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A Periodic Table is provided on page 15.
Use of calculators is not allowed,

Universal gas constant, R = 8314 J K~ mol!
Avogadro constant, N 4 = 6022 x 102 mol™!

Im amswering this paper, you may represeni alkyl groups in 2 cordensed manaer.

}II H
Example: H—(C——C— may be shown as CH;CH,—

H H '

O PART A — Structured Essay (pages 2 - 8)

Answer all the questions on the question paper itself.

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

Q PART B and PART C — KEssay (pages 9 - 14)

Answer four questions selecting two questions from each part. Use the papers supplied for this purpose.
At the end of the time allotted for this paper, tie the answers to the three Parits A, B and T logether 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.

For Examiner’s Use Only

Part | Question Mo. Marks
! Fina! Mark
A 2 In Numbers
: | In Letters
5 B Code Numbers
B 6 Marking Examiner 1
t 7 Marking Examiner 2
8 ) | _éhecked by -
8 2 Supervised by !
10
Total
Percentage -

[ —
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|see page two

@

www.alpanthiya.lk



AL/2016/02-E-I1(A} L B -2- AL miiﬁu
r 1\
PART A — STRUCTURED ESSAY Donot | «%
Answer aii four questions on this paper itself. (Each question carries 1 marks.) write '?a-
— ~4in this
1. (@) You are provided with the following list of some p-block elements in the Periodic Table. | column. E
B C M O ¥ Ne )
Al 5i P ] Cl Ar g
From the list, 0.
—
(i) identify the non-metallic eiement that forms a homoatomic covalent lastice ©
of high hardness. e .
(i) identify the element that exhibits the widest range of oxidation states.
(iii} identify the element that has the highest first ionization energy.  .iiiines
(iv) identify the element that exhibits amphoteric properties.
(v) identify the element that has two gaseous aliotropes.
(vi) identify the element that is considered to be the strongest oxidizing agent.
{24 mavks)

—

S

N—C—N—N—TN

(i) Assuming that N—N bond lengths are approximately equai, draw the most accsptabie Lewis

structure for this molecule.

(ii) Draw three resonance structures for this molecule (excluding the structure drawn in part (i) above).

(iii) Based on the Lewis structure drawn in (i) above, state the following regarding the C and N

atoms given in the table below.

I. VSEPR pairs around the atom.
IIi. shape around the atom.
The nitrogen atoms of CN, are numbered as foliows:

N—C—N2—N—N*

(b) The following parts (i) to (v) are based on the molecule CN,. It has the following skeleton.

II. electron pair geometry around the atom.
IV. hybridization of the alom.

C N?

NJ.

i VSE?PE pairs

I1. |electron pair geometry

ill. | shape

IV. | hybridization

I
[see page three
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; (iv) In the Lewis structure drawn in part (i) above, incicate whether N2 or N® has the higher |write =X
electronegativity. Give reasons for your choice. [Numbering of atoms is as in part (iii).] in this <
' column. Sy
s =
........................................................................................................................... <
=
@
2.
—
(84]
(v) I[dentify the atomic/hybrid orbitals involved in the formation of the following o bonds in the ,
Lewis structure drawn in part (i) above. [Numbering of atoms is as in part (iii).] |
I, N—C LIS e , [ S véashs kvansausenstn i nannnns
. c—N? C. tarasn enraismesmminsnnesunannnssny | AN ixyarasinessamsssnnnnsin
V. N—N* N e sy I 2iid i vaesmeinadbns s s m i nbn
(5.€ marks)
(c) State whether the following siatements are true or faise. (Reasons are net required.)
() SF, and OF, are both stable molecules. L
(ii) Aithough the electron pair geometry of SiCl,, NCI; and SCI, is
tetrahedral, their bond angles are different.
(iii) The boiling point of Kr is greater than that of Xe. S
(iv) The solubility of group Il suiphates decreases down the group 100
primarily due to decrease in, hydration enthalpy of the cations.
(2.2 marks) |
2. (@) X and Y are s-block elementis of the Periodic Table. They react with water to form hydroxides. :
The hydroxide of X is more basic than that of ¥, The hydroxide of X is used in the manufacture i
of baby soap. The hydroxide of Y is commonty used to identify the gas Z that is one of the main !
gases responsible for global warming. !
(i) identify X and V. i
X ¥ |
!
(ii) Write the electronic configuraiions of X and V. i
X = !
v o= |
(iii) Write the colour of the flame given by salts of X and ¥ in the flame test. !
1
(iv) Indicate the reiative magnitudes of the following in respect of X and Y.
1. Atomic size [:] D
>
1. Density D > D
1I. Melting point |:| > D
IV. First ionization energy D S D
(v) Identify Z.
|
J

