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This question paper of 14 pages and has three paris A, B and C.

e
M  The rime aliotted for all three parts is three Jiours.
W Use of calculators is not allowed.

PART A — STRUCTURED ESSAY

Answer all four questions. Each question carries 10 marks.

(@) Q and R are two non-transition elements in the same group belonging to two consecutive periods'
of the periodic table. They form the compounds RQ, and RQ,.

{i) Identify Q and R below:

(ii) Indicate below all the stable oxidation states shown by Q and R.

Indicate also the chemical formula of an illustrative compound for each such stable oxidalion

state of each clement. .
(N.B.:- Against each such chemical formula, the oxidation state of the relevant clement

must also be correctly given.)
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....................................................................................................... -
.....................................

(4.0 marks)

b Draw#in the relevant boxes below the dot and cross diagrams of the molecules NZO_, and 03
indicating valence electrons of all atoms.
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9 62) Chemistry II IDAEXNO. £ vvoeereeeeverarineeenee Do not
E.(A/L)2001 i
G.C anything
(c) A, B and C are experimental observations. Given against each of them are some explanations | in this
< provided by students for these observations. Of these explanations given for each observation, | column
monot A one or more may be correct.
Zrite '
anything E Evaluate these explanations by
nl]'lls b ] " . . . . . i .
olumn ;} (i) marking in the appropriate box a if, in your opinion, the explanation is valid.
. 2 )
i (i) marking in the appropriate box a if, in your opinion, the explanation is invalid.
L]
= Keep the appropriate box empty as D if you are unable to evaluate the validity of the explanation.
3
; N.B.: For every correct answer, 0-3 marks each will be awarded.
& For every incorrect answer, 0-2 marks each will be deducted.
éf If a box is kept empty, no marks will be awarded or deducted.
g However, the minimum marks for this part (¢) will be zero (0).
i ’
#
g Experimental Observation Students’ Explanation
g A- When a beam of a-particles falls on a thin D The gold plate contains spaces which are
;‘3‘ ~gold plate, most of the a-particles pass large compared with the size of ¢-particles.
?’ undeflected through the plate.
%‘ D The gold plate is non-continuous.
E D The path of a-particles is always linear.
i :
f—i B- A paddle wheel placed in the path of D Cathode rays are negatively charged.
i cathods rays rotaies.
YE D Cathode rays have particle-like properties.
% '
c‘ D Material of the paddle wheel is continuous.
4
} C- The electronic emission spectrum of D There are definite energy levels for the
= hydrogen consists of several series of electrons in the H-atom.
;% lines; in each series, the separation
g between the lines decreases as the D The energy corresponding to each line in
S frequency increases. the spectrum is equal to the energy of an
- electronic level of hydrogen.
D The energy of the electron decreases with
increasing radius of the atomic shell.
The energy difference between successive
D levels decreases as the energy of the
electronic levels increases.
E (3-0 marks)
|-
. - e /31 ] > N
[see page four | - -
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On complete thermal decomposition in an inert environment, an inorgani

152 g of Cr,0,,
(Relative atomic masses :

C05 ¢ ZO4 = i e

072g of H,O and 028g of N, as the only prod
H=1; N=14, O =16; Cr =52

Deduce the empirical formula of X.
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.................................................................................... vernie
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.......................... I T T T T R PR R P L

One mole of X contains two moles of Cr. Compound X does not contain Hif
Identify’ below the cation and anion present in X. b

anion :

--------------------------------------------- 3
~

cation :
Write below the chemical formula of X.

Z is a metallic element,

Oxalate (C204') ions are converted to CO, by ZOj ions in an acidic medi

ZQy ions are converted to ZO" ions during this reaction.

Write below the relevant balanced ionic half reactions.

400

Write below the stoichiometry of the above reaction between C,0;” and ZG
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Index NO. 2 oovovvvvrieins cviiniineans

Complete the passage below correctly by filling each of thc 26 blank spaces with the mos!
appropriate word.  (N.B.: Each blank space should be filled with one word only.)

THE BEHAVIOUR OF MATTER
Solids, liquids and gases are commonly referred to as the three ....o.....0..0..

---------------------------

of matter. There is very little free space in between the particles/molecules constituting solids
and liquids. At a given temperature, solids and liquids, relative to gases, therefore have a definite

........................... and a high ................ouieei.. . These two physical properties are hardly
affected by (small) changes in pressure and temperature. Solids differ from liquids and

gases by the presence of a definite ........ HAYE * L B , constituent particles o;' a solid are
HL0 B0 10 snuaviniahi St fistatonns about mean positions.

