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Answer all questions in the spaces provided.

[o]1].[2]

[o]1].[3]

This question is about the Period 3 elements Na to S and their compounds.

A small piece of sodium is added to a beaker of cold water.
The sodium floats on the water.

Describe two other observations made when sodium reacts with water.

Write an equation, including state symbols, for the reaction.
[3 marks]

Observation 1 fizzes (bubbles of gas are given off)

Observation 2 Melts into a ball, moves around and gets smaller

Equation

2Na(s) + 2H,0() - 2NaOH(ag) + H:(g)

A Period 3 element (Na to S) reacts with oxygen to form a colourless gas.

Identify the element.
[1 mark]

sulfur (S)

Separate samples of solid sodium chloride and liquid silicon tetrachloride are added
to water.

The pH of each solution formed is measured.

pH
sodium chloride 7
silicon tetrachloride 0

Write an equation, including state symbols, to represent the process that occurs
when each substance is added to water.
[2 marks]
Equation when sodium chloride is added to water

NaCl(s) + ag - Na*(ag) + Cl~(ag)

Equation when silicon tetrachloride is added to water

Sicly() + 2H,00) - 5i0,(s) + 4HCl(ag)

0 2
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Do not write
[0]1].[4] A small amount of phosphorus(V) oxide is added to an excess of o
aqueous sodium hydroxide.
Write an equation for this reaction.
Draw the structure of the anion formed in this reaction.
[2 marks]
Equation
P,0)y + 12NaOH — GNasPO, + 6H,0
Structure
p— — 3__
0
-0 P 0
0
R B 8

PO.>~ (phosphate ion)

Turn over for the next question
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A colorimeter is used to determine the concentration of Fe3* ions in a sample of box

aqueous iron(lll) sulfate.

[0]2].[1] Give the full electron configuration of an Fe®* ion.

Is? 25> 2p® 3s? 3p° 3d°

[1 mark]

Solutions with different concentrations are prepared by adding different amounts of
distilled water to 0.500 mol dm=3 aqueous iron(lll) sulfate.

The absorption of light by these solutions is measured.

The results are shown in Table 1.

Table 1
Concentration of iron(lll) sulfate | Absorbance / %
/ mol dm™3
0.100 12
0.200 25
0.300 38
0.400 51
0.500 65
0l2| Calculate the volume, in cm?, of water that must be added to

25.0 cm? of 0.500 mol dm-2 aqueous iron(lll) sulfate to prepare the solution with a
concentration of 0.300 mol dm~3

[2 marks]
V)(Feg(SOC,)g) = 25.0 x 0.500 = 1000 = 0.012S mol
total volume needed = 0.0125 <+ 0.300 = 0.09167 dm> = 41.7 cm?
volume of water added = 41.7 — 25.0 = 16.7 cm>
Volume 16.7 cmd

0 4
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EI Plot the data from Table 1 on the grid in Figure 1.

You should plot concentration of iron(lll) sulfate on the x-axis and
absorbance on the y-axis.

absorbance | % Figure 1

70

S0

40 x

30

20 s

10

0.0 0. 0.2 03 0.9 0.8
concentration of iron(lll) sulfate |/ mol dm=3

EI The absorbance of a solution of iron(lll) sulfate is measured as 44%

[2 marks]

Use your graph in Figure 1 to determine the concentration, in mol dm=3, of Fe3* ions

in this solution.

from graph, absorbance 4% — [iron(lll) sulfate] = 0.344 mol dm™>
Fe,(50,) 3 contains 2 Fe**, so [Fe**] = 2 x 0.344
[Fe**] = 0.683 mol dm™

Concentration of Fe**(aq)  0.63%

Question 2 continues on the next page

[2 marks]

mol dm=3

05
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0l2 EI The wavelength of some light absorbed by the solution of iron(lll) sulfate is 240 nm box

Calculate the energy gap (AE), in J, between the ground state and the excited state
of the d electrons.

You should assume that all the light absorbed is because of the movement of
electrons between d orbitals.

