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PART A - STRUCTURED ESSAY (Pages (2-08)
Answer ail 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
elensive answers are not expected.

N.B. INSTRUCTION BOX

! Ia answering questicns 3 end 4, you may represent alﬂgﬂ
greups in a condensed manmer.

'y

.8 l

H—-C —-C—

I |
il H
PART B and PARTC- Essay

{pages 09-13)

may be shown as CH, - CH, -

Answer four questions selecting not more than twa questions from
each part. Use the paper supplied for this purpose.

At th end of the time allotted for this paper, tie the answers to three

parts A, B and C together so that Part A is on top and hand them
over 1o the Supervisor.

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

Universal gas constan, R = 8.314 JK"' mol"
Avogadro constant N, = 6.022 x 10 mol*

PART A - STRUCTURED ESSAY

Answer all four questions. Each question carries 10 marlks,

I. (a) Complete the following statements by filling the blanks with
an element/ elements from the list H, C, N, §, O, Cr, Znand P.

(i) The element(s) showing both the +5 and -3 oxidation

(ii) The element with the iowest boiling point is

(iii) The element(s) forming oxides whick are coloured at

S PP—

(iv) The strongest reducing agent in the elemental form is

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

(v) The strongest oxidising agent in the clemental form is

P T TP

{vi) The elemeni(s) showing allotropy is/are
(vii) The element(s) giving both an acidic oxide and an acidic
hydride IS/Are ... ieitieies e errnsss v e
(2.6 marks)
(b} X and Y are two elements with atomic number iess than 18. X

reacts with water at room temperature liberating a gas Z and
forming a solution A. Y does not react with water but reacts

P

with solution A, liberating the same gas Z ann.:l forming g i B

(i) Using chemical symbols enly. write al| the posi

for X, YandZ. .
G |

i W .
(if) What observations can be m_ade 9113,, excess dilye .
is added dropwise t0 solution B?

........... -

o {16 o chemical symbols oaly write the balanced chemig,
("i),q.usmmgﬁon for the reaction between A and Y. ILI

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

.................................................................
------------

(44 Mmarks)

(c) The molecules of a gascous compm_md L are triatom;¢ and

angular. When L is nx_ldlsed M is formed as the only

product. L and M are both gases at room temperayyy,

Molecules of M are trigonal pianar. M reacts with wy,,

forming the acid N. N forms a tetrahedral anion. Write 1),
molecular formulae of L, MandN.

(3.0 marky)

2. (a) (i) CrO,(s) when heated decomposes to give Cr,0,(s) an/
0,(g) as the only products. 0.4000 g of a sample of

CrO, contaminated with Cr,0, when heated gave 03184,

of Cr,0,. Calculate the mass percentage of CrO, in the
sample.  (Cr=152.0,0=i6.0)

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

{4.0 marks)
(ii) Write a balanced equation for the icnic half reaction

corresponding to the conversicn of Cr,0, to CrO} in
basic medium.

(1.0 marks)
(b) Recall thr experiment to determine the order with respect
to Fe** (aq), in the reaction between F ¢"(aq) and KI.

Table I gives the volumes (in cm?) and concentration of the
reagents used for four different measurements,

Table [
Experiment 0.100 mol dm | 0.0001 mol dm"*
W i I mol dm* | 00001 mol dm

number ater | eidified II"E"(aq) K1 solution | NaS,0, solution
so_l_m_:rlll_ | ' containing starch
R 25,00 5.00 s00

2 [s00 | 2000 5.00 5.00

3 10.00 15.00 5.00 5.0C

4 15.00 10.00 5.00 5.00

All experiments were carried out at
three groups of students A, B and

measured into two beakers
the three student groups
beakers is given in table I

room temperature by
C. The reagents werc
before mixing, The way in which
measured the reagents in the two
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nmie the contents of the two beakers we
mune the ttime for a blue colour 10 appear

. Table 11

. Group ] Beaker | ! Beaker 2 - |

A | Kl soluton all other solutions |
| B 1| Na, SO soluton all other solutions |
f_ C | Fe {aqg) solution all other solutions J

Apswer the tollowing questions

i1 Why 1s the same amount of'Na 5,0, used n these
evperrments”?

