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1. Table 21.1 below gives the standard electrode potentials for seven redox systems.
You need to use this information to answer the questions below.

Redox system Equation E°IV
P /’\‘ -
1 ‘MnO.{(aq) r-8H+(aq) + 5e Mn*(aq) Jt- 4H,0(1) +1.51
2 Cr,0;7 (aq) +14H'(aq) + 6¢ = 2Cr’"(aq) + 7H,O(1) +1.33
3 Bry(aq) § 2¢” = |2Br (aq)) +1.09
4 Ag'(aq) + ¢ =(Ag(s)" +0.80
R S —
5 Fe''(aq) re —\Fe’(ag) |\ "'C AKX 1077
6 Zn**(aq) + 2¢ = Zn(s) -0.76
7 Ce’'(aq) +3e = Ce(s) 233
Table 21.1

(a) (i) Outline an experimental setup that could be used in the laboratory to measure the standard
cell potential of an electrochemical cell based on redox systems 4 and 5.

In your answer you should include details of the apparatus, solutions and the standard
conditions required to measure this standard cell potential.
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(ii) An electrochemical cell can be made based on redox systems 2 and 4.
The standard cell potential is +0.53 V. rOOX Ao &
SR Ao Ava vignk

State and explain the effect on the cell potential of this cell if the concentration of silver ions is
increased.

p@/%*bmmmmﬂﬂasc,ew ..........
B0 Yoo 60 ST SIT= S X

(b) From Table 21.1, predict the oxidising agent(s) that will not oxidise Fe*(aq) to Fe*'(aq).

=
>+ 24 E™ il necal re e
CC,Z—V\\Q.:':‘.M-\-O‘I"L\[ (1]

(c) An aqueous solution of iron(IT) bromide 1s mixed with an excess of acidified solution containing
manganate(VII) ions.

Using [I'able 21.1, give the formulae of the products of any reactions that take place.

...................................................................................................................
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2. Acellis constructed from the two redox systems below.

Cu2*(aq) + 26~ = Cu(s) ge=+034v &
Ag*(agq)+e- = Ag(s) E®=+0.80V \j\

Which statement(s) is/are correct for the cell?
+O - §-0O 34
o466V

The reaction at the copper electrode is Cu(s) — Cu?*(aq) + 2e".

A The cell potential is 1.14V.

The silver electrode increases in mass.

t -
A 1,2and3 CU\LS)’_‘b Ca TN +e

B Only1and2 sz*(oq\ +te — Aﬂ(s)
C Only2and3

D Only1 95

rore Sdd
pvosaxced. (1

Your answer ( )
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3. This question is about redox, electrode potentials and feasibility.

. KU
Table 22.1 shows standard electrode potentials for four redox systems.
You need to use this information to answer the questions below. ok €
Redox system Equation ] E° IV
1 Zri2*\aq) + 2e- :(Zn@ T Qﬂ.?s )
@) S0,2-(aq) + 2H*(aq) + 26~ = S0O,2-(aq) + H,0() +0.17
3 . Fe¥(ag)+e = Fe’(aq) pE g? echal&0.77
(4) (MO, (aq)y- 8H'(aq) + 56~ = Mn%aq) + 4H,0() | C+15TY

s
+1 —

Table 22.1

(a) A standard cell is set up in the laboratory based on redox systems 1 and 3 and the standard
cell potential is measured.

(i) Draw a labelled diagram to show how this cell could be set up to measure its standard
cell potential.

Include details of the apparatus, solutions and the standard conditions required to
measure this standard cell potential.

ek

\
-

oW

=_ 2t .
Ve, Fed

Standard conditions \
AR TS e
.. [4]

(ii) Predict the standard cell potential of this cell.

327 -~(-0 76 = .53y

standard cell potential = 133 V [1]
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(b) In Table 22.1, what is the strongest reducing agent and the strongest oxidising agent?

Strongest reducing agent Z"\
¢ SAOIOV -

Strongest oxidising agent Mme_

CROLICK OV 2]

(c) Electrode potentials can be used to predict the feasibility of reactions.

