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The table shows the number of protons and neutrons in four different atoms.

You should spend a maximum of 20 minutes on this section.

Write your answer to each question in the box provided.

2
Section A

Atom Number of protons Number of neutrons
w 17 18
X 18 18
Y 19 18
V4 18 19

Which two atoms are isotopes of the same element?

A WandX
B XandY
C XandZ
D YandZ

Your answer C

11.8959 of hydrated cobalt(II) chloride, CoCl,*xH,0, is heated to remove the water of

crystallisation.

After heating to constant mass, the mass of the anhydrous salt was 6.495g.

What is the value of x?

A 3
B 5
C 6
D 7

Your answer C
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3  The diagram shows the Born-Haber cycle for sodium oxide, Na,O.

2Na*(g) + 0%<(g)
A

2Na*(g) + O(g) + 2e~

2Na(g) + O(g) 2Na*(g) + O7(g) + e~

2Na(g) + %0,(g)

2Na(s) + 720,(9)

Na,O(s) Y

Why is the value for the second electron affinity of oxygen positive?
A An electron is added to a high energy orbital.

B An electron is added to a negative ion.

C An electron is removed from a gaseous atom.

D An electron is removed from a positive ion.

Your answer B [1]

4  What volume, in cm?3, of 0.250 moldm=3 barium hydroxide solution is required to exactly
neutralise 25.0 cm? of 0.115moldm=2 hydrochloric acid?

Ba(OH),(aq) + 2HClI(aq) — BaCl,(aq) + 2H,0(l)

A 575

B 11.50

C 23.00

D 5435

Your answer A [1]
©OCR 2025 Turn over
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5 The graph shows the volume of hydrogen released over time in a chemical reaction.
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What is the rate of reaction, in cm3s~!, at 30 seconds?
A 038
B 1.2
C 21
D 24
Your answer | B [1]
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Methane reacts with oxygen as shown in the equation:

CH,(g) + 20,(g) = CO4(g) + 2H,0(9)

The table shows some bond enthalpies.

5

AH=-730kJmol~

Bond

O-H

0=0

C=0

Bond enthalpy/kJ mol"

+464

+498

+805

What is the bond enthalpy, in kJ mol~!, of the C—H bond in methane?

A +109
B +367
C +435
D +568

Your answer

C

The table below shows the boiling points of some hydrogen halides.

Hydrogen halide

Boiling point/K

HCI 188
HBr 206
HI 238

What is the best explanation for the trend in boiling points from HCIto HI?

A The strength of the covalent bonds increases.

The strength of the hydrogen bonds increases.

B
C The strength of the induced dipole—dipole interactions (London forces) increases.
D

The strength of the permanent dipole—dipole interactions increases.

Your answer
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The burette readings from an experiment are shown:

Final reading/cm? 29.35

Initial reading/cm3 2.60

The burette has an uncertainty of +0.05cm3.

What is the percentage uncertainty of the titre?

A 0.17%
B 0.19%
C 0.34%
D 0.37%

Your answer D

Hydrogen reacts with iodine monochloride, ICI, as shown in the equation:
H, + 2ICl — 2HCI+1,

The mechanism for the reaction is:

H, + ICl - HCI + HI slow step

HI+ICl - HCIl + 1, fast step

What is the rate equation for the reaction between H, and ICI?

A rate = k[HI] [ICI]

B rate = k[H,] [ICI]

C rate = k[H,] [ICI]?

D rate = k[H,] [HI] [ICIJ?

