Electrochemistry 30min Module 1 Solution
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@ (i) Inthe presence of water ligands, the partially filed 3d orbitals in vanadium ions are
split into two levels (non—degenerate) with a small energy gap (correspond to visible
light region)

Energy is absorbed from the visible region when an electron promotes from a lower
enerqy level d orbital to a vacant higher enerqy level d orbital, ie. d—d transition.
The colour observed is the complement of the colour absorbed.

(i) 2VOr +8H* +Zn ——= Zn® +2VO% + 4H:0
Eecer=1.00— (- 0.76) = +1.76 V > 0

VO + 4H* + Zn ——m Zn#* + 2V + 2H:0
Eoer=0.34— (- 0.76) = +1.10V >0

2VE +Zn —— 2V 4 Znit
Ear=—0.26 — (- 0.76) = +0.50 V >0

Eoer=-1.20 - (-0.76) = -0.44 V <0
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From the E%s calculations, VOs~ will be reduced by Zn to V2, and the final colour of
the solution will be violet,

(iii) _ 3.00 _
NNHIVOS) reacted = (e =0,0257 mal

n(SOz) = % (0.0257)
=0.01285 mol

Volume of SOz needed = 0.01285 x 24000
=308 cm®

(b) () Ahomogeneous catalystis a catalyst that is in the same phase as the reactants.
(ii)  Step 1: Formation of intermediate:

V02 + 4H* + 27— VO + 2H:0+ L
Eocer=1.00-0.54=+0.46 V>0

Step 2 Regeneration of the catalyst

2VO? + 2Hz0 + S20s5 —— 2VOz* + 4H*+ 2504
E2ar=201-100=+101V>0
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(i) cathode: VOz* + 2H* + & ——= VO + H:0
anode: V2 ——= Vo +e

(i) E%er=1.00 - (-0.26)
.26V

(i) This helps to maintains electrical neutralty (prevent buid up of charges in the two
half cells) so that electrical energy can continue to flow.

Q=t=14x20x 3600 = 1.008 x 10° C
n(VO®) = n(e”)= 1.008 x 10°/96500 = 10.45 mol

[VO*]initially = 10.45/5

2.09 mol dm™

() Any E£° value that is more negative than that of E-vewz:
and ts corresponding Ee1 value correctly calculated.

0.26v

(i) Larger minimum external e.m.f needed to recharge the cell.
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Solution
Consider that Q" and R*" are the ions considered

If same current and same time is applied, using Q =IT, means that number of charge and hence
number of electrons is the same.

cations. Hence for same number of electrons, the number of moles of R is half of Q
B Themass of Qand R is dependent of charge hence time and current
D Asboth salt gives identical chloride anions, CT, the volume of chiorine gas will be the same

for the same amount of charge. i.e. 2 mol of electrons will give 1 mol of chiorine regardless of
QClorRCE

AandC 2 molof electrons will give 2 mol of @ but only 1 mol of R, due to the charge of the |
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Answer: B
Topic: Electrochem

Solution:

Analysis: Ni oxidised, cation reduced.
From data booklet, Eq’Ne/Ni = — 0.25 V
E’co*1C0 = — 0.28 V

EFe?/Fe = +0.77 V

E°Mn/Mn = — 1.18 V

Evev=—1.20V

EPcell is >0 in reaction with Fe*.
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From Data Booklet, standard electrode potential of Fe’'/ Feis — 0.44V.
The potential difference between standard hydrogen electrode (0.00 V) and Fe?'/ Fe half-cell is — 0.44V.

The potential difference between AgC// Ag half-cell and Fe?'/ Fe half-cell is — 0.64V.
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