

13. The table below shows the rates of reaction between substances A and B at dil{'erent
concentrations.
Experiment [A] moldrn-' IB]rnoldrn-' Initial rate of reaction

in moldrn-3S-l
1 0.50 0.50 2.0x l0-'

glii ro-'2 1.00 0.50

3 1.00 1.00 16.0x 10"'

a) Detennine the overall order of the reaction. 2.5 marks
b) Calculate the rate constant for the reaction showing ciearly tl're units. 2 marks
Ansrver:
a) Order with respect to A.

Using experiment I and 2:'X-et tlte order with respcct to A bc X and with rcspcct
toBbeY.

#: W)- l?)' *#l#]* [FJ'- 4 = 2* .tv

1Z'=Z*=i X=7
trt is the second order with respect to A.
Order with respect to B:
{.lsing experiment 2 and 3, let the order rvith respect to A be X anct vvith respcct
toBbeY.

#:l#lr l?)''*#=i#l'[#]'* z=t 2:

12=2t' ,y: I
It is the first order with respect to B.
Overall order = /+l : J

b) Use the rate law: Consider experiment 1.

Rare = KtAl2EI
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0.x6 rnol2dm6s-l
lAlz[8j fO.5 moldtn-3)2lO.Smo ldtft-3)

SECTION B: Choose THREE questions from this section.

14. Studv the table below dfrd the ouestions that follorv

Construct a Bom Haber's cyclc and calculate the latticc encrgy of PotassiLul lociidc.
5 marks
Given that: I(*1.;+ (aq) ---' K*1,4 AH: -304 I(Jr:ro1-r

l-1*11(aq) --' I-(,q) AH= -306 KJ,rot-r
K*(*)* I-(*)* KI1'ql AH: -30-1 KJrnol-' 1???????????????

i) Calculate the enthalpy of solution of Potassiurn lodide. 3 marks
ii) How would you confirm presence of Iodine ions in aqueous solution? 2

rnarks
Ansrver:
a)

K-(g) + I(g) +e'

+I0TkJnrol --11{ kJ rnol-l

*.120kJnrol'l

K(s) +ri:I:(s)

+90kJmol-l

-32EkJnoll

AH y onnation = AH atom(K)+1'tI.E(K)* AI{rtorn(I)+1'tE.A (lt) * LH uttir"
-328: 90 + 420 + 107 -314 + lattice energy

Lattice energy = -328 -303 = -631 kJmol-t
b) Drarv a born hab6r cycle.

KI(s) $(aq)+I'(eq)
\ 68r",,i." /

\ / 
^*bi.dration 

(-30'1 - 306)

K1s) + I-(gI

i) AH."r1,1;,r, = Iattice energY -| hvdration enersY

a)

b)

.Stu era answer Ine quesLron

Entha ov changc KJmol-'

Atom sation of Potassium +90

Atonr sation of Iodine + 107

l''lon zation el'lergv of Potassrum +420

1'tElectron atfinity of Iodine -314

Fonnation of Potassiurri toOide -328

K(s) + rftI15;
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0.tr6 rnol2dm6s'r
[/J2[8l lo.S moldm-312[0.5motdm-r1

SECTION B: Choose THREE questions from this section.

14. Studv the table below dild the questions that follorv

Construct a Bom Haber's cyclc and calculate the latticc cncrgy of Potassium loclidc.
5 marks
Given that: I(+(,)+ (aq) ---' K*1oq; AH: -304 KJ,rol-r

I'1.1+ (aq) -* l-(,q) AH= -306 KJmo[-r
I(nir1+ I-e)- Klloq; AH= -30-l KJmol-l ????????????????

i) Calculate the enthalpy of soh.rtion of Potassiurn Iodide. 3 marks
ii) How would you confirm presence of Iodine ions in aqueous solution? 2

rnarks
A.nsrver:
a)

+10?kJnrot --1I.1 kJ nrol']

*.{20hJnrol-l

K(s) +ri:t:(s)

+90kJrrol-l

-32EkJnrolr

a)

b)

b)

AH yonnation= aH ato^G0+1"I.E(K)+ afroto,r.(I)+1"E.A (lz) * aH uttice
-328 : 90 + 42A + 107 * 314 + lattice e

Lattice energy = -328 -303 = -e:t 1..J*oittBY
Drarv a born hab6r cycle.

KI(s) #-(aq)+t-(aq)
\ 6Hr",,i." /

\ ,/ 
^*b1:dration 

(-304 - 306)

K-(c) + I-(gI

i\ AH 
"n6,1in, 

= Iattice energv * hvdration enersv

tI5 vvCt 65uOIIS

Entha ov change KJmol-
Atom sation of Potassium +90

Atom sation of Iodine + 107

l''lon zation enersv of Potassrun: +420

I"Electron atfinitv of Iodine -314

Fonnation of Potassium Iodide -328

K(s) + r/:I(s)
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: -631 - (304 +306) = -l24lkJ/mol
' ii) using lead (Ir) nitrate 

t.,) -'LL*LK''/rItor

' Observation: vellow precipitate: Pbz* (aq) + 2l'(aq) -- Pblz(s)
Or using silver-nitrate solution.

1 5. The florv chart below shorvs a synthetic route for the preparation of compound Z stalting
, with compound Y.

E#%f EH,Nql--$_+tc.r-\dl---Tt#--E
a) Name compounds Y, D, E, F andZ. 5 marks
b) Shorv the reaction n€chanism in the formation of compound C1,H5NO: fi'om

compound Y. 3 marks
Ansrver:
a) Y is benzene

D is conc. II1SO{ (concentrated sulphuric acid)
E is Sn (Tirr)
F is Conc. [Iydrochloric acid
Z is diazonium benzene salt.,

b)

IO:

+ H:O

HO-NOr E-
\--l

Conc. ElSOr,55oC

{\
Ero- -'NO: E:O + -NO:

c)

trI*+HSO4'*HzSOr
CrHsNOz contains the nitro-group n'hich is an electron n'ithdrarving group that
reduces the availability of pi electrons in the bcnzcne ring rvhilc it is abscnt in Y.

o"l ft\-\--f

Conc.ILI\-O:
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: -631 - (304 +306) = -l24lkJ/mol
' ii) using lead (II) nitnate' Observation: yellow precipitate: Pb2* (aq) + 2I-(aq) -- PbI2(s)

Or using silver-raitrate solution.
15.The flow chart below shorvs a syuthetic route for the preparation of compound Z starting
, with compound Y.

l-L-l Ff,i-o:+D ,[c-]L\-ql E-F rl-c-1,\1-1,l Fl\-o:=HCl r| - | Heat 'l - - -l heat 'l - - - | icecrrld /

a) Name compounds Y, D, E, F andZ. 5 marks
b) Shorv the reaction ntchanism in the formation of compound Cr,HsNO: from

compound Y. 3 marks
A.nsrvcr:
a) Y is benzene

D is conc. I[]SO{ (concentrated sulphuric acid)
E is Sn (Tin)
F is Conc. I{ydrochloric acid
Z is diazonium benzene salt.

b)

IO:

+ H:O

{\
HrO- I NO: E:O + -NO:

trI*+HSO4-*I{zSOa
c) CeHsNOz contains the nitro-group n'hich is an electron n'ithdrarving group that

reduces the availability of pi electrons in the benzcne ring whilc it is abscnt in Y.

o"l *,-;-if

Conc. E\O:

Conc. E:SOr, 55oC



2.6 moles of N2 and H2 produce dz:f: 1.3 moles

lNzl :|ffi0.3M
lNzl =T#tM*n
lNzl = #0.6s M

ii) Kc:#m:o$= 1.4 mol-2 dm'6

iii)Kp:m
Partial pressure r 

I:H,TilT:
1.3+0.6*2.0:3.9
D _ 1.3 x20O kpa _PNHt: -- = 66.7 kpa

Pr, Y#:30.8 kpa
D _2.0 x200 kpa _P u, 3., : 102.6 kpa

11. : ---(66J)'--: 1.34 x l0-a kpa-2(30.8)(102.6)r

Page 50 of 190

x total pressure
nutnber of ntoles

to taL nutnb er o f nto les'
total numbcr of molcs =

18. Use the data below to answer the questions that follorv.
Cr2O72'(aq) + l4H-(aq) + 6e- ;: 2Cr3*(aq) + 7H2O(l) E0= +l.33V

Fe3-(aq) + e- ? Fe2-(aq) : Eo= +O.Tly
MnO^a2-(aq) + 8H-(aq) * 5e- C Mn2*qaq; + 4H2O(l) , E0= 4-t.S2y
Feoa2-(aq) + 8H-(aq) + 3e- e Fe3*(aq) + 4H2o(l) Ee: +2.2y

VO3'(aq) + +H*(aq) + e- a: VO2'(aq) + 2H2O(l) E6= * 1 .0V
a) Which transition metal species (ions) above is the most powerful oxidizing agenr and

which is the rnost powerful reducing agent? 2 marks
b) Identify one metal species that can reduce acidified dichrornate ions. I mark
c) Write an overall equation to show the reaction between acidified dichro,rate ions and

the identified species in 18(b). 2 marks
d) workout the oxidation state of cr in cr2o7}, and of v in vo3'. 2 marks
e) Suggest why acidified FeO+2- will oxidise Fe2* and write the overall equation. 3

marks

Ansrver:

a)

b)
c)

Most powerful oxidizing agent FeOr2'because of highest clcctrodc potcntial.
Most polverful reducing agent is Fe2* because of lorvest electrodc potential.
Fe2* or Vo2*
(Cr1O72'+ 14H* * 6e' --r 2Cr3* + 7FI2O)x 1
(Fe2* -- Fe3* + el x 6

6Fe2* --- 6Fe3* + 6e-

+ 6Fe3*
Let the oxidation state of Cr in CrzOr'- be Xd)



e)
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2X+l.q--2'1:-2
2X: 12
X=*6
Let the oxidation state of Mn in MnOl' be X
X + s.1-z; = -1 ;*
X=*5
Feor2'is a strong oxidizing agent and can oxidisc Fe2*
(Feo.rz- + 8trI* * 3e- -- 2Fe3* + 4FI2O) x l.

(Fbz* -*' F e3* + el x 3
Feorz- + 8I{* * 3e'-* Fe3* + 4H2O

F'e2* --- 3Fel* + 3a'
2.2V
-0.7v

Feor'-(aq) + 8H*(aq) + 3Fe'-(aq) -* 4Fer*(aq) + 4llzo(l) + 1.43V
It also gives a positive electrode potential

SECTION C: Ansu'er ONE question from this section.

'19.For each of tlie following pairs of compounds iclentity the chemical tcst that can bc uscd
to distinguish thcrn stating clcarll'thc obscrvations and rvriting rclcvant cquations .uvhcrc

possible.

oll
a) CHsCHI-C-CH:CH-r and CH-r CHI CH: CH: CHO

b) CTHsCHzOH and CTHsOH

c) CH3CH=CHz and CHTCHzCH:
d) AlOiO3)3 and Cu(NO3)2
e) FeClz and FeCl:

Answer:
a) Reagent: Ammoniacal silver nitrate solution (Tollen's rcagcnt)

Condition: Boil
Obscrvations:

fl
CH:CII:-C-CII:CHr I No obserable clrange

CHTCH2CHzCFI2 CX-XO: silver mirror at the sides of the tcst tube.
Equations:

cFt3cH2cHzcHzcrlo 
A s N 0 s I N t I g 

cHr cHzcl.tzcflz co o I-t + Ag(s )" I{eat
Or using Fehling's solution.

b) Reagent: Using bromine water
Observations:
CellsOH - White precipitate (immediate decolourisation)
C6H5CII2OH * No observable change
Equations:
CcHsOII * 3Brz --+ CeI{zBrrOItr + 3HBr
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Or acidified potassium permanganate or potassium dichromatc or iron,' ([I) chloride.
' c) Reagent: Bromine solution (BrzlCCIr)

Observatio-ur:
. CI{:CI'tr=Ctt2: - Bromine solutiott changes from brou,n to colourless.
' , C[IrCHzC]I3: Noobservable change.

Equations:

CHrCH:C[[2 + Bv2 
c!' 