Construct an overall equation for the predicted reaction between the species in redox
systems 2 and 4.

SSnghd-Z.Man—-kQH""_E'ZMn-“*SHtO 2]
+ 5SSO & L

530,% t S0 > 5504 s ot

NaW

2y 4 LEHETT
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4. This question is about reactions of hydrogen peroxide, H,0,.
(a) Hydrogen peroxide, H,0,, iodide ions, I~, and acid, H*, react as shown in the equation below.
H,O,(aq) + 217(aq) + 2H*(aq) — I(aq) + 2H,0(l)

A student carries out several experiments at the same temperature, using the initial rates
method, to determine the rate constant, k, for this reaction.

+
The results are shown below/f/ﬁ )5 d’d@f i
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\Imoldm':’ moldm™3 /'poldm™3

00700 ),{ 00100y |  0.100 )x| 200\ 9
(a & e
0.0100'§ 0.0200&(’k _ 0.100 Y 4.00% »

o.ozonlé" ¢ 001007 . .
. \ 5 LY >}
0.0200L)% (1 0200 74 4.00&

<y
o
—
%
.
o
o
b

A
L
b
N

W N -
o

o

g

8

(NIAR

<

(i) Determine the rate equation and calculate the rate constant, k, including units.

e = e [1,0, 1 [ A

roxe =w MO [ o

e
2xX\O -0©.02
o -6l x o.0l o
k= Q:Q%2 . units m"ﬁ. ..... 3;

(ii) The rate constant, k, for this reaction is determined at different temperatures, T.

Explain how the student could determine the activation energy, E,, for the reaction
graphically using values of kand T.
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(b) Solutions of hydrogen peroxide decompose slowly into water and oxygen:
2H,0,(aq) — 2H,0(1) + O,(g)
This reaction is catalysed by manganese dioxide, MnO,(s).

Standard electrode potentials are shown below.

T 0,(9) + 2H*(aq) + 2¢ = H,0,(aq) E® = +0.70V @

L MnOy(s) + 4H'(aq) + 2e” — Mn?*(aq) + 2H,0() E°=+1.51V M
JIT H,0,(9) + 2H*(aq) + 26 = 2H,0() E® = +1.78V d

Using the electrode potentials, explain how MnO, is able to act as a catalyst for the
decomposition of hydrogen peroxide.

Xron TN woved et .
ROER
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(c) Peroxycarboxylic acids are organic compounds with the COOOH functional group.
Peroxyethanoic acid, CH3COOOH, is used as a disinfectant.
(i) Suggest the structure for CH,COOOH.

The COOOH functional group must be clearly displayed.

®

nJC—C/

O— OoH
[1]

(ii) Peroxyethanoic acid can be prepared by reacting hydrogen peroxide with ethanoic acid.
This is a heterogeneous equilibrium.
S‘m

H,0,(aq) + CHSCgOH(aq) = CH,COOOH(aq) + H,0() K_ = 0.37dm3mol!

A 250cm? equilibrium mixture contains concentrations of 0.500 moldm=3 H ,0,(aq) and
0.500moldm™3 CH,COOH(aq).

°371=¥e = 1,0, | [cHC00M] —Co-slﬂc' >3

6.97 x [o-s J[6.5§= [CN3COCINI=2 cas,

0.0a2S x 20x\W07 3 = Q. Olg\zsn\d\

ﬁ amount = 0-623 ............... mol [3]
o Q.
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5. The redox equilibria for a hydrogen—oxygen fuel cell in alkaline solution are shown below.
2H,0(l) + 26~ == H,(g) + 20H(aq) ©=-0.83V Q[\
11,0,(g) + H,O(l) + 26~ = 20H(aq) E®=+0.40V \j\

What is the equation for the overall cell reaction?

RO SO 0y 90 4 70T RO

B 3H,0() + 1,0, — H,(g) + 40H(aq)
C  H,0() - H,(g) + ,0,(q) — 2,0 * ;"-‘/"' M

D Hy(g)+ ,0,(g) — H,O(l)

HL(S\ * \/7.02(3{——5 M’LO“\ ”

Your answer | (D
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6. This question is about some reactions of d block elements and their ions.

