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DURATION: 3 HOURS

INSTRUCTIONS:

1. Write your names and index number on the answer booklet as written on your
registration form, and DO NOT write your names and index number on
additional answer sheets of paper if provided.

Do not open this question paper until yorl it. told to do so.
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2.

3.

4.

5.

This paper consists of two sections: A and B.
. Section A: Attempt all questions
o Section B: Attempt any three questions.

You do not need the Periodic Table.

t
Silent non-programmable calculators may be uSed. t
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SECTION A: ATTEMPT ALL QUESTIONS. (ToMARKSl

1) The atomic number of element represented by the letter A is 33.
(a) Write the electronic configuration of A using s, p, d, f notation.
(b) Write the molecular formula of all possible oxides of A.
(c) (i) State whether each oxide of A you have given in (b) is acidic,

the relative atomic mass of A.
(b) After ionization and before deflection,

(i)What happens to the ions in a mass spectrometer?
(ii) How is this achieved?

(c) What is the function of the electron gun and the magnet
spectrometer?

Two isomers A and B have the same formula CzHu. The oxidation of A by
hot solution of KMnO+ gives ketone CHo-CH2-CO-CHa and carborylic acid
CHa-CHz-COOH.
The oxidation of B gives carbo>rylic acid (CHs)zCH -CHz-CHz-pOOH and a gas

(a) Find and write the structural formula of A and B.
(b) Name A and B.

3) (a) The frequency of hydrogen at the point of ionization is 32.8x7O1aHz.
Calculate the ionization enerry of hydrogen.
(Planck's constant h= 6.6 x 10-34 Js). (lmark|

(b) Calculate the frequency { of the fourt}r line of Balmer series; given

that { = *"[] - +l,R gydg=p.=esg-cg-SSF4!J=+=.].oe,.x tro76-r
[n, nz )

and C (speed of electromagnetic waves) = 3 x 1O8 m.s-l (Smarks)

4) The mass spectrum of a sample of an atom A contains three,peaks with
mass/charge ( m/z) ratios and relative intensities shown below:

alz 24 25 26

Relative intensit5r 1 o.127 o.139

(a) Use the information in the table to calculate the accurate value for

5)

6)

(a) What is a.buffer solution?
(b) Calculate the number of moles of CHaCOOH and CHsCOONa that are

necessary to prepare a buffer solution with pH : 4.47.
pKa (CHoCOOH): 4.75

(a) The following equation shows the reduction of manganate ions in
acid"ic solution: MnO+- + 8 H* + 5++ IVIn2* + 4 HzO

(i) Write the expression of the redox potential (E) of the reaction above. (lmarkf



r^anrr4r+inn of Mr O'1 mole/dm3 each' and
-,ni=.-=.(ii) If the concentration of MnO+- and Mn2* is

..ihepHis6,calculatethered'oxpotentialofthereaction.
' 'Eouro+ l.lo'2*= +1'510 V' (2marks)

(b) can a 1 M Fez(SO+)s solution be stored in a container made of nickel metal?

E*pt^ln your answer. (Eo r.s*7re = -0.o4ov; Eonl2*7ttl : -0'231V)'
c -7:.tc^-

(lmarkf

o ffi:fi;';;;,";;"* acceptabr.. * r:, d:",:,:":llly.nt metals 1 --tt-d#d.
I"tl;'Xffi-"i" p"ti..rt. Give an explanation for this phenomenon' (tmdrfi[''-

7l (al Empirical formula of an organic compound A is C+HroO'

WhenAisvaportzed',O.19occupies54.5cm3at2080Cand98.3kPa.
Determine its molecular formula' (2'Smarks)

Giventhat: )s nl =3 t+=*

H'f*:::l:t:Ir;"ffi v = {' o\ f,'s rqn:o' \ \ - i;
V:volume(m3) V 

= - f.\iA\J\
n: number of moles,
R: constant of ideal gas (R:8'3 J'K-1'mo1-1)

T: temPerature (in Kelvin)

(b) The organic compound A reacts with anhydrous zinc chloride and

"orr""rrt."1ld 
hydrochloric acid to give a white precipitate immediately'

write the structural formula of A and name it. (lmark)

(c) Write a detailed mechanism of the formation of the white precipitate' 2marks|

8) Hess,s Law is used to do some simple enthalpy change calculations

involving enthalpy changes of reac&on, enthalpy of formation and enthalpy

of combustion.
(a) What is enthalPY of formation? (lmark)

(lmark|

(1mark)

(1mark)

(2marks)

(b) State Hess's law.