CH:CFIB r-CI'IlBr
Or Using acidified potassium permanganate.

d) Rcagcnt: Sodium hydroxide solution
Observations:
Cu(NO3)2: a patre blue precipitate insoluble in excess.
Al(NO3)3: No observable change.
Equations:
Cuz*1aq; +.2OU-(aq) -, Cu(OI't)z(s)
Or using ammonia solution.

e) fteagent: Sodium hydro.xide
Observations:
FeClz: - a dirty green precipitate insoluble in exccss
FeCI3: a red-brown precipitate insoluble in excess
Equations:
Fe2"(aq) + 2OH-(aq) -r Fe(OH)z(s)
Fe3*(aq; + 3OH-(aq) ---, Fe(OH):(s)

20. 0.9875 g of an impure Potassium manganate (VIi) was dissolved in 250 cm3 of water
solution. 20 cm3 of this solution was acidified with dilure sulphuric acid and titratcd
against sodium ethanedioate (oxalate) solution Na2C3O., and the volume of Na:CzO+
required was24.4 cm3. Given that 1.6759 fo NazCzO+ had been dissolved in 250 cm3ol
aqueous solution.
a) Calculate the percentage purity of potassium pernanganate (manganate(Vll)). 8

marks
b) Given only the solutions of I(MnO+. of Na:CzOq and of FIzSO4 mentior'led in this

question, a stop watch, Na2COr solution, corrical flasks, a burette and a pipcttc. horv

would you detennine the order 0f reaction between l(MnO,r and NaIC1O4'l 7 marks
Ansrver:

a) Number of moles of Na:CrO,r = m, Rmm of NazCzOr z 23xZ + L2x2*3x16 =

134 
=#= 0.0125 moles.,25o cml

250 cm3 of solution contains 0.0125 moles

24,4 cm3 of solution contains 
0'0111:24'4:0.001:2 

molcs ol'NazC:Oq

(Mnoa- + 8fI* * 5e'*-+ Mn2* + qfr1bl *z

SCaOg2- -*SCOz+ L0e- -,fio.-+ o+5co2

Rt (lVrD /ntr- t a
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Moles of I\InOa- that reacted = 0.00122 * i = O.OOO+gg mol of KMnOr
'' 20 cm3 of IVInOa- contains 0.000488 moles

250 cm3 of solution -n 
0'000488 r 250 

= 0.0061/250cm-r

Actual mass of KMnd. : ,nol.'r'* Rmm = 0.006I x I58 : 0.963g9
%o purity -actualrnassxlo0 = 

0'993,8.t100- 
97.60AL r sample rnass 0.9875

b) For this experimentlve monitor the rate of disappearance of the purple color of
potassium permanganate.

Rate : KMtto+
t

You carr1, three e*perirnents:
- Thc tirst trial tcst is fbr sctting the stanctard conditions.
- A ktro$'n conccntration of sodium oxatatc is put in thc burctfc ancl potassiunr
permarrganate is acidilied rvith sulphuric acid ancl thcn pipettcd in the conical
fIask.
- A titration is donc and thc time takcn for the purpte colour of permanganatc
to disappear is recorded using a stop rvatch.
- Using thc above, the rate of reaction is calculatcd and rccorded in thc tablc.
- The above experiment is repeated trvice thcn by altering the concentrations ol'
grotassium permanganate and sodium oxalate.
Table of results:
Experiment IKMnOclM [NazCzOalM Rate/NI minute
1 A A x
2 A B Y
3 B A Z
using the above data the orders of reactions are caicurated.

21 . Sodium hydroxide solution was added to 25cm3 of 0. I M etl-ranoic acid and the prr of thc
solution was measureg 3ll4grvals of tirne. Trre resurts are tabred berorv
Volume of
NaOH (cm3)

0 4 8 t2 l6 20 22 ?? <
_'i_:

24 21 2

PH of the

mixfure

2.8 3.5 4.0 4.0 5.1 5.8 7.0 9.0 10.5 r 1.4

I

a) Plot a graph PH (y axis) against volume of NaOH. 7.5 marks
b) Explain the shape of the graph. 3.5 marks
c) Usin-e the graph, detennine the volume of NaOH required to neurralise the acid ancl

hence calculate the rnolarity of NaOH. 3 marks

.4.nswer:

a)
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PH of the
mixture

Volume of \aOH(cm-i)
b) Initially PI{ of the acid is a bit high becausc is a u'eak acirl and thus not fullv

ionized in solution. The Plr gradually rises as the base is addcd bccausc the acid
is still in excess lvhich togcther with the salt formed constitute a bufl'er that
resists change in PH.

- At the end point, a vcry small amount of sodium h.r"droxide added givcs a sharp
.Hnselnr.

- The PH at the end point is greater than 7 bcc4uss fhe salr formcd undcrgocs
hydrolysis producing hydroxvl ions that make the solution morc all(alinc.
- Beyond the end point, the P" rises gradually due to excess sodium h1'droxiclc
addcd.

c) Morality of s.odium hydroxide solution:
Volume of sodium hydroxide used at end point: 22.50 cm3

Moles of CH:COOH that reacted = *# = 0.002! moles

CIITCOOH + NaOH --+ CH3COONa* + H2O
22.5 cm3 of NaOH contains 9.0025 moles :..

1000 cm3 of NaoH contains - 0'0015-z-1000 
= 0.11 :

22.5

Molarify of NaOH = 0.11M

l3
l)

1t

IO
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ADVENqED LEVEL CHEI\TISTRY NATIONAL EXAMINATION PAPER 2OO5

' (BiologY-ChemistrY)

SECTIO\ A: Ansrver ALL gdestions /55 marks
,. , QL The percentage abundances of.1he stable iscr_topes of chromium are:

l\ C r, 4,3 7o/o, lf; C r : 83 .7 6o/o, l3oC r : 9 .5 5o/o, lf,C r : 2.3 B%

o'1- Wnut is me-ant by the term ;isotopes" and why do isotopes of chrornium show similar

chernical properties? 2 marks
b) Calculatelhc relative atomic mass of cfuomium, corrcct to thrcc significant figtrrcs. I

rnark I

c) Calculate the nurnber of neutrons in the most abundant isotope oIchromir-rnt. I mark

r\n srver:
a) Isotopes arc atoms of thc same element having thc sarne atomic nutnbcr but

different mass numbcr.
Isotopes of chromium shorv similar chemical propertics bccatrsc thev have thc

same atomic number.
50x4.3 1+52x83.76+53x9.55 +54 x 2,38

100

c) Number of electrons = mass number - atomic number = 52'24 
=28

02. This question concems the following oxides

Na;O, MgO, SiO2, SO3

Frorn the list above identify the oxide that best fits the description given:

a) An oxide that is insoluble in water. I mark :

b) An oxide that has simple molecular structure at room temperature and pressure. I
mark

c) An oxide that reacts with water forming a strongly alkaline solution. I mark
d) An oxide that is slightly soluble in water formin-e a wcakly alkaline solution. 1 mark

Ansrver:
a) SiOz
b) so3
c) NazO
d) Mgo

03. A poSsible synthetic route ftom benzeno to bcnzoio acid is shown below;

b)R.A.M:LW

O+cH3cr

cH2cl

cl2,uv 1fi_----:---5Cp 1- ^ Step 2 V step 3

o
ilc-oH

-\t9 Step 5

lst"p a

Y/f
o

a) Give the fonnulae of a suitable catalyst lbr step I and give the structural tbnnr'tla ol'
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comPound A. 2 marks
b) .Give the narne of the reagent used and the type of reaction in step 3. 2 marks

c) Naure the reagent used in step 4 I mark

, Ansll'er: ->r

a) Catalyst Alclr or FeCl3'' ,. cfu

b) Sodium hydroxide or potassium hydroxide
Nucleophilic substitution reaction or SNr

c) Aciclified potassium dichromate or Acidilied potassium pcrmangannte

04. Usc the boncl enthalpies/boncl energies iu the table belorv to arlswer thc clucsti()rts that

follorv:
Bond Averase bortd enthalpy l(J/mol'

F-F r58

C-H 4t2

CI.CI 242

H.C1 432

C-CI 338

a) Calculate the enthalpy change for the reaction: :

C3Hs +Cl2 * C:HzCl +HCl 2 marks
b) By considering the bonds broken and the bonds forrned, calculate the average value

for the S - F bond energy in the reaction:
sFq(g) + Fz(g) -*SFoG) AH: -438 l(Jmol-r
State any assurnption you have made. 3 marks

Ansrver:
a) LHr=LLHruorrarrrs - LLUproduc$ or

AH, = L LH uona bt-oken 
* L LH aorra create<!

Where AH,.the enthalpy change for reaction and AH is thc cnthalpl' changc.

HHH HHH

fpu.*..,aurs = 
" I f, -3t, + cl-ct faHp,.oau.,, = H-f,-f;f; t' + H-cl

IIEH
= 8(C-H) + 2(C-C) + (Cl-Ct)
:8x412 +242 +2(C-C)

= 7(C-tI)+2(C-C)+(C-Cr) + IiCr
= 7x472 + 2(C-C)+339+432

= 3538 + 2(C-C) = 3654 + 2(C-C)

Hence LII1 = (3538 + 2C-C) - (3654 + 2C-C) : -116 kJ/mol
b) AHl :l L,Hrrortants * | Lflproaicts

= 4(S-F) + 158 - 6(S-F)
-438 = 4(S-F) + 1s8 - 6(S-F)
-438 *158 = -2(S-F)
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S-F = +298k,I/mol ,

, Assumption: The c-c bond is brokcn' 
.nlation of a co,rpou,d.

i)exprainwl.ratisnleantbythestarrdarderrtlralpyclrangeoffol
mark
ii) Wrlt. a balapced {uation which represents the staldard er-rthalpy cftapge ol

, formation of ProPane. I mark-
' b) calculate the standard enthalpy change of fonnation of propaue I'rotn the standard

tiralpy changcs of combustion given belorv;

3 marks
Ansrver:
a) i) Thc standard enthalpv chunge ol'formltion

rvhcn one molc ol'a compound is lorrncd frorn

not C3H3@) LHI

is thc crrtllalpv cltrtngc thnt 0cctrrs

its constitucnts undcr standard

conditions.
ii) 3C(s) + 4I'I2(g) -+

b) C+Oz -+ COz
Y{.z+LnAz-+ HzO

-393 x 3
-286 x4
-2220x-l

-393 x 3
-286 x4

C3Hs + 5O2 -+ 3COz + 4HzO

3C + 3Oz '+ 3COz
4Hz + ZOy -+ 4[I2O
3COz + 4HzO'+ C#s+ 5Qz 2220-
gctri + 4HzG) - c:Ha(g) -103 kJ/mol
0r
rc+yfi 3fr - 3e3 x 3

4H1+?d, -----> 4ryi - 286 x 4

t@i+ l*d 'u srtr, * 5/= 2220

3 C(s) + lIL (g)-------+-C -'Hst=: - 103 kJ,rrol-I

AHf = -103 kJ/mot

06. Tliis question concems some reactions of a compound X rvhich has tl're structlrre:

CH:-CHz-CHz-CHzOH
a) Give tl"re systematic name of compound X' 1 mark

Ui ts X a primary, secondary or tertiary alcohol? L mark

.j What name is gi'en to the intermolecular forces in compound X? 1 mark

d) Give the structirral formulae for two organic compounds which could be obtained b1'

reactingXwithahotmixtureofpotassiumdichromateandsulphuricacid.2marks
.Ansrver:

a) tsutan-l-ol or l-butanol
b) X iS a PrimarY alcohol

enthalpy changcs o
ttll /Klmol-L

Carbon
-393

-286Hvdrogen ,

Propatre
- 2220
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c) Elydrogen bonds and Van Der Waals forces

n\r/'N\r
F

i: o-i-t

,t/ 
\,

,0'd) CIL-CrT:-cgz-(7 and CII-r-CH:-C Hr-i?\g \on
07. Boron, nitrogen and oxygen fsrm fluorides with molecular tbnnulae BF:, NFr ald OF2.

a) Drarv the shape of each molecule and show the position of lonc pairs of clcctrons if
any. 3 marks

b) Cive the bond angle in each case, explaining your reasons. 3 marks
Ansrver:
a),l

F
I
I
1)D

-"/ \F- "F
b) BFI - has bond angle of 1200 bccause it has thrce boncl pairs and no lonc pair of

elcctrons.
NH3- has a bond angle of about 1070 because it has three bond;rairs rvith onc
lone pair of electrons
OFz - has bond angle of aboult 104.50 (102 actual) because it has trvo bond pairs
and hvo lone pairs of electrons.

