Surname Centre Candidate
Number Number
First name(s) 2
~ GCE A LEVEL .
wjgg (L d ‘ﬁ
S23-A410U30-1 e U O S
Cboc A410U30-1 PartofWJECq

FRIDAY, 23 JUNE 2023 —- MORNING

CHEMISTRY - A level component 3
Chemistry in Practice

1 hour 15 minutes

For Examiner’s use only
Question Mal\)n(iar:gm Avl\\rnaal':iked
1 10
2 17 i
3. 6
4 10
ADDITIONAL MATERIALS 5. 17
* A calculator
« Data Booklet supplied by WJEC. Total 60

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

You may use a pencil for graphs and diagrams only.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet. If you run out of space, use the
additional page(s) at the back of the booklet, taking care to number the question(s) correctly.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets at the end of each question or part-question.
The maximum mark for this paper is 60.

Your answers must be relevant and must make full use of the information given to be awarded full
marks for a question.

The assessment of the quality of extended response (QER) will take place in Q3.

JUN2 0101

3A410U3

© WJEC CBAC Ltd. SJJ/GR*(S23-A410U30-1)



Examiner
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Answer all questions.

1. The hydration of anhydrous sodium thiosulfate is represented by the following equation.

It is not possible to measure the enthalpy change for this reaction directly. However, it is
possible to measure the enthalpy changes of solution when hydrated sodium thiosulfate and
anhydrous sodium thiosulfate are in turn dissolved in water.

Na,S,05(s) + aq ——= Na,S,05(aq) AH,

These enthalpy values can then be used to calculate AH, using Hess'’s Law.

Part I: Enthalpy change of solution of hydrated sodium thiosulfate, Na,S,05.5H,0 (AH,)

An experiment was carried out to determine AH,.

« 50.0cm?® of water was added to an insulated polystyrene cup and the temperature was
recorded every 30 seconds.

e At exactly 2 minutes, 12.38 g of hydrated sodium thiosulfate was added to the water in
the cup and stirred.

* The temperature was recorded every 30 seconds for a further 8 minutes.
* The resulting temperature/time plot is shown opposite.

(@) Draw appropriate lines on the graph and use these to determine the maximum
temperature change, AT. [2]
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(b) Calculate the molar enthalpy change of solution of hydrated sodium thiosulfate, AH,.

(2]
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(c) Give one assumption made when finding the value of AH, from the experimental
results. 1]

(d) Using your result in (a), deduce the maximum temperature change expected if twice the
volume of water is used with the same mass of hydrated sodium thiosulfate. 1]

Part II: Enthalpy change of solution of anhydrous sodium thiosulfate, Na,S,0; (AH,)

To determine AHj, a student measured 50.0 cm?® of water into an insulated polystyrene cup
and added a known mass of anhydrous sodium thiosulfate whilst stirring. The temperature
recorded increased from 20.2°C to a maximum of 23.6°C.

(e) If the value obtained for the molar enthalpy change of solution of anhydrous sodium

thiosulfate, AH3, was —14.2kJ mol_1, calculate the mass of anhydrous sodium thiosulfate
added. [2]
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Part Ill: Enthalpy change of hydration of anhydrous sodium thiosulfate (AH,)

(f) The Hess’s cycle connecting the three enthalpy terms is given below. Use this to

calculate the value of AH,. [1]
AH,
Na,S,05(s) + 5H,0(l) > Na,S,03.5H,0(s)
AH, AH,
Na,S,05(aq)
AHy = kJ mol™

(g0 Suggest one reason why the enthalpy change for this reaction cannot be determined
directly. (1]
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2. This question considers two different methods of preparing soluble salts.

Method 1: Solid and solution

In this method, an insoluble solid is added to a suitable solution to form a soluble salt.

One example is the reaction of excess copper(ll) carbonate with hydrochloric acid to form
copper(ll) chloride.

CuCO4(s) + 2HCI(aq) —= CuClyag) + CO,g) + H,0()

(a) State why this method uses excess copper(ll) carbonate and not excess hydrochloric
acid. (]

(b) Describe the practical steps for making pure, crystalline copper(ll) chloride from solid
copper(ll) carbonate and hydrochloric acid. [3]

Examiner
only
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(c) (i) Inan experiment to prepare copper(ll) chloride, a student was given 60.0cm?® of
0.500 moldm™ hydrochloric acid.