Table 21.1 shows standard electrode potentials which will be needed within this question.

,ogg-zn2*(aq + 2 = Zns) Eo=—g76v |Cell Ll
Cr*(aq) + e =  Cr**(aq) E®= 042V “’O‘i e
NiZ*(aq) + 2e~ = Ni(s) E®=-0.25V jor-
gpd’ L(aq) + 2e = 2Iaq) E® = +0.54V S
Y || Fet(aq) + e —  Fe?*(aq) E®=+0.77V a ;D(idahm
| Cr,0.2-(aq) + 14H*(aq) + 6e~ == 2CP*(aq) + 7TH,0()  E°=+1.33V
H,O,(aq) + 2H%(aq) + 2e~ = 2H,0(l) E®=+1.78V \7\
Table 21.1
gilled Rre ard
(a) Complete the electron configuration of /"> \ope Ak
aNiatom: 1s? _28%. 'Z-.pc 2 3?6 Sda
aNi2* ion: 1s? 2322»«?53;3239‘;3:!-3 2]

(b) Astandard cell is set up in the laboratory with the cell reaction shown below.

o pt electode

— .
Ni(s) + I(ag) — Ni®*(aq) + 2I(aq)
] @M e an echode _
(i) Draw a labelled diagram to show how this cell could be set up to measure its standard
cell potential,

Include details of apparatus, solutions and the standard conditions required.

N (s

Nl‘?.'l‘

Standard conditions \ L")

. [4]
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(ii) Predict the standard cell potential of this cell.
0-%4 - (~0.238) =07y
MoSt  posvhve — Wosk heacm\"i
standard cell potential = o 70'1 e V]

{c) Use the information in Table 21.1 to help you answer both parts of this question.

(i) Write thf overall equaugg_for the Ofidation of Fe?* by acidified H,0,.
'21.',: —> 7Fe +2e
O't tont x» 2 — 21,0
Fe'" + ROy + ZHY v 25 —> -z'Fe: +,2-€"4'2f110
K:.O:. + 2 1 2Fe? —= 2Fe k20,0

(i) Zinc reacts with acidified Cr,0,% ions to form Cr2* ions in two stages.

Explain why this happens in terms of electrode potentials and equilibria.

Include overall equations for the reactions which occur.

220 w320 ,Z:. e
Cr?_o.,?-‘ £\ant » Gel —> 'Lcﬁ* A0,
32n+¢q1012+1&H++,6€-—>32.n2'*¢6€¢m?”
. - AR O.
3‘2\« * Cc. Qz'z"' \q-H*—a- 35Zn1‘".+ 20c 3% -t-"TH (&)
Zn.m=. 205 1.2
?_CJ '3-!- e "'"ZC.-T ?.4- -
zZn..x2.cxe 3 +_,2'€ ——?"Zﬁu ft'}e" ¥ ?_Cr

O e-fl O? 2
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(d)* Three different reactions of copper compounds are described below.
Reaction 1: Agqueous copper(Il) sulfate reacts with excess aqueous ammonia in a ligand
substitution reaction. A deep-blue solution is formed, containing an octahedral
complex ion, C, which is a frans isomer.

Reaction 2: Copper(l) oxide reacts with hot dilute sulfuric acid in a disproportionation
reaction. A blue solution, D, and a brown solid, E are formed.

Reaction 3: Copper(Il) oxide reacts with warm dilute nitric acid in a neutralisation reaction,
to form a blue solution. Unreacted copper(ll) oxide is filtered off, and the
solution is left overnight in an evaporating basin.

A hydrated salt, F, crystallises, with the percentage composition by mass:
Cu, 26.29%; H, 2.48%; N, 11.59%; O, 59.63%.
Identify C—F by formulae or structures, as appropriate.
Include equations, any changes in oxidation number, and working. [6]
24
1. Leu(f,0)g 120 2. AW =2 [Ca (M), (1,0) 1
X2 o

Lo [; C-t.-\. (N‘l&\ « L H,lo) 11*

= T L S

D (: %.30.4 .................. ECu
G OpidoREN slesey’ +1 —2.xX2..%.0.