08. a) Write down the electronic configuration of a calcium atom and of a calcium ion in
tenns of s.p.... .. orbitals. (The atomic number of calciurn :20) ? marks
b) Why is the atomic radius of calciurn significantly greater than the ionic radius oIthe
calcium ion. I mark
c) Explain why the hydration energy (enthalpy change of hydration) of Mg:- is morc
exothermic than that of Ca'-?
Ansrver:
a) Ca: ls22s'2p63s'3pu4s'

ca2* : I s22s22p63s23p6

b) Calcium ion has lost trvo electrons rvhich reduces the shiclding cl'fcct anrl
incresses the effective nucleer chargo on the outorrnost sholl oloctrons, herrcc
reduced in ionic radius.

c) Both NIg2+ and Ca2* haye the same charge but Nlg2* has a smallcr ionic ractius
rvhich causes a higher charge densitv (polarizing power).
Thereforc [Ig2" rvill have a greater attraction for water moleculcs (highcr
hydration energy) than Ca2*.

09. over one rniliion tons of manga[ese are produced in the world each year.
a) Write the electrouic configuration of manganese (atornic number:25) and use it to

explain why manganese is a transition element. 2 marks
b) State, rvith specific examples, lwo properties of manganese or its compounds which

are typical of hansition elements. 2 marks
c) Calculate the oxidation number of manganese in the ion MnO+-. I mark
Ansrver:
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a) NXn: 1s22s22p63s23p64s23ds

' or ls22s2zp63s'3pu3dt4r'
' N'In is a transition metal element because it has partially filled 3cl-orbitals.

, b) - Mn has variablegxidation states. i.e: +2, +4)+6,+7
- NIn shorvs different colours in its compounds.

' ,, E.g: I\'In2* solutions are pink and lllnoa'solutions are purplc.
-N{n is capable of complex ion formation. E.g: i\[nOr-, MnOr2', lMn(II:O)r,l]'

c) Let oxidation state of Mn be X;
X + 4-1'21= '2
X=+6

10. Explain the following: /
a) The boiling point of water (H20) is higirer than that of hydrogen sulphide (Fl2S ). I

marl<
b) Tire boiling points of ethane, water and sodir"rm hydride increase in the order: CzFIa <

HzO <NaH. 2 marks
Ansrver:
a) Oxygcn is more electronegative than sulphur.

\\/ater molecules are therefore hcld together by stronger hl,drogcn bonds rvhich
are broken at higher temperature rvhile hydrogen sulphide molccules arc hcld
togcther by weak Van Der Waals forces which are broken at lower tcmpcraturc.

b) The boiling points depend on bonding and structure.
Ethane has a simple molecular structure held together by rveak Van Der \\'aals
force hence the least boiling point.
Water consists of stronger hydrogen bonds hence higher boiling point than
ethane. Sodium hydride has the highest boiling point because it forms a giant
ionic structure held together by strong ionic bonds.

I 1. Consider the following equilibrium reactions:
Reaction I: 3Fe(s) + 4HzO(l) +1 Fe3O4(s) + 4Hz(g)
Reaction II: CO(g) + Clz(g);: COCIz(g)
a) Write expressions for the equilibrium constant, Kp

i) for reaction I
ii) for reaction Ii 2 marks

b) State, giving reasons, how an increase in pressure affects the the position of
equilibrium in eaclr reaction above. Z marKs

Ansrver:
D4

a) i)Kp:#L
' Hzo

ii) KP - 
Pcoctz

P 6sxP 91,

b) Reaction I: Increase in pressure will shift to the right n'here is ferv nuntber of
moles.
Reaction II: Increase in pressure has no effect on the equilibriurn position ;l1cc
the number of moles of gases o.rihe left hand side is equal to thc number ot'molcs
on the left hand side.

12. A radioactive isotope X decays by emitting beta particles. It was found that only f of the
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original isotope remained after 100 days. Calculate the half-life of the radioactive isotop'e'

2 rharks
.{nswer:
a) tsy simPle tnethodl"' irr,, iZ'r,, t3tt/z 14tr,z L Stt/2. t

. l --__-;- +_A-G-A
t,,, = I where, n-number of half-lives and T-time

Ll' 
TL

:'!o = 2o daYs
5

Or from N t:X*,# : * * *= **2"=32+ 2" =2s + n : 5

t, tt =I :9 = 20 da)'s
LtL n 5

13. An electric cul-rentwas passed throughtrvo beakers containing aqueoussilver nitrate arrd

aqucous copper (II) sulfhate connected in series' After 30 mintttes 0'100g of silvcr rvas

deposited in the first beaker

a) Write an equation for the deposit of silver' 1 mark

;i Calculate ,n" .rtt* p"ttta teg: 108' F:96500 C mol-r) 2 marks

Ansrver:
a) 2Ag*(aq) + e- -r 2Ag(s)

b) Using the general formula

**fr\:L;r, where i\I- mass, Mm- molar mass, I- Current(A), t-times(s), f'-

FaradaY constant l

, - M x n x f - 0'r x 2 x-2-6 s-90 
= 0.0994 per trvo moles of Silver'

^ Mmx t 108 r 30'u1 
o-oorro for one mole o.f silver'

SECTION B: choose THREE qucstions from this section /30 N'tarks'

14. Some foodstuffs contain "acidity regulators" which have a buffering action on thc pl-{'

Mixtures of citric acid and its sodium salt are often used for this purpose'

CsHTO4COOH P CsHzO+COO- +H*

Citric acid ku:7'4 x l0-amoldm-3

a) The concentfBtion of citric acid in lemon juice is 0,23 rnol dm-3' Assuming that no

otheracidispreserrt,calculatethepHoflernorrjuice.3marks
b) write equations to siron,how citric acid aud ,oii,.,,",.. citrate bufl:er systerrl regulates the

aciditY on the addition of:

i) H* ions
ii) OH-ions 2 marks -r -:--:^ ^^:, ^.-,.r n ?

c) calculate the pH of a solution containing 0.20 mol drn-r citric acid and 0.3 mol dm'''

sodium citrate' 2 marks

d) Define ,rr. L-..* Kw and explain why, at 25oC, water has a pH of 7. 3 marks

.A.nswer:

a) FH: -log[H*] r------1-------- . ^-2 -- ^,

tt*={<aih: llV;fr7x 0.23 ='[lfrVToa = 1'305 x10-2 moldm-] l

. P"=-tog(1.305 x 10'2;:1'33
b) i) The ^di;;;-"f 

II- reacts with excess CsHzCoo- to form CsI{zCootI to
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maintain the equilibrium hence tlt Pn remains constant' :

fqrrtiont CsUTCOO'+ H* - CsHrO'TCOOH
. ii) The additi# "iog- 

reacrs *itt,'iTHTCOOII to form csltrrcoo- and u ater to i

maintain tt" tq'ifiU.qrum' hence tlt U*t remains constant'

Equation: CrflrCO6ff + O[I'- CsI-ITCOO'+ H2O

' c) PH =Pka*roffi=-logfl'4 x t0r; * foSfi=3'131+ 0'176=3'3

d) Kw is the dissot:i;ii"' constant for rvater' Krv : [H*][oI{-]
"' ir;;.'il,#i tiz because it is a neutral molecule'

15. a) Give the formula,: cf the three structu'ut i'o"" of c+Hs which are non-cyclic' 3

rnarks .l

;;;;;; of these isourers dhows 
.u 

typ.* of stereoisonrerisnr'

i) Give the stntctures olthe stereoisomers and ""'":lLt]: 
2 tnarks

ii) Givc u .t,.,r,i..'i ,..i ro.. tire functio*al g'oup prcsc'rt i, thc iso*rcrs atrd cicscribc thc

:itf::'""rti"Jlt[:;J#Al[it* (a)reacrs wirh HBr to givc t,vo dirrcrc,t procrttcts, trrc

t ujo, one of which is a chiral molecule'

ii iL",irv this isomer of C+Hs' 1 mark

ii)cive.t,.,..r,u,-,isrnfortlrereactionofthisisomerwitlrHBr.2marks
Ansrver:
a)

CHSCE:CH=CH:
CIIsCH=CHCHs
CEsC=CE'

CE3

b) Using bromine water or bromine in an organic solution'

observations: Bromine water is decolourGed. i-e: changes from brorvn to

colourless.
c) i) CH3CH2CH=CH2

ii) 
r+ crI'rcH:lHCII-r

CtuCH;CE=CH: +HBr I 
u'

I ) cHscH:cH:CH:Br

.H.;HiiIS:'"':"u"'---ocrrscH:cHi;cH''l 
cHrcH:c-H(-H:

tL- Br
R{7 eis- Br-

16. a) what reagents and conditions are used to prepare uitrobenzene from beuzene? 2 marks

b) The ,.u"tion i.liuJ i, o"r.riu.a ur;".r.opt",iiic suustit,tion' Describe the mec'anism ol'

this reaction, clearly indicating rro*'ti. .-r-..trophile is formed and its role in all the steps'

2 marks r ' rornpouid 4

c)TlrelocalpainkillerlabelledasXbelowissynthesizedfrorntlrearomattcc
- nitromethvh;;;;;;;; shown in the foliowing steps'
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o,-_-O-cH.lf! o,*-@_.oort-t*J r,.@cooc2r.i'

lsten 
rrr

v

Suggest reagents and curditions for:
Step I
Step II
Step lll 6 marks

Ansrver:
a) Rcagents: Conc. I{NOI

Conditions: Conc. HzSOr and 550C.
b)

OffiO.***,o
Mechanism:
FtrzSOa -, fI* + HSO.r-

HO-liO: E--+ &O--NO: 
---lsg,O 

+ =lio:\l'

H* + ItrSOr- -r fIzSO.r
+NO, 

= is the electrophile that substitutes H atom in benzene.
c)

Steos Reagents Conditions
Sten tr H*/KrvInO4 or H*/K2Cr2O7 [Ieat
Sten II cH3cHzoFI FIeat/fl
Step IIII SnlHCl

LiAlHa
heat

17. The reversible reaction: ZSOz(g) + Oz(g) t;2SOi(g) is used in the Contact process for the
manufacture of sulphuric acid, using V2O5 catalyst.

rA,r*19cooc2H5
(x)
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a) i) Calculate the enthalpy of reaction, AH, of the forward reactiou, assuming it goes to

"completion. You are given the enthalpies of formation of SOz (g) and SO: (g) r,r'lrich
' are -297 and -395 KJ mol-1 respectively. 2 marks

ii) State and explaiqJhe effect of raising the temperature on the position of
equilibriurn of this reaction.2 marks

' ,, iii) The optimum temperature used in this industrial process is 450'C. Basing your

answers on economics and chernical principles, suggest two reasons which deternrine

the choice of this operating temperature. 2 marlts
iv) What is the effcct of the catalyst on thc position of equilibrium in this rcaction? I
rnark

b) i) Write an expressidn for the equilibriurn constant Kc for the reaction. I mark
ii) What is tlie effect of increasing the concentration of oxygen (at tlie sartre

ternperature) on:
I : the equilibriurn constant, Kc,
II : thc position of equilibrium. 2 marks

Ansrvcr:
a) i) Enthalpl' o[ reaction:

LH f =Z LHr"orro,,r, - I AHproducts= -395 x2 - (-297 x 2) = -196 kJ/mol

ii) The effect of tcmperature depends on either exothermic or endothermic
reaction. Increase of temperature for the exotherrnic reaction will shift the
equilibrium position to the left. Incrcase of tempcrature for the endothe rmic
reaction rn'ill shift the equilibrium position to the right.
iii) It is economical because it increases the rate of reaction.
iv) Catalyst has no effect on equilibrium position.

b) i) Kc - [so-s]z

lsozlzloz)
ii) I: increase in concentration of oxygen has no ellcct on the value of Kc.