Calculate the minimum mass of copper(ll) carbonate (M, 123.5) required for
complete reaction. 2]

(i) Hydrated copper(ll) chloride, CuCl,.xH,0, is formed as a green crystalline solid.

Calculate the value of x if 2.56 g of pure CuCl,.xH,O was obtained. 2]

Examiner
only

A410U301

07

07

© WJEC CBAC Ltd. (A410U30-1) Turn over.



Examiner
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Method 2: Solution and solution oy

In this method, exact quantities of both reactants are used so that the final solution only
contains the required salt.

A method that allows this is titration. One example is the titration of aqueous sodium carbonate
with hydrochloric acid to form sodium chloride.

Na,COs(aq) + 2HCl(ag) —= 2NaClag) + CO,@g) + H,0()

Methyl orange can be used as an indicator in this titration.

A student proposes to make solid sodium chloride by the following method.

Fill a burette to the 0.00cm® mark with approximately 0.50 moldm™—

Step 1 hydrochloric acid solution

Carefully transfer 25.0cm?® of 0.250 moldm™ sodium carbonate solution to a

Step 2 conical flask

Step 3 | Add 2-3 drops of methyl orange indicator

Step 4 | Add the hydrochloric acid to the conical flask until the endpoint is near

Continue to add acid drop by drop, washing down the walls of the flask with

Step 5 deionised water, until the indicator just changes colour

Step 6 | Evaporate the solution formed to leave solid sodium chloride

(d) (i) State why itis not necessary to fill the burette to exactly zero (step 1). 1]

(i)  State why the walls of the flask should be washed down with deionised water
before the indicator changes colour (step 5). 1]
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(i) The teacher said that the method would not give pure sodium chloride. o
State how the student should adapt the method in order to get pure solid sodium
chloride. 1]
(iv)  Suggest one further improvement to the method. 1]
(e) The student then decides to prepare a sample of solid potassium sulfate by titration,
using the improved method.
He transfers 25.0 cm?® of 0.250 moldm™3 potassium carbonate solution to a conical flask
and titrates against approximately 0.50 mol dm~2 sulfuric acid. -

(i) Give the equation for the reaction of potassium carbonate with sulfuric acid. [1]

(i)  Explain why, in the preparation of solid potassium sulfate, the percentage error in
the burette reading will be considerably greater than in the preparation of sodium
chloride.

You should refer to the equations for the preparation of both salts in your answer.

[2]
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10

(iii)

25.0cm® of the 0.250 moldm™2 potassium carbonate solution was used in the
preparation of potassium sulfate.

Calculate the volume, in cm?®, of carbon dioxide gas formed at 298K and 1 atm.

VOIUME = e cm

[2]
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3. Transition metals display basic or amphoteric behaviour.

Describe how you would use sulfuric acid and sodium hydroxide solution to determine whether
iron(ll) oxide and chromium(lll) oxide are basic or amphoteric.

Include observations and equations in your answer. [6 QER]

Examiner
only
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4. You are required to show how each of the eight compounds (A-H) below can be formed from
any one of the other seven compounds.

Complete the table opposite, giving the letter of the starting compound, the reagent(s) and
any necessary reaction conditions.

You may use each starting compound once, more than once or not at all.

H OH H H Br H
o o

A H—C—C—C—H H—C—C—C—Br
I I
H H H H H H
H H H H CN H
o .

C H—C—C—C—OH H—C—C—C—H
I I
H CH; H H H H
H H H H H H
o o

E H—C—C—C—H H—C—C—C—NH,
I o
H H H H CH; H
H Br H H ’
o | /

G H—C—C—C—H H—C—C=cC
I Ny
H H H H H

[10]
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Starting
compound

Product

Reagent(s)

Conditions
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5. Ethanedioic acid, H,C,0,, is a dicarboxylic acid which occurs in many plants. The structure of o

ethanedioic acid is shown below.

HO (0]
N 4
N

0] OH

Ethanedioic acid has two acidic hydrogens and therefore has two acid dissociation constants,
K1 and K.

None of the second hydrogens dissociate until all of the first hydrogens have dissociated.
The acid dissociation constants have values of 5.62 % 1072 and 5.25 X 10~°moldm™3, but not
necessarily in this order.