Lun. 28622 L HL 2.8 N3 003263
635‘1‘1“6
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7. This question looks at reactions of hydrogen peroxide and of cobalt(II) ions.
(a) Aqueous hydrogen peroxide decomposes as shown in equation 2.1.
2H,0,(aq) — 2H,0(l) + O,(g) Equation 2.1
The reaction is catalysed by manganese(IV) oxide, MnO,,.
A student investigates the decomposition of a hydrogen peroxide solution as outlined below.
*  The student adds 50.00cm?® of H,0,(aq) to a conical flask.

*  The student adds a small spatula measure of MnO, and quickly connects the flask
to a gas syringe.

*  The student measures the volume of oxygen every 200 seconds.

Results
Timels Volume of O,/cm?

0 0

200 15
400 28

600 36

800 41
1000 46
1200 48
1400 50

(i) Process the results as outlined below.

*  On page 5, plot a graph of volume of O, against time.
«  Use your graph to find the rate of the reaction, in cm3s~1, at t = 500s.

=8 S 5;(2N:>'g

Show your working on the graph and in the space below.
40-20 _ .\
— " O 042 codS
6 80 - 200

rate = ...... 064-'2_ ............ cm3s~1[5]
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(ii) The student allows the reaction in equation 2.1 to proceed until no more gas is evolved.
The volume of O, in the syringe is now 55cm3, measured at RTP.

Calculate the initial concentration of the H,0,. ?
Give your answer to two significant figures. \jd 'UJY\‘E’_ _ j
WOV

_ -3 oo
=72.2A4 X0 vk (‘Z.C%CCDCW\?)

SS

-—-—-—-F

24020 . s
2. 28 x\0"3 @W&Qf 5B %O 7w

(ot H"LO'L
-3 -3
| ‘Q &4.3% X\OZ = sOXx\O 3 = S-0A2 _,
initial concentration of H,0, = DOO‘Z’ moldm=3 [3]

(b) Hydrogen peroxide can act as an oxidising agent or as a reducing agent.

Some standard electrode potentials are shown below.

2H%(aq) + O,(g) + 2e~ = H,0,(aq) E®= +D.BBV@
H,0,(aq) + 2H"(aq) + 2e~ =  2H,0() E®=+177V
VO?*(aq) +2H*(aq) + e~ = V¥(aq) + H,0(l) E*®=1+0.34V
MnO, (aq) + 8H*(ag) + 5= =  Mn®'(aq) +4H,0() E®=+1.51V \7\
4—-7 —_—> A2 e NCHoN
Use this information to write an equation for a reaction in which hydrogen peroxide acts as a
reducing agent. Ox dv Sell{e A lo

5+ Oy —‘?G,%H*‘ 0., ke ?
I MnWOgq~ + BT A—@e —>)tmnt &R0

5H,0, + 2MnOg +A6H ¥+ 10" _;;frgm.ﬁ@&%%

5”10 J—ZMHOG‘. & QHJ" — 50 A 2M g
+ 3,0
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(c) Cobalt(Il) forms complex ions with water ligands and with chloride ligands.

*  With water ligands, cobalt(Il) forms a pink octahedral complex ion, [Co(HQO}E]-?*.
*  With chloride ligands, cobalt(Il) forms a blue tetrahedral complex ion.

A student dissolves cobalt(II) sulfate in water in a boiling tube. A pink solution forms.

Experiment 1

The student places the boiling tube in a water bath at 100°C.
Concentrated hydrochloric acid is added dropwise.

The colour of the solution changes from pink to blue.

Experiment 2
The student places the boiling tube from experiment 1 in an ice/water bath at 0°C.
The colour of the solution changes from blue to pink.

aord.  SuioSnrthon

N
(i) Write the equillbrium equation for the reaction that takes place when the colour of the
solution changes.

