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E” in alphabetical order

Electrode reaction
Agtee = Ag +0.80

Al* 43 =2 Al -1.66

Ba® +2¢ = Ba -2.90
Br,+2¢" = 2B +1.07
™+ = Ca -2 87
Cl,+2¢ &= 2CI +1.36
ZHOCI42H +2¢" & CL42H,0 +1.64
CIO"+H,0+2¢° &= CI+20H +0.89
Co+2¢ = Co —0.28
Co™+e” = Co® +1.82
[CofNH,) " +26° = Co+BNH, -0.43
Cr*+2e” = Cr -0.91
Cr*+3¢ & COr —0.74
oty = o™ -0.41

Cr,0." +14H' + 687 =  20r°+TH,O +1.33
ree = Cu 4052
Cu™+26 = Cu +034
C*+es = O +0.15
[CulMH,) ™ + 2" =  Cu+4NH, -0.05
F,+2¢0 &= 2F +2 87

Fe 426 =  Fe _0.44
Fe*+3e = Fe -0.04

Fe'* 4 e = Fe™ +0.77
[FecN) ] +e” =  [FelCN)]™ +0.36
Fe{OH),+e” =  Fe(OH),+ OH" -0.56

2H* +2¢" = H, 0.00
2HO+267 = H,+20H -083
[+2e° & _E-i e +ﬁ_54

Ced = K —282

Li'+e = L -3.04

Mg™+2e = Mg -238

Electrade reaction

Ma®* 428" =  Mn -1.18
Mn**+e” = Mn™ +1.49
MnO, + 4H" + 2" & Mr* + 2H,0 +1.23
MnO, +¢ =  MnO" +0.56
MnO, +4H'+3e" &=  MnO,+2H,0 +1.67
MnO," + AH'+ 5 = Mnr* + 4H,0 +152
NO, +2H'+e & NO,+H,0 +0.81
NO, +3H'+2¢ 2 HNO,+H,0 +0.94
MO, +10H"+ 8¢ 2  NH,'+3H0 +0.87
Ma*+e™ = Ma =M
Ni** 4 2e” = Ni -0.25
[Ni{NH,) [ + 26" = Ni+6NH, -0.51
HO,+2H'+2e" = 2HO +1.77
H-I::Iz‘ + HEC} 428" = A0H +0.88
O,+ 4H" + 4= = 2H,0 +1.23
0,+2H,0+4e =  40H +0.40
O,+2H'+2¢° & H0, +0.68
0,4H, 0426 & HO, +0H -0.08
PL* 4 26" = Pl =013
PE** 4+ 2e" = pp* +1.69
PhO,+ 4H'+2¢” &  PB* +2H,0 +1.47
50,7 +4H 4260 = SO,+2H0 +0.17
5,0 428 =  250% +2.01

2= = 2=
5,05+2¢ = 250, +0.09
Sntt 428 = Sn =014
Sn**42e” =  Sp +0.15
V*e2ew = W =120
Vihee &=y -0.26
VO*+2H '+ e & VL HO +0.34
VO +2H'+e = VOT+H0 +1.00
VO, +4H'+e” VO£ & 2H,0 +1.00
Int+2e = In -0.76
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(a) (i) Define the term standard cell potential, EZ,,.

/ILQQ‘@«J«A& pfameob¥Mﬂz$|o¢}me2ugc¢be
ﬁa.c)’bCoi\!'wm'\ P LU= S u.‘\k{'muo”\(mo‘&wﬁ

The following incomplete diagram shows the apparatus that can be used to measure the E*
for a cell composed of the Fe® /Fe** and Ag*/Ag half-cells.

e” E ‘J°\5‘ "‘J&I

cell

e

> 6«,“ Io(’\gje_

(ii) Complete the diagram, labelling the components you add. [1]

(iii) Identify the components A-D.

A CHE) e
>+ -3 2 -3
B E—(«"D))MJJ”‘\MQI‘/G(G}\)\“‘J&A
D A64(013)(M°‘<Dﬂ“
[3]
(b) (i) Use E*®values to write an equation for the cell reaction that takes place if the two electrodes
in (a) are connected by a wire and the circuit is completed.

4 24 2
AB(GI)-\:'FQ Cﬁ)?FC'(vi)A—AG(S\
- [1]

3

(a) The diagram shows the apparatus used to measure the standard electrode potential, E«, of

Fe*(aqg)/Fe* (aq).

v ~>—
Nl /e

u'_‘—-—-_.