1111)One of the three groups foilowed the correct procedure
In the following table. write in the approprate cage the

word ‘correct’ to identify this group. In the other two

cages give the main reasons for the method foliowed by

the refevant group being unacceptable

e minved. 1o deter-

(1v)The group which foliowed the correct procedure found

that the time taken for the appearance of the blue colour
in experiment number 1, was too short to be measured
Write three ways in which the time taken for the colour

change may be increased

(5.0 marks)

3 Selecting appropnate chemicals and soivents for the chem ical
reactions only the following list. answer parts (a) and (b)

Conc HCI. agueous NaOH. aqueous NH,OH

Mg. Fe. ZniHg)

Plir, PCI. AICI. Br

KMn() NaBD . NaBBH,

Formaldehy de «HCHO). accione (Cil, COCH,)

Water. ethanol. =ther CCi 2,0

Dy - Deuterium

Note

11} - In the foilowing Schemes each arrow indicetes a
single reaction.

i1): Write 1n the boxes the structures of appropriate
cempounds anc in the circles the appropriate
‘eagents

- Show how you would prepare butanoy | chloride

(CH,CH,CH,COCL) from propanol, by completing the

scheme given below

CHCHLCIHL0N

a)

CH,CH, CH, - <D
a

15 5 marks)

Using butanoy| chloride prepared in punt ta) Show how you
would synthesize the following compound lrom benzene

D UH:CH,(‘HI{.'H,

O

[
O

O
O
O

D___yHCHLHCH,

14 5 markss

Fal
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1@ (1) The reiative molecular mass of & hydrocarbon A s 38
Write the molecular formutaof A, (c= 12. 0.1

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

------------------------------------------------
-------------
................................................

.......
----------------------------------------------

(1ii) When one mole of the 2cvclic hydrocarbon B is

subjected to complete catalytic hydrogenation, it reacts

with 2 moles of hydrogen and gives one mole of A.
What 1s the structure of A?

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

{iv)Write four possible stru tures for B.

{v) B reacts with ammoniacal Cu,Cl, to give a red precipi
tate What 1s the structure of B?

vy an 1somer of B, gives D in the presence of dilute
H S0, and HgSO, D reacts with an acidified alcoholic
solution of 2.34-dinitrophenylbydrazine lo give an
orange precipnate. E- Write down the structures of C,D
and £

C D

-
|
I
|

|

E

(4 B marks)

A e

(hi A molecule of the acyelic hydrocarbon X, contains 5 carbon
ms connecied 10 each other as follows:

(- -C,-C,-C,

aldr

[ he bond anglc f',(—',(—,- CO0 a0 " Care IRIF

Hr and 120 respectively

;i_l-dtqm Publisher

1=1.0)

e down the hybridization of each carbop, aloy

(
i) ;:r:n,id, the corresponding circle in the I'nllm
diagram. i e {'.

/_\ /g? Mo 11

(iiyWrite the molecular formula of X
{ I [{] I“'irl’-\.

(C) Consider the following reactions

0
\c H, ethanol

. NzOI|
(1 CH -t~ -tr. 5 8
CH,
(i) CH, -CH = CH, - Br, *
' —
cc

4

Conc. HNO, 0
T ——
Conc. H,S0,

(iv) O-’ COOH.

(i) ~ Write the structures of the products A,B, Cand D4
the cages provided.