[see page four
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(vi) Using balanced chemical equations enly, indicate how the hydroxide of ¥ could be used to |write
identify Z. in this
MNote: Indicale precipitates, if any, using “|" and colours of precipitates/solutions used in the column.
identification.
(vii) A natural source of Y in which it is present as a carbonate is used as a raw materia! in the
manufacture of a disinfectant.
1. Name the natural SOUFCE. .....coiviiiinniniiiiiinnnnnen,
L Identify the disinfeCIanl. .o et e e et e ea e e
III. Write the steps in the manufacturing process of the disinfectant, using balanced chemical
equations only.
(5.2 marks)
(b} (i) Complete the reaciions given below by selecting the appropriate solution fiom the given list
and writing in the box.
List of solutions (not in order)
Na,§,0,(aq), AgNOs(aq), K,SO,(aqg), (NH),CO,(aq), BaCl,(aq), Kl(aq)
Mote: A solution should be used omly once.
I. BaCl(aq) + —— A (White precipitate that dissolves in dil. ECI
to give a ciear solution)
iI.  Pb(NG;),(aq) + ———3 B (Yellow precipitate that dissolves in hot water)
HI.  AgNO(aq) + ——>» C (White precipitate that turns black on standing)
iv. K,S0,q + ——» [ (While precipitate that dissolves in dil. HCI)
, V. NaBr{aq) + —— E (Pale yellow precipitate that dissolves
i completely in conc. ammonia)
VL. Ba(NO,),(aq) + —— F (White precipitate that does met dissolve
in dil, HCl)
(ii) Write the chemical formulae of the precipitates A to F.
B e B e iiiecins s eien sy e R et e F A
C D riiieciinnsieeninansnsiieaeaiinaaeren sanssasnannsnrss
B iiiiienivesiieniniiasnnntesssevans s1ian sasnasonsains B inviiiiicarinrasaneosins unenssmasinsmns vkines b is pesras
(iii) Write balanced chemica! equations for the dissolution of precipitates A, I¥ and E in (b)(i) above.
|
.............................................................................................................. i

N—

&R

@

[see page five
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3. (a) When 0.0!0 moles of gas A is placed in a 1.0 dm® evacuated closed rigid container in the presence |write
of a small amount of a solid catalyst, at 227 °C, it decomposes as shown below, in this
AR —— B + C@ column
The concentration of A(g) was measured over lime. The results are shown in the following graph.
[A}/mol dm™?
0.01 . - E S B S O TN
d\\i SREEE IRRERNENEEN
ﬂﬂﬂﬁ#' RN T
' ‘;]'_‘?\____ :
: AR BN RN .
0.006}--++- w el pid -
HH N
0.004 - - —Tk T
BERaERRERRERESN B Gaunadunl
T T BTN
0,002+ 1 S
0 s00 1 i500 2000 (ime/s
(i) Taking the order and the rate constant of the reaction as a and k, respectively, write the rate
expression for the above reaction.
(ii) Giving reasons, determine the value of a.
(iii) Calculate the rate constant, k at 227 °C.
(iv) Calcuiate the pressure in the container when half the initial amount of A(g) has decomposed.
Assume that the volume of the catalyst can be neglected.
L (6.0 marks) y

