ANSWERS 

ON
5.2.3 ELECTRODE 
POTENTIALS AND FUEL CELLS
TAKEN FROM
F325
MODULE EXAMS
1.
(a)
(i)
2MnO4– + 10Cl– + 16H+ → 2Mn2+ + 5Cl2 + 8H2O
1


correct species on both sides of equation equation balanced
1
(ignore electrons for first mark, penalise for balance)

(ii)
Chlorine –1 → 0
1
Manganese +7 → +2
1
Link to (i) and allow ecf

(iii)
Chloride ion oxidised (not chlorine)
1
Manganate(VII) ion reduced (not manganese)
1

(d)
0.16 V too small/rate too slow/insufficient activation
energy/not standard conditions
1

[7]

2.
(a)
(i)
Stainless steel + corrosion resistance or alloys for tools
+ hardness or other named alloy/use/property
1
Allow chrome plating with attractive or barrier to corrosion

(ii)
Chromium 1s22s22p63s23p63d54s1 (allow….4s13d5)
1

(b)
(i)
Cr2O72– + 14H+ + 6Fe2+ → 2Cr3+ + 6Fe3+ + 7H2O
1
Cr2O72– / Cr3+ has more positive electrode potential
1
Therefore Cr2O72– is the stronger oxidising agent which
oxidises Fe2+ to Fe3+ (ora)
1

(ii)
Emf = (+) 0.56 V
1

[6]

3.
(a)
VO2+
1

(b)
(i)
B and D
1

(ii)
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Allow ecf from (b) (i)
Solutions can be reversed.
4

(iii)
298 K / 25 °C temperature
all solutions 1 mol dm–3
Both needed for 1 mark. Ignore any reference to pressure
1

[7]

4.
(a)
Emf of a cell / voltage / potential difference / cell potential
1
Comprising half cell combined with standard hydrogen electrode
1
Conc = 1 mol.dm–3; Pressure (of H2) = 1 atm; Temp = 298K
1
(all of above = 1 mark)

(b)
+0.16 V (unit required)
1

[4]

5.
(a)
Emf / voltage / potential difference
1
Half cell combined with standard hydrogen electrode
1
Standard conditions 298K, 1 mol dm–3, 1 atm
1
(all 3 required for 1 mark)

(b)
(i)
Diagram shows:
Voltmeter + salt bridge + complete circuit
1
Solution labelled Cu2+ and electrode labelled Ag
1
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(ii)
Direction from Cu(s) to Ag(s) (must be in / close to wire)
1

(iii)
0.80 – 0.34 = 0.46 V
1

(iv)
Cu + 2Ag+ → Cu2+ + 2Ag
1

(c)
Standard Electrode Potential for chlorine is more positive than
Fe3+ therefore it is a better oxidising agent than Fe3+ (do not
accept Eο is larger or smaller)
1
Standard Electrode Potential for iodine is less positive than
Fe3+ therefore it is a poorer oxidising agent than Fe3+
1
(Accept release of electrons/equilibrium arguments)

[10]

6.
4NO2 + O2 + 2H2O → 4HNO3 (1)

N from +4 to +5
O from 0 to –2 (1) Could be below equation
2

[2]

7.
(a)
A = Platinum(electrode)
B = H+(aq) / HCl(aq) / other suitable acid
C = Voltmeter / galvanometer
D = Cl2(g)
State symbols needed for B and D
All correct = 2, 3 correct = 1
2

(b)
(i)
Arrow marked on or close to wire via voltmeter pointing from
hydrogen half cell to chlorine half cell
1
Electrons flow to half cell with more +ve standard electrode
potential
1

(ii)
Pressure = 1 Atm / 100 kPa
Temp = 298 K / 25°C
Concentration = 1 mol dm–3
All 3 correct = 2 marks 2 correct = 1 mark
2

(c)
The standard electrode potential for ClO3– / ½Cl2 is more positive
than that of ½ Cl2 / Cl–
1
ClO3– has a greater tendency to gain electrons than Cl2 / ClO3– is a
better oxidising agent than Cl2
1
Alternative:
Because Eο is positive, the reaction will go from left to right
therefore ClO3– is reduced so it must be a better oxidising
agent than chlorine.

[8]

8.

