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CJC/2009/P3/Q3(d)
(d) No. of mols of Ag added = 0.50 / 108 = 4.63 x 107

CQuantity of charge = (4.63 x 11]':"} * 96500 =447 C
Time taken = 447 /0.2 = 2230 5 = 37 2 min

DHS/2009/P2/Q3

(a) Write equations for the reactions which take place for the fuel cell.

Anode: CH3OH (1) + H20 (I) = COs (g) +6 H* (aq) + Ge-
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Cathode: O2(g) + 4H" (aqg) + 4e = 2H0 ()

Overall: 2 CH3OH (1) + 302 (g) = 2 CO2 (g) + 4H20 (1)

(b) Write the cell diagram.
Pt(s) | CHaOH(l) | CO2(g) I H* (aqg) | O2(g) | H20(1) 1 Pt(s)
(c) Give an advantage of the fuel cell with methanol as a fuel.

There is no carbon or CO formed in the fuel cell. Or No poisonous gases
evolved.

HC1/2009/P2/Q6(c)
(i)

mass of chromium :1 xwx H20=14%5g

96500

(ii) As the Cr*(aq) ions are discharged at the cathode, they are replenished by
reduction of Cr047(aq) ions at the cathode.

CrOs"(ag) + 8H%(ag) + 3e — Cr'(ag) + 4H0()

1JC/2009/P2/Q1(c)

(i) Write the equation at the respective electrodes:

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

{ii) Calculate the e.m.f of the cell.
Eoy = *0-24-(-0.44)
= Y83 v

(iii) State and explain the effect of the E®. of the reaction on adding aqueous
potassium hydroxide to the CO./ H,C;0, half-cell.

When koW @dr i addecl +o the Cou/HaCa0e haif-tel), [Ht] decceases,

Hent?, tine gauilibrmuen 20 + 2HY + 2¢ & HLG0s  shif+s to the

) & -
Since  Elen ® Bantuy = Ercopn,tavnd |, E¥reil  imcremses.

----------------------------------------------------------------------------------------------------------------------------
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(iv)
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Explain why it is not possible to use E® value reliably to determine if a reaction
will oceour.

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

7 1JC/2009/P3/Q1(d)-(e)

A}

fe)

From Do Booklet,  Hud, + 2H* + 2¢ = 2M0 ¥ = #.77V
. E°m| = 4077 —(+0.20) = + 0.3V  (Reactipym 15 feas ble)
Ot el akionn & CaMaO¢Y + 2HLO — 2HCO,™ + 200, + 6HY + bp
Reduction:  Hudz + 2ZHY + 28 = 2Hy0
Balare ed cimim: CqHaO + 3H30, — 2H{0 + 2640, + 4H 0
From Datd Buokle+ - Zat v 20 = 2n g*=-0.76 Vv

v 4 e = y* E®: -0V

0,4+ 44 + 4p = 20,0 EP= #1223V

. .
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8 1JC/2009/P3/Q3(d)

Wy (i

(it}

Anode © H, 4 20H” = 1Mo + 2&

Cotmod€: 0, + 2,0 + 4p —» 424"

Q= Tk = 10 224 % 0% 60)
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|'|"1-_i,*n¢ = —; * 10,53 2 B 38E panl

Lowvelueg af Hy T 5. 245 = 24
= 126 dm?
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9 JJC/2009/P2/Q4(b)

(b) (i)

(i)

Anode Zn — Zn?* + 2e [1]

Cathode 2MnQ; + 2H" + 2e — Mn;0; + H,0 [1]

E°.a1 = E-(MNOy Mn,0s) — (-0.76) = 1.5

E°(MNOy Mnz02) = 0.74V  [1]

10 JJC/2009/P3/Q5(a)-(b)

5 (@ O NO MARKS for (a) if battery is included in the diagram.
o\
[1] for EACH half cell V)
drawn and labelled L R p
correctly. = #— H(g) at 25°C,
Fe(s) — salt bridge 1 atm
-3
— — 1 mol dm
1 mol dm™ Fe'{aq), | [ T Hiag), 25°C
15°C B
|__]|:|—— Pt electrode coated with
— _ || finely divided Pt
(i) Eew=+1.77 — (+0.77) = +1.00 V (energetically feasible) [1]
H;0; + 2H" + 2Fe® — 2Fe™ + 2H,0 [1]
(b) () [Fe™]=1mol dm> 1]
(i) Kep=IFe®1IQHT 1]
(i) K= [Fe”][OHT