A B C D

(i) ldentify the mechanism type of the above reaction
(I). (19, (i) and (1V) by writing 1. Il 1ITor IV ik
appropriate cage in the second column of the foli
ing table. Also indicate the electrophile/mucleoplile |
the appropriate cage

—_—

Mechanism-type | Reaction No. [ Clectrophile Nucleoplile

Electrophilic
substitution

Nucleophilic
addition

Electrophilic §
addition \\ .
3 N\

>

N\ \

Nucleophilic
substiiution

N
DN

(1} Write the siru, ture of the intermedite in reactiont i

13 A e

R I
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PART B - ESSAY

Answer wo guestions only Each question carries 15 marks,

—— —

5. Answer &ll parts,

{a)

(b)

State the Dalton’s Law of partial pressures

*Cland “Cl are the two naturally occurrning isotopes of
chlorine. The natural abundances of “Cl, (g) “CICl(g)
and V'Cl,(g) are 70, 20 and 10 mole erCLnl respectively, A
vessel contains 100 mol of naturally occurring chlorine gas
at 300 K. The density of the gas in the vessel under these
conditions 15 2.36 g dm™.

Calculate the following :
(i) Volume of the vessel
(if) the partial pressure of Y'Cl, (g)
(*Cl=135YCl=37)
(4.5 marks)

Using the standard enthalpyh of formation (4, H") data at
25"C given below, determine by a suitable calculation, which
of the compounds SF (g) and SF (g), has the stronger S-F
bond.

SF,(2) | SF,(g) S(e) F(g)
[augmor| s | 20 | 2 | 7
(4.5 marks)

(<)

The standard enthalpies of formation of C (s), CO(g),
CO,(g)and H,0(g) at 25°C are 0 kJ mol"', -110 kJ mol".
. 395 kJ mol” and -242 kJ mol” rcspectwely Calcuate the
standard enthalpy changes of the following chemical reac
tions at 253°C.

(i)C(s)+H, O (g) —» CO(g) + H, (g)

(i) C(s)+ 0, (g) = CO, (g)

-

In the water gas reaction (reaction {i} above) steam is
passed over heated C in the form of coal to produce water
gas, an equimolar mixture of CO(g} and Hz(g). In orderto
obtain water gas at a reasonable rate, it is necessary to
maintain the temperature of the ceal close to 400°C. In the
industrial production of water gas the treatment of the
heated coal with steam is alternated with treatment with
air. Making reference to your calculations above and using
your knowledge of chemical kinetics, explain why this is
done in the industrial process.

(6.0 marks)

6. Answer all parts.

(a) Write down an expression for the sclubility product of the

ionic solid. M, X,
‘ (1.0 makrs)

{b) A soiution P was prepared by dissolving 0.12 mol of

[(Ag(NH,),INO, and 2.0 mol of NI, in distilled water and
diluting to 1000.0-cm® with distilled water. The equilibrium
constant at 25"C for the reaction, _

Ag’ (ag) = 2NH, (ag)~— [Ag (NH,),]"(aq)

is 1.7% 10’ mol dm™* Calculate the concentration of Ag*aq)
in the solution P at 25 °C

Show by calculation whether or not AgCl will precipitate
when 500.0 cm? of P is mixed with 500.0 em’ ofa 0 02 mol
dm agqucous solution of NaCl at 25 °C
The soiubility product K of AgClat25°C = 18 x 10 o
mol dm*

(5.0 marks)

(C) All experiments given below are conducted at 25°C.

(i) A weedicide B is more soluble in CHCI, than in water.
When a 4.65 x 10 mol dm™ agueous solution of B is
shaken with an equal volume of CHCI, and the layers
allowed to reach equilibrium, the concentration of B in
the CHCI, layer 1s found to be 4.5 x 107 mol dm”
Calculate the partition coelficient for the partitioning of
B between CHCI, and water.

(i} A soil sample is contaminated with B. The content of B

in this soil sample was determined as follows. 100.0 g

of the contaminated soil containing 10% by mass of

water, is shaken weil with 90.0 cm? of distiiled water.

All B in the wet soil sample dissolves in the water to

give an agueous phase. The concentration of B in this

aqueous phase is X mol dm>. The aqueous suspension
is then shaken with 10.0 cm’ of CHCI, and at equilib-
rium the concentration of B in the aqueous and CHCL,
phases are ¥ mol dm™ and Z mol dm™ respectively
Express Z in terms of X and Y and calculate the ratio
Y/X. Volume of 1.0 g of water=11.0cm’)

(iii) The relative molecular mass of Bis 125.0. 1 1.0 g of the
above moist soil sample contained 4 x 10~ g of B.
calculate the values of X, Y and Z.