The Planck constant, h=6.63 x 1034 J s
The speed of light, ¢ = 3.00 x 108 m s
[2 marks]
AE = he = A
A =260 nm = 240 x 107" m
AE = (6.63 x 10729 x 3.00 x 10%) + (240 x 107%)
AE =829 x 10777

AE 3.29 x 107" J 9

0 6
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0]3] This question is about complex ions. box

'0[3].[1] Ammonia is a monodentate ligand.

Write an equation for the reaction of an excess of ammonia with aqueous Cu?* ions.

State the co-ordination number of copper in the complex ion formed in this reaction.
[2 marks]

Equation

[CU(H20)6]2+ + C/NH; - [CU(NH;)Q(H20)2]2+ + LIHZO

Co-ordination number 6

[0][3].[2] Ethanedioate ions are bidentate ligands.

Draw the structure of the complex ion formed when an excess of
sodium ethanedioate is added to aqueous Cu?* ions.

Show the structure of the ligands and the overall charge on the complex.

State the type of isomerism shown by this complex.
[4 marks]

Structure

0/ f AN [cu(C,0,) 3]

Type of isomerism optical isomerism

0 8
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The complex haem contains a multidentate ligand.

El State the meaning of the term multidentate.

[1 mark]
A ligand with several atoms that can each donate a lone pair of
electrons to form a co-ordinate bond to a metal ion.
[0[3].[4] Explain why carbon monoxide is toxic when it is inhaled.
[2 marks]

Carbon monoxide forms a stronger co-ordinate bond to the Fe** jon in

haemoglobin than oxygen does, so it replaces the 0, bonded to Fe**

(almost irreversibly).

This prevents haemoglobin from transporting oxygen around the body.

The complex ion [Ag(NH3)2]* is used to distinguish between aldehydes and ketones in
a redox reaction.

[0[3].[5] Write a half-equation to show the reduction of [Ag(NHs)]* in this redox reaction.
[1 mark]

[Ag(NH3) 1" + e > Ag + 2NH;

@ Name the shape of [Ag(NH3)]*
[1 mark]

linear

Turn over for the next question
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Iron(ll) sulfate exists as the hydrated salt FeSO4.xH20, where x is an integer.

A student completes an experiment to determine the value of x in FeSO4.xH>0 by

titration with potassium manganate(VII)

Method
5.82 g of FeS04.xH20 are dissolved in distilled water.

The solution is made up to 250 cm? in a volumetric flask.

from a burette until there is a permanent colour change.

Table 2 shows the student’s titration results.

A 25.0 cm? portion of this solution is transferred to a conical flask.

An excess of dilute sulfuric acid is added to the conical flask.

0.0150 mol dm~3 potassium manganate(VIl) solution is added to the conical flask

Table 2
Rough 1 2 3
Final volume / cm? 36.20 39.60 36.55 43.00
Initial volume / cm? 0.00 5.00 1.50 8.30
Titre / cm® 36.20 34.60 35.05 34.70

170
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II| Calculate the mean titre, in cm?3, and use this to determine the value of x in box
FeSO4.xH20
[6 marks]
titres | and 3 are concordant (within 0.0 cm?); titre 2 is not used

mean titre = (34.60 + 349.70) + 2 = 34.65 cm®

Mean titre 34.6S cm3

MnO, + 8H' + SFe*t —» Mn?** + 4H,0 + SFe**

n(Mn0,~) = 34.65 x 0.0150 + 1000 = 5.1975 x 10~ mol
n(Fe’t) in 25.0 em® = S x 51975 x 1079 = 2.60 x 1072 mol
n(Fe?*) in 250 cm® = 10 x 2.60 x 1073 = 0.0260 mol
n(FeSO,xH,0) = 0.0260 mol

M, = mass + moles = §.82 + 0.0260 = 224.0

M,(FeSO,) = §5.8 + 32.] + (4 x 16.0) = 151.9

18.0x = 224.0 — 151.9 = 72.]

x =720 <+18.0=14.0, sox =9

Value of x 4

[0[4][2] State the colour change at the end point of the titration.