|see page six
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{b) In the presence of a soiid cataiyst, the gas X decomposes according to the following chemicai |,
equation. in this
X(g) —3T— 2¥(@) + Zg) column.
1.0 mole of gas X was introduced to an evacuated contairer. The initial volume of the gas was
measured (0 be V. The reaction was initiated by introducing & small amount of catalyst (volume is
negligible). The rate constant of the catalysed reaction is &, and order of the reaction with respect
to X is b. The initiai rate of the reaction was measured as K. The pressure of the system was
maintained al a constant value by ailowing the container to expand. The temperature of the system
was also maintained at a constant value,
(i) Write an expression for R, using the terms b, k, and V.
(i) It was observed thai the rate of the reaction was 0.25R,; and the volume of the container was
doubled when 50% of X(g) was consumed. Calculate the order b of the reaction.
! |
£
o !
........................................................................................................................... |
el
A ; ‘ 100

(4.0 marks)

A

|see page seven
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AL

isomerism. When E and I were treated with HBr, G and B were respectively obtained. Only G |
exhibited optical isomerism. Draw the structures of A, B, C, 3, E, F, G and H in the boxes |
given below. (It is mot mecessary to draw stereoisomeric forms.)

i

o

&

Do not }

4. (@) () A, B, C and D are structural isomers with the molecular formula C,H, 0. All four isomers |write |
reacted with metaliic sodium to evolve H, gas. Of the four isomers, only A exhibited optical |ir this
isomerism. When B, C and I were added separately to conc. HCI, containing ZnCl,, the mixture
containing B became turbid very rapidly. The deveiopment of turbidity with C and I? was very
slow. When € and D were heated with conc. H,SO,, £ and IF were respectively obtained. E and
¥ are structurai isomers with the molecular formuia C,Hg. Neither E nor ¥ exhibited geometric |

column.

|

:- |
= |

A B C

I I
D E F
[ |

4 e

G H (4.0 marks)

(ii) When A and C were reacted with PCC, I and J were respectively obtained. Draw the structures

of I and J in the boxes given below. (PCC = Pyridinium chlorochromate)

-

I

reactions in the relevant boxes given on page 8.

J

(1.8 mark)
(b) Draw the structure of the major organic products ¥, L, M, N, @, P, @, R, S and T of the following

- HBr - ®©2,4-DNP
= > ]  reE———
(i) CH,CH=CH, o K () CHCHO o
OH
(iii) CgHN3CI™ B (iv) C.H.COC! i N
L i E —_—
iii) CgHsNy NaOH L 65
0-5°C
conc. HNO, . Zn| Hg .
F :- i L —’ s
M CHLOH g0, ~ © V) CH,COCH; — e ACT
Ag(NH,);OH™ NaNH,
(vii) CH,CHO > Q (vii) CH,C=CH ——— R
H, | Pd ) Br,
(ix) CH,C=CCH, > § (x) CHOH T
T T E— S

— >
[see page eight
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D write
in this
column.
H K L M
< |
H] i . _mj
N G P
\ Q R S
|
(3.0 marks)
(c) Write the mechanism for the reaction between C,H . CH==CHC,H, and Bry(CCl,)).
: 1]
5 i
§
(2.6 marks)

§

R

@

"
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# Universal gas constant R = 8314 ] K™ mol™
# Avogadro constant N, = 6022 x 102 mol™!

PART B — ESSAY
Answer swo questions only. (Each question carries 15 marks.)

i
5. (a) The procedure given below was followed to determine the partition coefficient, K, of butanedioic acidg

(BDA, HOOCCH,CH,COOH) between ether and water at 25 °C.

Initially, 20 g of solid BDA was shaken well with a mixture of approximate volumes of 100 cm?® of ether and

100 cm? of water in a reagent bottle and the layers were allowed to separate. At this stage, some undissolved
BDA was seen remaining at the bottom of the reagent bottle. Thereafter, 2 50.00 cm® volume of ether iayer
and a 25.00 cm® volume of water layer were titrated with 0.05 mol dm™ NaOH solution. The volumes
taken from the ether and water layers required 4.80 cm® and 16.00 cm® of the NaCH solution respectively.