[OH]=7.75 % 10® mol dm™ [1]

pOH = 7.11
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pH = x = 6.89 [1]

5. (b) (iv) With pH >x, [OH]>7.75 x 107 mol dm™ and [Fe®] concentration
will decrease.

equilibrium position of Fe’* + 2¢~ o Fe shiftsﬂleft. favouring the
oxidation process and leading to a decreasing E{Fe~"/Fe). [1]

(e) (i) To reduce any Fe** present in tea leaves to Fe®* [1]

(i) Amt of Fe™ in 10 cm® solution = Error! Objects cannot be created
from editing field codes. = 1.34 x 10~ mol M

Amt of Fe** in 100 em” solution = 1.34 x 107 x 10 = 1.34 x 10~ mol

Mass of iron (per gram of dry tea leaves) = Error! Objects cannot be
created from editing field codes.

=1.50%x10"%g [1]
11 MI/2009/P2/Q1

(@) Write a balanced equation that shows the reaction that occurs as the cell discharges.
[1]
2Ni(OH)s(s) + Cdy(s) === 2Ni(OH)z(s) + Cd{OH)z(s) ;

{(b) Using the information given above and the Data Booklet, can a nicad battery be used
to drive the electrolytic decomposition of molten MgCl. into Mg metal and Cl; gas, i.e.

MgCia(/) — Mg(s) + Cl(g)? [3]
E's =049-(-0.81) E® e =—2.38 +(~1.36) i
=+1.30V =_374V "

{c) If the nicad battery can deliver 014 for 12 hours, what is the mass of Mg can be

produced from MgClz by electrolysis? 2]

Mg™{/) + 2e — Mg(s)

Q=It
=0.1x12x 60 =60 ]
=4320C
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4320
Amount of electrons =
96500 4
=0.04477 mol
Amount of Mg=0.04477 = 2
d 4
=0.02238 mol
Mass of Mg =0.02238 =243
ey k|
=0.544q

{d) The voltage delivered by a nicad battery does not change significantly as the battery
discharges. Briefly explain why this is frue. [1]

in the above equilibrium, all the substances present are in solid state and
concentration of solids are considered to be constant, hence the equilibrium

position of the half cells in the battery do not change as the battery discharges
and use up the solid reactants, i.e. E®, remains the same.

12 MJC/2009/P2/Q3(a)

[Co(HO) + & =—[Co(H:0)* Ef=+182V

In water, the highly positive E” indicates that Co™ is unstable with
respect to Co®" and should be spontaneously reduced to Co®

[Co(Ca04)a]" (aq) + &~ == [Co(C204)s]" (ag) EE=+057V

In the presence of Cz0s™ ligands, the reduction potential decreases
significantly to E° [Co(C204)]” / [Co(C204)]"=+0.57 meaning that
2045 ligand stabilises the +3 oxidation state of Co with respect to the
+2 oxidation state

Conclusion

[C:::-[Cz[h}ls]f" is less readily reduced compared to Co™, rendering
[ColC204)a]" less oxidising.

13 MJC/2009/P3/Q2(b)

(bi) EcellforRxn1 = 0.36V

EcellforRxn 2 =0.30 V
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EPcell for Reaction I = E°cell for Reaction IT, hence reaction I is more feasible. The
decomposition will follow that of Reaction 1.