6 ffi;;;;"ai"g**, calculate the standard enthalpv ._t t"jtrI:lr*
;;if#; .iTilft;t ti "o*u":t19" I c-arbon t4"L : .1?1;,?,u' T::I
i':(oft;,-: -;:#;;:;;r1')-;a c,iz (AH.s = -' 1'3o0 kJ'mo1:t)' (3marks)

g) (a) (i) State if the two compounds NHs and BFe are Lewis acid or Lewis base'(lmarkf

(ii) Explain your answer in (a) i' above' N (Z = 7]'B (Z= 5)

(b) Explain the vsEPR theory in the formation of the shape of different

molecules.

(c) Write the geometric structure of NHs and BFa and name their shapes'

1O) The dissociation of sulfuryl chloride 562C12 -' SOz + clz is a reaction

of first order. At the temperature of 600 K, the constant of the rate of

reaction is 1.32 x 10-3 min-l'
(a) calculate the percentage of Sozclz dissociated after 30 minutes of

reaction. 
(3'Smarks)
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(b) Find the time necessary for the dissociation of 9oo/o of sozclz to
complete.

(c) Calculate the half- life of the reaction.

11) (a)

write the equation of reaction between the triglyceride above and
sodium hydroxide.
What is the importance of this reaction?

la) [cr(NHs)sclz*] and [cucl+lz- u. complex ions formed by chromium and
copper respectively.

(a) Explain briefly what is meant by the term tomplex ion,.
(b) Determine:

(i) The oxidation states of chromium and copper in [Cr(NHe)sCl] z*

and [CuCl+lz- .

(ii) The co-ordination number of chromium and copper in these
complex ions.

15) (a) Rubber is a natural polymer whose rnonomer is 2-methylbuta-
1, 3-diene.

(i) Write the structural formula of the monomer of rubber and
the strUctural formula of rubber with 3 monomer units.

(ii) What is the importance of the vulcanization of rubber?

A triglyceride represented by the letter A is an ester derived from
glycerol and three fatty acids: hexadecanoic acid, octadecanoic acid
and 2,4-hexadienoic acid. Write the structure of the triglyceride. (lmark|

be
(1.Smarks)

(lmark)

(lmarkf
(O.Smarks!

(lmark|
(lmark)
llmarkf

(1mark)

(lmarkf
hnal

(3marks!

(lmark|

(lmark)

(lmark|

(lmarkl
(lmarkf

(i0

12) Explain the following observations:
(a) The boiling point of cHe-cHz-cHz-NHz (49oct is very greater than

the boiling point of (CHs)sN (gocl although they have the same
molecular mass.

(b) Acyl chlorides fume when left standing in moist air.
(c) Diamond is a poor conductor of electricity.

13) c, si, Ge, Sn and Pb are elements of group rv in the periodic Table.
(a) Two of these elements form the chlorides of the t5rpe MClz.

Name them.