Your answer B

© OCR 2025

stemup.co.uk

[1]

[1]


https://stemup.co.uk

10 The overall equation for a hydrogen—oxygen fuel cell is:

1

7

H,(g) + 30,(9) = H,0()

The half-equation at the negative electrode is:
H,(g) + 20H7(aq) — 2H,0(l) + 2e~

What is the half-equation at the positive electrode?
A 10,(9) + Hy(g) = 2H,0(I) + 2e”

B %02(9) +H,0O(l) - 20H7(aq) + 2e~

C  10,9) +H,O(l) + 26~ - 20H(aq)

D 0O,(g) + 20H7(aq) + H,(g) + 26~ — 2H,0(l)

Your answer C

Two redox systems are shown below.
Mg?*(aq) + 2e~ == Mg(s) E®=_-237V
Pb2*(aq) + 2~ == Pb(s) E®=-0.13V

Which species is the strongest reducing agent?

A Mg*(aq)
B Mg(s)
C Pb%*(aq)
D Pbs)

Your answer B
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12 The rate constant, k, for a first order reaction is 6.19 x 10~3s~".

What is the half-life, in s, for the reaction?

A 4.29x1073

B 49

cC M12

D 323

Your answer | C [1]

13 A mixture of ethanoic acid and ethanol is left to reach equilibrium.

A student determines the amount of ethanoic acid remaining in the equilibrium mixture by titrating
the mixture with a solution of sodium hydroxide.

Which row of the table shows a suitable indicator for the titration?

pH range of the indicator
A 12-28
B 48-6.0
Cc 9.4-10.6
D 12.0-13.4
Your answer | C [1]
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14 Barium is in Group 2 of the periodic table.

Which statement(s) about barium is/are correct?

1

2

Your answer B

Its outer shell electrons are in an s-orbital.
It reacts more vigorously with water than magnesium.

It has a higher first ionisation energy than magnesium.

1,2and 3
Only 1 and 2
Only 2 and 3

Only 1

15 Chromium forms the complex ions [Cr(NH,)]** and [Cr(OH)g]*~.

Which statement(s) about the complexes is/are correct?

1

2

Your answer B

Chromium is in the same oxidation state in each complex ion.

The complex ions are different colours.

The complex ions have different coordination numbers.

1,2and 3
Only 1 and 2
Only 2 and 3

Only 1
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Section B
16 This question is about trends in the periodic table.

(@) The graph shows the melting points for Period 3 elements from sodium to silicon.

2500

2000

Melting 1500
point
/K
1000 7
500 /
il S‘/X\ﬂ\*
0 f

Na Mg Al Si P S Cl Ar

(i) Complete the graph to show approximate melting points for P, S, Cland Ar. [2]
(i) Explain why silicon has a higher melting point than aluminium.

Use ideas about structure and bonding in your answer.

© OCR 2025
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(b) The table shows the first ionisation energies for the elements in Period 3.

Element Na Mg Al Si P S Cl Ar

First ionisation

energy/kJ mol-! 496 738 578 789 1012 1000 1251 1521

(i) Write an equation to represent the first ionisation energy of sulfur. Include state symbols.

(ii) The table shows that there is a general increase in first ionisation energies across Period 3, but
that this trend is not followed by phosphorus to sulfur.

Explain why the first ionisation energy of sulfur is lower than the first ionisation energy of
phosphorus.

© OCR 2025 Turn over
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(c) Astudent adds an aqueous solution of bromine, Br,(aq), to two test tubes.

The student adds aqueous sodium iodide, Nal(aq), to the Br,(aq) in one test tube, and aqueous
sodium chloride, NaCl(aq), to the Br,(aq) in the other test tube.

Complete the table to show the student's observations.

Write ionic equation(s) for any reaction(s) that take place.

Solutions Observations

Br,(aq) + Nal(aq)

Braq) +NaCaa) | T

© OCR 2025
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(d)* The hydrides of silicon, phosphorus and sulfur have simple molecular structures, but their
molecules have different shapes.

Explain why molecules of SiH,, PH; and H,S have different shapes.

