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INSTRUCTIONS:

1)

Write your names and 1ndex number on the answer booklet as written on your

reglstratlon form, and DO NOT write your names and index number on

: addltlonal answer sheets if provided.
" Do not open this ques‘uon paper until you are told to do so.

ThlS paper consists of two sect1ons A and B.

Section A: Attempt all ‘questions. (70 marks)

~ Section B: Attempt only three questlons (30 marks)

Geometncal 1nstruments and silent non- programmable calculators

- may be used.

You do not need the periodic table.

"Usea blu_e> or black pen for answering and a penciI for drawing.v
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~ SECTION A: Attempt all questions (70 marks)

"1) The atomic number of manganese (Mn)'is 25.

| ) Write the electronic configuration of manganese in terms

(1 mark)

of s, p,d and f notat1on
b) Give two reasons to eXplain why Mn is considered to be ,
. a transition metal. ' | (2 marks)
¢) Explain why Mn?* ions are more stable"chan_Mnd+ ‘io_ns. ' (2 marks)
2) a) The first seven ionization energies of element W are shown below: -
1st - |2nd | 3rd 4th 5th . 6th | 7th
1785 1581 3031 | 4361 | 16002 |20001 | 23602
(1) What is meant by the term “first jonization energy” ‘ :
of an element? ' (1 mark)
(ii) State two factors that determine the magnitude‘_of the first - . _‘
ionization energy. . ‘ : (2 marks)
b)- (i) What is meant by the term “éleCtroneg_ativity”? (2 ‘m‘arks)
(ii) What are the factors that determine the magnitude of -
electronegativity of an element? ' (2 marks)

3) Tons of F-, Na* and Mg?* have the same number of electrons.

(Atomlc number F—9 Na =11, Mg 12}
a) Wr1te the electromc conf1gurat10n of Mg2+ using s, p, d and f notation.

: : : ' (1 mark)
‘ b) Arrange the ions glven above in order of ascendmg 1on‘size\ _ .

“(ionic radlus) ’ ' (2 marks)

4) Hydrogen sulﬁde H2S is a gas at room temperature and pressure

~ whereas sodium fluoride, NaF is a solid with a high melting pomt v _
a) Mention the type of bond that form each of the compounds (2 marks)

b) Explain, in term's‘of bond.nature Why the1r meltlng pomts are different.
‘ : - (2 marks)
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S5) An electrochemical cell is represehted as follows:
N /Mn2ag // Cu?*ag/ Cugy
Use the data given below to answer the questions that follow:

Mh?ﬁ»aq) t2 . FT==—2= Mng E°-= -1.'13 V.
Cu?*(nq + 2e <:> N Cuyy) E? = +034 v

(a) Calculate the e.m.f of this cell. . . (2 marks)

(b) Indicate and explain (us1ng chemical equat1ons) how the e.m.f of
the cell would change if the concentration of Mn?2*(aq) was increased
on the left side of the cell. (Smarks)

( c) Describe the differerice between an electrochemlcal cell and an -
- electrolytic cell. a '

(2/marks)'
6). A solution contains 0. 089 gl'l of anhydrous calcium chloride, CaCl,
and has an electrolytic conductivity of 2.69 X 104 Ohm-! cm-1 at 25 0C.

a) Calculate the molar conductivity of calcium chloride in thlS solution. _
(Atomic mass: Ca=40, Cl= 35, 5) (2 marks)

b) The ‘molar ionic conduct1V1ty of calcmm lons at 25 °C is 104 Ohm-!
mol-l. Calculate the molar ionic conduct1v1ty of chloride ions in the

solut1on (3 marks)

cm2

7) a) One of the propertles of transition metals is complex ion formation.

(1) Def1ne the term “complex ion” (1 mark)
’ (ii)l'-Explain Why trahsition metals form many: complexes. (2 marks)

b) Fe(CN)63- and CuCls?- are complexes formed by iron and copper
respectively. Deduce the: '

(i) Oxidation number of iron and copper in the above complexes (1 mark)

(11) Co-ordination numbers of iron. (1 mark)

- 8) EXplaln each of the followmg observat1ons '
a) Propan-1-ol boils at 97 °C and 1- -aminopropane boils at 49 0C -
although both compounds have almost the same molecular masses

(2 marks)

b) Phenol is more acidic than phenyl “methanol. (2 marks)
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C) Berylhum chloride is more- soluble i in ethanol than in water- whereas
magnesmm chlonde is more soluble in Water than in ethanol (1 mark) '

9) The dissociation constant, Ka of propan01c ac1d (CH3CH2COOH) is

1.3x10-5 mole dm- : :
a) Calculate the concentrat1on of H* 1ons in mole dm 3 ofa 0.1 mole dm-3

CH3CH2COOH solution. : : v _ (2 marks) .