[1 mark]

colourless to (pale) pink 7

Turn over »
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[o]5][2]

This question is about some test-tube reactions of aqueous solutions of
iron(Il) sulfate, iron(lll) sulfate and aluminium sulfate.

Identify a reagent, or combination of reagents, that can be used to show that the
solutions contain sulfate ions.

Describe what is observed.
[2 marks]

Reagent(s) dilute HCl and barium chloride solution, BaCl,(ag)

Observation White precipitate (of BaS0Os) forms

A green precipitate is formed when aqueous sodium hydroxide is added to
aqueous iron(ll) sulfate in a test tube.

When this test tube is left to stand in air, the green precipitate starts to turn brown.
Write an equation to show the formation of the green precipitate.

State the type of reaction occurring when the green precipitate turns brown.
[2 marks]

Equation

[Fe(H,0).]1°* + 20H™ - [Fe(H,0),(0H),] + 2H,0

Type of reaction oxidation (redox): Fe** is oxidised to Fe**

12
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[0]5].[3] Aqueous sodium hydroxide is added to aqueous aluminium sulfate in a test tube.

[0]5].[4]

Describe what is observed after a few drops of sodium hydroxide are added.
Write an equation for this reaction.

Describe what is observed after an excess of sodium hydroxide is added.
Write an equation for this reaction.

[4 marks]

Observation after a few drops of sodium hydroxide

white precipitate forms (from a colourless solution)

Equation

[AI(H,0) 7% + 30H™ - [AI(H,0)3(0H)s] + 3H,0

Observation after excess of sodium hydroxide

the white precipitate dissolves to give a colourless solution

Equation

[AI(H,0)3(0H) 3] + OH™ - [AI(OH),]~ + 3H,0

Concentrated hydrochloric acid is added to aqueous iron(lll) sulfate in a test tube.

Write an equation for this reaction.
[1 mark]

[FG(H20)6]3+ + 4Cl - [FGC,Q]- + 6H20

Question 5 continues on the next page

13
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[0]5].[5] Aqueous sodium carbonate is added to separate samples of aqueous iron(ll) sulfate hox
and aqueous iron(lll) sulfate.
Some observations are shown in Table 3.
Table 3
Observation(s)

Reaction with iron(ll) sulfate Precipitate formed

Reaction with iron(lll) sulfate | Precipitate formed and effervescence

Complete Table 4 to state the colour and the formula of the precipitate formed in

each reaction.

[4 marks]
Table 4
Colour of the precipitate Formula of the precipitate
Reaction with
iron(ll) sulfate | 9"¢¢” FeCO;
Reaction with
iron(lll) sulfate orange-brown Fe(H,0);(0H);
[0]5].[6] The reaction of aqueous sodium carbonate with iron(lll) sulfate produces a gas

because [Fe(H20)s]** is acidic.

Identify the gas formed in this reaction.

Explain why [Fe(H20)s]** is acidic.

[3 marks]
Identity of gas carbon a’ioxia'e, 602
Explanation Fe** is small with a 3+ charge, so it has a high charge
density and is very polarising. It weakens the O-H bonds in the water
ligands, so H* jons are easily released: [Fe(H,0)¢]*" + H,0 =
[Fe(Hzo)g(OH)]2+ + H30+ 16

1 4
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Figure 2 shows an incomplete Born—Haber cycle for lithium oxide. box

Figure 2

2Li*(g) + 02" (g)
}

2Li*(g) + 0Qg) + 2e”

A

v 2Lit(g) + 07(g) + e

2Li* (g) + 30, (9) + 26~

A

2Lilg) + ¥0,(g)

A

2Li (s) + 505 (9)

Y LioO(s)

IIl Write the formulas, including state symbols, of the appropriate species on each of the
three blank horizontal lines in Figure 2.
[3 marks]

16
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Table 5 shows some enthalpy data.

Table 5
Enthalpy change AH | kJ mol™!
Enthalpy of atomisation of lithium +159
Enthalpy of atomisation of oxygen +248
First ionisation energy of lithium +520
First electron affinity of oxygen -142
Second electron affinity of oxygen +844
Enthalpy of formation of lithium oxide -596

@ Use Figure 2 and Table 5 to calculate the enthalpy of lattice dissociation,

in kJ mol', for lithium oxide.