Your answer should include ‘dot-and-cross’ diagrams (outer shells only), the names of the shapes
and an explanation of why the bond angles are different.

x_ = SilP/S. electron, . +.=.H electron

...................... v 5.5 SUPS SO0 7 L EGEHION........
..................... K e EB e X,
H x SI §H H x P ¥ H Hx S %
X X X
...................... Hoeooooeoeeeeeeeeeeeeseeeeeeeseeeeseeeeseesesed e e
......... SiHy.  tetrahedral ... PHz pyramidal . . . .. ... ... HxS bent .. . . . .
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17 This question is about carbon monoxide and carbon as reducing agents in industry.
(@) Iron(IlI) oxide, Fe,O,, can be reduced by carbon monoxide to form iron.
Fe,04(s) + 3CO(g) = 2Fe(s) + 3CO,(9) Equilibrium 17.1

Some standard enthalpy change of formation, A;H®, and standard entropy, S®, values are shown
in the table.

Substance Fe,0;(s) CO(9) Fe(s) CO,(9)

AcH®/kJ mol~! -824 —111 0 -394

S°/JK-"mol" 87 198 To calculate in 214
part (a)(iv)

(i) Explain why the standard enthalpy change of formation of Fe has a value of 0kJmol~.

Fe is. an.element in. its standard state, so.no. enerqy change: an element. is

...................................................................... DR/ 45 AN 4034

(ii) Calculate the enthalpy change, A H, for the forward reaction in Equilibrium 17.1.
MM = 3AH(products) — 3N#H(reactants)
= [2(0) + 3(-394)] - [(-824) + 3(-111)]
= (-1182) - (-1157)

AH= ... T2, kJmol~! [2]

(iii) Explain why the standard entropy of CO, is greater than the standard entropy of Fe,O,.

© OCR 2025
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(iv) The standard entropy change, AS®, for the forward reaction in Equilibrium 17.1 has a value of
+15JK~"mol".

Use data from the table to calculate the standard entropy, S°®, of Fe.

AS

\\

>S(products) — 3S(reactants)
15 = [25(Fe) + 3(214)] - [87 + 3(198)]
15 = 25(Fe) + 642 — 681, so 2S(Fe) = 54

\

Se= i, 27 ] JK-Tmol-" [2]
(b) Carbon can also reduce Fe,O4(s) to iron as shown in Equilibrium 17.2.

Fe,04(s) + 3C(g) = 3CO(g) + 2Fe(s) Equilibrium 17.2
AH = +491kJ mol~"
AS = +543 JK " mol™"

The forward reaction is only feasible at high temperatures.
. Show that the forward reaction is not feasible at 100 °C.
. Calculate the minimum temperature, in K, for the forward reaction to be feasible.

Give the minimum temperature to the nearest whole number.
At 100 °C, T = 373 K; AS = +543 7 K™t mol™ = +0.543 ki K™ mol™
AG = AH — TAS = 491 — (373 x 0.543)
AG = 491 — 2025 = +288 kI mol™
AG > 0, so the forward reaction is not feasible at 100 °C.
Feasible when NG < 0, so the minimum T is when NG = 0:

T=AH + AS = 491 + 0.543 = 904.2 K

© OCR 2025 Turn over
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(c) Steam can be reduced by carbon monoxide in a reversible reaction.

H,0(g) + CO(g) == H,(g) + CO,(q) Equilibrium 17.3
AH =-39.9kJmol™"

At 700K the value of Kp is 8.13.

(i) Explain why Kp for Equilibrium 17.3 has no units.

(ii) An equal number of moles of steam and carbon monoxide are left at 700K in a sealed container
until equilibrium is reached.

At equilibrium, both H, and CO, have a partial pressure of 211 kPa.

Calculate the partial pressures of H,O and CO at equilibrium.