(@) Write equations to represent both stages in the dissociation of ethanedioic acid.

For both dissociations, give the value of the respective dissociation constant and explain
your choice. [3]

Value of K,

Equation
. /moldm™3

Explanation for choice of K, value

15
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(b) The titration curve shows how the pH changes as a solution of potassium hydroxide is o

added to 30.0cm? of a 0.112moldm™ ethanedioic acid solution.

14

I e R R R R 1 R 1 R B R A R I B I 1 1 8 i i i

12
1

10

pH

~

[6) Be)]

N
\
|

Volume of potassium hydroxide /cms3

(i) Show that the initial pH of the 0.112moldm™2 solution of ethanedioic acid is 1.1. [3]
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(i) The potassium hydroxide solution had a concentration double that of the
ethanedioic acid.

Complete the scale on the x-axis of the graph. Show your reasoning. 2]

(c) Explain the terms weak and dilute as applied to acid solutions. [2]
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@ 0

(ii)

Sketch the titration curve obtained if the titration were repeated using 30.0 cm?® of

ethanedioic acid solution of lower concentration.

The concentration of the potassium hydroxide solution remains unchanged.

pH

O =~ N W s 01O N © O

Sketch the titration curve obtained if the titration were repeated using 30.0cm?®
of a different, weaker dibasic acid, but of the same concentration as the
ethanedioic acid.

[2]

Again, the concentration of the potassium hydroxide solution remains unchanged.

pH

O =~ N W h 01 OO N ©O©O

[2]
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(e) (i) Outline how an indicator works. 1]

(i)  Explain why two indicators are used in the titration of ethanedioic acid with
potassium hydroxide solution. [2]

END OF PAPER
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Avogadro constant N, = 6.02 % 10® mol™
molar gas constant R = 8.31Jmol K™
molar gas volume at 273K and 1 atm V, = 22.4dm®mol™
molar gas volume at 298K and 1 atm V., = 24.5dm®mol™
Planck constant h = 663%x1073Js
speed of light ¢ = 3.00x108ms™
density of water d = 1.00gcm™
specific heat capacity of water ¢ = 418Jg K™
ionic product of water at 298 K K, = 1.00 X 107 mol?dm™°
fundamental electronic charge e = 160x107"°C
temperature (K) = temperature (°C) + 273
1dm?® = 1000cm®
1m?=1000dm?®
1 tonne = 1000 kg
1 atm =1.01 x 10° Pa
Multiple Prefix Symbol Multiple Prefix Symbol
107° nano n 103 kilo k
1075 micro M 10° mega M
1073 milli m 10° giga G
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Infrared absorption values

1

Bond Wavenumber/cm™
C—Br 500 to 600
Cc—Cl 650 to 800

1000 to 1300

1620 to 1670

1650 to 1750

2100 to 2250

2800 to 3100
(carboxylic acid) 2500 to 3200 (very broad)
(alcohol / phenol) 3200 to 3550 (broad)

3300 to 3500

Z0O0O0OO0O0OO0OO
Il 1l

13C NMR chemical shifts relative to TMS = 0

Type of carbon Chemical shift, § (ppm)
|
—C—C— 5t0 40
|
|
R—C —CI or Br 10to 70
|
|
R—C—C— 20 to 50
|
0]
| /
R—C —N 25to 60
| AN
|
—C—0— 50 to 90
|
AN /
c==cC 90 to 150
/ AN
R—C=N 110 to 125
@ 110 to 160
R — C — (carboxylic acid / ester) 160 to 185
[
(0]
R — C — (aldehyde / ketone) 190 to 220
[
]
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TH NMR chemical shifts relative to TMS =0

Type of proton

HC—Cl or HC—Br

HC—O
R—OH
—C=CH
—C=CH—CO
O
O+
(O)-on
0
R—C”
H
0
R—C”
OH

Chemical shift, § (ppm)

0.1t0 2.0

0.9
1.3

2.0

20to 2.5

2.0t0 3.0
221023

3.1t04.3

3.3t04.3
45 *

45t06.3

5.8t06.5

6.5t07.5
6.5t08.0

7.0 *

9.8 *

11.0 *

*variable figure dependent on concentration and solvent

© WJEC CBAC Ltd. (A410U30-1A)

Turn over.