(b) One of the tetrachlorides of gne+rp,..fV.elefrcn$s oes.not react with water.
A11 others (MCl+) chlorides are hydrolysed.
(i) Give the formula of the chloride which does not react with water.
(ii) write a balanced equation of hydrolysis of chlorides MCI+. Is the

solution acidic or basic? Give the decreasing order of hydiolysis
of these tetrachlorides of group IV elements.il

i
"t

t

lrl
H

I
i
F
I
!

lr

I

(b) There are two types of nylon: nylon 6 and nylon 6/6.
Their monomers are HzN-(CHz)o-COOH for nylon 6 and HOOC-(CHz)+-COOH
with HzN-(CHz)o-NHz for nylon 6/6.
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'(i).Exp1ainwhythetwopolymersarenameddifferent1ybyusingthe
,l

numbers 6 and 6/6- (lmarkl 1.-i.i
(ii), Write the structural formula with 3 monomer units each of the ; 

I

polymers nylon 6 and nylon 6/6. (lmarkf 1i
,1J.l

(a)Writeabala:rced.nuc1earequationforeachdisintegrationproceSs.
)*' '' t; 

,+" f

' (i) An unknown element emits Y rays plus particles that are readily 
_.;c- 

-';r 
i., ;. ..1

blocked by paper. The yield contains also a substantial quantity "--1.ie. + r,';-- ..J _-_i_- 
L :

blocked by paper. The yield contains also a substantial quantity "?:.i:fli+,.1 ";;..t"

of tin-104. (lmark! ' 'x

(ii) Bombarding 'iiB" with an alpha particle produces one neutron plus '*,..

another transuranium isotope. (lmark| L

(iii) Carbon-I4 is generated on bombardment of nitrogen-14 by a
neutron.

Atomic number Z of some nuclides:
(1mark)

3
Li

4
Be

5

B
6
C

7
N

8
o

9
F

10

Ne

11

Na
t2
Mg

13

AI
14

Si
15

P

16

S

t7
C1

40
Zr

4L
Nb

42
Mo

43
Tc

44
Ru

45
Rh

46
Pd

47
Ag

48
Cd

49
In

50
Sn

51
Sb

52
Te

53
I

54
Xe

89
Ac

90
Th

9l
Pa

92
U

93
Np

94
Pu

95
Am

96
Cm

97
BK

98
Cf

99
Es

100
Fm

101
Md

102
No

103
Lr

(b) It has been estimated that carbon-14 isotope in the atmosphere is
responsible for producing 60 atoms of nitrogen-14 and 6O electrons
every hour for each gram of carbon
This disintegration rate is 60 counts hour-19-1. A sample of a sea shell
was found to have a count rate of 4 counts hour-lg-l.
Calculate the age of the shell.
(The half-life of carbon-14 is 5730 years.)

(4marksf

SECTIOT B: ATTEMPT AIYY THREE QUESTIONS. (SOMARKSI

17) (a) The Leclanche dry cell is used in a wide range of appliances such as
torches, bicycle lamps, radio... It is composed of a zinc container filled with
a thick moist paste of manganese (IV) oxide (MnOz), zinc chloride (ZnClzl,
ammonium chloride (NH+Cl) and water. A graphite (carbon) rod is embedded
in the paste.

\
r-,

r
H
E'.z
F
F.i'
E,
F

r

16)

(i) State the role of the zinc container and the graphite rod.
(ii) State the role of the thick moist paste.
(iii) Write the oxidation and reduction reactions during the discharge

of the cell.

(2marks!
(1mark|

(2marks)

A.b
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(b) A lead acid accumulator or a lead storage battery is a cell that is connectea
to appliances to generate electricity. It is used in automobiles. The following
are the reactions that occur on the electrodes:

Oxidation: Pb + SO+2- ---) PbSO+ + 2e
+ SO+2- * 2e --+ PbSO+ + 2HzOReduction: PbOz + 4H*

.- '.:1--
:i ':=' jl: :
":t - .:j;l

:-|:'S$) Indicate where (on anode or cathode) oxidation and reduction takii

f

-=i(ii) Write the overall redox reaction in the battery.
(iii) The reaction in (b)(ii) is a reaction that occurs when the battery

discharges. Deduce the reaction of the recharging of the battery.

18) This question refers to the Haber process for the synthesis of ammonia.
The equation which represents the reaction is given below.