K, = p(H,) x p(€CO,) + (p(H,0) x p(CO))
Equal moles of H,0 and CO react 1 : 1, so p(H,0) = p(CO) = x
x> = (211 x 211) + 8.13 = 5476.1

X = 54761 = 74.0 kPa

Partial pressure of HyO = ................ R kPa
Partial pressure of CO = ................ 78,0 oo, kPa
[3]

(iii) At a second temperature the value of Kp for Equilibrium 17.3 is 129.
Explain whether the second temperature is higher or lower than 700K.
Lower than. 700 K. The forward reaction is exothermic, so lowering. the . .. .

© OCR 2025
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18 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide, NO,,
2NO(g) + O,(g) — 2NO,(9) Reaction 18.1
(@) The rate of reaction increases in the presence of a heterogeneous platinum catalyst.

(i) Explain why platinum is an example of a heterogeneous catalyst for Reaction 18.1.

(i) Explain how the platinum catalyst increases the rate of reaction.

Include a labelled sketch of the Boltzmann distribution on the grid.

\

E. = activation energy with catalyst
A E, = activation energy without catalyst

\|

V.4

Number of EEEN/ /AN NN
molecules

T~

———
y 4

Energy

(iii) In industry, catalysts have great economic importance and benefits for increased sustainability.

Explain how the use of catalysts is beneficial to the environment.

© OCR 2025
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(b) The following data was obtained in a series of experiments on the rate of the reaction for
Reaction 18.1 at a constant temperature.

Experiment [NO]/moldm™3 [0,]/moldm™3 rate/moldm=3s-1

1 0.040 0.035 7.45 x 1074

2 0.040 0.070 1.49 x 1073

3 0.060 0.035 1.68 x 1073
Determine the orders with respect to NO and O,. Explain your reasoning.
Determine the rate equation and calculate the rate constant, k, including units.
Experiments 1 and 2: [NO] stays the same and [0,] doubles (x 2); the rate .

.Increases x.2.25..(1.68.x. 1072 +.745.x.107%). As. 1.5%.=. 2,25, the..reaction............
15,200, 0rder. With YeSPECt 10 NO. . . . .oi.o oot
.Rate_equation:. 1ate = KINOT?LO2].........ooooooooeoecooooeeeeeeeeeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeeseeee e
k.= rate = (INOI?[0,]) =.7.45. % 107% +.(0.0407 % 0.035) ..o
K2 785 X 107 256X 0072 5 033 e

© OCR 2025 Turn over
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(c) The rate constant varies with temperature, according to the Arrhenius equation.

A technician determines the activation energy for Reaction 18.1 by determining the rate
constant, k, at different temperatures.

The table shows the technician’s results.

;I';mperature %— /K1 K In k
1500 6.7 x 1074 1.81 x 103 7.50
1750 57> 1074 8.51x10° dld
2000 50 x 104 2.79 x 105 125
2250 4.4 %10~ 1.47 x 105 14.2
2500 4.0 x 1074 5.70 x 108 15.6

(i) Complete the table by adding the missing value of Ink.

1
(ii) Plot a graph of Ink against = on the grid opposite.

T

Use your graph to calculate the value of the activation energy, E_, in kJ mol=".

Give your answer to 2 significant figures.

In 'k =1In A — E,/RT, so gradient = —E,/R

gradient = (7.2 — 14.9) + ((6.3 — 4.2) x 107™%) = -2.96 x 10* K

E, = 2.96 x 10* x 8314 = 2.46 x 10° J mol™* = 246 kI mol™

© OCR 2025
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17

16

14

/,

//

13

12 \

In k

11

10

4.0 4.5 5.0 5.5 6.0 6.5 7.0
x 1074 x 1074 x 1074 x 1074 x 1074 x 1074 x 1074

© OCR 2025 Turn over

stemup.co.uk


https://stemup.co.uk

19

(a)

(b)
(i)

(ii)

22

This question is about monobasic acids and buffer solutions.
Nitric acid, HNO,, is a strong monobasic acid.

Calculate the pH of 0.150 moldm= HNO,.

Give your answer to 2 decimal places.

pH = —log[H*] = —1og(0.150) pH = 0.82 [1]

Nitrous acid, HNO,, is a weak monobasic acid.