II: trncrease in concentration of oxygen shitt the equilibrium position to thc
rightso as to reduce its concentration on thc lcfl hand side, according to

lechaterier's p rinciple.
18. The following list gives standard electrode potentials for various halIccl[s:

Eolvolts
Iz(aq)+2e-?2l'(aq) +0.54

Ag*(uq) + e' ;: Ag(s) + 0.80

Fz(aq) +Ze'e zF-(aq) +7.E7

Oz(g) + 4H*(aq) + 4e' 5 2H2O(1) +1.23

Mg'*(uq) + 2e' 5 Mg(s) -2.36

Cu2-(aq) + 2e- 5 Cu(s) +0.34

a) Draw a labeled diagrarn of a cellwhich can be used to rncasure the staridard clcctrodc
potential of the. Cu'*/Cu half-celi. 4 rnarks

b) From the list above, identify the

lf HJf;Jji:lt1T,il[::,, 2 markj
c) Calculate the standard cell e.m.f (Ed cell) corresponding to the cell rcaction:

2Cu2-(aq) + 2H2O(l) -* 2Cu(s) + Oz(g) + 4H"(aq) I mark



Page 64 of 190

d) When a constant current was passed through an aqueous solution of copper (Il) nitrate fpr
ong hour the mass of the copper cathode increased by 15.249. Calculate the current in

.unip.r., rvhich was used. 1F: IOSOOC ntol-I, Cu:63.5)
Answcr:

a)

H:1g,+

11I H-(aq)

.

b) i) Strongest reducing agent is Mg.
ii) Strongest oxidizing agent is F2.

c) Emf: E?rnn, - E?"ft= 0.34 -1.23:- 0.89V

d) Using the general formula l

* _M xnx f _15.24x2x96500: 12.8 AMnxt 63.5x3600

SECTION C: Answer ONE question from this section /15 NlIarks.

19. For each of the following pairs of compounds identify the chernical test rvhich can be uscd

to distinguish between them. State clearly the expected observations and wdte relevant

equations for tl're reactions involved.
a) CHrCH:CHzCHzOHand CHTCHzCHzCHO

b) CHrCH:CHzCOzH and CHTCH2CH(OH)CHI

?*.
c) cH3cH(oH)cH 3 and ( cn. -c-oH) (cH3)3coH

cHs

d) Zn(NO3)z and Pb(I'{O:)z '
e) Na2SO3 and NazSO+ 3 marks

Ansrver:
a) Reagent: Ammoniacal silver nitrate solution (Tollens reagent)

Observations:
CIITCHzCHzCHzOH : No observabtre change.

CIIICIITCHzCHO: Silver rnirror at the sides of the test tubc.

Bv MYIRlNct cn-*' r't'

III Cu:-(;rq)
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Equations:
AgN O3/ N II z

CIdTCFI2CI-I, CI I O : CrI3CII,CI.I2CO O II + Ag(s )or using F''ehlings solutions, brady's rcagent, sodium hydrogen sulphite.
Reagent: Sodium eifbonate
Observations:
C[I3CH2CI{:CO:H: bubbies of a colourless gas that turns limc rvatcr nrilkr'.
CH3CH?CH(OHICHr: no obsen able change.
Equations:
2cH3cHzcH2co2H * Na2co.r -+ 2cllrcl'IzcH2coo-Na* + coz + I{2o
or using sodium hydrogen carbonate, acidified potassium permanganate or
acidified potassium'dichromate, Lucas reagent.
Rcagcnt: A mixture of anhydrous Zinc (II) chloride and concentratecl
hydrochloric acid (Lucas reagent)
Obscrvations:
cxllcl"fzcH(otI)cII-r: cloudiness :rftcr 5 minutcs at roonr tcmpcraturc.

[.IL
CHj-q-OH - Imruediate cloudiuess at rooru teruperarure

Cft
Equations:

CBsCH:CIICft + Couc. IICI ZOCI,9 
CH:CH:CHCTL + H:o6s , ['-

+ couc. HCI Zucl:(s) crlr-" cH. f-^Er + H:o
CIL

9E,s
c&-s-oE

CH3

or using acidified potassium permanganate or potassium dichromatc.
d) Reagent: Potassium iodide solution

Observations:
Fb(NO:)z: Yellou. precipitate
Zn(NO-1)2: No observable change.
Equations;
Pbz*(aq) + 2l-(aq) -+ pblr(s)
Or using ammonia solution

e) Reagent: Barium chloride and hvdrochloric acid.
Observations:
NazSO+: white precipitate insoluble in acid.
NazSOr: white precipitate soluble in acid.
Equations:
Ba2*(aq) + SOr2-(aq) e BaSO.r(s)
Ea2*(aq) + So3z'(aq) a BaSO3isi
Or Barium nitrate and nitric acid.

20. A25,0 cm3 portion of a solution containing Fez- ions and Fe3* ions was acidiil,.'d ancl
titrated against potas:ium manganate (Vll) (potassium permanganate) solution. 15.0 cml
of a 0'0200 mol drn--' (0.0200M) solution of potassiurn monganite (VII) wcrc rr.quircd. In
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this.titration only Fe2* ions react with MnO.f ions^in an acidic solurion. A seconcl 25.0crrjr
poriion lvas reacted u,ith zinc to reduce Fe3- to Fe2=. After the reduction, thc sample oI
25.0 cmr portion was titrated against the same mangarrate (Vll) solutiorr. 19.0 cnri of the
manganate (VIi) solutiofwere required.
a) Explain why no indicator is required in this titration. I rnerk
b) Use the half-equations belor,v to write the overall redox equation for the reaction

between Fe3'' and MnO.r- in an acidic medium:
MnO+'+ 8H* t 5e---, 1qn2+ + 4H2O

Fej* -- Fcz* + e- 2 marks
Calculate thc nurnbclof molcs of MnO+- in 15.0 crns of 0.0200 mol dm'3 soiution of
KMnO4. l mark l

Caiculate the concentration in mol drn-3 of Fe2* in the original sarlple of the soh-rtiou.
3 marks

e) Calculate the number of moles of MnO+- in 19.0 c,n3 1if 0.0200 mole drn'i i0.0200vt1
KMnO,r. l mark

0 Calculate the total conccntration of,Fe2- in rnol drn'r altcrthc rccluctiorr oll:'cj- irr thc
sccond pofiioll of thc solution. 3 marks

g) Hcnce calculate thc cor-tccntration of i:er* in thc original saurplc of'tlrc solution in urol
dm-'. I mark

h) Calculate the ratio of concentrations of Fe3*: Fe2* in the original sample. 2 marks
i) The final ratio of concentrations of Fe3*: Fe2* is higher aftei several hours of exposure

of the solution to the atmosphere. Suggest an explanation for this. I mark
Ansrver:
a) Because potassium permanganate acts as its oryn indicator.
b) (MnOr- + 8H" * 5e- -+ Mn2* + 4H:O) xl

(Fez* -, Fe3* + e-)xs
MnOr- + 8H* + 5e- -e Mn2* + 4H2O
5Fe2* -r 55's3* + !s-

* + 4Itr2O

c) Moles of MnOq' in 1.5.0cm3 = 
o'olorori tt 

= 3 x L0{moles

d) Motes of Fez* that reactea : r*tb9ool 5 : 0.0015 motes

Moles/dm'] of Fel* - 
0'0015-'x 1000 : 0.06molclrn'l

e) Nlolcs of MnO.r' in 19.0cm3 : o'nl'r* t' : 3.8 x 10'{moles

0 Motes of Fe2* that reactecl = 3.8 i'i8-.,- 5 = 0.0019 motes

N{oles/dm3 of Fe2* : gffg 
= 0.7 6 mot/dm3

g) Concentration of Fe3* : 0.076 - 0.06 : 0.016 moldm"l
Fez+ 0.016

t) 
-p"z+ 

- 0.06

=4
15

F e3*:F e2* = 4:15 or 1:3.75
i)Fe2"isunstableandiseasiIyoxidizedtoFe3*inthepresenceofair.
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ADyE NCED LEVEL .-,rp:;;:}|]f 
:;l,ir 

urnN{rNArr oN pAp'R z 0 06

SECTION A: Answer ALL questions /55 tnarks

01 . The atomic number of sulphur is 16. 
-.- c *., a) In tcms of r,'i, ; .;;;".k,-**: thc elcctronic conf,rguration of s,lphur' I mark

b) In which uroc'n'Jihc pcriodic Table is sulphr-rr locatcd? I mark

c) Explain briefly *ny ,r," first ionisaiion 
"n.rgy 

of sulphur is lower than that of
-t 

phosphorus (aiorlic number I5) 2 marks

AnsrYer: I

a) s=ls22s22pu3s'3po'
b) P-block
c)Tlriscausedbydifferentelectronicstructuresoftlretlvoatoms

p - 15: Ls22s22pu3s'3p'

s : 1s22s22p63t',31r0

trn sulphur, the outcrmost electron is rcmovecl forrn a partiallv fillcd 3p orbital

from a halt'-fillcd 3P orbital
to rcmove, hence high lirst

rvhich is less stable.

Whilc in phosphorus an electron is being removcd

rvhich is morJstable and u'ill require high energl'

ionization energy'

OZ.23egu undergoes radioactive decay as shown

23e I r a-emssion > oP 
-emsston -

92u

belou':
p -enission

'31s -, -?, + "r\,x ' lue + vl3ro

- emssiot:

a)

b)
c)

Calculate the mass number and atomic number of element Y' 2 marks

Sru,.onanredicaluseofradioactiveisotopes'lmark
A rarlioactive isotope has a half-life of l5 days, What fiaction of thc origirral aurotrtrt

ofii" it","o" *o.,ld remaiu after 75 days? 2 mrrks

Ansrver:
a) '32u - lne +'trte ' -lt +

Nlass number of Y is 230

Atomic number of Y is 90

b) Radioactive isotopes are used in x-ra.ys

Radioactiv. iroroi", "r. 
,t.a in sterilization of medical equipment instrumcnts'

c) ,'n{,T: time taken, tl/2=half-Iife, n : number of half-life

T75
" tllz 15

rr;; # 5, where Nt = amount remained after decay, No = original arnount

Nt11
-:-=-r/o 2s 32
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Heat
Catalyd

at Benzene

narnes of the substances A, B, C and D. 4 marks

Atct3 q.'"'
A

, Give the

Ansrver:
A. is cycloltexane
Il is hydrogen
C is Chlorocthanc
D is cthl'l[gnzenc i

06. Esters arc r.vidcly used and solrlc esters occrtr natr,trally.

a) Draw the structural formulae of any three ditfereut esters that have the niolecular
fbrmula CsHroOz. 3 rnarks

b) Write an equation tbr the hydrolysis of one of these esters by hot. aclueoLrs sodiurtt
. hydroxide. 1 marl<
Answer:

,9
a) CfuCILClOCI{:CTI.I

o//
CHrC-OCE:CE:CEs

at/
H-C-OCH:CH:CH:C[Is

fr
C H-r C H: CH: CH:- C- O -C [Lr

.oo/7 /r
b) CE:CH:C-OCH:CIL + NaOH CILCII:C-O-Na- + CILTCH:OH

07. The standard enthalpy change of the reaction:
CzHo(s) + HzO(g) .* CzHsOH(l) can trc calculated frorn starrdard enthalpy cl:angc's ot'
combustion given below :

CzH+(g) LH! = -141lkJmol-'
C2HsOH(l) LH|=-1367kJrnol't
a) What is meant by standard enthalpy change of combustion? 2 marks
b) Calculate the standard enthaipy change of the above reaction. 2 mrrrks

.4.nswer:

a) Standard enthalpy of combustion is the enthalpy change rvhen one mole of
substance is completely burnt in oxygen at standard conditions (at temperature
of 298K and a pressure of latm)'.

b) Czltra(g) + I{zO(l) - Cz[IsOH ..............I
CzHr($ + 3Oz(8) -+ 2COz(9) + 2HzO(l)............XI
CzItraOH(l) + 3Oz -+ 2COz (g) + 3II2O(I) .....:.......[I

The standard enthalpY change for 0) eouation: tr=II-Itrtr



;.eddil*wifol
C:Hr(g) + II:O([)-L---) C:ILOH(D

,.08. a) \\/rite a balanced equation to show the thennal
CaQ'{O3)2.2 marks

.lJkJrnol-l

1 mark
use to convert etl-ranoic acid, CH3COOFI into X. I mark

decomposition of calciurn nitrate,

b) \vhich one has a higher thermal stability, Mgfi.{o:)z or Ca(Nor)2. Give a reason for
your answer. 2 marks

Ansrver:
a) 2Ca(NO3)21g1 --, 2rCao(s) + 4NO2(g) + OrG)
b) Ca(NO-r)z is more therntodynamically stable. Ca2* has largcr ionic radius than

l'Ig2* and both cations have the same charge.
ca2* has a lorver polrrrizing po\vcr than Mg2- and the lorver thc porarizing
power thc greater thc ionic charactcr. Thcrcforc, Ca(NOlh is morc ionic and
morc thermodynamicalll, stable.