Db)Calculate the pl—I of the 0.1 mole dm3 CH3CH2COOH solution. (2_ marks)

10) The atorrnc number of alumlmum and bromlne are 13 and 35 respectlvely
a) Draw the Lew1s structure of Al>Bre . ' , (1 mark)

b) Explain why AlBr3 is _considered to be an acid according to
Lewis theory of acid—base. S . (2 marks)

c) Explam why MgBrz is more ionic: than AlBr3 | ' R _(2 marks) |

| 11) Study the structure of cysteine and methronlne amino acids glven below and
" answer the questlons ‘that follow:

—NH:
H>  Methionine amino
a) Draw the structure of the zwitterion form of cysteine amino acid
shown above. L PR N (-2 marks)

b) DraW the structure of the dlpeptlde formed When cysteine amino acid
combmes w1th meth1on1ne amino acrd in aqueous 'solution at 30 °C
(2 marks)

12) An alkyne Z reacts with a solution of- copper I chloride in aqueous
: ammoma to give a red precipitate and has the molecular formula CsHs

a) Write the structural formula of Z R ‘- (1 mark)

b) Write the names and structural formulae of 2 possible 1somers of Z.

_ o , . . (2 marks)
c) Write the equation for the reaction betWeen Z and excess hydrogen

bromide HBr. S - _ o o mark)
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13) Explain the following observations: :
a) Iodine is sparingly soluble in water but d1ssolves readlly in aqueous
~ potassium jodide. ' | . (2 marks)

| (a) Hydrogen ﬂuor1de HF has a higher bo1l1ng po1nt than o
‘ hydrogen chloride, HCL. . (2 marks) .

14) The addition of 114 grams of substance Q to 1000 grams of water
lowers the vapour pressure of water from 17. 540 KPa t0'17.435 KPa.
Calculate the molecular mass of substance Q. . (4 marks)
(Molar mass of water = 18g/mole) '

15) The volume of 20 cm3 of a sample of a saturated solut1on of calc1um
hydroxide Ca(OH)g was neutralized by 18. 2 cm? of a 0.022 mole dm-3
hydrochloric acid HCI. ' : » : ‘
~a) Calculate the concentrat1on of OH (mole dm- 3) in the saturated solution
of Ca(OH) _ S (2 marks)

b) Calculate the solubility product, Ksp of Ca(OH)s . (2 marks)
Equation: Ca(OH)2(aq + 2HCl(aqy — CaCla(ag) + 2H20q ‘ '

_SECTION B: Attempt three questions only (30 marks)

'16) An organic compound Q, with the molecular formula C2H103 containg two
functional groups.

a) The first functional group was tested as follows:
I. The pure compound Q reacted with sodium to give out hydrogen gas
and a compound with the molecular formula of C2H302Na.
I[I. When compound Q was heated with ethanoic acid with some drops
~ of coneentrated sulphuric acid, the product with the molecular
formula of C4HeO3s was formed and gave out a sweet smell.
(i) Write the formula and the name of the ﬁrst functional ‘group.

(2 marks) _
(ii) Write the name of the functional group formed in a)(II). (1 mark)

b) The second functional group was tested as follows:
1. Some drops of Q were added to 2, 4 d1n1trophenyl hydrazme and a
- _yellow precipitate was formed.
II. A drop of Q was mixed in a solution of [Ag(NH3)2]+ Tollens
- reagent and heated. A silver mirror was formed on the interior. side
of the test tube. :
‘Write the name and the formula of the second funct1onal group.