Predict whether the pH of 0.150 moldm3 HNO, is higher, lower or the same as the pH of
0.150 moldm=2 nitric acid, HNO,.

Explain your answer.

Prediction ..... h!?.”!.‘?!f ........................................

When heated, aqueous HNO, disproportionates. The equation is shown below.
3HNO,(aq) — HNO4(aq) + 2NO(g) + H,O()
*  What is meant by disproportionation?

*  Use oxidation numbers to show that disproportionation has taken place.

© OCR 2025

stemup.co.uk


https://stemup.co.uk

23

(c)* A student plans to prepare a buffer solution with a pH of 4.85 using propanoic acid,
CH,CH,COOH, and sodium propanoate, CH,CH,COONa.

K, for CH,CH,COOH = 1.32 x 10-°moldm=3.

The student mixes 125cm?3 of 0.180 moldm™3 CH,CH,COOH(aq) with a calculated mass of
CH,CH,COONa(s). The student assumes that the volume of the solution does not change.

Calculate the mass of CH3CHZCOONa needed to make 125cm3 of a buffer solution with a
pH of 4.85.

»  Explain why this solution resists changes in pH when a small amount of alkali is added.

© OCR 2025 Turn over
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20 Standard electrode potentials for seven redox systems are shown in the table below.

52(:::‘ Half-equation E°IV
1 V2*(aq) + 2e~ = V(s) -1.18
2 Zn?*(aq) + 26~ = Zn(s) -0.76
3 Co?*(aq) + 2e~ = Co(s) -0.28
4 V3*(aq) + e~ = V2*(aq) -0.26
5 2H*(aq) + VO?*(aq) + e~ == V3*(aq) + H,O(l) +0.34
6 Ag*(aq) + e~ =Ag(s) +0.80
7 2H*(aq) + VO,*(aq) + e~ == VO?*(aq) + H,O(l) +1.00

(a)

(i) Astudent sets up a standard cell based on redox systems 2 and 4.

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

Include the conditions required to measure the standard cell potential.
/V\ high-resistance voltmeter

il ~ |
zn(s) Pt(s)
salt bridge
———————— p -l NosGag) -
1 mol dm=3 zn**(aq) 1 mol dm=3 V**(ag)

and 1 mol dm=3 V**(ag)

standard conditions .298.K (25.°C);. L. mol am=2 Zn?taGh. .o

(ii) Calculate the standard cell potential of this cell.
Eecell = ('026) - ('076)

standard cell potential = .............. F0.50 V [1]

© OCR 2025
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(b) A student predicts that cobalt metal will reduce acidified VO2* ions to form V2* ions in two stages.

Explain why this two-stage reduction should happen in terms of electrode potentials and
equilibria shifts.

Include overall equations for the predicted reactions.

V2" is.not reduced to.V, as. ESCV2H V) =. =118 V. is_more negative than —0.28........

Y ettt ettt ettt ettt ettt ettt et ettt er e,

..................................................................................................................................................... [4]
© OCR 2025 Turn over
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(a)
(i)

(ii)

(b)

26

This question is about reactions of compounds of iron and copper.

Complete the electron configuration of

Solutions of iron(lI) sulfate, FeSO,, and copper(ll) sulfate, CuSO,,, can be distinguished by
adding aqueous sodium hydroxide.

Describe what would be observed when NaOH(aq) is added to each solution.
Observation with FeSO,(aq) . 978N . Pre¢ipitate ...

Observation with CuSO,(aq) .Pale. blue precipitate .. ...
[2]

The cyclic organic compound pyridine, C;H;N, can act as a monodentate ligand.

The structure of pyridine is shown below.

© OCR 2025
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(if) An iron(II) complex contains two different ligands: C;H;N, and Ci™.