(ii) Reagent-HCIOs or KC/Os or NaCiOseg

14 NYJC/2009/P2/Q1(a)

(i) Write a balanced equation for the disproportionation reaction.
2NOz + Ha0 » HNOz + NOy~ + H

(ii) Use the data below and any other relevant data in the Data Booklet to
determine if this disproportionation reaction would actually occur under
standard conditions

NO, + H® + e HNO- Ef = +110V

NO, + H® + e HMNO- E® = #1710V

NOs  + 2H® + e NO2: + H20 E° = +081V
2NO2> + HoO  — HNO2 + NOQa + H'

E¥cell = (#1.10) - (+0.81) = +29V

Hence disproportionation is favourable

15 NYJC/2009/P2/Q2(b)-(c)

(i) Copper corrodes in moist air to first give a thin layer of copper(ll) oxide
and this process happens much more slowly than the rusting of iron to
form the iron(lll) oxides. With the use of relevant data from the Data
Booklet, explain this difference.
¢« Cu™+2ef Cu E°=+034V
e Fe™+3ef Fe E'=-004V
e 0.+2H.0+4e f 40H E*=+040V (MOIST AIR)

e Oz +2H,0+2Cu 2> 40H +2Cu™

E®.e = +0.40 — (+0.34) = + 0.06V (close to 0) (feasible)
» 30,+6H,0+4Fe 2 120H +4 Fe™’

E®.oi = +0.40 — (-0.04) = +0.44V > 0 (feasible)

* E co for the oxidation of Fe is much more positive than that for the
oxidation of Cu, hence more spontaneous.



(ii)

(iii)

(i)
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Another possible oxidation state that copper can have 1s +1, such as in
copper(l) sulphate, Cu-504. When this sulphate i1s added to water, blue
solution of copper(ll) sulphate and pink deposit of copper metal forms.
Write a balanced equation for this process and using relevant data from
the Data Boolklet, show that this reaction is feasible.

2Cu" = Cu+cu”

Cu"+e f Cu +052V
Cu™+e f Cut +015V

E®=+0.52—(+0.15) =+ 0.37 V = 0 (feasible)

A copper metal plate was dipped into an aqueous solution of
1.0 mol dm™ copper(ll) sulphate solution and this half-cell was
connected via a salt bridge, to the following half-cell,

2C02+ 2H "+ 2e  H2Ca20a

The overall cell e.m.f was found to be +0.83 V and the size of the
copper plate increased after some time.

Give the cell notation and hence, calculate the reduction potential, E®
(CO2/ HaCo04)

The size of Cu increased shows that Cu®*ions is reduced to Cu. Hence
oxidation must be occurring at the other CO; half-cell.

Pt (s) | HaC20x (ag) . CO2(g) || Cu® (aq) | Cu (s)

E*=E%&-E%
+0.83 = +0.34 - EY,
E% =-0.49V=E®(CO:/H:C:04)

Write balanced half-equations, with state symbols, for the reactions at
the anode and the cathode.

Cathode: Cu™(aq) + 2e = Cu(s)

Anode:  Cu(s) = Cu™(aq) + 2e
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(ii) Calculate the current used during electrolysis.
Q =nzF = (0.04/63.5)(2)(96500) = 1216 C
I=Q/t= 1216/7(20x 60)=0.101 A

(iii)  Itis not always possible to accurately predict the electrode reactions that
occur during electrolysis. Suggest a reason for this.

Electrolysis may not occur at standard conditions. OR
Rate of reaction may be too slow. OR

The reaction has a high activation energy.

16 PJC/2009/P2/Q3(a)

3(a)i) 2Fe™(aq) + 2I(aq) — 2Fe™(aq) + l,(aq);
E'a=+076+(-054)V
=+022V
The reaction is energetically feasible and produces l;{ag) which forms |;7(ag) — the brown

solution.

(i) Fe*(aq) + BF (aq) — [FeFs]™
Ligand exchange takes place. F~ ligands replace water ligands in the iron(ll) complex
ion.
The [FeFs]*(aq) ion then reduces the brown iodine to colourless iodide. Thus the
brown colour fades.

lo(aq) + 2[FeF:]*"(aq) — 2I7(aq) + 2[FeF:]*(aq);
Ef.., = +054 +(-040)V =+0.14 V

17 PJC/2009/P3/Q2

2(a)(i) Atthe cathode,

Due to the high negative reduction potential of Na*, H.O is preferentially discharged,
producing H2 and NaOH which turns litmus blue at region Y.

At the anode,

Although the oxidation of water is more favourable based on the oxidation potential, Cf is
discharged in preference due to its high concentration, thus liberating C/; at the anode.

