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Important : This question paper consists of four sheets. Put the sheets together in the
correct order qf pages before answering.
-

Use of calculators is not allowed.

This gquestion paper consists of three parts A, B and C. The time allotted for all three parts is

three hours.

PART A — STRUCTURED ESSAY

Answer all the questions.
Write your answer in the space provided below each question. Please note that the space provided
is sufficient for the answer and that extensive answers are not expected.

PART B AND PART C—ESSAY

Answer four questions selecting two questions only from each part. Use the paper supplied for this
purpose.

At the end of the time allotted for this paper, tie the three parts A, B and C together so that
Part A is on top and hand them over to the supervisor.

You are permitted to remove only Parts B and C of the question paper from the Examination Hall.

Universal gas constant, R = 8-314 J K~' mol™
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PART A — STRUCTURED ESSAY

Answer all four questions. Each question carries 10 marks.

b’
=

(a)

(&

Find more at: ghemistrysabras-.weebly.com
twitter: ChemistrySabras ;

Figure 1 shows the first five electronic energy levels of the H atom (n = 1,2,34 «*

Figure 2 shows six lines of the emission electronic spectrum of the H atom.

n=5
n=4
n=3 [ '
1 '
n=2 & L
n=1 2 . > -
. Figure 1
f) A
A, A, A, B B, B,
Figure 2

A, A1 and AJ are the first three iines belonging to the same series in this emission

B,, B, and B, are the first three lines of the subsequent series in the same cmission:.g

E

(i) Draw six arrows between the energy levels in figure 1 to show the clectronic tra
corresponding to the six spectral lines in figure 2.

-«
-

(ii) Clearly label in figure 1 these arrows appropriately as A, A,, A,, B, B,

(iii) Strike off the inappropriate word, within the bracket, in the following sentenc

¢

(i) L and M are two p-block elements belonging to successive periods in the same gl
of the Periodic Table.

The highest chloride formed by L is LCI,.

M forms MCl, and another chloride in a higher oxidation state.

Identify L and M below :

...............................

/108
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!

(¢)

(a)

(i) LCl, and MCI, are hydrolysed easily. On hydrolysis, LCl, gives a base and an acid
while MCI, gives two acids.

Identify below the products of the hydrolysis by name:
From LKL, hydrolysls & ....ccrvosessmsssapsnmsmmmesssunsas T/« R ————
From MCL BYdrolysis: .icui-smssvasssssisssinsssisnsinss B it einns

Using chemical symbols, write below separate balanced chemical equations for the hydrolysis
of these two chlorides :

.......................................................................................................................

.......................................................................................................................

(3-8 marks)

Write down separately in the relevant box below, the oxidation number and the valency of each
of the two S atoms (labelled S, and §,) and the two N atoms (labelled N, and N,) in the structures
indicated below: ~

o°
. 0
+/7 v
0 = S—S, 0 — N;/-—Nb
} l \\\\O
o-
N\
atom oxidation valency atom oxidation valency
number . number
Sl Nl.
Sy Ny

Do not
write
anything
in this
column

(32 marks)

When an Mn?* salt is heated with PbO, in acid medium, a purple coloured solution is formed
and PbO, is converted to Pb*.
(i) Write down below the relevant balanced ionic half reactions :

...............................................................................................................

...............................................................................................................

(i) Write down below the stoichiometry between Mn** and PbO, :

;o . e RS UINUNIE. J——

(2.5 marks)

109

[see page four
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(b)  Calcium oxalate is converted to calcium carbonate, on heating. according to the equation
CaC,0,(s) = CaCO,(s) + CO(g)

Incomplete thermal decomposition of 2-00 g of pure CaC,0,(s) yielded 1:78 g of the product, |
This product contained CaCO, and undecomposed CaC,0,. Calculate below the mass of |
undecomposed CaC,O, remaining in the product. ;
(Relative atomic masses : Ca =40 ; O =16; C=12)

..........................................................................................................................

........................................................................................................................
.........................................................................................................................
........................................................................................................................
.........................................................................................................................