According to the molecular kinetic theory of gases, gaseous molecules are in constant
B, Rl . 7 0 motion during which ..l 60,

collisions occur. Gases that behave in this manner are referred to as ideal gases. Characteristic
iyl e (O hom

properties of ideal gases are the absence of .. adataed s between molecules and the absence

of ....&0. P A8 o P volumes. At a constant temperature, the total ..... 1y, 2 A of
the system must remain unaltered; speeds of such gas molecules can vary from approximately

........................... O VEIY .ueevevevuvunenennennnn.... Values. The variation of the distribution of
molecular speeds of an ideal gas with molar mass and ....5.. A0 ... can be explained

by means of a mathematical equation put forward in 1860 and commonly known as the
Maxwell — Boltzmann distribution of molecular spebds.

The pressure, p, of an ideal gas can be calculated using the expression 3pV = mNc?
where m is the mass of one.. . o feiaie .. and N is the number of ...[1.0 5. . L. L0 . oo :
At a given temperature, the pressure of the gas does not vary with Ol S N ;
Therelofe We b P vitleissinons speed of molecules must remain unchanged with time at

a given temperature. Although this speed ..... vieenerenseane s s With temperature, it is incofrect

to say that the speeds of all molecules in the system are simultaneously
as a result of an increase of temperature.

---------------------------

IO, P ALA LA S gases do not usually behave as ideal gases. The behaviour
of such gases approximatés to the behaviour of ideal gases at low .50 Lol ... and
........................................... veesebennns .« Deviation of non-ideal gases from ideal gas
behaviour can be depicted by a plot of compressibility factor (Z) against ................llicl,
as shown below: H,

A 0,
T / co,
. / e
7 = I A A A S oSO gas
nRT e
(5-0 marks)|
" —

e - [see page six

/35 I

Find more at: chemlstrysabras weebly com
twitter: ChemistrySabras - -~ - s

¢ —— —

Do not
write
anything
in this
column

PN et Ny




ins hydroxyl groups. W en X
3. (@) A compound X of molecular formufa C.H O6 contains hy y

‘8718 . is Teac(eq
‘excess ethanoyl chloride, the product obtained has a relative molecular mass of 37g
Calculate the number of hydroxyl groups in X.

. = 16: 1 = 355
(Relative atomic masses : C = 12: H = I 0=16 C ) (2.5

(B)  Three isomeric amines A, B and C (molecular formula C H N

«H};N) on reaction with NaNo2
produces three alcohols D, E and F (molecular formula CH,,0) respectively, Although p
" e ith Lucas reagent at room temperatyre
uickly with Lucas reagent, E and F do not react wi ! -
iq; not );asily Oxidized. E and F can be oxidized to G and H respectively. Both G apg H for
precipitates with Brady

’s reagent and also reduces Fehling’s reagent, Write Possible stryet,
(see instruction box in page 1) for A, B, C, G an 0Xes below,

d H in the relevant b s |
: (2.5 margg |
A ]
? ) 2
‘ . 4
B r
; 1

H CH

() () The intermediate

4 H CHJ H CH, -

represented by s

=+ |

| the resonance structures, -4r ' j

i 1
|

|
/H

& . . .
; g occurs in a reaction leadin,
gg { () Write the reactants
1 ‘

]

iy

(II) Write below a mechanj

Clts —‘C“! o

Tmediate, (3;0) marks)
A" AICls s oy, -8 ey

{0 explain the formation of the inte;

™ CHs c
U]+ Cf_rg—(érr — AlCl — @<» + AlClq
o

_\.f’ N -11579\_»\—\— — [see page sével
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C.E.(A/L)2001

(i) Methyl chloride is formed as a major product, when equimolar amounts of CH, and ClI,

are reacted in the presence of light.
(I) Write two steps in the mechanism of the above reaction in which methyl chloride
is a product. (Methyl chloride should be a product in each of these two steps.)
Indlﬁltc electron movements. (1.0 mark)

-0 290D — Chg 4+ O

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

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

(II) Ethane is also formed but only in a very small quantity in the above reaction.
Explain this. (1-0 mark)

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

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

------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

4. (@) (i) A saturated non cyclic hydrocarbon, CnH o, has one asymmetric centre. Write the smallest
possible numbers for n and m.