Region X becomes red initially due to formation of HC/ and eventually becomes white
due to the bleaching action of HOC/.
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(ii) 3CkL + 6NaOH — NaCl/O. + 6NaCl + 3H.0

Chlorine is produced at the anode while the [OHT] in the electrolyte will increase as the
electrolysis proceeds. As a result, Cl; will react with the OH’ in the electrolyte to produce
NaClOs.

(iii) Q= 1.8 x 10° C (hence amt of electrons = 1.865 mol)

Since 2CI — Ch + 2e and
3CL + 6Ma0OH — NaClQs + 8NaCl + 3H,0

n(e’) = ¥n(Ch) = 1/3 n(NaClOs)

Hence n{NaC/O;) = 0.3109 mol
[NaC/Os] = 0.3109 / 2 = 0.155 mol dm™

18 RI/2009/P3/Q3(c)-(d)

(e)(i) Reaction at electrode A
VO, (aqg) + 2H*(aq) + e — VO™ (aq) + H:0 ()
Reaction at electrode B:
V¥ (ag)—s V¥ (ag) + &
E=.i= 1.00 — (-0.26) = +1.26V

(iiy Electrode A is the positive slectrode as electrons are consumed in the reaction due to
reduction of VO,' to VO

(iii) To increase the total surface area of the electrodes so that the reactions at the electrodes
proceed rapidly.

(iv)  As the reaction proceeds, the electrolyte in tank A becomes increasingly negative (due to

consumption of H”) while the electrolyte in tank B becomes increasingly positive (due to a
more highly positively charged ion being formed).

The membrane allows selective ions to pass through (eg H' to migrate via membrane from
tanks B to A) to maintain electrical neutrality.
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(v} Spent electrolyte may be replaced by fresh electrolyte so that the battery does not run out of
power.
(Other acceptable answers: Storage of chemicals in conventional battery lead to loss of power/
environment aspect due to battery being thrown away etc.)

(d) VO;'(aq) + 2H'(aq) + & — VO™ (aq) + Hz0 (1)
Change in amount of YO, required = {0.90-0.10) x 3 x 2.00 mol = 4.50 mol
Amount of electrons needed = 4.80 mol i
Quantity of electricity required = 4.80 x 96500 C = 4.632 x 10°C

Time required = %s - w+ 3600h = 10.7 h

19 SAJC/2009/P2/Q5

(a) (i) Electrode A: Pb(s) = Pb¥(aq) + 2e
Electrode B: Pb™*(aq) + 2e = Pb(s)
Electrode C: 2Br{aq) & Briag) + 2e

Electrode D: 2H.0(f) + 2e = Hi(g) + 20H<(aq)
or 2H(ag) + 2e = Hig)

(ii) No of moles of X = 1/119 = 8 40 x 107 mol
3240 C gives 8.40 x 10™ mol of X
3240/8.40 x 10°° = 385560 C of electricity gives 1 mol of X
385560/96500 =4 F gives 1 mol of X
n=4
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20 SAJC/2009/P3/Q2

(@ (i)
Electron flow
|/-‘:-\'
25°C LA
salt bridge
oo | t .
: e ‘__‘_"‘—*—\—\_.__
sn** e e - P
1 mol dm\?- Cra0;", Cr ,H
1 mol dm
(ii) « Complete the circuit by allowing the jons to flow through
+ maintain glectrical neutrality by supplying ions o neutralize any built up of ¢
solution;

+ prevent mixing of the two solutions in the half-cells. [Any one]

(i) 3Sn(s) + CrO;%(aq) + 14 H'(aq) = 3Sn¥(aq) + 2Cr*(aq) + TH.O()
E'= +133+014=+147V

(iv) Q=1
=0.2x 9000 =1800C
Since 96500 x 2 C of electricity consumes 1 mele of Sn,
193000 C of electricity consumes 119 g of Sn
1800 C of electricity consumes 1.11 g of Sn



(b)
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(i) From data booklet,
Co* +e = Co¥ %= +1.82V
h+2 ~— 2F E°=+054V
S.0.% +2e 250 E=+201V
2C0% + 2 === 200> +I,

E°=+182_054=+128V >0
2Co™ + S.0:% 2Co™ + 250,
E°=+201-182=+019V =0

—_—

(i) [Cu(H0)e]**+ 4NH; [Cu(NH2)s(H20):]> + 4 H,0
[Cu(NH:)s(H.0)]* + edta® [Cuedta]” +2 H.O + 4 NH;
Strength of ligands : H,O < NH; < edta®

21 SRJC/2009/P2/Q5(c)

(i)

State what would be obserwed at the anode, cathode and the
electrolyte after some time.