AHr = ZAHat(L/) + AHat(O) + ZIE/(LI) + EA) + EA, — NH)p

-596 = 2(+159) + 248 + 2(+520) + (-192) + 8449 — AH,p

-596

\\

2308 — AHp

AH.p = 2308 + $S96 = +2904 kI mol™

\\

Enthalpy of lattice dissociation +29049

[2 marks]

kdJ mol-"

Question 6 continues on the next page

17
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Lattice enthalpies can be calculated from experimental data using Born—Haber cycles.
Theoretical values can be calculated using a perfect ionic model for a lattice.

Table 6 shows the experimental and theoretical lattice dissociation enthalpies for
three silver halides.

Table 6
Experimental lattice Theoretical lattice
enthalpy / kJ mol! enthalpy / kJ mol!
AgCl +910 +860
AgBr +904 +830
Agl +890 +808

[o]e].[3]

[o]6].[4]

Explain why the values for the theoretical lattice dissociation enthalpy decrease from

silver chloride to silver iodide.
[2 marks]

From CI™ to I~ the halide ion becomes larger, so it has a lower charge

density.

So the attraction between the oppositely charged Ag* and halide ions is

weaker (weaker ionic bonding).

Explain why the difference between the experimental and theoretical values gets

larger from silver chloride to silver iodide.
[1 mark]

More covalent character: the larger halide ion is more easily polarised by

Aq*, so it deviates more from the perfect ionic model.

Do not write
outside the
box
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0]7] The relationship between the free energy change (AG) and temperature (7) is o
AG =AH-TAS
Figure 3 shows how AG varies with T for a reaction.
Figure 3
400 intercept = +38
Y (1'2/, 2 A%y
200 n
N
0 200\ 400 600 800
AG/kdmol-1 0 —
Temperature / K
N\,
\\
\
—-200 N\
\\\
N\
N\
N\
—400 b
(700 =4
II| Use Figure 3 to deduce a value for the enthalpy change (AH), in kJ mol', for the
reaction.
[1 mark]
Enthalpy change +330 kJ mol-!
'0[7].[2] Use Figure 3 to calculate a value for the entropy change (AS), in J K=' mol-", for
the reaction.
[2 marks]
gradient = (=440 — 240) + (700 — 120) = =117 kI K~ mol™
gradient = =S, so AS = +1.17 kJ K™ mol™ = +1170 7 K~' mol™
Entropy change +//70 J K=" mol-!
0]7]. The reaction becomes feasible above a specific temperature.
Use Figure 3 to determine this temperature.
[1 mark]
Temperature 320 K 4

Turn over »

1B/M/Jan22/CH03

19

stemup.co.uk


https://stemup.co.uk

20

Ethanoic acid (CHsCOOH) and chloroethanoic acid (CICH.COOH) are both
weak acids.

Table 7 shows the acid dissociation constant (K) for each acid at 298 K

Table 7

K./ mol dm™3

Ethanoic acid 1.74 x 105

Chloroethanoic acid 1.38 x 103

|I| State the meaning of the term weak acid.

[1 mark]

An acid that only partially (slightly) dissociates into H* ions in water.

@ Write an expression for the acid dissociation constant (Ka) for ethanoic acid.
B [1 mark]
[H*][CH3;C007]
[CH3COOH]

a =

[0]8].[3] Calculate the pH of a 0.125 mol dm~3 aqueous solution of ethanoic acid at 298 K

Give your answer to two decimal places.

[2 marks]
[H*] = (K, x [CH3€00H]) = .74 x 10~° x 0.125)
[H*] = 1.47 x 1073 mol dm™
pH = —log;y(1.47 x 1073) = 2.83

2 0
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[0]8].[4] Abuffer solution is prepared by dissolving 0.0266 mol of sodium chloroethanoate in

75.0 cm? of a 0.450 mol dm~2 aqueous solution of chloroethanoic acid.

A sample of 1.00 cm? of 1.50 mol dm~ aqueous sodium hydroxide is added to the
buffer solution.