D R L L R R R R L L

(¢) A and B are two fully miscible volatile liquids. On mixing, A and B form the ideal bin’ar_y
solution, AB, in which the mole fraction of A is x,. The total vapour pressure of this solution | -
is P, when the partial vapour pressures of A and B are P, and Py respectively. '

R and § are also two fully miscible volatile liquids. On mixing, R and S form the binary solution, ":f
RS, in which the mole fraction of R is x,. The forces of attraction between the molecules of | =
R and S are slightly stronger than the forces of attraction between either R molecules or §
molecules. The total vapour pressure of this solution is P o when the partial vapour pressures
of R and S are P, and Pg respectively.

At a given temperature T, the saturation vapour pressures of the pure‘.-

liquids A, B, R and S are respectively Py, Pg, P and F.

At all temperatures, P, =P; ; Py =F; ; P, >Bj.

Using the above data, answer all the parts (i) - (iii)
(i) Prove below that at the temperature T, Py = P + X, (P_; —P{;)

T T L I R I

20
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vapour pressure _,

(02) Chemistry II IndexNoO. & ...ooooovviiiniiiiiiiiiinnnn
G.C.E.(A/L)2000
() In the diagrams given, skeich graphs to show clearly, the following variations :

(I) the variation of each of the vapour pressures P,. Pgand P, with x at the given
temperature T on diagram L.

(II) the vanation of each of the vapour pressures P+ Pgand Ppo with x at the given
temperature T on diagram II.

N.B.: Use identical scales {or the vertical axes in diagrams I and II to represent vapour pressure.

hF Diagram 1 Diagram II
A A T A !
> =
Pa 2 7
g 2
a. a.
5 5
( g S
. | |
0 0-5 1-0 0 0-5 1-0
XA Y . XR -

(11)

* Label the graphs you drew in each diagram to identify the variations.

* Mark on the relevant axes, the points corresponding to Py, Pg, Py and P
Complete the passage given below by filling the blanks correctly with appropriate
words /letters:

When the temperature of a solution is increased, there is a / an .............ccooiiinae.

in its vapour pressure. We say that the solution boils when its total vapour pressure is

equal 10 the .. YL B a & rddbise pressure. At the normal boiling point, this pressure
15 SRl 10 T8 sonveiusranssssmssssngensing SENARRE SRR pressure.
The normal boiling point of pure liquid ..... - is equal to the normal

boiling point of pure liquid S. The normal boiling points of each of the pure liquids

alotmance (NIIL aiilionnss are less than the normal boiling point of pure liquid B.
The solution RS shows a .............................. deviation from ideal behaviour.
The total vapour pressure of an equimolar solution of RS is .............coiiinin. than

the total vapour pressure of an equimolar solution of AB at any given temperature.
The normal boiling point of an equimolar solution of RS will therefore take a

value than that of an equimolar solution of AB.
(5:0 marks)

..............................

/// [see page six
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3. (a)  Write down the name of the compound with the following structure, in accordang
TUPAC system of nomenclature.

ﬁ HTCE_ ﬁ
R
CH ¢

3

.......................................................................................... ) PR

(b) A compound Y has the molecular formula C3H603. Calculate the percentages by ma
hydrogen and oxygen present in Y. (relative atomic masses : H=1;C=12

(¢)  Consider the reaction of propanone with hydrogen .cyanide 3 ¥
H .

C}Iz—ﬁ—C!{s + NaCN + HCl(ag) ——> CHa—c——CH,-j
o CN

Strike off the inappropriate words/symbols within each bracket in the statemen
(iii) and (iv), given below : %

In this reaction

(i) propanone undergoes an / a
{ Electrophilic / Nucleophilic } { Addition / Substitution } reaction.
(ii) the OH group in the product arises from the reaction of:C=0 with -
{ cr followed by H,0 / H,0 [ H* }.

(iit) the:C=o carbon atom of propanone reacts as a/an

{ Electrophile / Nucleophile | Free radical }

(iv)  the hybridisation of the carbon atom of the carbonyl group of propanone chan

{sp/spz/sp3} to {sp/sp2/sp3},

® more at: chemistrysabgas.weebly. co
ter: ChemistrySabras
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(d)  Consider the reaction scheme represented through the boxes below for the synthesis of tripheny!

methanol:
NH, - COH q
( “~—_oH
X 9
z A]
C
G Ha()+
Y
- F
\/
D Mglether | [E
\/ 2E +G

(1) Write the structural formulae of the compounds C, D, E, F and G in the relevant boxes.
(i) Write the reagents and conditions corresponding to X in the relevant box.