Anode: bubbles of oxygen gas is seen [1/2 M]
Cathode: pink solid of copper metal deposited [1/2 M]

Electrolyte: Blue solution decolourised or blue color of the solution

becomes lighter.

(ii)

[1/2 M]

Explain why bubbles of gas are produced at the cathode when the
power supply is turned on for a prolonged period of time.

After a prolonged period of time, all Cu®**(ag) in the electrolyte at the

cathode region has undergone reaction completely/ reduced to
Cu [1/2M]

H;O will undergo reduction to H. at the cathode which explains
the gas produced at the cathode. [1 M]
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22 SRJC/2009/P3/Q4(a)

(a)

(i) Given the following half cells:

H20 (1) / Ha (Q)
PhOs (5) / Ph*{aq)
MnOy (ag) f MnOs (5)

Sugaest the half cell which, when combined with the Cuz'[aq] fCu (s) half cell, will
generate the highest E®. State the anode and the cathode of the electrochemical
cell, indicating the direction of electron flow in the external circuit.

1m
Yem

1im

17
M

Cu*(aq) /Cu (s) (+0.34 V)

Hz0 (1) / Hz (Q) (-0.83 V)

PhO, (s) / Ph®{aq) (+1.47 V)

MOy (aq) / MnOy (5)  (+1.67 V)

From E® e = B - E¥pa

Combination which will result in highest voltage is when

Cu®ICu half cell undergo oxidation and when MnO, ¢ MnJs; undergo reduction

For choosing MnO /MO,
Anode: Cu™/Cu

Cathode: MnC, MO -

Efay =+ 167 -034=+133 V

{ecf ¥ m if chose wrong half cell)
Electron flow from Cu*/Cu half cell to MnO«<MnOz half cell

(ii} The set up from a(i) was then used as the battery in the electrolysis of a solution of
copper (II) sulphate with inen platinum electrodes. An ammeter showed a reading
of 0.45 A in the external circuit of a cell. 0.30 g of copper metal was deposited at
the cathode after 30 minutes. Determine the actual current used in the electrolysis
process. Hence, determine the percentage error {if any) of the ammeter reading.

17
A=

17
A2

17
A=

17
A2

At the cathode, Cu™ + 2e - Cu

0.320

Amount of copper deposited = m:d_?zd =10~ *maol

Amt of copper deposited = %

Q=4724x107x 2% 96500 = 011732 C

AR s T
{Allow ECF)

0.506 -0.450 . .
9% BITON = e 3¢ =11.
TT0E *100% =11.1%
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(lii) A student camied out a reaction involving potassium dichromate (VD) with an
unknown half cell which consists of transition metal ions. The Gibbs Free Energy of
the reaction was known to be —324 kJ mol™' and the procedure involved transfer of
6 mol of electrons from the unknown solution to potassivm dichromate (V).

Using the expression of AG = —I'iFEg-:ell, where n is the number of electrons
transferred, F is the Farzday constant and E". is the overall cell potential,
determing the E®.. value and hence deduce the identity of the unknown half cell.

[8]

im

im
1m

Using AG = - nFE"
_324 x 10° = - 6 (96500) E%
o=+ 05505

Since procedurs invalved transfer of 6 mol of electrons from potassium dichromate (VI)
o the unknown solution,

Reduction: Cr;D:z' +14H" + 62 = 2017 + THO  (+1.33)
Ereq=+1.33Y

Using E®y = E%eq - B
05595 = +133 - Eum

Em =-105585-133)=+077TV
The EY,q tally with the Fe*iFe® half cell

23 TJC/2009/P2/Q2

(i)

In the table below, indicate the polarity (+/-) of the electrodes and write the
half-equations for the electrode processes that occur when the battery
discharges.