(ii) Wnte the structures (see instruction box in page 1) of the structural isomers of this

Do not
write
anything
in this
column

| hydrocarbon. ‘ (2-5 marks)
? - ; A :
(b) (1) Without the use of catalytic hydrogenation, show how you would convert
CH,CH,C=CH — CH,CH,CH,CH, utilising not more than three steps.
1
_1..- W_‘r“ﬁ st :‘.";i _ ...._-_..,..:' SRR R i I:..,..ﬁ..:, i ¥ P TS S i _.__, # -"4-"‘ i} PR
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. (i) Write the structures (see instruction box in page 1) of the compounds --"-::
— _‘ | to A, B, C, D and E in the relevant boxes.
{ S erinehs @l - (ii) -Write the reagents corresponding to L, M, N, O, P and Q. Amongst these ke
d V¥ only organic compound allowed is 2-prenanone.
_ﬁu R e Tl e e ey S S e e _'-'_-;-,:_"_ B S —.

fig & ) o s
Mg/eth
- | ._g/c __ef - CHS—LfH—CHZ GH~

CH.  CB

(i) Without the use of CN- ion as a reactant, show how you would convert

CH,CH,CH,0H — CH,CH,CN utilising not more than five steps.

; (c) Consider the reaction scheme represented through the boxes below :—
A
L M
CHJ—Z:.I—CH3
_ : ———— :
, r D C

CH

CH
9 [eaguore=c{
"CH, CH, . °

”E. PR . e e s e e . e - RN <22 T,
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PART B — ESSAY

Answer two questions only. Each question carries 15 marks.

|
5. (a) Standard molar enthalpies of neutralisation (AH®) obtained at 25°C for some acids with NaOH in aqueous i
solution, are given below: ;
acid AH°/KJ mol™! |

HCl - 57

HNO, =57

C,H,COOH = S

(i) Provide reasons for the above observations.

(ii) Deduce the standard molar enthalpy of dissociation (AH) at 25°C of
(I) water

(I} propanoic acid (C,H;COOH) in water.

(4.0 marks)
(b) The following data are provided :—

heat source relative standard boiling point/°C | standard molar enthalpy of

molecular mass combustion, AH"/kJ mol™

C,Hg(g) 44 - 42 - 2,200 i
CgH (D) 114 + 126 - 5,130 |
(i) VUnder standard .onditions, 1-0 kg each of propane and octane is separately subjected to complete
combustion. Calculate, in each case o
(1) the heat energy that is evolved. 1
(I) the mass of gaseous CO, that is produced.
(ii)

Using your results from (i) above, deduce, giving two reasons, which of the two compounds would
be more advantageous as a heat source.

(5-0 marks)

L [.‘see page ten
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(¢) An insecticide X is soluble in chloroform as well as in water. By shaking an aqueous solution of ;
with chloroform, some of the X can be extracted into the chloroform iayer.

10 dm’ of an aqueous solution of 018 mol dm™ X was extracted with a total volume of 1-0 dm’ ;,
chloroform at 25°C. Two alternate extraction procedures (p) and (q) described below were used for tm; :
purpose :- F

(p) Extraction with 1-0 dm’ of chloroform in one step : here the chloroform layer is ,
found to contain 0-144 mol X.

v
¥

(9) Extraction with two successive 5000 cm® portions of chloroform in two steps.

() Write down an expression for the partition coefficient, X, for X between chloroform and water,
(i) Calculate the value of K at 25°C.

(iii) Hence, calculate the total number of moles of X extracted in the two 5000 cm’ portions of
chloroform in procedure (q).

g 2

(iv) Deduce which of the two extraction procedures, (p) or (q), is more efficient for the ext ;u.,;'_
of X from an aqueous solution into chloroform. i

(v)  The molar enthalpy of solution of X in water and chloroform are -2-5kJ mol™ ..;’;
~1'5 kJ mol™ respectively. ;

Using this data, show, with reasens, how you would change the temperature, to make the extraction

more efficient.

(6.0 mm'k:k :

(@) A glass vessel of volume 50 dm® is filled with a gaseous compound P, which behaves 1deal]y,
At 27°C, the pressure of the gas inside the vessel is 1995 x 10° N m™ ."

At temperatures above 100°C, P dissociates yielding the following equilibrium :-
P — Q(® + R(g)

When the vessel containing P at 27°C is heated to 127°C, tae pressure inside the vessel reaches 2 '
constant value of 4656 x 10° N m™. The volume of the vessel is unchanged on heating.

(i) Calculate to the nearest first decimal place, the total number of moles of gas present in the vessel
under each of the following conditions :-
@ ar 27°C p
(I) when equilibrium is reached at 127°C.