(iv) The aqueous suspension after extraction with CHCI, in
(ii) above, is separated and extracted twice more, using
10.0 cm’ of CHCI, for each extraction. Calculate the
concentration of B in the aqueous phase after-the third

extraction in,
{i) mol dm™ mg dm™)

(9.0 marks)

(ITy ppm (1 ppm = !

7. Answer both pans.

(a) You are provided with two labelled rods of the pure metals

(b)

A and B and two unlabelled bottles one containing o 1.0 mol
dm™ aqueous solution of A" and other centaining a 1.0 mol
dm- aqueous solution of B~. A and B do not [orm other *
ionic species in aqueous media. Giving reasons describe how
you would,

(i) identify which of the metals A and B is more reducing,
(i) identify each of the two solutions.

(6.0 marks)

A, B,D,P, G and R are gaseous compounds which behave
ideally. In the temperature range from 100 °C 10 800 °C.
Alg) dissociates giving the equilibrium,

Afg) ==P(p) +Q(g)

In the same temperature range B(g) reacts with B gl o give
the equilibrium

Big)+ D(g) = R(p)

No other reactions occur among these six compounds.

AJL 'Chemisiry - Past Paper' 2004 - April
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X, Y and Z are three identical rigid vessels each with d \‘v'ﬂ|‘
ume of 8.313 dm’. Their mlume; are unchanged on healing
X is filled with 0.2 mol of Alg). ¥ with 0.2 mol cach ofBT(_E‘
and B(g) and Z with 0.2 mol each of A(g). B(g) ”‘"d.mg} -
three vessels are placed in an oven at 127°C. until equilib-
rium is reached in all vessels. At equilibrium the total ;::res-
sures inside X and ¥ are i 2 x 10° Paand 14 x 10° Pa
respectively

(i} Calculate for the equilibria in X. ¥ and Z at 127°C.

(I} the partia! pressures of A(g). P(g) and Q(g) m X.
and the equilibrium constant K . for the equilib
rumin X

(1) the partial pressures of Bg). D(g) and Rigjin ¥
and the equilibrium constant K . for the equilib
rnumin Y

(1il} the wotal pressure inside Z.

(IV) the ratio of the partial pressures of B(g) and A(g) in
AN '

(1) AL 25 °C the standard enthalpy of formation 4, H" of
the above compounds are given below.

Alg)| Big)| D(g) | Ptz) | Q)| Rig)
A HY & mol so | 35| 45| 40| 30| 60

Predict whether the ratio P4/P, in Z will decrease.
increase or remiain unchanged when the temperature of
the oven israised 10 227 C Give reasons for your answer

(9.0 marks)

PART C - ESSAY

Answer two questions only. (Each question carries 15 marks.) .

8 Ansier ail parts

(@) When the carhonate of a d-block element X reacts with dil

HCl. a pink solution is formed This so turns blye upon the addition
of cone HCY

tiy Identily X

ui} Write down the compiete ¢lectronic configuration of X

*+++ ~dennfy the species responsible for the pink and blye
-olours, and name their shapes

f1v) What types of bonds are found in the pink species?

vy Why s the blue coloured species not formed when X is
ireated with dit HCI?

t+1) What can be observed when the blue solution is diluted
with water?

vt Give one medical use and one industrial use for X or its
compounds

(3 5 marks;

thy Catalysts are veny often used in chemical industry

"t Give three mstances where transition metals or their
compounds are used as catalysts
C learls indicate the catalysts used 1n each instance

tin Write down balanced chemical conanons for the
reachions catalysed by each . asin (1) above

v two ways in which cataly ceduce cost of

production

ﬂ;adern_n._l’nhliiher

ain why transition metals any they
ood catalysts for gas-phase v,

(35 :
. | .
identify the aqueous solutiong ;, "
.ould you iden : ‘ o
(c) H':";o;z\-.-ing groups by usm% only the methog rn;..::l
::zmiuncd against each group
) (NBH,), €O, solution
(NH,), S0, solution
Ba (OH), solution

(iv) Briefly exP!
pounds are g

By mixing Sﬂ|UIIum
pair-wise ang sy
dil HNO, as ne.

