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2.  (i) Define standard electrode potential, E o.    









         A salt bridge is used in an electrochemical cell.
   (ii)  State the function of the salt bridge. Explain your answer. 












        (iii) Complete the diagram of the apparatus that can be used to measure the E o of the
               Cr2O72–(aq), H+ (aq)/Cr3+ (aq) electrode against the standard hydrogen electrode.
         Your diagram should be fully labelled to identify all apparatus, substances and conditions.
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3. Pure water is a very poor conductor of electricity. However, when hydrogen chloride gas is dissolved in water, ions are formed and a current flows during electrolysis
                   [image: ]
            The overall change after electrolysis is that hydrogen chloride gas is converted into hydrogen and
chlorine
                [image: ]
            When a current of 3.10 A is passed through the solution for Y minutes, 351 cm3 of chlorine are
            produced at the anode, measured under room conditions.
(a) Calculate the number of chlorine molecules produced during the electrolysis



           (b) Calculate the total number of electrons transferred to produce this number of chlorine molecules.




(c)Calculate the quantity of charge, in coulombs, of the total number of electrons calculated in (b).




(d) Calculate the time, Y, in minutes, for which the current flows.
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(b) (i) Write an equation for the reaction between chlorine and water.





(ii) Use standard electrode potential, E o, data to calculate the electrode potential of the cell for the following reaction.
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(c) Calculate the quantity of charge, in coulombs, of the total number of electrons calculated in (b).
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(d) Calculate the current, x, passed during this experiment.
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(iv) The E® of the Cr,0,%(aq), H'(aq)/Cr**(aq) electrode is +1.33V.

Label the negative electrode and the direction of electron flow in the external circuit when
the current flows in your diagram in (c)(iii). [1]
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HCI(g) + ag — H*(aq) + Ci(aq)
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2HCI(g) — H,(g) + Cl,(9)
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An electrochemical cell can be made by connecting an Fe**/Fe® half-cell to an S,0,2/S0,*
half-cell under standard conditions.

(i) Calculate the standard cell potential of this electrochemical cell.
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Fe wg+e o Fe g | 0.771
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$205” (ag + 26 — 2 SO~ (ag) 2.01
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(iii) Describe one change to each half-cell that would increase the value of the cell potential.
The temperature should remain at 298K.

FE3 IF@2 NAIF-CEII ...
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image14.png
An electrochemical cell is constructed using two half-cells.

e aBr,/Br half-cell
e an Mn*/Mn?% half-cell

(a) State the material used for the electrode in each half-cell.

Br,/Br~ half-cell

Mn3*/Mn?* half-cell




image15.png
The equation representing the standard electrode potential, E°, for the reduction of MnO,(aq)
to Mn?*(aq) in acid solution is given.

MnO,~(aq) + 8H*(aq) + 5e~ = Mn*(aq) + 4H,0(l) °=+1.52V
(i) Draw a diagram of the apparatus that would be used to measure the E® value of this

half-cell. Your diagram should be fully labelled to identify all apparatus, substances and
conditions.
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(ii) Use the Data Booklet to identify a substance that could be used to oxidise Mn?* ions to
MnQ, ions under standard conditions.

Write an equation for the reaction.
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(a) Describe the trend in the reactivity of the haloaens Cl Br, and I, as oxidising agents.
Explain this trend using values of E° (X,/X") " ’
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Cl, + 20H- = CI- + CIO- + H,0
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=+1.36Vand CIO"/(CI + OH") =+0.89V




image20.png
iii) The [OH7] was increased and the E__, was measured.

Indicate how the value of the E_,, measured would compare to the E,, calculated in (ii) by
placing one tick (v') in the table.

E_,, becomes less positive than Eg,;

E.., stays the same as E¢,.

E,., becomes more positive than E,,.