(ii) Hence calculate the equilibrium constant, KP. for the above equilibrium at 127°C.

(iii) An inert gas Z is then introduced into the vessel.

When the system thereafter reaches equilibrium again at 127°C, the pressure inside the vcssel
is found to be 6:651 x 10° N m™.

Obtain the partial pressures and mole fractions of P,Q, R and Z under these conditions.

N.B. : State the assumptions, if any, you make.

(7.5 marks)
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Two volstile biquids A and B form deal solutions with each other at all compositions One such solution
pegins boil & 3 temperature of 68°C under an external pressure of | standard wmosphere.

The mole fraction of A in the higuid phase of this boiling solution is 0-76 while te mole fraction of
B in the vapour phase of the same soluton s 018

The satersted Yapour pressuie of pure A is grealer than that of pure B at all torperatures

At 68°C. the satunated vapour pressures of pure A and pure B are PJ and P repectively

| standard atmosphere can be taken ax 10 x 10°N
Explain the rdeal behaviour of a binary mixture of A and B in terms of inter-miecular interactions.

)
Cakulate (in units of pascal) the vapour pressures P, and Py of A and Brespectively in the
above meationed solution boiling st 68°C. State the assumption that you mke.

Write down the mathematical relationship beiween P, and p, at 68°C

State, giving reasons, which of the pure liquads (A or B) will have a standardoiling point higher
than 68°C

(v) Skerch the iemperature vs composition dragram for the A/B system under n external pressure
of one standard atmosphere and label 1t fully

Mark clearly the following on the above diagram -
(N the emperature 68°C
(ID the composittons of the liguid and vapour phases in equilibrium a168°C.
(vi)  If the boilimg of the hquid is continued, state what changes you would epect in
(N the mole fraction of A in the liquid
{Il) the boiling point of the bquid.
Give reasons for vour answers.

(i

(i}
(iv)

(v}

(7.5 marks)

L and M arc two metals which form onlv divalent cations. At a temperature of 25°C, a piece of L

was placed in an aqueous solution of MSO, . Deposition / precipitation of the metd M and dissolution

of the metal L. i the solubon were observed.

The standard electrode potential (E”) of one of these two metals is —1 23V and the of the other metal

is 212V at 25°C

(1) Wnie the ocquation for the chemical reaction consistent with the above obervations

() Wnte the oxidation and reduction half reactions relevant to the chemical rextion comesponding
10 (1) mesaoned above

(mi* The reacthon in (1) above is the neit cell reaction that occurs during he discharge of an
electrochemical cell. Using standard notation, wnte down the clectrochemucal cell considering
it 10 be 1 1ts standard state

(iv) Cakulate he electromotive force (c.m.f) at 25°C of the electrochemical cell meationed in

(m) above
(3-8 marks)

The following tyje of electrical circuit (with electrodes P and Q) was used in a1 electrolytic method
0 deposit a layer of pure Cu metal on a rod of carbon Neither P nor Q is Cu

tathede -

e AQUCOUS sOlution of electrolyte (Z)

~
\\. [see page twelve
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. e oo sited, stating alyo whett
W) Tdentify y Which of the two electrodes (P or Q), Cu will be depo

it is the anode or cathode,
(i)

Suggest Suitabje electrolyte that can pe used as Z.
(iiy)

i thode.
Write davn the ionjc half-reaction that initially takes place at the ca

"‘t i,

(25 mary

(c) At 25°C, an 3qous solution of 0-1 mol dm™3 AgNO, is slowly added into an aquc;ous ;fluNm;.: whi ]
is 001 mo dm~ with Tespect (o the salt NaX and 0-01 moldm™ with respect to the s ay. o

(D) At the intant when the second silver halide jyst begins to precipitate, calculate the remaining

(iif)

(4.5 marks)

*(aq) concentration on the rate of the reaction
2 Fc3“(jq) * 2 I—(aq) — 2 Fez"'(aq) + Lag)
'S studied, reacion Mmixtures are Prepared by mixing reagents as given in the following table ._

Boiling Tube B

10 mol dm3 00005 moi dm-3

KT solutionfem? NaS.0, solution

; Conwining starch cm? |
w“-ﬁ- 159
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PART C — ESSAY

Answer two questicns only. Each question carries 15 marks.

—_—
g (@ Misa first row d block element. It shows the highest stable oxidation state in MO);.

(i) Write the complete electronic configuration of M.