Electrode | Polarity Half-equation

Zinc [ — e Zn(s) —» Zn¥(aq) + 2e

Carbon . e Bri(aq) + 2e —» 2Br(aq)
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(ii)

(i)
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42 g of bromine is formed in the cell when a current of 2.0 A is passed
through it during charging. Determine the length of time required to form 4.2
g of bromine.

. Number of moles of electrons passed = 2x (4.2 /159.8)
= 0.0526 mol
P
Quantity of charge required = 0.0526 x 96500
= 5076 C
. < = Ixt
. time required = 5076 + 2.0
. = 2538s

In a research laboratory, a research worker first charged a zinc-bromine
battery fully before adding 10 em® of 0.2 mol dm™ sodium bromide solution
to each of the two electrode chambers.

What is the effect on the electrical output of the battery when it is
discharged?
[8]

# There is no effect to the position of equilibrium in the chamber
containing Zn electrode and Zn**(aq). Hence Ezn?+ z. remains as —0.76
V.

e Br;(aq) + 2 =—— 2Br™ (aq) Eea= ¥1.07V
When the concentration of Br(aq) increases in the chamber
containing Brilag) and Br7(aq), by Le Chatelier's Principle, the
system will try to remove the excess Br™ by pushing the position of

equilibrium to the left, hence making the E.zu less positive than +1.07
V.

® Ecoi = Egye — Ezn?tizn

Hence the emf of the cell is reduced which reduces the amount of

electrical energy produced.
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(i) Write the half-equations taking place at each of the electrode:
Anode: e CH:CH,OH + 3H,0 — 2CO; + 12H" + 12e

Cathode: o O, + 4dH° + 4de — 2H,0
I

(ii) Use appropriate data from the Data Booklet to explain why an acidic
electrolyte is often preferred to an alkaline or neutral electrolyte.

[4]
e In an acidic medium, E% 0 = +1.23 V

while in an alkaline medium, E%,ion- = +0.40 V

# Hence oxygen is a stronger oxidising agent in an acidic medium.

24 TJC/2009/P3/Q5(d)

(v) « Number of moles of silver produced = 1.08 / 108 =1.00 x 107 mol _
Since Ag = e, number of moles of electrons transferred = 1.00 x 107 mol

s Q=|x=xtime=n=xF i
10 = (t = 60) = 1.00 = 107 = 96500
t=1.61min

Mumber of moles of manganese produced = 0.183/ 54 .9
= 0.00333 mol

Mn™ + xe — NMn

1.00 = 10 mol of electrons liberated 0.00333 moles of Mn
¥ mol of electrons liberated one mole of Mn.

e therefore x = 1.00 x 1072 /0.00333
=3

25 TPJC/2009/P3/Q5

(i) = Cathode (Reduction)
PbO; + 4H* + 2e == Pb* + 2H,0 E° = +1.47V
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Anode (Oxidation)
Pb=——=Pb™ + 2e E° =+ 013V

Cell mx:
Egm 1: PbO; + 4H" + Pb—— 2Pb™ + 2H.0

Efcer. = +1.47 — (-0.13) = +1.60V

(ii) White ppt = PbSO, h
Precipitation of Pb50; resulted in a decrease in [Pb™];
According to LCP, system will try to produce more Pb™", hence favouring the cell
reaction { or forward rx or egm 1 will shift to the nght)
Hence EE'EE" becomes more positive.
OR .
Decrease in [Pb~*], according to LCP, results in the favoring of the reduction rx at
the cathode leading to a more +ve E” reduction process:while at the anode, it also
result in the favoring the oxidation of Pb hence the E” of oxidation process
becomes more —ve.

As E®.., = E"n— E% , it results in a more +ve value.

(i)~ Reduction: O; + 2H,0 +4e =—=40H

OVERALL RX:
4Al(s) + 40H(aqg) + 30 + 6H,0 >4 [A(OH)](aq)

(ii) Oxygen supply is hindered when the pores are clogged up, so that the reduction
process of H:O to H; occurred instead.

2H:0(1) + 2e =Hz(g) + 20H(aq)
[NOT REDUCTION OF H+ TO HJ]

H: is potentially explosive OR
Gas is produced in a sealed container, so it is potentially explosive due to
extremely high pressure.