Calculate the pH of the solution formed.
Give your answer to two decimal places.

For chloroethanoic acid, at 298 K, K. = 1.38 x 103 mol dm=3
[6 marks]

n(CICH,CO0H) = 75.0 x 0.450 < 1000 = 0.0337S mol

n(NaOH) = 1.00 x 1.50 = 1000 = 1.50 x 10~3 mol

NaOH reacts with the acid: CICH,COOH + OH™ — CICH,C00™ + H,0
n(acid) left = 0.03375 — 1.50 x 1072 = 0.03225 mol

n(CICH,C007) = 0.0266 + 1.50 x 1072 = 0.028] mol

[H*] = K, x [acid] + [salt] = 1.38 x 107> x (0.03225 + 0.028])
[H*] = 1.58 x 1072 mol dm™3 (volume cancels)

pH = —10g;,(1.58 x 1073) = 2.30

oH  2.80

Question 8 continues on the next page
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Figure 4 shows a pH curve for the titration between propanoic acid (CH3CH>.COOH) box
and sodium hydroxide (NaOH).

Figure 4

13.00

12.00 i

11.00
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9.00

8.00

pH 7.00

N

6.00 ‘ —+H HH /

5.00 p —

4.00 &

3.00 oint 10

2.00

1.00
00 10 20 30 40 50 60 7.0 80 90 100 11.0 12.0 13.0

Volume of NaOH / cm3

[0]8].[5] Use Figure 4 to identify the volume of NaOH added at the end point of the titration.
Use the pH at the point where half of this volume has been added to calculate a value
for Ka, in mol dm-3, of propanoic acid.

[2 marks]

end point = 10.0 em? of NaOH, so half-neutralisation at S.0 cm?
at S.0 ecm? pH = 4.8

at half-neutralisation [HA] = [A7], so K, = [H"] and pK, = pH
K, = 107%% = ).58 x 10~° mol dm™

K, 1.58 %105 ol dm-

2 2
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Table 8 shows the pH ranges of three different indicators.

Table 8
pH range
Bromophenol blue 3.0to4.6
Bromocresol purple 5.2t06.8
Thymolphthalein 9.3t010.5

[0]8].[6] Which indicator should be used in the titration in Figure 4?

Tick (v') one box.

Bromophenol blue

Bromocresol purple

Thymolphthalein \/

Turn over for the next question
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Table 9 shows some electrode potential data.

Table 9
Electrode half-equation ES IV
0O2(g) + 4H*(aq) + 4e~ — 2H0(I) +1.23
0O2(g) + 2H0(l) + 4e- — 40H(aq) +0.40
2H*(aq) + 2e~ — H2(9) 0.00
2H,0(l) + 2e- — 20H~(aq) + Hz(g) -0.83

The conventional representation of an alkaline fuel cell is

Pt | H2(g) | OH=(aq), H20(l) || O2(g) | H20(I), OH~(aq) | Pt

IIl Use data from Table 9 to calculate the EMF of this fuel cell.
[1 mark]

EMF = Ejjgpt — Elepr = +0.90 — (-0.83) = +1.23 V

EMF  +/.23 Vv

Methane can also be used in fuel cells.
The overall cell reaction is

CHs + 20, — CO2 +2H,0
[0][9].[2] State one disadvantage of using methane instead of hydrogen in a fuel cell.
[1 mark]

Methane is a fossil fuel, so it comes from a non-renewable source (it

will run out).

[0]9].[3] Suggest one advantage of the reaction of methane and oxygen in a fuel cell
compared with the combustion of methane.
[1 mark]

It is more efficient: less energy is wasted as heat, so more of the

energy is converted into electrical energy.
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E In the methane fuel cell the overall cell reaction is box

CHs + 20, — CO, + 2H20
The half-equation for reduction is
O2(g) + 2H0O(l) +4e~ — 40H=(aq)

Deduce the half-equation for the oxidation of methane in alkaline conditions.
[1 mark]

Half-equation

CH, + 8OH™ » CO, + 6H,0 + Be™ 4

END OF QUESTIONS
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