(1 mark) }
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c') Write the structural formula.of organic compound Q. A. br (1 /mark)

-d) Write the structural formula of two possible geometric 1somers of
the compound with the molecular formula C2H4Oz2. - (2 marks)

€) Compound Q was ox1d1zed to give an acid with the molecular
formula C2H204 Write the structural formula of C2H204 ’ (1 mark])

f) Compound Q was reduced to give a compound with the molecular ‘
formula C2oHeOx2. Write the structural formula of Co2HeO2. - (1 mark)

'g) Write the structural formula of the compound formed from the. _ '
reaction of C2HeO2 with excess HBr. PR - (1 mark)

17) Nitrogen monoxide reacts with chlorine as shown in the following .
'~ equation: ' A o ’
2N0(g) + Clpy — 2NOCl

The var1at10ns of concentrat1ons of reactants and the rate of the reaction
at a certain temperature and constant pressure are shown in the table
" below: : r
Experiment | Initial V[NO] Initial [Clz] Initial rate of
E  concentration | concentration | the reaction in

: in (mol dm3) |in (mol dm=3) |(mol dm=387)
1 003  |001 3.4x10*

2 0.015 0.0l 8.5x10°5
[ ~|oo1s Joo4 . [34x10%

a) Determme the order of the reaction with respect to NO and the order of -
the reaction W1th respect to Clz Co IR (3 marks)

b) Write the mathemat1cal express1on for the rate of the react1on between
NO and Clz . S e A | (lmark)‘

c) Calculate the rate constant by using values of expenment 1 and give its *°
units. : v : ' (2 marks)

d) Brleﬂy explam the effect of 1ncreas1ng the temperature on the rate of the
reaction. - - ‘ o L (2 marks)

e) Us1ng the concept of act1vat1on energy, br1eﬂy explarn how a catalyst
affects the rate of the reaction. : . t (2 marks)
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18) The atomic number of beryllium and aluminium are 4 and 13 respectlvely

)State 2 31m11ar1t1es between Be and Al in terms of chemical properties
‘ ' (2 marks)‘

b) Explain why the solubility of sulphates of group 2 elements decreases as
'you move down the group. : - o S (2 marks)

c) Study the standard electrode potentials given below and answer the

‘question that follow: . : _‘ .
Mgzq'(aq) +2e — Mg(s) - Ef= 237V ’ .
Fe2tq +2e — Fegg . E®=-044V ' B

(i) Explain why magnesium is used to galvanize iron. - (2 marks)

(ii). ~ State the colour change that takes place when an excess amount of
' magnesium metal is put in a green aqueous solution of Fe2*(zq)

then 1s left to react completely and explain why. - (3 marks)
‘d) State 1 use of beryllium on a large scale. ' o o (1 mark)
19) a) 'State “Raoult’s law” for ideal mixtUres of liquids. - | ‘ (2 marks)

b) An ideal mixture of two liquids A and B contamed 1 mole of A
and 4 moles of B. The vapour pressure of pure A was 10 KPa and
that of B was 12.5 KPa. : ‘ _
. (1) Calculate the partial vapour pressure of Ain the mixture. (1.5 marks)

(1) Calculate the partial vapour pressure of B in the mixture. (1.5 marks)
(i) Calculate the total vapour pressure of the liquid. ‘ - (1 mark)
C) Calculate the osmotic pressure in atmospheres at 298 K of |
‘a solution (suspension) containing 60.g/litre of solid partlcles

each part1cle havmg a mass of 1.10X10-19 gram _ (4 marks)

(Avogadro constant = 6.02 X 1023 )
(Gas constant, R = 0.0823 litre.atm/mol.K)
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20) The mass of 6.5g impure copper was dissolved in excess concentrated nitric
~acid (HNO3). The solution obtained was made up to 200 ml with water. ,
- To 20 ml of this solution, excess aqueous potassium iodide (KI) was added.
The reaction that took place is given by the followmg equat1on ’
_ 2Cu2+ (ag) + 4l(aq) — 2Cul (aq) + I (aq) '
The 1od1ne (Iz) liberated reacted with 20 mil of 0. SM sod1um thlosulphate ‘
(NagSzOs) solution according to the equation:
" Iag 282032 g — 2I-(aq) + S4062 (ag) : .
a) Calculate the number of moles of thiosulphate 1 ions, S2032- that reacted in

~ the 20 ml solution. o (2 marks)_ -

b) Calculate the number' Of moles of iodine molecules, 12 formed; (2 marks)'

c) Calculate the number of moles of copper ions, Cu?* formed A _ .
in the 200 ml solution. - . . (2 marks)

d) Calculate thé mass of copper, Cu that reacted in the 6. 5g E 4 .
impure sample ' . (2 marks)

) Calculate the percentage purity by mass of copper;_ Cuin-
the 6.5g impure sample. - S e (2 marks)

(Atomic mass: Cu=63.5)
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