The complex has a molar mass of 442.8gmol~" and the following percentage composition by
mass:

Fe, 12.6%; C, 54.3%; H, 4.5%; N, 12.6%; Cl, 16.0%
Determine the empirical formula of the iron(II) complex.

Deduce the number of C;H;N ligands in the complex and the coordination number of the
iron(II) ion.

Fe:C:H:N:Cl=126/55.8:54.3/12.0: 45/1.0 : 12.6/14.0 : 16.0/35.5
=0.226 : 4525 : 4.5 :0.900 : 0.451

+0226: 1:20:20:4:2

Empirical formula mass = 55.8 + 240.0 + 20.0 + 56.0 + 71.0 = 442.8

= molar mass, so molecular formula = FeC,yH )N4Cl,

1 N per CsHsN, so 4 N means 4 pyridine ligands

4 CsHsN + 2 €I~ = 6 monodentate ligands, so 6 coordinate bonds

Empirical formula of iron(11) complex ...Fe&20H 20NaClo

Number of C;HyN ligands 4

Coordination number of iron(II) ion 6

© OCR 2025 Turn over
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(c) Aqueous copper(IT) sulfate reacts with salicylic acid to form a complex ion which has two
stereoisomers.

One isomer of the complex ion is shown:

O\C u/O
O/ \O

@)

Draw the other stereocisomer of the complex.

Identify the type of sterecisomerism shown by the complexes.

O\CU/O
"

cis Isomer

© OCR 2025
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(d) Mixture A is a mixture of copper(II) sulfate crystals, CuSO,*5H,0 and iron(II) sulfate crystals,
FeSO,*7H,0.

A student carries out a titration to determine the percentage by mass of CuSO,*5H,0 in
Mixture A.

The student uses the following method.

Step 1 Dissolve 9.51g of Mixture A in water and make up the solution to 250.0cm3 in a
volumetric flask.

Step 2 Pipette 25.0 cm? of the solution from Step 1 into a conical flask and add an excess of
aqueous potassium iodide, KI(aq).

The copper(II) ions react with iodide ions to form a precipitate of copper(I) iodide and a
solution of iodine.

2Cu?*(aq) + 4I~(aq) — 2Cul(s) + L(aq)

Step 3 Titrate the contents of the conical flask from Step 2 with 0.0800 moldm3
sodium thiosulfate, Na,S,0,, using starch as the indicator.

I,(aq) + 25,0,%7(aq) - 2I7(aq) + S,042(aq)
Step 4 Repeat Step 2 and Step 3 to obtain concordant titres and calculate the mean titre.
Results
Mean titre = 31.15cm?3
(i) Calculate the percentage by mass of CuSO,*5H,0 in Mixture A.

Give your answer to 3 significant figures.
n(5,05%7) = 0.0800 x 31.15 = 1000 = 2.492 x 10~ mol

n(l,) = 2492 x 1073 + 2 = 1.246 x 103 mol

n(Cu®*) in 25.0 em® = 2 x 1.246 x 1073 = 2.492 x 1072 mol

n(Cu®*) in 250.0 ecm® = 2.492 x 1073 x 10 = 2.492 x 1072 mol
M(CuS045H,0) = 63.5 + 32.1 + 4(16.0) + 5(18.0) = 249.6 g mol™
mass of CuS04,5H,0 = 2,492 x 1072 x 249.6 = 6.220 ¢

% = 6.220 ~ 951 x 100 = 65.4%

Percentage of CuSO,*5H,0 in Mixture A= .................... 6D % [5]

© OCR 2025
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(ii) The student repeats their method, but after carrying out Step 1 they leave the solution exposed
to the air for a few days.
Some of the iron(II) sulfate is oxidised to iron(III) sulfate.
The student then continues with Step 2, Step 3 and Step 4 of the method.

This mean titre is greater than 31.15cm?.

Suggest why this mean titre is greater than 31.15cm?.

END OF QUESTION PAPER
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