(iii)  White ppt = Aluminium hydroxide.

It is formed as there are insufficient OH" to dissolved the amphoteric aluminium
hydroxide.

26 VJC/2009/P2/Q2(c)

(i) Using E° values, write ion-electron equations, for the reactions occurring at the
cathode and anode in Cell 1 during electrolysis. Include state symbols.

Cathode: Cu®*(aq) + 2¢ — Cu(s)
Anode: 2Br(aqg) — Bry(l or aq) + 2e
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After a current was passed through the saturated solution of CuBro in Cell 1 for 10
minutes, the solution surrounding the anode was removed and it was found to require
35.50 cm” of 0.500 mol dm™ of sodium thiosulphate solution for complete reaction.

(ii) Determine the number of moles of Na:S-205 used.

No. of moles of thiosulphate solution =35.50/1000 x 0.500
=0.0178 mol

(iii) Calculate the number of moles of electrons transferred.

For 5H,0 + $,0:> — 280, + 10H" + 8e
Hence, no. of moles of electrons transferred
= 8 X no. of moles $,0+>

=8x0.0178

=0.142

(iv) Hence, determine the current that flows through the circuit.

Quantity of charge transferred =1 x t
0.142 x 96500 =1 x 10 x 60
=228 A

(d) A halogen is evolved at one of the electrodes in Cell 2 after passing the current
through it for 10 minutes and It is found that the mass of the synnge increased by
5.04 g. Identify X by calculating the M; of the halogen produced.

Since two half cells are connected in series, the current passed through the
Cell 2is also 22.8 A.

MNo. of moles of electrons transferred = 0.142

From 2X — X, + 2e,

Hence, no. of moles of the gas produced in Cell 2
=15 % 0.142

= 5.04/ M,

M; of the gas, Xo=71.0
Hence, X is CI.
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27 VJC/2009/P3/Q1(e)

Data ESIV
(yellow)VO5 VO +1.00
(blue)VO* IV +0.34

Sn*ISn? +0.15
(green)V>* V¥ (violet) -0.26

Ecen =+1.00-0.15 = +0.85V > 0 feasible
Ecen =+0.34 - 0.15 = +0.19V > 0 feasible
Ecen =-0.26 - 0.15 =-0.41V < 0 not feasible

Sn?*(aq) is powerful enough to reduce VOs; to V**. Hence, green solution is
expected to form.

Sn® + 2V0;" + 4H" = sSn* + 2v0o¥ + 2H,0
[Sn* + 2VOsy + 4H" - sSn* + 2V0* + 2H,0is acceptable]
Sn® + 2V0* + 4H* —» Sn* + 2v* + 2H,0
[3]

28 YJC/2009/P3/Q1(b)

(b)) / i _\ High resistance

W | voltmeter

\__/

H, at latm, 25°C

Pt « |
Salt Bridge

VO™ (aq). :

V7 (aq)and | 7 qu

H (aq) at i

1 mgl dm—3 H*{a‘]} — 1.00

':':'_'_'_'_'_'_'_'_'_'_'_:_: mol dm'3

(i)  Stable oxidation state = +5
VI LWOD® E% = (+0.98) - ( - 0.50) = +1.48 V, reaction is feasible
VO VO;® B = (+0.98) - (+0.16) = +0.82 V, reaction is feasible

(iii) Electrode potential values depend on the ligands present in the
complex
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29 YJC/2009/P3/Q4(d)

(d) (i)

(i)
(i)

= E = M =0.0373mol
< F 96300

Since Cl + 2e —— 2CI°
WH =éx[).[]3?3=f3'.01565nw{

B

[

Hf.'. =

Using pv = nRT,

_ (D.01865)(8.31)(27+273)

' 15x101x10°

correct substitution of quantities into equation, and correct conversion of
either temperature or pressure.

" =3.07 =107 m’ =307cw’

High temperature and low pressure

Fz2+2e = 2F +287TV

Os+4H  +de ——= 2H, 0  +040V

E®eq (F2/ F7) is much more positive than Ef.q (02/ H0 )

04 will always be preferentially discharged (rather than F2 gas).
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