(i) Caiculate the partition coefficient, K, for the distribution of bulanedioic acid beiween ether and |
water at 25 °C. |

(i) Calculate the solubility of butanedioic acid in ether, given that the solubility of this acid in water
is 8.0 g dm™. (45 marks)

(b) Consider the following reactions. Thermodynamic data supplied are not for the standard state.
AH/KJ mol”'  AS/iK' mol™
C(s) + H,0(g) — CO(R) + Hy(p) 130 140
CO,(g) + Hy(g) — COCg) + H,0(p) 40 50
(i) Calculate AH and AS for the reaction 2CO(g) —» C(s) + CO,(g). State giving reasons whether the sign
of AS agrees with the reaction taking place.
(ii) By means of a suitable calculation, predict whether the reaction given in part (i) above is spontaneous

at 27 °C. (4.8 marks)

(c) An excess amount of C(s) and 0.15 mol of CO,(g) were placed in a closed rigid 2.0 dm? container and the
system was ailowed 1o reach equilibrium at a temperature of 689 °C. Once the equilibrium was achieved,
the pressure in the container was found to be 8.0 x 10° Pa. (Take RT = 8000 J mol™ at 689 °C)

(i) Write an expression for the equilibrium constant, K for the reaction C(s) + CO,(g) == 2CO(g).
(ii) Calculate KP and K_ at 689 °C.

(ifi) In another experiment, the container described above contains an excess of C(s) together with CO(g)
and CO,(g) at 689 °C. The initial partial pressure of each gas is 2.0 x 10° Pa. Explain, with the aid

of a calculation, the change in partial pressure of CO,(g) when the system reaches equilibrium.

(7.8 marks)

7

[see page ten
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6. (@) A 0.10 mol dm™ solution of a weak acid, HA was prepared by diluting an appropriate amount of the
pure weak acid to 25.00 cm® with distilled water in a volumetric flask at 25 °C. The pH of this solution
was 3.0.

(1) Considering the equation, HA(ag) + H,0(l) &= H,0%(aq) + A(aq), calculate the dissociation constant,
K, of the weak acid.

(ii) A dilute solution of this weak acid, A was titrated with a strong base, BOH. it was found that the pH
of the titration mixture after reaching the equivalence point was 9.0. Calculate the concentration of the
salt, AB in the titration mixture, (K, = 1.0 x 10" mol® dm™® at 25 °C)

(iiiy The above titration mixture was diluted hundred times by adding distilled water. Calculate the pH of the !

diluted titration mixture. {
n mixure (5‘0 nmrk:) !

(k) AgBr(s) is a pa!c-yc‘f';:}w coloured salt sparingly soluble in water.
fts solubility product, K is 5.6 x 10" mol? dm™® at 25 °C.

(i) Calculate the concentration of Ag*(ag) in a saturated solution of Ag3r in equilibrium with solid AgBr
at 25 °C.

(i) Solid AgBr together with 100.0 cm® of the solution described in part (i) above were placed in a
beaker. A volume of 1000 cm® of distilled water was added to the beaker and the mixture was
stirred well until the equilibrium is reached. At this stage, some solid AgBr was still left at the
bottorn of the beaker. What could be the concentration of Ag*(ag) in this solution? Explain your
answer,

(iif) Using a suitable calculation, predict the observation expected when 10.0 cm? of a 1.5 x 10 mol dm™

AgNO, solution and 5.0 cm? of a 6.0 x 10" mol dm™ NaBr solution are mixed at 25 °C.
(5.0 marks)

(c) (i) The pressure of the vapour phase in equilibrium with an ideal binary solution is P. The liquid phase
mole fractions of the two components are X, and X,, and their respective saturated vapour pressures
are ,F’l""I and ch. Show that

0]
| ,‘.»l=_‘°:_-‘_’z__‘
0 0

K -p

(ii) The pressure of the vapour phase in equilibrium with a binary solution containing methanol and
ethanol is 4.5 x 10% Pa at 50 °C. At this temperature the saturated vapour pressures of methanol and
ethanol are 5.5 x 10* Pa and 3.0 x 10* Pa respectively. Consider that the solutions behave ideally.