¢

g

(i) Zn {CH, COQ); solution
Ba (OH), solution
Na, CO, solution

B}f addiﬂg each LTI
dropwise 10 POy, -
the others )

i,

9. Answer all parts

(a) (i) Propose. giving only the essential chemyey Al
industrial process for the production of acen leng
limestone.

{ii) Give five factors you would consider hefor sy
such an industry

(iii)Considering your answer 10 “i)i above, do vy
that production of acetylene from limesion, |
industry suitable for Sri Lanka? Give reasons i .,
answer.

(iviHow. would you extend the process proposed |
above, to manufacture PVC. [poly (vinychloridey| .
only the essentiai chemical steps

(v} Give three adverse effects that the processes men .,
in(i}and (tv) above can have on the environmen

{7 5

tb). (i) When an agueous solution of Na,CO, s ttre! o)
dil. HCl using a mixture of phenolphthalei and meil
orange as indicator. the colour changes from the ini
reddish-orange to orange and then 1o red on furl
titration with dil. HCI Explain these colour change:
relation to the chemical changes taking place during |

titration. (Each indicator behaves independenthy ol 1l
tllhBl']

(11} An aqueous solution contains NaOI1 and Na,(0 vl
The concentration of Na

X0, in the solution s 1
mol dm?

CO, (g) is passed into 25.0 ¢cm' ol 1
solution containing phenolphthalein and methyl vrin:
together as indicators. until the colour changes I
rtddiSh'nmnﬂ-f 10 orange The solution 1s then tre

WIth 0.5 mol dm HC. until the end pointorange 11
s obtaineq.

The volume of HC) required is 28.0 ¢m®. Caleulute 1
concentration of NaOH i the original solution

(7.5 mars
10 Answer ajf parts,

fa (i) h-!cmion tWo source
trial Production of 5

() The reaction,
ZS“_,(g}

s of sulphur dioxide for the indu
ulphuric acid

O = 280 (g)
Y exothermig
Lising he Le ¢h

Mlng nflcmpcrnl
he TEACTIng

alehers Prinuplc. pr::dicl the |{|1II.|
Ure and pressure (high low) that "

A wer CEriace



(iif)*The conditions of temperature and pressure used in
industry to carry out the above reaction a both not in
keeping with the predictions based on the Le Chatelier's
orinciple.’ .

(wiSulphur and lead arc present in some petroleum fuels
Give one harmful effect of each of the
on (1) the combustion engine,

(1i) the environment

(9.0 mrarks)

vhi Suiphites are used as bléaching agents in the paper industry
Therefore the effluent water from a paper industry
contains SO and SO ions. It is necessary to deter-
mine the concentrations of these ions. so that they can
he removed before the water discharged from the
factory. A method to determine the concentrations of
these tons is given below,
A 10.0 cm? sample of the elMluent water was reacled
with 25.0 cm® of a 0.10 mol dm™ {, {in KI) solution.
30.0 cm?® of a 0:10 mol dm* Na 8,0, solution ‘was

required to react with the I, remaining afler the above

reaction. Another 10.0 cnv’ of the effluent water sample
was reacted with 25.0 cm?® of 0.10 mol dm? 1, (in KI}
olution. acidified with dil. HNO, and reacted with
excess aqueous BaCl, solution when a white precipitate
was abtained. The precipitate when washed and heated

to constant mass. had a mass of 0932 g. Caiculate the -

_cancentrations of SO and SOY in the effluent water.

(Ba=137 0. §=32.0. 0=16 O
(6.0 marks)

" 2
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