(i} Identify what the letters A to F represent.

A ”)[3))]a}m

EPI'@}

(ify Label the diagram to show

T

# which is the positive elecirode,
s the direction of electron flow in the external circuit.

LUse the Data Booklet to help you.
[1]

(b) In another experiment, an Fe*(aqg)/Fe*(ag) half-cell was connected to a Cu*(aqg)/Cuis)

half-cell.

Determine the standard cell potential, E7, ,, when these two half-cells are connected by a wire
and the circuit is completed.

Lize the Data Booklef to help you.
= 077 ’0'3,1

3 Y 2
2(fe** +e” = Fe” 077 Y
Cu**+2¢ =2 Cu +034

. 2 YeneAS2
2F¢3”+ Cu “<_}_- Q;e,z + Cu '

E®, = o S Dy [1]

{c) (i) The E®of Ni**(aq)/Ni(s)is -0.25V. JNi**+2¢e° = Ni -0.25
State and explain how the electrode potential changes if the concentration of Ni#*(aq) is
decreased.

//r%r(@u\\ow*«wus/l“‘pfx’brﬂqz,]@(l’ft\o&sge,”&%wowe

U



(ii) Use standard electrode potential, E®, data from the Data Booklet to calculate the E3, for
the following reaction.

CL + 20H = CI- + CIO- + HO

2

clo +HZO+29 = Cl +20H +0 B9 Yeiex SE
Clz 4+ ZJe - 2ClI +1.36

/QQXA-ZOH—"‘C&»%)—/;? ZCJ—J-CJKS_*‘)QOF/L/S(

ot +C), = Y o d,o
LLC — o 9 -roHT E%, = ...+ ”‘7 ___________ V [2]

(iii) The [OH’] 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 EZ,.

E_, stays the same as E?

call

E_, becomes more positive than E® \/

call

(c) A half-equation involving bromate(V) ions, BrO,", and bromide ions is shown.

BrO,(aq) + 3H,0(l) + 6e- == Br(aq) + 60H{ag) E*=+0.58V

fedeise
(i) An alkaline solution of chlorate(l), C1O-, 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.
310 +H042¢ = +20H) +0.89

B +M*5d0—+%+5{ = o . 38.0% &03—43(“&—4%/

@{(:7)+'?>C“QO—@1§$@(Q} _____ +3CJ;1> ____________________________ ]

(ii) Calculate the E%

el

for the reaction in (i).

0%1 — Ogg z 0.31

(iliy When a concentrated solution of bromic(V) acid, HBrO,, is warmed, it decomposes to
form bromine, oxygen and water only.

Write an equation for this reaction. The use of oxidation numbers may be helpful.

[Total: 10]
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4 An electrochemical cell consists of a half-cell containing V*{aq) and V**{aqg) ions and another

half-cell containing VO, {aqg) and VO*(aq) ions.

(a) (i) Use data from the Data Booklet to calculate a value for the EZ, .

€%l - |- (020)

126

(ii) Write the ionic equation for the cell reaction.

vedeA S&
Vise =2 v -0.26
VO,"+2H'+e” 2 VOZ‘+H20 +1.00

(iii) Draw a fully labelled diagram of the apparatus you could use to measure the potential of
this cell. Include the necessary chemicals.

‘(o\‘l’ﬂ\ée/’/
7 O =
N 6’ ~ C’
/AN
Prss e t—m ! ‘0«‘330 T m—+> ey
Voo A (
[Ys 3: IMJOQ/'“ \YII{OJj < \a\c\&“’S
N 2 OMQ
-3
[VLS: Imo( é)"\ [\10351 _ |,,\o( &M’S

[ - e A “

(b) Use data from the Data Booklet to predict whether a reaction might take place when the

following pairs of aqueous solutions are mixed. If a reaction occurs, write an equation for it and
calculate the E3,,.

e V¥(aq) and Sn*'(aq)

(efene
L0 = W 026
S+ & Sn°* +0.15

» VO*{aq) and Fe*(aq)
VO,"+2H'+e 2 VO+H,0 +1.00
& Fe* +0.77

o Yevey/Se.
E7= | o 77 023

Does a reaction occur? . N\Q.....ooooenna..
B e e R e S R e i

E‘H-

|:r.'" ........................................................