I. Calculate the mole fractions of methanol and ethanol in the liquid phase.

II. Calculate the mole fractions of methanol and ethanol in the vapour phase.

(iif) Based on the above calculations and given information, draw the vapour pressure - composiiion diagram

of the methanol - ethano! mixture at 50 °C. Consider that the solutions behave ideally.
(5.0 marks)

{ 7. (a) Using only the chemicals given in the list, show how you would carry out the following conversion.
i

R

>
@

< ﬁ OH List of chemicals
CH,— —CH.,A--CGH,——(!—CEC—C&H:E H,0, alcoholic KOH, Br, Conc. H,SO,,
éﬁj NaBH,, C,HMgBr/dry ether |
Your conversicn should not exceed 9§ sleps.
| (8.0 merks)
i

§
"

[see page eleven
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(b) identify R, — R, and X| - X, in order to complete the following reaction scheme. é
@
>
B s
H, w
> X X, =
©
SE— gﬂ
—
<
R, é
. [~ |
RG
CH,—C—O0—CH,
NaBH, '
X, >
H—CgH,
( N On
(7.0 marks)
(¢) (i) Give the mechanism for the following reaction.
1:}1, CH,
CH3-—([T—Br +OH® — CH,- -(!—OH + B
CH, CH,
A B

(ii) The reaction of A with NaOH, gives in addition to B another product C. Give the structure of C.

(2.2 marks)

PART C — ESSAY
Answer two questions only. (Each gquestion carries 15 marks.)

8. (a) The compound A (A = MX,, M = a transition element that belongs to the 3d-block, X = ligands of the |
same (ype) when ireated with excess dilute NaOH followed by H,0, gives a compound B. When an aqueous |
solution of B is acidified with dil. H,SO, compound C is produced. C when reacted with NH,CI gives |
compound I as one of the products. Heating solid I gives a blue coloured compound E, water vapour |
and an inert diatomic gas F. Ca metal when burnt in gas ¥ gives a white solid G. The reaction of G with i
water liberates a gas H. This gas forms white fumes with HCI gas. The metal Na reacts with liquid H to |
give a colourless diatomic gas T as one of the products. When an aqueous solution of A is treated with
excess Na,CO,, a coloured precipitate is formed. The precipitate is filtered and the filtrate is acidified with }

dil HNO,. Addition of AgNO,(aq) to this solution gives a white precipitate which is soluble in dilute NH,OH.
(i) Identfy A, B, C, D, E, F, G, H and 1.

(iiy What will you observe when a solution containing € is treated with dil. NaOH? Give the balanced !
chemical equation relevant to this observation.

[see page twelve
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(6) An aqueous solution T contains three metal ions. The following experiments were carried out to identify
these metal ions.

Experiment Observation

1. T was acidified with dilute HCI, and H,S was bubbled through | A black precipitate @, was formed.
the clear solution obtained.

S —_— [5 SPP ey

2. Q, was removed by filtration. The Fltrac was hoiled till all | A clear solution was obtained.
the H,S was removed. The solution was cooled, and NH,Cl
and NHdOH were added.

H,S was bubbied through the solution. A black precipitate Q, was formed.

3. @, was removed by filtration. The filtrate was boiled till all | A white precipitate Q, was formed.
the st was removed, and a solution of (NH4)1C03 was added.

Experiments for precipitates Q,, Q, and Q,.

Fom o e oemmem— = S S — S

Expertment Observation
1. Q, was dissolved in hot dilute HNO,. After cooling, the | A precipitate and a brown solution
soiution was neutralized and KI was added. were formed.

2. @@, was dissolved in warm dilute HCI. The solution was cooled, | A green precipitate was formed.
and dilute NH,OH was added.

More dilute NH,OH was added to this mixture. The green precipitate  dissolved
giving a deep blue solution.

3. @, was dissolved in conc. HCI and the solution was subjected | A green flame was obtained.
to the flame test.

(i) Identify the three metal ions in solution T. (Reascrns are not required.)
(ii) Write the chemical formulae of the precipitates Q.. Q,, and Q,.