Explain your answer.




image21.png
{v)

Halo) *L‘J‘OL"S:TP? l PI(s)

n/

" Crz07%(aq), H*(aq). Cr**(aq)
H'(aq)

298K, 1 atm, 1 mol dm

Pt, Hz(g), good delivery system, 298 K, 1 atm
Pt, Cr.0+*(aq), H*(aq)/ Cr**(aqg), 1 mol dm~2 seen once, voltmeter

three for one mark, six for two marks, nine for three marks





image22.png
3(c))

voltage / EMF / potential difference when a half-cell is connected to a (standard) hydrogen electrode under standard
conditions

3(c)(i)

ions move (from the salt bridge) to maintain charge balance / complete the circuit





image23.png
4(d)i) [124v[1]
4(d)(ii) | platinum, platinum [1]
4(d)(iii) | increase [Fe*] or decrease [Fe*]

increase [S20s*] or decrease [SOs*] [1]





image24.png
2Mn?* + 8H,0 + 5F; — 2MnO,~ + 16H* + 10F[1]
R 2Mn?* + 55,07+ 8H,0 — 2MnO,~ + 16H* + 10SO,*-
R Mn?* + 4H,0 + 5Co** — MnOs~ + 8H* + 5Co?*
R 2Mn?* + 8H20 + 5Pb** — 2MnOs~ + 16H* + 5Pb**
R 2Mn?* + 5H,0, — 2MnO4~ + 6H* + 2H,0
R 2Mn?* + 10HOCI — 2MnO4~ + 6H* + 5CL + 2H,0




image25.png
2(a)

the E®for X,/ X~ becomes less positive / decrease down the group
so the halogens are less reactive (as oxidants) down the group

(b)(i)

CkL + H;O —— HCI + HCIO

b)(ii)

CL/CT=+1.36V and CIO™/(CI + OH") = +0.89V
SO E%u= 1.36 - 0.89 = (+) 0,47V
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E®





image27.png
2(b)iii)

box three ticked
Le Chatelier argument, more OH~/ increase reactant concentration so equilibrium shifts right or an argument based on the
half cell with OH™

2(c)i) |[Br~ + 3CI0” — BrO;” + 3CI™
2(c)(ii)) |E%a=089-058=+031V
2(c)(iii) | 4HBrO; —— 2Br, + 50, + 2H,0





image28.png
M1 Cr,072 + 3CH3CHO + 8H* = 2Cr** + 3CHsCOOH + 4H,0
ALLOW Cr:07* + 3CH3:CHO + 5H* = 2Cr** + 3CH2COO- + 4H20

M1 E® = +2.27 (V)
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SUbsialice ociaica

SUbstalice iociaica

electrolyte at the anode at the cathode
PbBry(l) Brz/ bromine Pb/lead
concentrated NaCl(aq) | Ck/chlorine Hz/hydrogen
Cu(NOaz)(aq) 02/ oxygen (+ H;0) | Cu/copper




image30.png
F=Le OR F is directly proportional to L

number of Cu?* formed = 0.35/63.5 =5.51 x 10
Q=Ixt=0.60x30x60=1080C

number of electrons = 1080/ 1.6x10-1¢ = 6.75 x 102" ecf
number of Cu?* ions = 6.75 x 10%'/2 = 3.375 x 10" ecf

number of Cu?* ions per mole (L) = 3.375 x 102'/5.51 x 102 =6.12 x 102 ¢
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E® of I/ I~ is more positive / greater than E2 of [Fe(CN)e]*~/ [Fe(CN)s]*
OR E®. = -0.18 V so no reaction occurs

OR E® of Fe* / Fe? is more positive / greater than £2 of I/ I~

OR E®..1= 0.23V so reaction occurs [1]
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(c) Ahalf-equation involving bromate(V) ions, BrO,", and bromide ions is shown.
BrO,(aq) + 3H,0() + 6e" = Br(aq) + 60H(aq) E*=+058V

(i) Analkaline solution of chlorate(I), C10", can be used to oxidise bromide ions to bromate(V)
ions.