[co(10),]* 4 ac- = [Cot 1"+ 6M0m

(ii) Explain the observations and predict whether the formation of the blue colour is
exothermic or endothermic.

eauiliorom  Sweks  vignk. ok (007

ond. AR g2k OTC SO .

.. [2]
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8. Four redox systems relevant to hydrogen—oxygen fuel cells are shown below.
E°IV
HO() + e = OH-(aq) + %H,(g) (o83
H*'(aq) + &= =  ¥zH,(9) 0.00 Q\
1%0,(g) + H,0() + 2= = 20H(aq) m > ocrl vl
1%0,(g) + 2H*(@aq) + 26 = H,O() VK celd

Which statement(s) is/are correct for an alkaline hydrogen—oxygen fuel cell?

POVAve eARQIvIe [er one v@bgw
/1/ The reaction at the positive electrode is: 720,(g) + 2H*(aq) + 2e” — HZO(I).‘d.W,V,.\

@ The overall cell reaction is: Hy(g) + 20,(g) — H,O(l).

@ The cell potential is 1.23V.

\/’Loz+ %4-/'2/3 —_;W

A 1,2and3 ,Z(
- ey 4
B Only1and2 7o + 1 \42_ ZK\O
C Only2and3 | sl H
/7-07_ + O
D Only1

Your answer | C_ [1]




OCR (A) Chemistry A-Level - Redox and Electrode Potentials

PhysicsAndMathsTutor.com

9. Standard electrode potentials for four redox systems are shown in Table 19.1.
:;es(:g; Half-equation E®IV
1 CO,(g) + 2H%(aq) + 2e” = HCOOH(aq) -0.11
2 HCOOH(aq) + 2H*(aq) + 2e~ = HCHO(aq) + H,O(l) -0.03
3 Ag*(aq) + e” = Ag(s) +0.80
4 MnO, (aq) + 8H*(aq) + 5~ = Mn2*(aq) + 4H,0(1) +1.51

Table 19.1

(a) A student sets up a standard cell in the laboratory based on redox systems 3 and 4.

Draw a labelled diagram to show how this cell could be set up to measure its standard cell

potential at 298 K.

(v
Sa\ o
] ‘br.’d%-e
P\(\f
(\wadhdon 2

P

HY, 04
Mt

(t Mo\ dm‘ZB

[31
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(b) A student warms a mixture of methanal, HCHO, and acidified potassium manganate(VII).
The student observes gas bubbles.
Explain this observation in terms of electrode potentials and equilibria.

Include overall equations in your answer.

'YMnE.-e ....... ot rq,gkox&sskern ...... . 3= W W
‘?-R"t

2o . -
2Mn Qo . @m_ ~.5=e< —>.9_Mn’¢+___ A %H-?_O
SRHCHO. I ot £ % - B ol .*,..,fé“f,..frs.txcgm-\

'z.m.n_o( X GH" £ SHCHO —> 2Me + 21,0 + S HCO0H
cand &1 2MnO¢  x 6H T+ 5Hf00H——->'2NnS SH{)*
'ZM\c\..Oq. . 3H" 1-5:: —=.2Mnt +8.“-"EHQO
S5H.COON..TTT2 ""‘%‘x“x Y .xz2eT ‘*SCO e T4

10 e-
(c) Methanoic acid, HCOOH, can be used in a fuel cell. As with all fuel cells, the fuel (HCOOH) is
supplied at one electrode and the oxidant (oxygen) at the other electrode.
The standard cell potential for this fuel cell is 1.34 V.
The overall reaction is shown below.

HCOOH + %0, — H,0 + CO,

Using the information in Table 19.1, deduce the half-equation for the reaction at the oxygen
electrode, and calculate the standard electrode potential for the oxygen half-cell.

RAOX  susem \:
HCOOH —s CO, &~ 2=* x2e”
;H(‘(-\-‘/,ZO_?_ y 2€” —> , O
.24 & (-O0\W\)z+\-23V
half-equation 2"1**7202*22.'—%\'{10

standard electrode potential =\.232..v
[2]