S

(5.0 marks)

{¢) The following procedure was used to determine the concentration of AP* jons in solution U.
Excess 8-hydroxyquinoline (commonly known as oxine, @ , C,H,0N) was added to 25.0 cm? of solution
"

U at pH = 5 to precipitate AP ions as aluminium oxinate, AKC,H,ON),. The precipitate was ﬁltcrcd
washed with distilled water and dissolved in warm dilute HCI containing excess KBr. Thereafter, 25.0 cm® of
0.025 mol dm™ KBrO, was added to this solution. The reactions taking place in the above procedure are as follows:

AP*(ag) +3 —— AKC,HON), | + 3H'(aq)

ACHON®) —SLHC ARG + 3 (O1O)
0 &

KBrO, is a primary standard for the generation of Br, in acidic medium.

BrO3(aq) + 5Br (aq) + 6H*(aq) — 3 Bry(aq) + 3H,0()

Br
+ 2Brfaq) ——> ?:’C? + 2HBr(ag)
OH' Bt on

The excess Br, is reacted with KI to give I3. Then Iy was titrated with 9.05 mol dm3 Na,S,0, using
starch as the :rd:cator The voiume of Na,$,0, required to reach the end point was 15.00 em’.

Calculate the concentration of AP* in soiution U in mg dm™. (Al = 27)
(5.0 marks)

3

>

[see page thirteen
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9. (a) A flow chart drawn by a final year university student to establish a chemical industry in the future in

™

Sri Lanka is given below.
The following symbols are used to represent natural raw materials, manufacturing processes and products.

Natural raw material Manufacturing process fEPE Product

a salt (to iower the melting
point of P)

P,

is used to produce a halogen that exists as a liquid al room temperature.
is used as a bleaching agent/strong oxidizing agent.

P, is used daily to maintain good hygiene.

(i) Identify the two natural raw materials R, and R,.

(i) Identify the four manufacturing. processes M, M,, M, and M, {e.g. manufacture of ammonia or
Haber process)

(iti) Identify the products P, to P,
(iv) Briefly describe the steps involved in processes M, and M,. (diagrams of equipment not required.) |
(v) Draw and label the equipment used in the process B, !

P,

(vi) Identify the salt used in the process BA,.

(vii) Give one use for each of P, P, and P,
(7.5 marks)

(b) Answer these questions using the list given below,
CO,, CH,, volatile hydrocarbons, NO, NO,, N,0, NOj, S0,, H,S, CFC, CaCO,,
liquid petroleum and coal
(i) Identify twe gaseous species that are responsible for acid rain and briefly explain, with the aid of
balanced chemical equations, how these species cause acid rain.
(ii) Acid rain has harmiu! effects on the environment. Briefly discuss this statement
(i) Identify three species that are emitted to the environment due to the burning of fossil fuel, along
with one adverse environmental issue for each.
(iv) “The existence of trace amounts of industrial synthetic species in the atmosphere can cause adverse
environmental issues.” Explain this statement using CFC as an example.
(v) Identify five greenhouse gases and state a human activity by which each of these gases enters the
atmosphere.
(vi) Briefly explain using balanced chemical equations, how a natural substance (sclect from the list)
can be used to remove acidic gases cmitted during the buming of fossil fuel.
(1.5 marks)

o

>
@

d
[see page fourteen
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9. (a) X,Y and Z are coordination compounds. They have an octahedral geometry. The atomic composition of the species
in the coordination sphere (i.e. metal ion and the ligands coordinated to it) in X, Y and Z are FeH, CNO,S,
FeH,C,N,0,S, and FeH C,N,0,S, respectively. The oxidation state of the metal ion in all three compounds is
the same. In each compound, fwo types of ligands are coordinated to the metal ion. If these compounds contain
mon-goordinated anions, they are of the same iype.