Use the Data Booklet and the half-equation shown to write an equation for this reaction.
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i) Calculate the E¢,, for the reaction in (i).
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i) When a concentrated solution of bromic(V) acid, HBrO,, is warmed, it decomposes to
form bromine, oxygen and water only.

Wirite an equation for this reaction. The use of oxidation numbers may be helpful.
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Table 3.1 lists relevant electrode potentials for some electrode reactions for use

Table 3.1
electrode reaction E°IV
Cr,0,* + 14H* + 6e- = 2Cr* + 7TH,0 +1.33
CH,CHO + 2H* + 2e~ = CH,CH,0H —0.61
CH,COOH + 2H* + 2e~ = CH,CHO + H,0 —0.94
O, + 4H" + 4e- = 2H,0 +1.23

(i) Ethanalis oxidised to ethanoic acid in the presence of Cr,0,* ions.

Construct the ionic equation for the oxidation of ethanal to ethanoic acid using
dichromate(VI) in acid conditions. Calculate the E¢, for this reaction.

TONIC @QUATION ...
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The reaction between S,0,~(aq) and I~(aq) is catalysed by adding a few drops of Fe**(aq).

(i) Use equations to show the catalytic role of Fe* in this reaction.

(2]

(ii) Fe*(aq) can oxidise I-(aq), whereas [Fe(CN)*(aq) cannot oxidise I-(aq).

Use E® values to explain these observations.
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I,/I-+0.54V AND Fe* /Fe? + 0.77V AND [Fe(CN)g]*-/ [Fe(CN)g]*+ +0.36 V
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tartrate ions

OH

co,”
-0,C

OH

+ 38,0,% + 2H,0 — 2CO, + 2HCO,” + 6H* + 6SO,*




image39.png
Use the overall equation to deduce the half-equation for the oxidation of tartrate ions,
C,H,0.%, to carbon dioxide, CO,, and methanoate ions, HCO,".
CHO> + ...

L= 1





image40.png
Two electrochemical cells are set up to compare the standard electrode potentials, E°, of three
half-cells. The diagrams show the relative potential of each electrode.

©

salt bridge

[Ru(en),** [Ru(NH,)g]**
[Ru(en),** [Ru(NH,)s]**

[Ru(H,0),F* [Ru(en),]*
[Ru(H,0).P* [Ru(en),]2*

(ii) Use this information to complete the table by adding the labels A, B and C to deduce the
order of E® for the three half-cells.
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Use this information to complete the table by adding the labels A, B and C to deduce the

order of E® for the three half-cells.

E*®

redox system

most negative

T

least negative

[
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(a) Complete Table 5.1 to predict the substance liberated at each electrode during electrolysis of
the indicated electrolyte with inert electrodes.

Table 5.1
electrolyte substance liberated substance liberated
at the anode at the cathode
PbBr,(l)

concentrated NaCl(aq)

Cu(NO;,),(aq)

[31

(b) An electrolytic cell is set up to determine a value for the Avogadro constant, L. The electrolyte
is dilute sulfuric acid and both electrodes are copper.

When a current of 0.600A is passed through the acid for 30.0 minutes, the anode decreases
in mass by 0.350g.
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State the relationship between the Faraday constant, F, and the Avogadro constant, L.

Use the experimental information in (b) and data from the table on page 23 to calculate a
value for the Avogadro constant, L.

Show all working.
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When dilute sulfuric acid is electrolysed, water is split into hydrogen and oxygen.
2H,0(l) — 2H,(g) + O4(g)

A current of XA is passed through the solution for 14.0 minutes. 462 cm? of hydrogen are produced
at the cathode, measured under room conditions.

(a) Calculate the number of hydrogen molecules produced during the electrolysis.
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(b) Calculate the total number of electrons transferred to produce this number of hydrogen
molecules.