09. A cotlunon medicinal drr-rg used as a pain killer has the follorvinq srructlrre.

QH3CONH

Name fwo functional groups in the above molecule. 2 marks
The rnedicinal drug can be produced by using the reaction

HzN OH+X

i) Suggest the identity of X.
ii) What reagent would you
Answer:

a) - Phenol
- Arnide

b)
o

i) X is CHr-C'-Cl
ii) PCk or SOC[:

10. a) State and explain the trend of acid strength of the hyclrogen halidcs FICt, F{Br and I.ll
rnarks
b) A test-tube containing hydrogen chloride gas is inverted in rvater. Describe u,lrat you
would observe. 1 mark
Ansrver:
a) The acidic strength of hydrogen halides increases down the group. The acidic

strength depends on the ease ofrelease ofa proton which depends on the bond
strength. The bond strength of hydrogen halides decreases from HF to FII due to
a decrease in electronegativity from F to I. Therefore, since bond strength
decreases there rvill be an increase in the ease of release of I-I* ions.

b) Hydrogen chloride gas dissolves in water forming a solution rvhich turns bluc
litmus red. Water will rise inside the inverted test tube.

OH

a)
b)
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I l. Explain the follorving observations, clearly showing chemical principles involved.

a) ,Arnmonia forms complex ions with cobalt (ll) ions but methane does not. I mark

bi A blue solution of copper (il) sulphate tums green, then yellorv whett cotrcentratcd

hydrochloric acid isgdded. 2 marks

Ansrver:
a) Ammonia forms complexes rvith cobalt (II) due to the prese ncc of a Ionc pair of

electrons in ammonia rvhich is donated to the empty orbitals of cobalt (tt) to

form a complex. \Vhite methane does not have any lone pair of electrons.

b) There is first formation of CuClz rvhich is green then finally formation of
tetrachlorocopper (trI) complex.
Cu2*(aq) + 2Cl-(aqJ+ CuCl2(aq) - green

CuCll(aq) + 4Cl-(aq) ? [CuCl1]'-- ycllon'
12. A rcaction benvcen A and B was investigatcd to dctcnninc its ratc equation.'l'[rc rcsults

of thc invcstigation arc shown in tire following tablc. Thc tcmpclatllrL- \\'as kcpt constaut

Uflilg tll9 lll\ sstlg'.ltlUll

lAl (moldm-') lBl (mol drn-' C (nrol dnr

0.2
0.2
0.4

0.2
0.2
0.4

3,2 x 10"'

L3 x 10-3

1.3 x l0-3

a) Deduce the order of the reaction with respect to:

i)Aii)B 2marks
b) Write the rate equation for the reaction 1 mark

,dnsrver:
a) i) Using experiment 1 and 2, doubling the concentration of A and the

concentration of B is kept constant multiplies the rate by 4, the order ol reaction

with respect to A is 2.

ii) Using experiment 2 and 3, doubling the concentration of B and the

concentration of A is kept constant does not have any effcct on ratc.'l'hc ordcr
of reaction with respect to B is 0.

b) R=K[A121810 where R is rate and k is rate coustant.
R. = K[AI2

13. Ka for propanoic acid (CHTCH2COOH) is 1.3 x 10-s mol dm-3.

a) Write an equation for the dissociation of propanoic acid in aqueous solutiorr 1 mat'k

b) Calculate the pH of a 0.10 mol drnj i0.l0M) solution of propanoic acid. I mark

Ansrver:
a) cl{3cHrcooH e cH:cHzcoo- + H*

b) Ka :W#ffi, At equilibrium, [cll3cl{2coo-l : [rl*l
vt+lz

N4: 

-

lc H3cHzcooHl

x-.3 x L0-s = # ,lH*12=1'3 x10-sx0'1'0= 1'3 x 10-6

[H*]=V1Ef6- = 1.14x 10-3moidm-3 '

i"H: -tos[H*] = - log(1.14 x l0-3) :2.94
14. The decomposition of dinitrogen tetroxide is represented by the equation.

durinq thc investieati
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a) . Writc an expression for thc equilibrium constant, Kp, for this rcaction. 1 mark

b) 'Explain the effect on the equilibrium mixture when the pressure is doubled at a

constant temPerature. 2 marks

Answer: -'e

' a) xo=#Lt Nzo{

b) Using Boyle's lary and Avogadro's theoiy, incrcase in pressure favours tlte
direction rvhich has less volume and thus doubling the pressure at constant
temperature favours the backrvard reaction.

15. An elcctrochemical cclliis represented as shown bclou':

Mn(s) I Mn2*(aq) ll Ni2*(aq; I Ni(s)
Use the following data to answer the questions:

Mn2*(aq)+2e- ;: Mn(s) Eo : -1.18 V
Ni2'(aq)+2e- ;: Ni(s) Ee : - 0.23 V

a) Calculatc cell c.m.f(Ee cell). 1 mank

ti State and explain how the cell e.m.f rvould change ilthe concentration of Mrt2-is
increased in the left hand half- cell- 2 marl<s

Ansrver:
a) Emf : Eltur,, - E?uft= -0.23 - (-1.18) : + 0.95V

b) From the cell reaction:
Mn(s) + Ni2+(aq) ;: Mn2*(aq) + Ni(s)
Thus increasing the concentration of Mn'" shifts the equilibrium position to thc

treft. [Ience the value of emf decreases.

SECTION B: Ansrver THREE questions from this section /30 marks

16. Dyes can
synthetic

1,,,
v

+
Na Cl

+ a phenol

a) Drarv the stmcturalforurula of the intermediate compound X. 1 rnark
b) State the reaSents and conditions for

i)stepl2marks
ii) steo II 2 marks

u --\(C))-*n,
c) Phenylamin" \7 is a weak base.

i) Write an equation to show phenylamine acting as a base. I mark
ii) Which one is a stronger base, phenylamine or ammonia? Explain vour reasorrirrq 2

be made from aromatic amines and are widely used in textile industries. One

route for making a dye is shown as foilows:

x &*r,\\-/"

IV
dye
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, rll2fkS
'd) State the reagent for step lll. I marli
e) Give tlie structural-fgmrula of ttre dye tbrmed wheu beuzenc dittzoniunr chloridc

reacts with phenol. I mark
Ansrr'er:
a)

NO:

i) Conc. HNO3 and HzSO,{ rvith heat (550C)

ii) Sn/HCl plus NaOH and heat.
i)

b)

c)

ii) Arumouia is strouger base thao

Basic strength of amines depends on the availability of the lone pair of electrons on

the nitrogen atom. In phenylamine the lone pair of electrons on the nitrogen atom interacts
rvith the delocalized pi-electrons in benzene ring making the lone pair Iess available.

Ammonia has three hydrogen atoms bonded to nitrogen and hydrogen atoms have no

inductive effect, thus no effect on availabilify of the lone pair of electrons on nitrogen atom.

d) NaNOz/ Conc. HCI at OoC.
e)

@N=N- 
oH

lT.Zinc is extracted from zinc sulphide in a series of steps. The first step is to roast the

sulpliide ore in air:
2ZnS(s) + 3O:(g) -,2ZnO(s)+ 2SOz(B)

The final step is to convert ZnO to Zn.

a) Use the data below to calculate AHo for the above reactiou:

aaf (znSr,r) : -2ookJmol- 
I

auf (Znost) = -348kJmol-r 
:

anfl(SOzt,r) = -Z97k[mol't 3 marks

Is the reaction exothermic or endothermic? 1 mark
What environmental problem could arise from this process of extraction? I mark

Suggest one method that can be used to eliininate this environmental-problem. 1

b)
c)
d)
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l lllal.k
'e) Suggest a compound or an element which can reduce zinc oxide to zinc. Write an

equation for the rea$ion. 2 marks

0 You are provided with a solution conkining zinc ions and lead ions. Suggest a

reagent yor-r could use to separate the trvo iorrs. Explairr the chcurical principlcs
involved in this separation. 2 rnarks

Ansrver:
a) 2ZnS(s) + 3Oz(8)

ZnO(s) -+ Zn(s) +

Given;

- ZnO(s) + 25Oz(g) ...........i
ttzoz(E) .......ii

,t

Zn(s) + S(s) -+ ZnS(s) -200 k.I/mo1...............iii
Zn(s + Y, Oze) -.+ ZnO(s) -348 kJ/mol............iv
S(s) + Or(g) - SOzG) -297kJ|mot.................v
(D: -2(iii) + 2(iv) + 2(v)
(D : -2(-200) + 2(-348) + 2(-297\ = -890 kJ/ 2 moles

For one mole, it is -445 k.I/mol
b) nt is exothermic because enthalpy change is negative.
c) Sulphur dioxide pollutes the environment and can leacl to grecnhousc cff'ect

which rises the global warming. It also leads to acidic rain.
d) Treatment of rvaste gases before disposal by dissolving the sulplrur dioxidc gas in

alkalis.
e) Carbon rnonoxide

ZnO(s)' + CO(g) -+ Zn(s) + COz(g)

0 n'{.eagent used to distinguish Znz* and Pb2* is potassium iodide (KI).
Fb?*: yellorv precipitate observed.
Zn2*: No observable change.
Pb2*(aq) + 2l'(aq) -+ PbXz(s)
0r use aqueous ammonia.

18. Two organic compounds X and Y both have the molecular formula CrFIgO. Both
compounds give yellow precipitates when added to 2,4 - dinitrophenylhydrazine (Brady's
reagent).
a) What can you doduce about X and Y? I mark
b) Compound X gives a red precipitate when wanned with Fehlirig's solution but Y

shor.vs no reaction when treated this way.
i) \\that further deductions calr you make about the natures of X and Y? I mark
ii) Give the name or the fomrula of the red precipitate. 1 marlt

c) Draw the struclural formula of compound Y and give its sysLematic name. 2 marks
OH

I

cHs 

-?-cNI

d) The compound CHs is a product of the reaction between an organic
compound and hydrogen cyanide (HCN).
i) Give the structural formula of the original organic compound. 1 mark
ii) Give the mechanism for the reaction between HCN and the original organic
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compound.3 marks r re), Give the structural fonnula of the organic compound formed when
.oH

I

cH. 

-c-GN
"l

ICHs is riactcd with Lithium aluminium hydridc (t,iAll'lr). I mark

Ansrver:
a) X and Y arc carbonyl compounds (aldchydcs ancl kctoncs)
b) i) X is an aldehyde

Y is a kctonc I

ii) Copper (I) oxide or CuzO
c)

o
tl

CIIICII:-C-CIL Butanoue

d) i)
9

CB-C-CII;
ii) HCN -+ rr* + cN-

q 9'-\ ?H
C1a{i-CHr CII:-C-CHI + H- ------l CII-C-CH-i

-\ 
cN c'NCN- :

e)
OE

I

CIIs-C-CH:\ H:
I

CII3

19. a) What is meant by the tenn acid according to the Brorrsted - Lawry theory of acids and

bases? 1 mark
b) Identify two substances acting as acids in the following reaction:

CH:NHz + HzO ? CH:NH:*+ OH' 2 marks
c) write an expression for the solubility Braduat (Ksp) of salsium hydroxide, 1 park
d) A 20.0cm' iample of saturated, aqueous calcium hydroxide required I8.2 cm' of

0.050 mol dm-3 hydrochloric acid for neutralization. Calculate:
i) the concentration of OH- in the saturated solution. I mark
ii) A value for the solubility product of calNcium hydroxide. stating the unit.s. 3

marks
e) Explain why calcium hydroxide is more soluble in water than potassiurn hydroxide. I

mark
Ansrver:
a) Acid is proton donor according to Bronsted-Lowry theory of acicls and bascs.

b) II2O and CH3NH3* are acting as acids.

c) Ksp = 1ca2*11or1l
d) i) Ca(OH)z (aq) + 2HCl(aq) -+ CaClz(ag) + 2H2O0)
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1000cm3 contain 0.050 moles of HCI

. " x.8.2 cm3 contai" 
gq#rE 

= 0'00091 moles of [[Cl

2 moles of [ICl --+ I ,mole of Ca(OtI)z

0.00091 motes or ritr - g$q of Ca(oFI)z : 0.000455mo1 of ca(oll)z

' 20 cm3 contain 0.000455 tnol of Ca(OI'l)z

tr000cm3 contain ,eH#*, :0.02275 M of Ca(OII)2

Eut one rnoe of Ca(OH)z is produced by 2 moles of O[t-

Tlrus concentration of OFI' = 2 x 0.022i5 moldm-3 : 0.0455 moldm-3

ii) [Ca2*[: 0'02mold*-3 -' 
ioul-= 0'0455 moldrn-3
krp: [Ca2*l[oH-]2 < ,1 - -o
Ksp : to.ozils *ota,r,-t) (0.0455moldm-1;:4.7 x 10-s molrclm-e

e) Calcium hl,clroxidc is less soluble in potassium h1'clroxicle due to the comrnort ion

eficct of oI{- rvhich rcduces ttre solubility ol calciurn hydroxidc.