An aqueocus solution § comains X, ¥ and Z in the molar ratio 1:1:1. The concentration of eackh
compound in solution § is 0.10 mo! dm™. When excess AgNO, solution was added to 100.0 cm? of 8,
a yellow precipitate was formed. The precipitate was washed with water and oven dried to a constant

&

o

mass. The mass of the precipitate was 7.05 g. This precipitate does not dissolve in conc. NH,OH.

i,

{Relative molecular mass of the chemical compound in the yellow precipitate = 235)

(i} Identify ihe ligands coordinated to the metal ions in ¥, ¥V and Z.
(if) Write the chemical formula of the yellow precipitate.
(iii) Giving reasons, determine the structures of ¥, Y and Z.
(iv) Given below is the structure of ethylenediamine (en)
H,N—CH,—CH,—NH,
Ethylenediamine coordinates to the metal ion MP* through the two nitrogen atoms, to form the
I complex ion @ (i.e. metal ion and ligands coordinated to it). ¢ has an octahedral geometry.

Write the structural formula of  and draw its structure.

Mote: Consider that only cthy'enediamine is coordinated to the metal ion. Use the abbreviation ‘er’

to denote ethylenediamine in your structural formula.
(7.5 marks)

(b) You are provided with the following.
o 1.0 mol dm™ aqueous solutions of AKNG;),, Cu(NO,),
e Al, Cu and Fe metal rods
e Chemicals required to use in sait bridges
¢ Conducting wires and beakers
in addition to the above, the following data is also provided.

and Fe(NO,),

E,. ,=-044V, ELM =-1.66V, Egu2+ =+034V
(. :

Al Cu

(i) Diagram the three electrochemical cells that can be constructed using the above materials. Indicate
the anode and cathode along with their signs in each cell.

(ii) For each electrochemical cell drawn in part (i) above

I. give the cell notation.

I II. determine E°

L. give halanceflcll;hﬁmical equations with physical states for the electrode reactions. ;

(iii) Giving reasons, explain which of the following compounds is/are appropriate to use in salt bridges.
NaOH, NaNO,, acetic acid

(iv) Consider the electrochemical cell which shows the highest Efe" initially. Assume that this electrochemicai

cel! has been constructed using equal volumes of the relevant solutions in each compartment and
their volumes do not change during the experiment.

The two electrodes of this cell were connected using a conducting wire and after some time, the
concentration of metal ions in the anode compartment was found to be C mol dm™. Express the %
concentration of metal ions in the cathode compartment in terms of C.

(7.5 marks)

’

[see page‘ ﬁﬁeen
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The Periodic Table
| 2
1 | H He
3 4 516 |7 |8 19 |10
2 | Li| Be B|C|N|OQO|F |Ne
Im | 12 13 {14 |15 |16 [i7 |18
3 | Ma| Mg Al 1S P |8 1T |Ar
1912021 (22123 |24 2526 (27 |28 |29 (30 |31 (3233 (34 35|36
4 |K|Ca|8 |Ti| V |Cr |Mn|Fe|Col|Ni|Cu|Zn |Ga|Ge|As [Se |Br |Kr
3713813940 | 41 |42 {43 [ 44 145 46 |47 |48 [49 |50 |51 {52 |53 |54
5 |Ro|Sr| Y | Zr |Nb|Mo|Te |Ru|Rh |Pd |Ag |Cd |In [Sa |Shb |[Te | I |Xe
55|56 [La-| 72 | 73 |74 (75|76 |77 78 |79 |80 |81 |82 |83 |84 |85 |86
6 Cs|Ba|Lu | HE | Ta W |Re | Os|Ir |Pt Av Hg [TI |Pb |Bi |Po | Al |RBo
87 | 88 | Ac-| 104 | 105|106 | 107 {108 | 109 | 110 | 111 [ 112 | 113
7 | Fr|Ra|Lr|Rf|Db|Sg |Bh |Hs |kt |Uun|Uuu |Uub | Uut |
(57|58 |59 [6c 61 [62 6364 [65 |66 |67 68 |69 [70 |71
La |Ce | Pr |Nd |Pm |Sm |Eu |Gd |Th |Dy |Ho | Er [Tm ¥b |Lu
8919 91 |92 193 (94195 (96|97 |98 |99 |100 |101 {102 |iC3
Ac |Th |Pa [ U [Np |Pa |Am (Cm |Bk | Cf |Es |Fm |Md |No |Lr
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