(i) Identify M. .
(iii) Write the stable lowest oxidation state of M in an aqueous solution.
(iv) Write the reagents required to convert MO, to a species with the oxidation state given by you ﬁ
in (ii). i
(v) Write one important use of M. 10 ’
(3:6 marks) 1 é
(b) Write the products formed when each of the following compounds reacts with H0 : 8
(@ CaC, (i) Mg,N, (i) BiCl, (iv) AlH, £
(24 marks)

(¢) An aqueous solution contains AI**, Zn? and Mg™* as the only metal ions.

Using solutions of NH,OH, NH,Cl, NaOH and dilute HCI only, kow would you show the presence of
each of these metal ions in the above solution?
. (3-0 marks)

(d) When 0:92g of a finely powdered mixture containing CaCO, and MgCO, was heated to a high

temperature, 0-48 g of a mixture containing CaO and MgO only was obtained.

Calculate the mass percentage of CaCO, in the original mixture.

(Relative atomic masses : C = 12; O = 16; Mg = 24; Ca = 40)

(3:0 marks)

(¢) Deduce the shape of each of the following species and name these shapes.
@) PCl: (i) PCL (1) PCI; (30 marks)

9. (a) () Write names and the corresponding chemical formulae of the allotropic forms of the element oxygen.

(ii) Write balanced chemical equations for all the possible reactions that can occur when each of ]
the following elements is burnt in an equimolar gaseous mixture of oxygen and nitrogen. i
0 K (I1) Mg (Im Al

(iii) State whether each of the following oxides is acidic, basic or amphoteric.
(N.B. : 0-2 marks will be awarded for each correct answer;
0-1 marks will be deducted for each incorrect answer;
However the minimum mark for this part (iii) will be zero.)

M Ca0 () BaO () P,0,
av) Bi,0, V) SO, (V) NO,
(57 marks)

() There is 2:0 x 10~ mol of oxygen dissolved in 1 dm’ of water at 30°C.

(i) Calculate the dissolved oxygen content of the above water in units of mg dm™.
(Relative atomic mass of oxygen = 16)

(ii) The depletion of dissolved oxygen of water in a pond is an indication of water pollution.
Write one reason for the depletion of dissolved oxygen in water.

(iii) Chlorine gas can be used to disinfect drinking water. Suggest an alternative gas for this purpose.
& (3-0 marks)

o [see page fourteen
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(¢) A 2000 cm® portion of a water sample was reacted with excess manganese(Tl) sulphate and g
KI. After shaking, it was kept for 10 minuies and then acidified. The liberated I, was titrat
0-01 mol dm™ solutdon of Ns,$,0.. 3

(i) Write balanced chemical equations for the reactions wiich occur in the above procedu

(i) Calculate the dissolved oxygen in the water sample in anits of mg dm™ if the volume
0-01 moi dm-* Na,$S,0, consumed in the titration was 20-0 cm’. i
{Relative atomic mass of oxygen = 16),

¥

(iii)  State two important steps you should take to minimize errors in the above procedure for d et
dissolved oxygen. E

: (63 mq

10. (a) (i) Describing the necessary conditions clearly and using balanmced chemical equations,
essential steps involved in the manufacture of nitric acid by Ostwald method.

. (i) State two possible harmful effects of each of the gaseous products formed during the pr
referred to in (i), if leaked accidentaily to the environment. (Details not required). i

(iii) State briefy three ways in which nitric acid can harm the environmen: if leaked accidentall

a lake. 3
(8:6 mu

s

() A commercial fertilizer sample contains urea and ammonium nitrate.

In a laboratory experiment, 016 g of this sample was heated with excess 4G mot dm™ Na@H i-,_:
L The liberated gas was absorbed in 50-0cm® of 0-1 moldm™ HCL The remaining HCl was back fi
with 0-1 mol dm™ NaOH. The volume of (-1 moldm~ NaOH required for this titration was 250

The remainder of the solution in the flask was then heated with aluminium powder unt! bubbh'ng:
Here, too, the gas liberated was absorbed in another 56-0 em® of O-1 mol dr™® HC; the
HCI was back titrated with O-1 mol dm™ NaOH. For this titration, the volume of 0-1 mol dm
required was 40-0 ¢m’. ¢

(i) Write down balanced chemical equations for ali the reactions encountered above.

(i) Using the above data, calcuiate the mass percentages of urea and ammonium nitrate pre
the commercial fertilizer sample, A
1 1 4 4

(Relative atomic masses : 5 = 1; C =12, N = i3 O = i8)

(70 1
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