(iii) Wrte the reagents corresponding to Y and Z 'in the relevant boxes.
(4-0 marks)

(@) Consider the reaction scheme represented through the boxes below for the synthesis of
pentan — 2 - one.

A
CH,CH,C—H K L CH,CH,CH,Br
— =
M J/
< B

i N

CH,CH,CH,—C—CH,

(1) Write the structural formulae of the compounds A and B in the relevant boxes.
(i) Write the reagents corresponding to K, L, M and N in the relevant boxes.
(3.5 marks)

Y, 3 [see page eight
Find more at: cfwemistrysabras.weebly.com

twitter: ChemistrySabras
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(6) Consider the state of hybridisation of the carbon atoms in the ethene molecule, C 'wiﬁ

Given below in Cage A is the schematic representation of the electron distribution in {
shell of the ground state carbon atom, where each box represents an orbital.

N.B.: The vertical position of the boxes represents the relative energy levels of e |

S e

Cage B : State of hybridisation of
carbon atom in CH,

- 8

Cage" A : Ground State of carbon atom

(i) Using boxes similar to those in Cage A, draw in Cage B, the outer orbitals of a hy rid
carbon atom in ethene. k-
Label the boxes to indicate the types of orbitals represented by them.

Indicate, as in Cage A, the electron distribution in the boxes in Cage B.

N.B. : In drawing these boxes in Cage B, pay attention to their vertical position
with respect to the boxes in Cage A. E

(ii) Complete the following sentences by filling in the blanks :—
orbital of carbon is involved in the form

(I) Theelectroninthe .......ovvvvnenennn.
of the ® bond in CZH‘.
(II) The electrons in the ............... orbitals of carbon are involved in the formati
of C—H bonds in C,H,. :
2.5
[see page

/14




(¢) Compounds P, Q and R all have the same molecular formula, C,H,,. All three compounds
exhibit optical 1somerism. However, none of them is a geometrical isomer or an optical isomer

of any of the others.

The three compounds P. Q and R, undergo catalytic hydrogenation to yield the same compound
S with molecular formula, C,H, .. S exhibits optical isomerism.

(1)  Write in the relevant box below, the possible structural formula for each of the compounds

P, Q Rand S

Compound Structural formula

(i) One out of the three compounds P, Q, R, exhibits geometrical isomerism.
Draw the structures of the two geometrical isomers of this compound in the cages below:

Geometrical Isomer I

Geometrical Isomer II

/45
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PART B — ESSAY

Answer two questions only. Each question carries 15 marks.

(i)
(i)
(iii)
(iv)
™

1

5. (a) (i) Write down Avogadro Law.

(ii) Starting from the equation PV=%mch, derive Avogadro Law.

(b) Bulbs A and B are connected through a tap. The tap is initially closed. A contains only gase
and B contains only gaseous ethene. Each gas exists under the conditions indicated in i
v given below. ;.

The tap is opened and the gases in the two bulbs are allowed to mix freely and @
However, the temperature of each bulb and its gaseous contents is kept unchanged at its ini

Assuming that gases nitrogen and ethene behave as ideal gases, and that the volume of t
be neglected, calculate the following in SI units : '

d more at: chemistrysabras.weebly.com
ChemistrySabras

To what type of system would this law apply?

nitrogen gas

ri’ ethene gas
V=50m’
W/ \P:inO’Nm‘z

temperature = 27°C

V=100m?
P=1x10°Nm2
temperature = 127° C

Bulb A Bulb B

the number of moles of ethene gas initially present in bulb B.
the number of moles of nitrogen gas initially present in bulb A.
the total amount of gases present in the two bulbs.

the final pressure of the gaseous mixture in bulb B.

the partial pressure of ethene gas in the final gaseous mixture in bulb A.

16

[see pds



(c) The weak acid HA dissolves in water. HA also dissolves in the organic liquid B but HA does not

undergo either association or dissociation in this soluton. B and water are completely immiscible with
each other.