[3]
[Total: 9]

- eNs J—y& \o s&afa W lohe 974«4\ w\kss N\M M'x e ¢ ‘N@e«}f



(a) The standard electrode potential, E®, of Au™(aq)/Au(s) is +1.50V.

(i) Define the term standard electrode potential.

’]& sz’ev&‘)ag &(‘Pmm% a('aLwM(p (”CJ)"*’Q@'\ . IMW d& CQJW’\\ m&”\..
irs \oNL N\sc{ [\QA R u;[‘oJow\ ow\Q )‘\e, $M9w9 \"yv

CT
?Jef}h&@ o278 |</ sbaded condl \\m 7 .12

(ii) Draw afully labelled diagram of the apparatus that should be used to measure the standard
cell potential, EZ,,, of Au*(aq)/Au(s) and HNO,(aq)/NO(g).

Include all necessary chemicals.

No”meye(
O
solY Lf%e,

A
7Ao(s\/l—\

L ! —

] 48
BIAT. 1ad0

L < '\\O(:]; ,J’ \J'M,

— P;.(Q

L> [HNO?’j; ‘\m\&»«%

[4]

Some relevant half-equations and their standard electrode potentials are given.

(iii)

(iv)

(v)

half-equation E=V

6)) Au*(ag) + 3o = Au(s) +1.50

2 [AuCl])(aq) + 3~ = Au(s) + 4Cl(aqg) +1.00

@ | NO,(ag) + 4H'(ag) + 3& = NO(g) + 2H,0() | +0.96
{eNex e

Wrnte an onic equation to show the spontanecus reaction that occurs when an electric
current is drawn from the cell in (a)(ii).

4c«7§+N\+)q;O ..... Sl A }!(&)..?r__.ﬁ..H@ ...... N 63@33 ........ [1]

Calculate the E7,, of the reaction in (a){ifi).

- 1Se = oﬂé

: +0.S 4

Gold can be oxidised by a mixture of concentrated hydrochloric acid and concentrated
nitric acid, known as agua regia. Concentrated hydrochloric acid is 12moldm™.
Concentrated nitric acid is 16 moldm-=.

Explain why agua regia is able to dissolve gold.

In your answer, state and explain what effect the use of concentrated hydrochloric acid
and concentrated nitric acid have on the E 'u'ElluEE. of half-equations 2 and 3.

S ............. bk .e_. OAP\@'V\25°TS ................... chm@ .......... )NJCM@}M
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electrochemical cell is constructed using two half-cells.

e aBr/Br- half-cell
1 An electrochemical cell is constructed using two half-cells. & an Mn*/Mn® half-ceall
a+ 24 Es
: :2 E; I‘Ejnhaniil?en (a) State the material used for the electrode in each half-cell.
VAV
(a) State the material used for the electrode in each half-cell. Br,/Br- half-cell ......... P L’L(\ ------------------------------------------------------------------------------------------------------
*  5n*/Sn® halfcell .......[Y \“\7’”\ .................................................................................... MA*/Mn® hatf-call .. P&a&' W\l .~ R o T W
. 1
e Al*/Alhalfcell ... A\"""‘f\v“’\ ______________________________________________________________________________ ()
(]
(b) The cell is operated at 298 K.

(b} The cell is operated at 298 K.

The AI**/Al half-cell has standard concentrations.
The Sn*/Sn* half-cell has [Sn**] = 0.300 moldm-* and [Sn*] = 0.150 moldm>.

(i) Use the Nemst equation to calculate the electrode potential, E, of the Sn*/Sn* half-cell

under these conditions.
F. olS+ o051 &03 [ o2
2 Ea,lgoj

_ 157+ 166 < 1317

(iii) Write an equation for the overall cell reaction that occurs.

. 3
354" M = ST, ZA&)r

The Br,/Br- half-cell has standard concentrations.
The Mn*/Mn?* half-cell has [Mn**] = 0.500 moldm-? and [Mn#] = 0.100 mol dm=.

(i) Use the Nemst equation to calculate the electrode potential, E, of the Mn*/Mn* half-cell
under these conditions.

41 A 4 éo a_—_S;>
AP B A G P

E-s3
E-o 51 E=°\go( ___________ Vv 2] E= [S_% --------------- V2
(i) Calculate the E_, under these conditions. (iiy Calculate the E_, under these conditions.
Vedesse
2@13',32 2 Al =166 L(Mn"-re a2 anﬁ gz )55
2o a2e = o) +015 Bro+2e =  2Br 4107

153 ~\ool= o6 J

(iii) Write an equation for the overall cell reaction that occurs.
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How to remember the Reactivity Series?