20. Electroiysis has many applications in industry. One such application is the manulacture

of hydrogen, chlorile and sodium hytlroxide by electrolysis of brine (coucentratccl

sodium chloride solution)
a) Briefly outline, using relerrant equations how the above products are tbnned by

electrolysis of brine. 5 marks
b) A current of 0.200 A is passed through Copper II) sulphate solution for l0 hours.

i) Calculate the mass of copper deposited on the cathode. (C, : 63.5, F : 96,500 C

moi-r) 3 marks :

ii) Calculate the volume of oxygen evolved at the anode (measured at rootr

ternperature and pressure). You may use the following data:

4OH- ---+ ZHzO * Cz* 4e'

Molar volume of a gas at r.t.p. = 24 dm3 2 marks

Ansrver:
a) During electrolysis of Conc.NaCl, the ions prescnt in solution are Na+, Cl-, H'.

oH-
.dnode: Cl2 formed because Cl- is being discharged in prclcrence to OI[-.

2Cl-(aq) -r f,t2(g) + 2e-

Cathode: LI, formed because fI* is being discharged in prefcrcnce to Na*

2}tr+(aq)+Ze-*Hz(g)
Remaining solution lvill form NaOH'
Hence, products are: Ct2(g), H2(g) and NaOH'

b) i) Totatr quantity (Q) : Ixt: 0'200 x 10 x 60 x 60 : 7200C

c) At cathode: Cu'*(aq) + 2e- -r Cu(s)

2 faradaYs dePosit 1 mole of Cu
2x96500C dePosit 63.5 g of coPPer'

lzl}CdePosit X# = |3egof 
coPPer'

ii) 4faraday. liuei"io i+a*' of o2@)

4x96500 liberates 32 g

nlacliberates ffi= 0'448 dm3 or 448c-3
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|. SECTION C: Ansrver ONE qucstion from this section /15 marks 
l

21. h) What mass of potassiurn iodate (V) (KNO3) would be required to nrake 250 cml of a

solurioncontainingonepixtieth(l/6)of amoleperdrn-'(l(:39, l:127,O= l6) 2

marks
, r, b) When 25 cm3 of the solution of potassiurn iodate (V) of the above concentration in (a)

was added to excess of acidificd potassium iodide solution, the iodinc produccd rcactcd

with 20 cm3 of a solution of sodium tiriosulphate. Usc tl-rcsc cquations to answcr tllc

questions that follow:
lOr- + 5l- + 6H* *3iz + 3HzO
Ir + 2S2Oj2' '-- 2I'+ SlOr,2-

i) Calculate the number of rnoles of iodate (lO3') ions in 250cm3 of the solution. 1 marl<

ii1 Deduce the number of moles of 2SzO:2- ions iu 20 crn3. 1 mark
iii) Calculate the conccntration of the thiosulphate solution in rnol drn-3. 2 marks

iv) Give the namc of a suitable indicator to use in the titration of iodine solution with thc

thiosulphate solution. l mark
c) Coirccntrations of chlorine in trcatcd r.vater for dourcstic use cart bc nronitorcd by

testing water samples. L-i one such test, excess potassiunr iodidc IK1]-r,i'as addcd to a

1000 cml sample of water. Thi tiberated iodine reacted with l-1.0 ctrt'' of 0.00100 mol

drl-3 sodium thiosulphate solution (0.00 l00M)
i) Calculate the number of moles of sodium thiosulphate, Na2S2O3 used in the

reaction and hence the number of moles of iodine liberated' 2 marks
ii) Write an equation for the reaction between Cl2(aq] and I-(aq) ions. Identify the

reducing agent in this reaction. 2 marks ;

iii) Calculate the number of moles of CIz and hence the mass of chlorine molecules in

the original sample of Water (Cl = 35.5). 2 marks
iv) Write an equation for the reaction between Clz and water and show that this is a

disproportionation reaction. 2 marks

Ansrver:

a) Concentration/molarity =*= 0.017 M

tr000cm3 contain 0.017 moles of KIO3

250 crn3 contain '''il;d':t= 0.00425 moles of KIo:
Number of moles : ,_#ffi_r, molar mass of KIO-. :39 $ 127 + 3x16 = 214g/rnol

Mass = n x molar mais= O.OOqZS moles x 214glmol = 0.90959 ol'KIOr
b) i) 1000cmr contain 0-017 moles of IO3'.

25 crn3 contain ffiL 0.000425 moles of Io:-
ii) l mole of IO3- Iiberated 3 moles of Iz

0'000425 of IO:- liberated ry'gff: 0'001275 moles of 12

Eut 1 mole of iodine is reacted u'ith 2 moles of SzO:2-.

0.001275 moles of 12 reacted with '+Y= 0.00255 moles of SzOr2-

iii) 20cm3 contain 0.00255 moles of SzOr2- '

tr000cm3 contain ,r# = 0.lZ7S moldm-3 of SzO.r2-

n 
iv) Starch indicator
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c) i) 1000 cm3 contain 0'001 rnoles of SrOr2'

14 cmi contain ry*# = 0.0000l4rnolcs of S2O32-

2moles ol'SzOr2- reacted witlr I molc ol'tr2

0.000014 motcs*Jf SzO-,2- reacted UTgl = 0'000007 molcs ol'I2

ii) Cl:(g) + 2I-(aq) -+ 11+-2Cl-(aq)
'f 

oAiOe ion is reclucing agcnt sincc it has reduced CIz from oxidation statc ol'0

to -1.
iii) 1 rnole of Iz liberated by I mole of Clz

0.000007 motes of lodine liberated by 0'000007 moles ol CIr

IVIass of prr. .r,io,line = number of molcs x molar mass o[ chlorinc.

Nlasso[pu,..t,to.ine=0.000007nrolx70g/mol=0.00049gofCIl
iv) clz(gj+I{2o(t) -+ Hcl(aq) + tlocl(aq)

0-1 +1

Cl2urrtlergocsbotlroxidatiolranclrcductionirrtlresanrcrcaction.i'c:
disproportioiatio'n reaction' Or Add NaOI'I'

22. Describ. u .t,.,riluii.rt ,o distinguish between cach of the pairs ol thc follo"ving

co,rpounds. inctu-de in you. dcsciiption thc cxpcctcd obscrvation a*d givc rci*'ant

equutions for the reactions involvcd'

ai NH4Nor and Mg(Nor), 3-*oiI-'
n) cHrcnrcocH,?n, unlcHrcHzcHzcH:cHo 3 marks

il
cH3cH2cH2cl and cH3 cH2c__cl

c) 
r 1 

_: _^,- 3marks

Ai CnrCH:CHz and CHTCHBTCH3 3 marks

e) Cu2O and CuO

Answer:
a) Reagent used is aqueous sodium carbonate

ForMg(No3)2,arvhiteprecipitateisobservedandnoobserr,ableclrangerr'itlt
NIITNO:.
Wfgt;1rq1* CO32-(aq1 -+ MgC03(s) (rvhite precipitatc)

Oiusing sodium hydroxide solutions'

b) Reagent ammmoniacal silver nitrate (Tollen's reagent)

No observable change witlr CH3CH2CoGH2CH3-^

SilvermirrorobservedrvithC}tr:CI{zCI.IlCHzCIIO
Equation:
CH3CI[]C[I2Ctl2CLI.o(aq)+ZN[{ao[{+2AgNol+Cl.t.rClI:CII2Cll]CooIl+
2Ag(s) + 2NHrNOr(aq)
or using Fehling,s ioiution or acidified potassium dichromate or permanganattj'

c) To both compounds separatelyaaa uro (rvater), then test PI{ of mixture/ usc

litmus PaPer'
Observations:
cl{:cHzcocl: fumes of FICI ahd turns litmus paper rcd/ Prr rvitl bc I to 3'

CIITCHzCHzCI: Solution of trvo layers'

Or using silver nitrate and ammonia'

d) To notn .orniounu, ,.p"rately add bromine solutions (Brz dissolved in an

Rt l( trVYD 't^t/- / ?
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organic solvent)
, Observations:

' CIIICII=CI12: clccolourises bromine solutions ( red-brorvn to colourlcss)
CH:CtlBrC[{r: No observable change.

niquation; CI'I3Cl{=f I11+ $1, 3 Cfr.,CrlBrCII:llr
Or To both compound.s-separatclv add aciditicrt pcrntxnganatc or Using silvcr
nitrate and ammonia.

e) {.Jsing Sulphuric acid
Observations:
For Cu:O: Thc rcd-brorvn solid givcs a bluc solution ancl a brotvn solicl.
For CuO: Thc blabk solid gives a blue solution,
Cu2o(s) + I-IzSOr(ae) - CuSOr(aq) + Cu(s) + I-IzO(l)
CuO(s) + FtzSO+(aq) -+ CuSOr(aq) + HzO(D

ADVENCBD LEVEL CTIEN{ISTRY NATIONT\L EXANITNATIoN pr\pEti 2007

(Biology-Chemistrr')

SECTION A: Ansryer ALL questions /55 marks
01. a) With referettce to sodium, Na, state rvhat is nteant by the ternr ionizatiorr energy.

Include an equation with state symbols in your auswer. 2 marks
b) Why is the second ionization energy of Na much higher than the first ionization
energy? (Atornic number of Na = I l) I mark

Answer:
a) Ionisation is the minimum energy required to remove one molc oI clectron.s I'rorn

one mole of free gaseous atoms or cations to form onc mole of positively charged
gaseous cations for example.
Na(S) -+ Na*(g) + e-

b) The second electron is closer to the nucleus and experiences grcater nuclcar
attraction. On addition the second electron is removed from a stable tull3p
orbital.

02. The ions F-, Na* and Mg2* all have the same number of electrons. (Atornic numbers: I:
(9), Na (11), Mg (12) ).
a) Using the s, p, d... notation, write tho e lectronic configuration (arrangement) 0l f-. I

mark
b) Anange the above ions irr order of increasing size (ionic radius). I:xplain rvhy thcy

are in that order of size. 2 marks
c) Bricfly explain why F- has a larger sizc than F. I mark
Anslver:
a) F-:1s22s22p6
b) The order of increasing ionic radius is Na+>Mg2*>F'

Across the period nuclear charge i.ncrcases hence higher attraction ot'the outsicle
electrons.
This leads to a decrease in size from Na*, Mg'*, then to F-.

c) F- has a larger size than F because there is an extra electron gained by F'-
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resulting into increased screening effect and thus larger size.

03. Three isomers which are all alcohols ui" r.pt.t.nted by the molecular formula C.rHroO'

'a) Give the stntctural formr,rlae of the isomers aud nanre thenr' 3 nrarl<s

nj On. of the alcoholrdoes nor react rvith hot acidifred potassiturl dichronrate. K'Cr'O'

IdentitY the aicohol. I nrark

' Attsrver:
a) CH:CIIzCII2CH2OH l-butanol

CILCH:CH:-fII-CIL 2-butanol

OH
CTL .I

Cfu.C.OH
CII3

b)
qrrr

CIL-C-OH
CH3

2-ruethvlpropa n-2 -oI

2 -meth1-lpropau-2-ol

04. Hydrogcn chloride is a gas at room tcmperatlrre rvhile sodiLrrn fluoridc is a soiid of higlt

melting point.
a) State the type of bonding present in each compound' I mark
O) nrieRy expiain in rems of bonding why their rnelting points are difll'erent. 2 ntarhs

Answer:
a) [Iydrogen chloride has covalent honding

Sodium fluoride has ionic bonding

b) I{ydrogen chloride associates through Van Der Waal's forces of attraction rvhich

is easily broken at room temperature, thus the lorver melting point.