100-0 cm” of a 0-50 mo! dm™ aqueous solution of HA and 50-C cm® of iiqud B were placed it a
separating funnel, shaken vigorously several times anc¢ ihe system was alicwed 10 reach eaquiionum
at 27 °C. The two liquids separated out into two immiscible layers and finally the pH of the aqueous
layer was found to be 4-0.

The dissociation constant of HA at 27°C is 1.0 x 107’ mol dm™
Calculate the following :
(1) the concentration of hydrogen ions in the aqueous layer.
(i1) the concentration of undissociated HA in the aqueous layer.
(i11) the concentration of undissociated HA in the organic layer b.

(iv) the partition coefficient of HA between water and B, at 27°C.
\ |
(v) the degree of dissociation, o, of HA in the aqueous layer, at 27°C |

(5.5 marks)

]
1
H

6. (@) (i) Ag,CrO, is an ionic compound sparingly soiuble in water. Write down the balanced chemical .
equation for the equilibrium that exists between dissolved Ag,CrO, and Ag,CrO,(s) in a sawrated |

) aqueous solution of Ag,CrO,. |

N Using this equation, derive the expression for the solubility product, K:p . of Ag,CrO,(s).

(i) K, of Ag,CrO(s) at 30°C is 4.0 x 107 mol® dm™.
Calculate the solubility of Ag,CrO,(s) in water at 30°C.

(iiiy Calculate the maximum mass of Ag,CrO,(s) that can be dissolved in 500-0 cm® of
0-20 mol dm™ aqueous AgNO, solution at 30°C. }
(Relative atomic masses : Ag = 108 ; Cr =152; O = 16) y

N.B.: The physical state corresponding to each chemical épecies appearing in your answers should;; _
be clearly indicated. /

(5.5 marks) :

(b) You are provided with the following data obtained at 25°C:

’ o . '
Mgt (ac) /Malss = 237V

f. o

E - I — . ;
Po*(ag)/Pois) = —0-126°V

(i) Calculate the electromotive force (e.m.f.) at 25°C of an electro-chemical cell comprising a

Pb2+{aq) /Pb(S) electrode and a Mgz*'(aq)/Mg(s) clectrode operating under standard conditions.

(ii) Using the conventional notation, write down the above mentioned electro-chemical cell.

(iii) Write down balanced chemical equations for the half-cell reactions that take place at the cathode
and at the anode, when a current is drawn from the above mentioned ciectro-chemical ceil.
(3.5 marks)

[see page twelve
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(c) The following equilibrium exists in the gas phase above a temperature of 100° C. : f

(a)

®

A glass bulb is filled with as equimolar mixture of gases A and B only. The bulb ang

A(@ + B(g) z— P(g) + Q@ 9

are heated to a temperature of 200° C (Experiment I). After equilibrium is reached, !he?"
of P, x,, in the bulb is found to be 02. b
Thereafter, the temperature of the bulb and the contents is increased to 400° C and the systep
to reach equilibrium at this emperature. The mole fraction of A, x,, in this equilibrium
found to be 0-2. '

(i)
(i)
(iii)
(iv)

v)
(vi)

Calculate the equilibrium mole fractions of B, A and Q at 200° C.

Calculate K, for the equilibrium at 200°C.
Calculate the equilibrium mole fractions of B, P and Q at 400° C.

Giving reasons, deduce from the above data and calculations, the sign of the enth
of the forward reaction.

Name the principle that can be used to predict the above equilibrium behaviour. :
If experiment I at 200° C was repeated at the same temperature in a bulb whose ~.

that used earlier but usihg the same initial amounts of A and B as before,
composition of the equilibium mixture? et 3

When 0-025 mol Nazcos(s) was added to 25-0 cm?® of 3:00 mol dm™ HCI solution at roo . t
the temperature of the solution was observed to increase by 8-0°C. The spectfic thermal
the resulting solution is 5000 J kg™! K™! and its density is 1000 kg m™. ;

®

(i)

(iii)

You are provided with the following thermo-chemical data:

Calculate the heat liberated during the above mentioned reaction.
Assume that all the heat liberated by the reaction is used only to raise the tem
solution and that there is no loss of heat or change of volume in the solution wh

Calculate the enthalpy of neutralisation, per mole of HCI reacted.
State any other assumption you make in this calculation.