(lmark|
(!marks|

{2marksJ

(lmark)

(lmarkl '

(lmark|

Nz(g) + 3Hz(g)<------: 2NHS(S) AHo = -92 kJ mol-l

(a) Explain what is meant by the term 'dSmamic equilibrium'.

(b) (i) Write the expression for the equilibrium constant Kp, for the above
process.

(ii) If the pressure
units of Kp?

(c) State and explain the effect on the above equilibrium:
(i) Increasing the pressure.
(ii) Increasing the temperature.

(d) Name the catalyst used in the Haber process.

(e) (i) Describe the function of a catalyst in terms of energr of activation
and use a diagram to illustrate its effect. (2.Smarksf

(ii) Describe the effect of catalysts on the position of equilibrium and its
effect on the concentrations of reacting substances at equilibrium. (2marks)

19) (a) Compound A (Cr+Hrz) decolorises an orange solution of bromine water.
One mole of A can react completely with one mole of hydrogen in the presence

of nickel at room temperature. Its oxidation produces an organic compound,
benzoic. acid only. Indicate all observations made and find the possible

structure of A. A reaction between bromine and A, followed by the action of

concentrated sodium'hydroxide on the compound formed, gives B (Cr+Hro). B

reacts with hydrogen in presence of palladium to form C (C+Hrz) which is
different from A. At the end A, B and C, give the same compound D (Cr+Hr+) by

hydrogenation in presence of nickel. 
. _. ,.\

Ol4-Page6ofS
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'1i) With the complementary information above, write the structures
-'of A, B, C and D. (2marks|

(ii) Name A, B, C and D. (2marks|

(b) Complete the equations of the reaction below:

1{, clz coHscHzcHs clz, [Alcls] \

-(ii) CoHsCHzCHzCHs

(c) Outline the detailed mechanism of reaction below: (3marksf

CoHsCHz611, + Clz 4
2Ol (a) Draw a Born-Haber cycle and use the following data to obtain the

enthalpy change of formation of CuBrz. (9marks)

Lattice enthalpy of copper (II) bromide, CuBrz: AH(LA) = - 2;763 kJ mol-l

Fifst ionization ener$r of copper (AH Ir)= + 746 kJ mol-1

Second ionization ener$/ of copper (AH Iz)= + 1958 kJ mol-1

Electron affinity of bromine (AH EA) = - 324.6 kJ mol-l
Enthalpy change of atomisation of copper (AH atm.):
Enthalpy change of atomisation of bromine (AH atm.)=

(b) Define :

+ 338.3 kJ mol-l
+ 111.9 kJ mol-r

Atomisation enthalpy.
Lattice enthalpy.

q^Its t q- c
Bs[h^L 

-J 
R( -

t-rr.{ 4 1 q

-\ R( rr-X,_r

L(

6 \iTT^ot-)

(O.Smarks)
(O.Smarks|

t-(q.
r|(

tfr

t[l

Lo io..
(-I-

{tt : .,..t
C^.

at- rx

3(

4I tr'

tq'
A-

l\^r-
\-

tsQcuLr,

KMna+eocsJ-he

= 
( (:'1-.
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(b) Plot the titration cur:ve (added volume of HCL x-axis, pH: y-axis). (Smarksf

(c)''Thb following are indicators with their pH change rzmge.

Indicator pII change mnge

A 1.2 - 2.8

B '5.8 - 7.8

C 8.3 - 10.O i

(O.Sma1ks)

(O.Smarks|

21) To study a titration curve, 10 ml of lM NaOH solution were titrat€d ''" ..
with 1M HCl. +!gj::

(a) Copy and complete the table below:

: ,,,,

Volume of HCI added
during titration

pH of the solution in the
titrated solution

O.00 mI

2.0O ml

5.OO ml

8.00 ml

9.9O ml

9.99 ml

10.00 ml

1O.O1 ml

10.10 ml

15.00 ml

18.00 ml

20,O0 ml'

(i) Which one of these indicators must not be used in
NaOH (strong base) with HCl (strong acid)?

. (ii). Explain your choice.

014-Page8of8
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