319V1 J1dOld3d 3HL

€0l 4013 1oL ool 66 86 16 96 G6 76 €6 6 16 06
wnouswe | WINISQON | Wnielpua | WNIWISS | WNURisU | WNILOJED | WINSYISE | WNLND | Wniokswy | wnjuoinid | wniunideN | WnjUeln | wnugpeold | Wnloyl SjusWo|e
1 ON PN Wi s3 10 g wo wy nd dN n ed Ul plOUIOY 44
(252) (¥S2) (9g2) (ege) (¥S2) (152) (sv2) (L¥2) (ev2) (z¥2) (2€2) 8€2 (1e2) zee
L. 0L 69 89 19 99 S9 v9 €9 29 19 09 65 8S
wnpen | wnigiepA | wniinyL wnigqlg wniwjoH | wnisaidsAg | wnig4a] | wnujopes | wnidoing | wnueweg | wniyewold | wniwAposN | wnwApossed | wiN@Y
N | gA | WL | 43 | o4 | AQ | 9L | PO | N3 | WS | wWd | PN | id | 8O | SEUEE
S/l €Ll 691 91 9L €9l 651 151 (€S1) 01 (zv) il L oyl | PlouByiuEn
3019 } 68 88 18
wniupoy | wnipey | wniouel
« 9V ey 14
(L22) (9z2) (ez2)
98 G8 78 €8 z8 18 08 6. 8. L. 9. G. V. €L zL LS 9S GS
uopey | auneisy | wnuojod | yinwsig | pea1 | wnyeyl | Ainosepy | ploD | wnuield | wnipu] | wniwsQ | wniusyy | usisbun] | wnjejue] | wniujeH | wnueyue] | wnueg | wniseen
uy W Od 'd ad IL BH ny d | SO 9y M el H [ B ed O
(zze) (012) (012) 602 102 702 Log 161 g6l z6l 061 98l v8lL 18l 6.1 6El 1€1 eel
vS €S zs 1S 0S 6V 8v Ly 14 174 4% 1914 zv (8% oy 6¢ 8¢ LE
uouay | auipo| | wnunjaL | Auownuy url wnipu| | wniwpe) | JaAIIS | wnipejed | wnipoyy | wnuayiny | wnpsuydsl | wnuspgfiop | WNIQOIN | wnuodsz | wnupA | wnpjuoas | wnipigny
£) 4 _ 91 as us uj PO By Pd ud ny a1 O aN 1z A IS qd
LEL 12 8zl zel 6L1 Sl 4% 801 90l €0l LoL 6'86 6'G6 6'26 z'L6 6'88 9.8 G's8
9¢ G¢ ve c¢ ze Le 0¢ 62 8C 12 9z °14 14 €z 44 1z (014 6l
uojdAry | sulwoig | wniusfes | ojuasty | Wiewses | wnyes | oulz | iaddon | IBNOIN | 1eqo) uoJ| | essuebuepy | wWnwoy) | wnipeuep | WNIUBJL | WNIPUBDS | WINIO[BD | WNISsejod
IM 14 S sY 99 =29) uz no IN 00 o4 UN 10 A 1L oS =20 A
8'¢€8 661 0'6. 6’/ 9'¢L 1’69 ¥'G9 G'€9 1'8G 6'89 8'GS 6'vS 0'¢s 6°0S 6'Ly 0'sy L'0v 1'6€
8l Ll 9l Gl 4’ el < > 4} L
uobuy | sulolyd | JnyNg | snioydsoyd | UOONIS | wnwnyy ¥o0|q p wniseubeyy | wnipos
v 10 S d IS \' BN eN
(N0} % G'Gge (4 o’le 1'8¢ 0.2 eve 0'€e
oL 6 8 / 9 S eqund [ 4 €
uoaN | auuonj4 | usbAxQ | usBoniN | uodqued | uoiog dlwoe awep wnikieg | winiyp
SN 4 0] N 0] q loquiAs od n
zoz 06} 09l 0vl 0zl 80l ssew Iy 106 v6'9
—_
< > olwole
ETNEIEY]
4 3¥o0|q d _ b
wnijeH > cwmo._v\:._
oH o H
00y 10°L
%o0|qs  pouad
0o L 9 S v € dnoug Z I

(A410U30-1A)

© WJEC CBAC Ltd.