The enthalpy change, AH, for the reaction,

NaHCO,(s) + HCl(aqg) —> NaCl(aq) + COz(g) + H,0()
carried out under the same conditions as the above mentioned reaction, is —25-5
Calculate the enthalpy change, 4H, for the reaction,

2NHCO,(s) — Na,CO,(s) + H,O(l) + CO,(g)

carried out under the same condtions.

Standard enthalpy of formation, AHj;, of KCl(s) - 437 kJ mol™! 8

Standard eathalpy of sublimatin, AH;, of K(s) = + 89 kJ mol!
Standard dissociation enthalpy, AH;), of Cl(g) = + 244 kJ mol-'
Standard enthalpy of first ionisaion, AH;, of K(g) = + 418 kJ mol"
Standard enthalpy of electron gan, AHg,, of Cl(g) = - 349 KJ mol™

Calculate the standard lattice enthalpy, 4H; , of KCI(s).

|« wfrind more at: chemistrysabyas.weebly.com
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© 0,(g) reacts with NO(g) producing NO,(g) and Oz(g) in & single step reaction.
State briefly, but as completely as possible, two essential requirements for a collision between
an Oa(g) molecule and a NO(g) molecule in order tha the above reaction ay occur.

- (i) The decomposition of H,0, in aqueous solution produ¢es H,0(l) and 0,(8). 8
The rate of decomposition is increased by the addition of OH™ ions to the solution.

Describe how you would experimentally establish that the role of OHT ions in the above process
is that of a catalyst. :

(iii) The rate of the reaction,
5Br7(aq) + BrOj(aq) + 6H' (ag) — 3Br,(aq) ¥ 3,00 : ) !

can be expressed in the form, 1
rate o< [Br'(aq)]‘ [BrO;(aq)],'-"[H*(aq)]z

where, [Br'(aq)].[BrO;(aq)] and [H‘(aq)] are the conc 'nualions of Br(aq), BrOj (aq) and H*(aq)
ions respectively in the reaction mixture at the tim¢ the rate of the reaction is measured.

13
Column 4 in the table below gives the amounts of Brb(aq) formed periunit volume of the reaction
mixture per unit time, (at a given temperature), wi in the concentrations of Br(aq), BrO3 (aq)

and H*(aq) ions are as given in the columns 1, 2/and 3, respectively.
!
i
1 2 3 4
{Br’ (aq)]/mol dm™3 {BrO; (aq)Vmol dm™ [H* (m)]/mol dm™ Br,(aq) formed / mal dm™s™
0010 0-200 0-200 240 x 1078 ’
0-040- 0-200 0-200 9:60 x 107
0020 0-400 0200 9.60 x 107
0-020 0-400 0-100 - 2-40 x 107

Calculate the values of x, y and z in the expression given above.;
All necessary steps of the calculation must be given.

(5.5 marks)

Find more at: chemistrysabrag:weebly.com
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PART C — ESSAY

,, ' Answer two questions only. Each question carries 15 marks.

8. (a) (1) Write the complete electronic configuration of the element ‘X' having the atomic number}
! (ii) Write down the two common stable oxidation states for ‘X'.

(ili) ‘X’ in one oxidation state is present in the aqueous solution A while ‘X’ is present in its ¢
oxidation state in the aqueous solution B. Give one chemical test to distinguish between the y,
solutions A and B. ;

(3-0

®) (i) Draw the “cross and dot’ diagrams to show the arrangement of valence electrons in the outern,
shell of each atom in each of the following molcules : :

HNO,

(ii) State the shape of each of the following species:
CiO,
i PH,
] (40 n

(© (i) Write the chemical formula of pent inechlorocobalt(III) bromide.

(i) Name the compound with the following formula in accordance with the IUPAC sys_:_
nomenclature: .

K,Fe [Fe (CN)]

(d) The following observations were made with a soluble salt of a metal M :
(i) The salt when dissolved in water gave a blue solution.

(ii) #When excess ammonia was added to an aqueous solution of the salt, a deep blue, solutio
obtained.