[image: image3.png](a) ) Fe electrode + Fe® (aq)
1 mol dm™ solution Fe*(aq)
Pt electrode + V**(aq) + V**(aq)
salt bridge + voltmeter
(i) E'% = 0.18(V)
() () Vo, V(+5)

VO V(+4)
vor bive
v violet/lavenderflilac/mauve but NOT purple

(if) 1% half equation has the least positive E°/ is more negative

So reaction will golrom right to left / releases electrons to reduce
MnO,"

Allow calculation of E°. related to reaction feasibility

(i) MnO, + 5VO* + H,0 — Mn®™ + 5VO;" + 2H"

Allow 1 mark if balanced but H,O and H* not cancelled




9.

[image: image4.png](@ () Crelectrode + Cr*(aq)
Cd electrode + Cd* (aq)
salt bridge + 1 mol dm™ solutions + complete circuit
{ii) Cr — Cd (on wire, not through salt bridge)
(iii)  oxidation takes place at Cr/Cr loses electrons
because it has the most negative E° valueiis the anode/is negatively charged

Allow reverse idea relating to cadmium. Don't accept reference to

electronegativity
®) 2Cr + 3Cd™ - 3cd + 26
© M 034(v)

(i) non-standard conditions / concentration is no longer 1mol.dm

Don't accept concentration is decreased
[Total: 9]




10.

[image: image5.png]@0

@

(i)

voltage/PD (1)

of a cell when the electrode is connected to a reference electrode/
hydrogen electrode (1)

under standard conditions/one of standard conditions specified (1) 31
argument based on iron being the more negative system/

based on iron releasing electrons/ argument based on dichromate(V1)

being more positive/ based on dichromate(V1) accepting electrons U]
14H" + 6Fa™ + Cra0r* > 2Cr™ + TH,0 + 6Fe™

species on correct sides (1)

bafancing (1) @2




11.[image: image6.png](@  +5 m
(®) yellow (to green) to blue to mauve/purple all correct (2)f 3 correct (1)

reaction is reduction (1)

oxidation states are +5 to +4 1o +3 to +2 (1)

explanation based on use of SEPs (1)

not reduced to vanadium 0 (1)

effervescence (1)

any correct redox equation (1) 7 max]




12.

[image: image7.png](@)

{&)

Diagram to show

Cuin Cu™ (1)

1 mol dm™ solution for Cu®* (1)

298K (1)

sait bridge (1)

named reference electrode, if hydrogen used, must show H' and H; (1)
measure voltage, diagram must show complete circuit including voltmeter (1)

ccomment on how SEP relates to voitage measured/ SEP of hydrogen is 0 (1)
f6max]

15%25%2p°3s%3p%3d"4sY 1s725°2p°35s%3p%s'3d" (1)
15?25%2p%3s%3p"3d" (1)
15%252p°3s%3p"3d” (1) 3




13.[image: image8.png]@

®)

(€

SEP used to explain feasibility eg more negative releases electrons/

use of SEP to explain which equation is reversed and then added/ cell
potential is + 0.37(V) (1) )
involves both oxidation and reduction (1)

of the same species/ use of Cu* or named example (1) 2

making into solids/ insoluble compounds/ forming complexes NOT named
compound (1) U]




14.

[image: image9.png]2(a) labels on diagram to show
Ni(s) and Ni¥*(aq) (1)
salt bridge and suitable circuit (1)

platinum electrode (1)

Land I (1)
concentration of 1 mol dm™ for at least one solution/ 298K (1) (5]
®(@ 0.79V (1) 4]

i)  Ni> Ni¥* + 2 (1)
L +26 > 20 () 8]
(i), Ni+L > N o+ 0]

(iv)  from nickel towards iodine since nickel half-cell standard electrode potential is more
negative (1) m

[Total: 10]




15.[image: image10.png]1(a)

(6) @)

@
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()

From orange to green (accept green/blue but not blue)

Diagram to show

Salt bridge

Voltmeter

Solution containing both Cr,07*" and Cr**
Platinum electrode

Pressure 101 kPa/1 Atm/100kPa
Temperature 298K/25° C
Concentration of each solution 1 mol.dm™®

3H, + Cr,0;% + 8H" 3 20 + TH0
Correct species both sides
Balancing (do not allow if electrons or H* not cancelled)

Equilibrium involving Crz0,* moves to RHS
Therefore SEP more positive or Cr0;% gains electrons

more readily / is more easily reduced / becomes a better
oxidising agent

Total:13




16.

17.

18.

19.

20.

21.

22.

23.

24.

25.