Please
Stop
Calling
Me

A
Careless
Zebra
Instead
Try
Learning
How
Copper
Saves
Gold

&) H@L-Ca oedods ¥

2) l</\\Os (=
l:)) C\)%OH (@P
c} «\ou'e,(\, NACX

tQ CQW*(JQ& N,\C,,Q
&) ke NaCl (.,\,é”l/ [l

EOI\AJ’{@‘\S: -

) Gl - 247 12

L CAH\ODC ' 02*

+le

Potassium Most reactive
Sodium
Calcium
Magnesium
Aluminium
(Carbon)
Zinc

Iron

Tin

Lead
(Hydrogen)
Copper
Silver

Gold
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Electrode reaction
F,+2e° = 2F +2.87 |
S,07+2¢ = 2507 [ s201 |
HO,+2H* +2e- = 2H,0 +1.77 |
 MnD, +BH' +5e =  Mn* +4H,0 [ +152 |
PbO,+4H +28° = Pb™ +2H,0 +1.47 |
Cl,+2e = 2CI’ +1.36
Cr,0% + 14H +6e =  2CP" + 7H,0 +1.35 |
0,+4H* +4e = 2H,0 +1.23 |
Br,+2e7 =  ZBr +1.07
CIOr+H,O4+2e = Cl +20H +089 |
NO, + 10H" +8s =  NH," + 3H,0 +087 |
NO;+2H"+e = NO,+HO +0.81
AT + e'_ = AQ | +0.80 ]
Fe™ + g m Fe™ +0.77
L+2e = 2l +054 |
| 0,+2H0 +4e =  40H +0.40 |
Cu™+28 = Cu +0.34
SO +4H* +2¢c = S50,+2H0 +0.17 |
Sn* +2¢ = Sp* +0.15 |
5,0 +2s = 25.0.% +009 |
ZH" +2¢ = H, 0.00 |
Pb™ +2¢" = Pb -0.13 |
Sn**+28 = Sn -0.14
Fe'* +28 = Fe -0.44
Zn** +2¢- w  7n -0.76 |
2H,0+2e0 = H,+20H 083 |
V26 wm Y -1.20 |
Mg* +28 = Mg -2.38 |
Ca*+28 = (Ca -2.87
K +e = K =292
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(a) Complete the table, identifying the substance liberated at each electrode during electrolysis
with inert electrodes.

substance liberated | substance liberated
elactroly at the anode at the cathode
AgNO,(aq) O) C? Aj (‘55
concentrated NaCl(ag) CL e W, 90
Cus0,(aq) 0) C'nB Co(s)
[3]
(b) Molten calcium iodide, Cal,, is electrolysed in an inert atmosphere with inert electrodes.
(i) Write lonic equations for the reactions occurring at the electrodes.
cCcde =2 La. (e
[2]

(if} The electrolysis of molten Cal, is a redox process.

Identify the ion that is oxidised and the ion that is reduced, explaining your answer by
reference to oxidation numbers.

CA)'*_ 'S (c,)oce& . '\’s : 07(\90}\% V\ojﬁa wca) L(om +l Yo Ot
( Qwem& sl o%‘) &3@«\80%\&a)‘*a*\noml’0(wp}c‘°"\

(iiiy Describe two visual observations that wnull:l be m Edunng this electrolysis.
$'\‘(?/( : 60':01'9,/\(6 Je{os\

2. putfe ool Y M&c S ———

[1]

(c) An oxide of iron dissolved in an inert solvent is electrolysed for 2.00 hours using a cumrent of
0.800A. The electrolysis products are iron and oxygen. The mass of iron produced is 1.114g.

Calculate the oxidation number of Fe in the oxide of iron. Show all your working.
volv: Mo 11 37
W es? ko

n- L -~ C @(Lﬁéo%&\ => -5.. 3
sF REs 3(ALSKSY

oxidation number of Fe = +S [3]

W\o1@>

(a) Complete the table by predicting the identity of the substance liberated at each electrode
during electrolysis with inert electrodes.

substance liberated substance liberated
electrolyte at the anode at the cathode
NaOH(aq) 0,9 D)_@
dilute CuCl,(aq) O
2((3\ [_‘d CS\
concentrated MgCi (aq) CL (q\ \_] ,l(q\
3’ U~ [3]

(b) (i) The electrolysis of molten ZnBr, is a redox process.
|dentify the ion that is oxidised and the ion that is reduced.

