1

Ethanedioic acid is used in some stain removal products.

In the solid crystals of ethanedioic acid, C,H,0,, each molecule is combined with x molecules of

water.

The formula of the crystals is C,H,0,°xH,0. x is a whole number.

In this experiment, you will determine the value of x.

Read all the instructions carefully before starting the experiment in Question 1.

Instructions

A is aqueous ethanedioic acid. 1.00dm? of A contains 8.90g of C,H,04°xH,0.
B is 0.150 mol/dm? sodium hydroxide, NaOH.
C is thymolphthalein indicator.

(@ (@) -

Fill the burette with B.
Use the pipette to transfer 25.0cm? of A into the conical flask.

Add a few drops of indicator C to the conical flask. Ensure that the lid is placed back
on the container of indicator C after use.

Add B from the burette to the conical flask whilst constantly swirling the flask.

The end-point of the titration is when one drop of B changes the colour of the
solution to pale blue that does not change on swirling.

Record your results in an appropriate format in the space provided. Repeat the
titration as many times as you consider to be necessary to achieve consistent results.

Results

[4]

(ii) From your titration results, calculate the average volume of B required to reach the

end-point of the titration. Show clearly how you obtained this volume.

average Volume of B = ...........ococcecvmeeeemvesesssesenennresensenens cm?® [1]

© UCLES & MOE 2024 6092/03/0/N/24
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(b) The equation for the titration reaction is shown.

C,H,0, + 2NaOH — C,0,Na, + 2H,0

(i) Bis 0.150mol/dm?® sodium hydroxide.

Use your answer to (a)(ii) to calculate the amount of sodium hydroxide, in moles, used to
reach the end-point of the titration. Use this amount and the equation for the reaction to
calculate the number of moles of ethanedioic acid, C,H,0,, present in 25.0cm3 of A.

amount of NaOH in the average volume of B = ... mol
amount of ethanedioic acid, C,H,04, in 25.0Cm3 0f A = ..o nEo;
2

(ii) Use your answer to (b)(i) to calculate the amount, in moles, of ethanedioic acid, C,H,04,
in 1.00dm3 of A.

..................................................

amount of ethanedioic acid, C,H,0,, in 1.00dm3 of A =

(iii) Use your answer to (b)(ii) and the M, of C,H,Q, to calculate the mass of ethanedioic

acid, C,H,QO,, in 1.00dm? of solution A.
[A:C, 12 H, 1; O, 16]

......................................................

mass of ethanedioic acid in 1.00dm3 of A =

© UCLES & MOE 2024 6092/03/0/N/24
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(iv) The mass of the ethanedioic acid crystals, C,H,0,xH,0, dissolved in 1.00dm? is 8.90g.
Use your answer to (b)(iii) to calculate the amount, in moles, of water present in 8.90g
of C,H,0,°xH,0.

[A: H, 1, O, 16]

amount of water = ...........cemmeesmiiiiinieems mol [3]

(v) Use your answers to (b)(ii) and (b)(iv) to calculate the value of x in the ethanedioic acid
crystals, CZHZO4-xHZO.

ValUE OF X = oo e e e e e e (1]

(c) (i) A student completes this experiment. Before each titration the student rinses the conical
flask with deionised water. Some deionised water is left in the conical flask after rinsing.

State and explain the effect, if any, that this would have on the volume of B required to
reach the end-point of the titration.

...........................................................................................................................................

................................................................
...........................................................................

(i) Another student carries out this titration but consistently misses the end-point. The
student's average volume of B added is slightly higher than it should be.

Explain why this error is unlikely to change the calculated whole number value of x.

...........................................................................................................................................
...........................................................................................................................................

-------------------------------------------------------------------------------------------------------------------------------------------

[Total: 16]
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2 You will investigate the reaction between magnesium and a dilute acid by measuring the volume
of gas produced.

Read all the instructions carefully before starting the experiments in Question 2.
Instructions

D is 2.00mol/dm?3 acid.
E is magnesium.

delivery tube retort
= -
100cm?
bung = measuring
= cylinder
D ;E |_— tub
5 E | water
= s
%
J L |

Fig. 2.1

(a) (i) 1. Fig. 2.1 shows how the apparatus is arranged.
Place a boiling tube into the test-tube rack.

Use the 25cm3 measuring cylinder to measure 15.0cm?3 of the acid, D, and carefully
pour it into the boiling tube.

4. Use the same 25cm® measuring cylinder to measure 5.0cm?® of deionised water.
Carefully add it to the acid in the boiling tube. Mix the acid and water using a glass rod.

5. Add tap water to the tub to half fill the tub (if this has not been done for you).

6. Fill the 100cm? measuring cylinder completely with tap water. Hold a piece of paper
towel firmly over the top, invert the measuring cylinder and place it in the water in
the tub.

7. Remove the paper towel and clamp the inverted measuring cylinder so that the
open end is in the water.

8. Check that the bung fits the boiling tube. Place the end of the delivery tube into the
inverted 100cm?® measuring cylinder.

9. Use a dropper to introduce small amounts of air from the open end of the inverted
measuring cylinder to adjust the water level until it reaches the 10c¢m3 mark.