While sodium fluoride associates through a strong ionic bond x'hiclr is hard to

break and thus higher melting point.

05. Give brief explanations for the following trends in the Periodic Table:

a) Atornic radius decreases across the period' 2 marks

b) Electronegativity decreases down the group. 2 marks

Answer:
a) Across the period, increos" irr nuclear charge outrveighs incrcasc in screerri,'g

effect hence effective nuclear charge increases'

The elcctrons are therefore more attractcd to the nucleus which decreirses

atomic radius (size).

b) As you lrlove dorvn thc group, an cxtra shell of elcctrtlns is addcd, hcnce

screening effect outrveighs nuclear charge resulting to lcss at'traction of

electrons, thus a decrease in electronegativity'
06. State a1d explair, what might be observed in the follou'ing reactions:

a) Ethanoic acid solution is rnixed with rlagnesium po,,vder. 2 marks

b) Ethanal is rvanned with potassiurn pennanganate. 2 manks

Ansrver:
a) Effervecence of a colourless gas rvhich is neutral to litmus and burns u'itlt a

"pop"sound in presence 0f a glowing splint'

Bv t(AYfP t xrr: 't t '
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2CH3CooH(aq) + Mg(s) ..; (CH3Coo)2Mg(aq) + Hz(g)

b)' The purpte.ifout of fioiassium permanganatc is dischargcd'
' M"'w: cHrcoortrcHscHo - Heat -'"

07. a) Horv does the acid-base character of oxidesof pcriod 3 (l''la-Cl) change across the

' pcriod?' I 
'mark' ^l'o'-inel cnrratiotts tc i* (a) to show how thc oxidcs

t; Ut. balanced chemical equations to suppo$ your answer

VtgO, Al2O3, and SOI rcact r'vith HCl or NaOH' 4 marks

Ansrver:
a) Thc acid-btsc charytcter increlsctl as you mo\re across pcriotl'

ui rtr. basic charactci ctccrcascs as you nlove across pcriocl.

N{gO is a basic oxidc, it reacts n'ith acids' c'g:

lrlo(sl + 2l{cl(aq)' lVlgclz(aq) + FI2o(l)

Alr0.r is an amphoicric oiicle anct it reacts lYith both acids and bascs.

Al2oj(s) + 6[lCl('aq)--+ 2AlCl.r(aq) + 3{{1O(l)

AlzOr(s) + 2NaOH(aq) + 3FI2O(I) ? 2NaAl(Of[)]

SO3 is an acidic oxide and reacts rvith NaOII

SO3 + NaOH(aq) -+ NaHSO,r(aQ)

0g. a) One of the ct,uruci.ristics of transiiio,',.i.,r.nts is thc ability to fon, complex ions

sucnas[CrO'iH:)+Clz]*'Usethiscomplexiontoexplainthcterms:
i) ligand
ii) Coordination number 2 marks

b) Staie the oxidation number of cr in the above complex ion 1 mark

Answer:
ol il a. ligand is a molecule or ion or group of atoms-that donate a lone pair of

electronstothecentralmetaliorrtofor.macomplex.
For example in [Cr(NH-r)rCtz]* the ligands are NI{'r and Cl-'

ii)Coordirrationnumberisthcnumberofcoordinatcbonclsl'romligandstotlrc
central ion. For examplc, sincc there are six bonds form thc ligand to the cenlral

metal ion in [Cr(NHl)rCl2]*, the coordinate number is 6'

b) I-et the oxidation number of Cr be X:

X+4(0)+2(-2)=1
X=*3

09. Some reactions of Phenol are represented in the scheme below :

-,4Hz(g)

Ni(s), heat

--\---

Br2(aq) 
->\B

ldentify bY structural

Answer:

formulae the products A. B, C and D' 4 marks

(conc)
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10. Sorne magnesium powder was mixed with excess hydrochloric acid. Thc tempcrature

rose by 1OoC.

a) Writc a balanced cquation for thc rcaction that took placc. I mark

b) Draw an energy prohle/ diagrarn flor the reaction clearly shor,ving thc energy o[' thc

reactallts, thc proch,icts and the activatiou ener-glj olthc reilctioll.3 ntarlis

Attstver:
a) Mg(s) + 2l{Cl(aq) -+ MgCl2(aq) +. [l](g)
b) Sincc thc tcmpciaturc rose b1'100C the reaction is exothermic ancl thus tvc htrrc

thc encrgy diagrnm like bclorv. Energy protile diagram:

Euerg,'ikJmot-l

The structures of two
NHz 

-CH-COzH
CH:
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Reacriou progress

amino acids are givcu belor,r' :

NH2 
-CH-CO2H

cH20H

Serine

D:C:B:

1l

Alanine
a) Write equations to show :

i) the reaction betrveen aianine and HCI (aq)

ii) the reaction beNveeu serine and NaOH (aq) Z marl$
b) What type of polymer is fonled by arnino acids? 1 mark
c) Draw the srructure of the linkage group tbLrnd irr the type ot'polymer lllel)tioned ill

(b). I mark
Answer:
a)

I IrH:-CH-COOH + HCI(aq) 

-

Ctlt

-:\ILr-QII-COOH(aq) + C l-(a)

CH-i

NH: -(H-COO-\a-(aq) + H:O(l)
CH:OH

vetion eBerg)'

ii) NH:-CH-COOH + :r-aog(aqfr
CE:OII



b)
c)

,Condensation PoiYmer
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ott
cH-c-o-+-
{
CH:OII

0.5 0.5
xx

_r"- _ 
fH
CI{.l

Linkage grouP

12. The reaction A.+ B * cris first order with respect to A and to B.

a) Write a rate equatiori for the reaction' I mark

b) Given that the initial concentratiorls are :

tAl= t.s-t6-r;;;i';,;; a;J:ti*io'' nrot dm-i and thc irritial rarc is J.7-ixl0-r rttol
, -l^-loln);
i) Calculatc thc ratc constant for thc rcactiou'

ii) Cive thc units of thc ratc constant' 2 marks

Anslver:
a) R= ktAItBl
b) i)K=#fih

u _ 31Sx7o-amoldm-3s-L -= l,mol-ldm3s-l
^' - (1.5 x Lo-\(z.s ,19-317moldm-3)

ii) Uniis of K: mol-tdm3s-r

13. Hydrogen and iodine react together to give an equilibrium mixture according to the

equation: HzG) + Iz(e) C2HI (g).

ai Wtit. an expression for Kp for this equilibrium I mark

Oi O.SO rnol of 12 ald 0.50 r't ol of Hr were reacted in a closed versel at 4500C aud 2 atnr.

After attaining equilibrium, the mixture was tbund to contain 0. i I mol ot'1.'.

i) Calculate th1 nurnber of moles of Iz which reacted and hence thc nutrrber o['molcs

of HI. I mark
ii) Calculate the partial presslues of Iz, Hz and Hl in thc cquilibrium mixture' 2 marks

iii) Calcutate the value of Kp at 450"C' 1 mark

Answer:

a) Kp:#,
Hz(g)+IzG)a2HI(g)i)

lnitial amount
Amount reacted

0

2x
2xAmount at equilibrium 0.5-x 0.5-x

Total amount in moles at equilibrium
But at equilibrium, there was 0.11 rnoles of 12

Thus,0.5-x = 0.11
X = 0.5 - 0.11 = 0.39 moles

Number of moles of 12 = 0.11 moles

Number.of moles of Hz = 0.11 motes

Number of moles of HI = 2 x 0'39 = 0'78 moles
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, ii) Total rnoles = 0.11+ 0.11+ 0'78 = I mole

Partial pressure = mole fraction x pressure of systcm
o.l1 x 2P,r:T =0.22 Lttn
O.ll xZPrr=T:0.22atm 

_
o.74 xzPr,=T =1.56 atm

*o =##a= 50.28

14. A fruit juice has a PH of 3.5

a) Define pH using a mathematical expression' 1 mark

b) Calcr-rlate the co.ce.t'atiott of hyclroge, io's iu t5e.i.ice. 1 nrark

Anslvcr:
a) Frr: -logIl*l
;i J.t= -r'igtrr.l =+1rtr*l = 0'000316 molclm-l

15. Calciurl hydroxide hai lor'r' solubility in rvater'

a) Write an expressiou for the solubility product (l(Sp) of Calcigrn hydroxide' I nrarli

b) A saturated solution of Calcium hydroxide has a cottceutratiou of Calcirrrn hydroxidc

of 0.0,11 mol drn-3. Calculate the solubility product of calciuur hydroxide in watcr" I

mark
Ansrver:
a) Ca(OH)z(s). P Cah(aq) + zOH (aq)' 

r<rp = lc;z*lloHlz .
b) At equitibrium, [Ca(OH)2]=[Cu'*]

tdu'*i : o'tt -moldm-3
[OHl :2 x 0.11 = 0'022 moldm-r

krp = (0.011) (0'022\2 = 5'3 x l0-smol3dm-e

section B: Choose THnEE questions from this section. (30 marks)

16. Some reactions of 2-hydroxybenzoic acid are shown in tlte scltente bclorv'

an ester A
Ethanol

H
Reagents

a) Give the names of the functional groups X and Y (encircled) 2 marks

bi What type of reaction is reaction ll? I mark

.i Suggejt the struclural formula of ester A' 1 mark

d) Giye the structural fonlula of the orgartiq colrpound tol]led by'"varmi1g cotrtptlr-rtrd

cH20H

o':
x,
CO"H

-,,\-OH

A.JY
tv lar,(aq)

+-
D

ilt
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,. C with NaOH(aq). 2 marks
'e) Suggest the structural fornrula olcornpound D. I mark
0 Suggest the iuternrolecular force that would be between Iunctional grolrps X and Y, I

mark
g) Give the reagents and corrditions for conr,erting

Anslvcr:

CO,HoH A'oH
to tol\.,.- 2 marks

I

a) X is carboxylic acid group
Y is phenol

b) Reduction
c)

0 Intra-molecularhydrogen bonding
g) MnOa-/H* and heat

17. a) An acidified solution of copper (II) sulphate, CuSOa(aq), was elcctrolysed using
platinum electrodes.
Use the standard electrode potentials below to answer the following questions: ..,

8-o.r'.*
Arrtg

p,
C-O-Na-

0'*'*

d)

2H*+2e'e H2

Cu2++2e-;1 Cu
Oz+2HzQ + 4e';1 4OH'

Ed'= 0.00V
Eo =+0.34V

E9 = +0.34V
i) Sketch and label an apparatus that can be used for such an experiment. 2 marks

CO:H
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ii) Write an equation for the reaction that occurs at the cathode.2 marks
iii) Write an equation for the reaction at the anode. 2 marks

. iv) What happens to the pH of the solr,rtiou as electrolysis proceecls? l3xplain rvhlr

rnarks

. b) Thc platinurn clcctrodtt arc rcplaccd by coppcr clcctroclcs. Statc anct cxplain trvo

'dif{crcnccs in thc obsc'rvations that rvguld bc madc. 2 marks

Ansrver:
a) I)

Pt electrod es

Acidified Copper (I[) sulphate

ii) Cathode: Cu2*(aq; + 2e'-^r Cu(s)
iii) Anode: aoH'(aq) *2HrO(l) * 02 + 4e-

iv) The PH of the solution reduces. i.e: thc solution becomcs morc acidic.

Discharge of Ott- ions leaves H* ions in solution hence reacting with thc
remaining SOr2- forming sulphuric acid.

2[I*(aq) + SOr2'+ HzSOc(aQ)

Ft electrodes Cu elcctrode

The blue colour of copper (II) sulphate
fades

The blue colour of copper (II) sulphatc
remains because thc anode continucs
to break dorvn

T'he anode does not change size The anode reduces in size becausc it 
Ibreaks down i

Bubbles of a colourless gas at the
anode because hydrogen is evolved.

No bubbles of a gas at the anodc

18. The table belo',v shorvs the tjrst, second, arrd third ionization etrergies (in kJrnol-) of'six
successive elcments in the periodic tablc.