Use ionic half-equations to explain your answer.

{c) Dilute sulfuric acid is electrolysed for 50.0 minutes using inert electrodes and a current of
1.20A. A different gas is collected above each electrode. The volumes of the two gases are
measured under room conditions.

Calculate the maximum volume of gas that could be collected at the cathode. ( \—\g
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(c) Alithium-iodine electrochemical cell can be used to generate electricity for a heart pacemaker.
The cell consists of a lithium electrode and an inert electrode immersed in body fluids. When
current flows lithium is oxidised and iodine is reduced.

(i) Use the Data Booklet to write half-equations for the reactions taking place at the two
electrodes. Hence write the overall equation for when a current flows.

. 1}*26—<‘21—*’0g)1 =L

i : 4 —
overall equation 2L'("§+IL(‘ZL+2L [2]

(if) Use the Data Booklet to calculate the EZ,, for this cell.
T+ 3 .OH +o gL]
~ 2. S8
58
e = "% V [1]

(iii) Acurrent of 2.5 x 10°A is drawn from this cell.

Calculate the time taken for 0.10g of lithium electrode to be used up. Assume the current
remains constant throughout this period.

N : I‘} _ Moléd Mo - o . \ - \ w\o‘@
3F Mty 6.4 €1

Za (25 ) 515 Golo
C‘B [ﬂ,és x\c:‘)

S éf\fj s [3]

time= ...

[Total: 10]

() Aluminium is produced industrially by electrolysis of a melt containing large amounts of
AI* ions.

Calculate the mass of aluminium that is obtained when a current of 300000A is passed for
24 hours. Give your answer to three significant figures.

neZr o wesss TR MY/l
oF EF
- [300 ooo>@14»<éox(x§ *)7 .24 |7L{°°(3
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(d) Explain why chromium metal cannot be obtained by the electrolysis of dilute aqueous
chromium(ll) sulfate. Your answer should include data from the Data Bookiet.

(Mg Troe\ VW e =10 €8 o

[Total: 12]

\beum  Fenin friovs d&u‘)‘ hd e
a2
Cr J -0.91

H 0.00
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(c) An aqueous solution of copper(ll) sulfate is electrolysed using copper electrodes. A current of

6 The apparatus shows a cell which can be used to determine a value of the Avogadro constant, L. 150Ais pEESEd for 3.00 hours. 5 DQQ of copper e dEpDSitEd on the cathode

uari_able
resistor The charge on one electron is —1.60 x 10-"*C.
povwer
‘ ‘7_"7—“4I supply O \ - , ,
The relative atomic mass of copper is 63.5.
silver Use these data to calculate an experimentally determined value for the Avogadro constant, L.
electrodes Give your answer to three significant figures.
P P S S P-CA N
alectrolyte ¥
€350
{a) (i) Namg component X. X /7 _
7T I s ST L (S) ke T[S
cadelpehel sl nisninnnib L raiinmiinnias R F . ST = 1'°
S 650 s
(ii) Suggest a suitable electrolyte Y. C),> f: - | o\ x|o
F— L xe =D \‘0\’)(\0g - L+ \-Qﬁlo
(b) In an experiment, a current of 0.200A was passed through the cell for 40.0 minutes. The mass i <
of the silver cathode increased by 0.5009. 2 23
. L : é . 5 K\o 23
The charge on the electron is =1.60 = 107" C. - 5 2
Ca : ¥X|o
Calculate the: s mol™' [5]
&« number of moles of silver deposited on the cathode
-3
oles < ©Se0 _hey x]o (d) Explain why magnesium metal cannot be obtained by the electrolysis of dilute agueous
(7.4 magnesium sulfate. Your answer should include data from the Dafa Booklet.

« number of coulombs of charge passed

Q- T - (2) (Horbe) = 12°C

&« number of electrons passed I 2\
Q;N& ;3‘\)\' _Q— = .Lgo— = 3.coxlo
e [.Gxle" ca\n/\o CO")“l%
# number of electronz needed to deposit 1miol of silver at the cathode.
2\ 23 ;
hes 7\65 o Deoxlo w=C M «lo [Total: 13]
[ ol *
[3]

Mg +2¢° = Mg -238
2H 4+ 2¢ = H 0.00