(iii) When the salt was dissolved in excess concentrated HCI, a yellow solution was obtaine

(iv) When the solution from (iii) above was diluted with water and reacted with H S it gave a )
precipitate.

Identify M.
Write down the chemical equations relevant to each of the above observations. "
(3-0 ma
(¢) You are provided with several samples of a solution containing Cr’*, Zn?* and Ni?* cations. - 4
How would you experimentally confirm the presence of each of the cations in the solution?
(2.0 m
(N Explain briefly why the boiling point of H,O is higher than that of H.S. (1.0 "

9. (a) Give one balanced chemical equation in each case to show the
(i) reducing action of HZS
(i) oxidising action of HZS
(iii)  reducing action of NH,

(iv) oxidising action of NH,
(2-0_
[see page
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.(b) (i) Draw the structure of the repeat unit for each of the forms, cis - polyisoprene and rrans-polyisoprene.

(1)  Which one of these two forms of polyisoprene is present in the latex obtained from the
rubber tree?

(ii1)  Giving reasons, indicate which of these two forms of polyisoprene is more elastic,
(iv) State two important physical properties that make vulcanised rubber more useful than natural rubber.

(v) State one important structural change that takes place when natural rubber is vulcanised.
(40 marks)

() A student mixed 50-0 cm” of 0-2 mol dm™ H,SO, with 50-0 cm® of 0-8 mol dm™ solution of CH,COONa
and observed that this solution possessed buffer propertics.

With appropriate chemical equations and calculations, explain this observation.
(3-0 marks)

(d)  An iron nail with a rusty (corroded) surface, having a total mass of 0-30 g was dissolved completely
in 50-0 cm® of 0-2 mol dm™ H,SO,. The resultant solution required 25-00 cm® of 0-02 mol dm= KMnO,
for complete reaction. The rust could be assumed to consist entirely of ferric oxide, Fe,O,.

(i) Write down the balanced chemical equations for the dissolution of the rusty nail in H,SO,.

(ii) Write down the balanced chemical equation for the reaction between Fe(Il) and KMnO,.

(i) Calculate the mass of the iron nail before corrosion.

(@) State briefly three harmful effects on the environment caused by the use of agrochemicals including i
chemical fertilisers. Indicate clearly how each of the effects are brought about. % ’ N
(3:0-marks) - — |

-
(b) A sulphuric acid manufacturing factory is situated in an area rich in dolomite, CaCO,.MgCO,. Due

to an error in the construction of the factory, SO, gas continuously leaks into the atmosphere when
. it is in operation. This SO, gas emitted into the atmosphere dissolves in rain water which falls on the
soil rich in dolomite; the groundwater of the area becomes contaminated as a result,

(i) Using balanced chemical equations, indicate the essential steps involved in the manufacture of
sulphuric acid. The necessary conditions involved, if any, should be clearly indicated.

(i) With the help of balanced chemical equations, indicate what reactions could take place subsequent
to SO, gas dissolving in the rain water.

(iliy  With the help of balanced chemical equations, indicate what reactions could occur when the rain
water contaminated as in (ii) above falls on dolomite deposits in the area.

(iv) Indicate briefly the changes that could take place in the groundwater due to the contamination
referred 10 above.

(v) Indicate two problems that people could encounter in using the groundwater in the area.
(6-0 marks)

(¢) A commercial liquid fertiliser is prepared by dissolving ammonium sulphate and urea i water. In a
quality control experiment 1o determine the concentrations of urea and ammonium sulphate in a sample
of this fertiliser, the following results were obtained:

o (1) 100-0 cin® of the liquid fertiliser required 100-0 cm® of 0-08 mol dm™* NaOH for complete reaction.
. (i)  100-0 cm? of the liquid fertiliser when reacted with dilute mitric acid and excess barium chloride |
;_ gave 0-233 g of barium sulphate.
_a . :
: Write down balanced chemical equations for the reactions involved in (i) and (i) above.
Calculate the concentration of urea and the concentration of ammonium sulphate in the hquid fertiliser.
ks) (Relative atomic masses : Ba = 137; S = 32; O = 16)

been (60 marks)

/21
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(Relative atomic masses : O = 16; Fe = 56) (6:0 marks) ,
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