1*tI.E
;ttt1-6- -- -

r 900
2260
2300
2660
3.070
1 150

NB : The elements are not in one period.

a) For a given element, M, write equatiolls to represent

b)

_.-".1
Il 060

I 000
r260
1 520
418
590

2L)20

3390
3 850
3950
4600
1940

Elcrncnt

l.I

B
C
D
E
F

ltt, 2'"1 and 3t'lionization
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energies. 3 marks
b) ,From tiie above table, identify the letter corresponcling to an alkaline earth nretal

' (Group ll). Explain your answer' 2 marks

c) if'ni.[ el.me,rt is n1q,st likeiy to be a noble gas? ]lxplairl yolrr attsu'er'-2marks

di Suggest the fonnula-of a compound fbnned betweeu elemeuts F and C. Ilxplairr yoLrr

'r answer.2marks
e) Suggest from the above table which elements are tnetals. I mark

Ansrr er:

a) N1(g) --rNI+(g) + e- 1'ti.onization energy

ll*(g) ----;yt2l1g1 + e- 2"".ionization energy

nt'*(g) --r1t'13*1g; 
+ 6- 3'u ionization energy

b) F is in group tfOue to a large difference betrveen the second and thc thircl

ionization .n..gy. TIris means that the ttrird electron comes fronr a stablc encrgv

levcl.
c) D is mostly likely to bc a noblc gas cluc to thc highcst valuc ot'tjrst ionizatiott

encrgy caused bY its stabilitv.
d) FCz
c) This is because F is in group.Itr of the periodic tatrle

{) EandF
19. productio* of ammonia by the Haber process is one of the major chemical indLrstries. 'l'lre

equatiol'l for the reversible exothennic reaction is:

Nz(g) + 3Hz(g) azNH:(g)
a) Statcil",e optirna-i conditioni of temperature, presstlre and catalyst u'hich are Lrsed itr

this Process' 3 marks
b) Using the principles of equilibrium, kinetics and economic costs, jr-rstify the use of

the above conditions in (a). 3 marks
c) One of the major uses of ammonia is to manufacture nitric acid. Use equatiotrs to

outline how nitric acid is manufactured from atuuronia. 3 marks

d) Suggest why potassiurl nitrate, KNOI rnight be a better fertilizer thatt attturotriunr

nitrate Q'{HaNO:) 3 marks

A.nsn'er:
a) OPtimum conditions:

- Pressure of 200 atm
- Temperature of 4500C

- CatalYst is iron
b) A Iorv temperature rvould give a higher yiclrl but thc ratc rvould bc too slou',

hence not econornical. A higher temperature of 5000C incrcascs thc ratc'

A high pressurc incrcases the yield but if it is higher than 200 atm, it becomes

very expensiYe because of the higher cost of rcpairing broken parts.

The catalyst increases the rate of reaction because it provides an alternative

pathway for activation energy hence reducing the cost'

c) +NHrG) + 5ozG) -'-r aNOG) +"6ltr2o(l)

2NO+Oz+2NOzG)
fNOzG) + 2H2O0) + 2OzG) + HNOr(aq)

d) KNO3;ontaini potassium and nitrogen minerals which areneedcd b1'soil'

NI{,rNolcontainsbasicallynitrogenasthemineralf€ouirprlhrl+1.^--.t
By IUYIRANGA Serse' Chot"i"t"' ?"-'r''
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20. a),The enthalpy change of combustion of butane gas is -3000 KJmol-1. 1.2 dnrs of'burane
gas (measured at roont temperature and pressure) rvas used to heat \vatL-r fronr ?0nC t6
the boiling point ( 100"C).

' i) Write a baianced"eqr"ration tbr the complete combustiou o[butauc. (C.rllr,) 2- ".' marks' t ii) I mole of gas has a vo-lume of 24drn3 at room temperature and pressure. Calculatc
the number of moles of ClHro in 1.2 drn3. I .mark

iii) If 80% of the hcat produccd by buming 1.2 dm3 of butanc r+,as absorbccl by r.varcr.
calcLrlatc thc mass of r,vatcr that was hcated up to thc boilin-q point. (Spccific hcat capacity
olrvatcr = 4.2Jg'lK-r) 

t
b) Given that the enthalpies of combustions of hydrogen and carbon are 2861(.lrnol-r
and -394lUmol-l respectively, calculate tire enthalpy .t'rong. ol'foruration of butanc. 3

marks
Anslver:

a) i) CrF{ro(g) * f,O, ---+ 4COz(B)+5[I2O(I)

ii) 24cm'1 of C.rHro at r.t.p. contains lmole
1.2 cm3 of CaH10 at r.t.p. contains # = 0.05 molcs

iii) (heat produced by CatX1o) * fr = heat absorbed by water
1 mole of CaHro produces 3000kJ

0.05 moles of Cal{ro produces Ag#jL 150 kJ

i3 ,,, ^-^ r\,r - *^.^ r\ -
,oo x l50kJ = MCAO where M = rnass, C : specific heat capacity

120kJ = Mx4.2x(100-20), 1kJ = 1000J
120kJx1000J=336xM
M=#:3578=o'357kg
Mass of lYater is 0.357Kg

b) C+ Oz * COz
Lb +'AOz+ H2O -286......(ii)
CrHro(g) -,r_,gr--r4C02 + 5H2o -3000(iii)

Solution:
4C1s; + SHr(g) -* C+ftrro(E) .............(i")
Iv:4(ii)+5(i)-(iii)
4C + 4O: ---+ 4COz -394 x 4

sFI, +;o? -+ 5I'IzO .286 x 5

4COz + 5FLO -, CaHu + 
TO l

4C(s) + Stl:(g) ---- CaHro(g) LHI = -6kJ/mol
The enthalpv change of formation of butane is 6kJmol-l

Section C : Ansrver one question from this section. (15 marks) ..

21. An organic compound, A, of molecular'formulaCzHqOzcontains t*,o t'unctioualgroups.
a) The first functional group was tested as follows :

i) The dry compound, A, reacts with sodium to give hydrogen gas and a compound of
mo lecular formula C2H3 O2Na.
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ii) When A was heated with ethanoic acid and a few drops of concentratecl sulphuric' acid the product, of molecular formula caH6o3, rrad a swect s.relr.' cive the formula a'd na,re of the first funciioirat group z marks
Give the na're of't[p functionalgroup fbnned in [) 1ii) auove. I markb) Tlie second functional group rraitested as followi :' '

i) A fe$' drops of A wereadded to 2,4-dinitrophenyl hydrazine wtrich gave a y,.ellow/
orange precipitate.
ii) o.e drop of A was mixed with a sorution containing [Ag(NH:)z]* iroilen,sreagent) and r'vanncd. A deposit of silver was fonned Jntnc inncr si cs o[thc tcsr
tubc.
Give the name and ilre formr-rla of the second firnctional group. 2 marks.c) Cive the structuraI formula for compound A. 2 marksd) Ci,e the strllctllral fbnrrulae o['trvo possible geornetric isourcrs ul'urolccrrlur f rrr.rrrtrlir
CzH+O:. 2 nrarks

c) Co'rpou.d A iso.ridizccl to give an acicl olrnolccular for,rula C:ll:O+. Gi'c rhcstructural fbnnula'of C2F{;Oa.2 marks
f) compound A is reduced to givc a compound of morccular formura czFlooz. Givc trrcstructural formula of C2H5O2.1 mark
g) Suggest the forrnula of the coinpound formed by reacting c3Fl6o3, with excess FIur. Imark
h) Give the structural-fbmrula of a possible compound fomred rvhen one nrolc ol-

C2H6O2, reacts with two moles of ethanoic uiia. Z marks
Ansu'er:
a) First functional group;

Alcohol
trn a (ii), An ester is formed:

,0-c'-o-
b)

o
//

-C-Ealdehl-degroup
c)

o
ll

E- C - CII:OE is -{
d) FIO-CH=CH-OH

('"T"i
,rc=c,.OEH

HO OI{
aurl \=c/

\H{
e)



.D
o\
bl

h)
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o, .o\\ ./ -
C=C..-/\Hd bu

HO-CHz-CFtz-OH
tsr-CFIz-CfXr-Br

oo
llll

CIL-C-OCH:CH:-C-OCIL

22. Thc following experimerltal mcthod was used in thc laboratory to dcrcrrninc thc
pcrccntage of coppcr in a sample of impurc coppcr rnctal :

Nitric acid was added to a sample of impure copper metal. The resui:ing coppcr (li)
nitrate solution was reacted r,vith an excess of potassium iodide to produce iodine.'l'he
iodine liberated was titrated rvith a solution of sodiurn thiosulphate r-.Iconcerrtratit-lr.r
0.480 mol drnl.'fhe volur:re of sodium thiosulpliate rcquireclu,as 2l.7cnr3. Usc tlrc
follorving cquations in your calculations.

Cr,r2*(aq; + 4t-(a^q) -- 2Culi*r+ Iz(aQ)

12(aq) + 2SzO;2- (aq) -, 2I-(aq) + 54O62-(aq)

a) Calculate the number of mole of thiosulphate ions (S:O:2-) in 23.7cm'1 of thc
solution.2 marks

b) Deduce the number of moles of Cu2* in the copper (lI) nitrate soiution. I mark
c) The mass of the irnpure copper was 0.900 g. Calculate the percentage of copper in the

sample of impure copper. (Cu : 63.5) 3 martr<s ;

d) Give the oxidation number and the electronic configuration of copper in Cul (Atornic
number of Cu = 29).2 marks

e) Using equations and a simplified labeled diagram, describe hou' impure copper is
purified by electrolysis. 5 marks

0 Copper is widely used in electrical gadgets and also in alloys to make rnoney coins.
State two characteristics of copperwhich are related to the above uses.2 rnarks

Answer:
a) 1000cm3 contain 0.48 moles of 52032'

23.7 cm3 contain glffil1: 0.011376 moles ot S2o32-

b) 2 moles of S:Orz'react lvith 1 mole of I2

0.011376 moles of Sz0:2- react \vith *ryt:Z9 = 0.005688 molcs of [2
But one mole of Iodine is produced by I mole of Cur*

0.005688 mol of 12 are produced Or I!ffg of Cur'* = 0.00:688 molcs

c) Cu2*(aq; + 2e' --4 Cu(s)
X rnole of Cu2* produces L mole of Cu
0.005688 moles of Cu2* produce 0.005688 moles of Cu.
IVlass of pure copper : number of moles x molar mass of copper
Mass of pure copper = 0.005688 mol x 63.5g/mol : 0.36 g

Fercentage purity = ffix 100 = 
'g:## 

= 40.132o/o

d) The oxidation state is *1
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,. Electronic configuration of Cu* is 1s22s22p63s'3po3dtn

e) Elcctrolysis of aq. CuSOr using impure copper as anodc and thc finc strips purc
copper as cathodc.

Pure(Cu)
Inrpure (C'u)

C'uSO.,

Anode dissolvcs and irnpurities drop to the bottom.
Cu(s) --'+ Cu2*(aq) + s-

Fure copper deposits on the cathode
Cu2*(aq1 * 2e' ----+ Cu(s)

0 Copper has mobile electrons tltus c:rn conduct electricity and has thcrrnal
conductivity hence it is malleable, ductile and able to forrn alloys.

ADVENCED LEVEL CHEMTSTRY NATIONAL EXAMINATION PAI'EII 2()()7

(Math-Physics)

Qucstions and their answers which are not in this paper, check from 2007-Biology
chemistry questions and ansrvers because they are the same.

Scction A: Anslver all questions. (55 marks)
12. The melting points of some group IV elements are given below.

COz melting point i = -78oc

SO2 melting point': l6l0"C
Describe the bonding in each oxide and how it relates to its rnelting point.3 marks
.Ansrver;
COz is a discrete molecule rvhich is simple structure rvith rvoak r,an dcr rr,aalrs forcr. ol'
attraction rvhich broken rvith less encrgy resulting to lorv boiling points.
SiO2 has a giant covalcnt structure rvith strong covalcnt bonds n'hich trrokcn at high
energy hence resulting high boiling points.

13. a) Write a balanced equation to represent the thermal decomposition o{'calciuut uitrare,
CaQ.{O3)2 2 marks
b) How does tl're thennal stability of group II nitrates change down the group? Brietll
explain this trend. 2 marks
c) How does the thermaldecomposition of KNOI differ from that of Ca(NOr):. I mark
Ansrver:
a) 2Ca(NOr)z ---+ 2CaO(s) + aNOrG) + OzG)
b) Tnend: Thermal stability increases down the group.

Explanation: Down the group the size of the cation increases and charge is cn,sro"r
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