10. You may fold or curl the piece of E so that it can easily be dropped into the boiling
tube without getting stuck on the sides.

11. Carefully remove the bung from the boiling tube, drop E into the acid and quickly
insert the bung into the boiling tube. Make sure that the only way gas can escape
the boiling tube is through the delivery tube.

12. The experiment is complete when the volume of gas collected is no longer changing.
Complete Table 2.1 to show your results.
© UCLES & MOE 2024 6092/03/0/N/24
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Results
Table 2.1

volume of D/cm?3

volume of deionised water
added to D/cm3

volume of gas collected/cm?

(3]

(i) State which reactant, the acid or magnesium, is the limiting reactant. Explain your answer

using observations from the experiment.

...........................................................................................................................................

...........................................................................................................................................

(b) A student measures the volume of gas produced every 10 seconds during a reaction between
magnesium and 0.50 mol/dm? acid until the reaction is complete. The student's results are

shown in Table 2.2. The acid is the limiting reactant in this reaction.

Table 2.2
time/s o | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90
volumeofgas | | o5 | 48 | 66 | 78 | 85 | 89 | 91 | 92 | 92

collected/cm?

(i) Plot a graph of the volume of gas collected against time on the grid.

Draw a line of best fit using all of the plotted points.

© UCLES & MOE 2024 6092/03/0/N/24
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(i) Use your graph to calculate the average rate of gas production for the first 25s of the
reaction.

Give your answer to three significant figures.

Show all working.

average rate of gas production forthe first 255 = .......ccccoiiiiiiiiiiiiiiee e, 2]

(iii) Describe how the rate of reaction changes during the reaction. Refer to your graph in
your answer.

...........................................................................................................................................

...........................................................................................................................................

(iv) The same student carries out a second experiment using the same acid with a different
concentration of 0.25mol/dm3. All other conditions are the same and the reaction is
complete by 90s.

Sketch a line on the graph to show the results you would predict for this experiment.
Label this line X.

(2]

(c) (i) Inthis experiment, you will determine the identities of acids D and F.

D and F each contain one anion which is listed in the qualitative analysis notes on
page 12. The 2 anions are not the same.

Select reagents to determine the identity of the anions in each of the acids, D and F. You
should only use the bench reagents provided.

Carry out 3 tests on D and the same 3 tests on F. One of the tests has been provided for
you in Table 2.3.

Use a 1cm depth of either D or F for each test.
Record your tests and observations in Table 2.3. You should test any gas evolved.
If no observable change is observed for a test, write 'no observable change'.

If heating is required, a boiling tube must be used.

© UCLES & MOE 2024 6092/03/0/N/24
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Table 2.3

test observations for D observations for F

Add about 1cm depth of Din a
clean boiling tube.

Add about 2cm depth of
aqueous sodium hydroxide,
shake the contents and then
add a piece of aluminium foil.
Heat the contents carefully.
Repeat the test using F.

4

(ii) Use your observations in Table 2.3 to deduce the formulae of the acids Dand F.

[Total: 19]
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Amino acids are compounds that are essential for growth and repair of the body.

A food supplement powder states that it contains three different amino acids. A sample of the food
supplement dissolves in water to form a colourless solution,

Describe a chromatography experiment to identify the three amino acids present in the food
supplement.

The description should include:
»  apparatus and method

» any measurements or observations
* how to analyse the results.

You can assume that all apparatus and reagents normally found in a school laboratory are
available.

You may wish to include one or more labelled diagrams as part of your answer.

..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
.........................................................................................................................................................
..........................................................................................................................................................

.........................................
..........................................................................................................
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1

Hydrochloric acid and sodium thiosulfate solution react as shown in the equation.
Na,S,04(aq) + 2HCl(aq) —> 2NaCl(aq) + H,O(l) + SO,(g) + S(s)

You will investigate how the rate of reaction changes when the concentration of sodium thiosuilfate
changes.

The rate of reaction can be determined by measuring the time taken for the solution to become so
opaque that you cannot see through it.

Read all the instructions carefully before starting the experiments in Question 1.
Instructions

A is 1.0mol/dm?3 hydrochloric acid.
B is 0.1 mol/dm?® sodium thiosulfate.

Very small amounts of sulfur dioxide gas may be produced in this reaction. Take care not
to inhale any gas. The reaction products should be disposed of into the container labelled
WASTE immediately following each experiment.

3 -

E Z—CIamp

test-tube

black dot,——
4 mm diameter

R

—®

U 4cm
Fig. 1.1

(a) (i) Experiment1

«  Use the marker pen to draw a dot onto the test-tube, as shown in Fig. 1.1. The dot
should be approximately 4mm in diameter and positioned approximately 4cm from
the bottom of the test-tube. Repeat this process with 4 other clean and dry test-
tubes. These 5 test-tubes should be used for Experiments 1 to 5.

«  Use the 10cm?3 measuring cylinder labelled A to transfer 1.0cm3 of A into a test-
tube.

« Clamp the test-tube with the dot at the back so that you must look through the
solution to see it.

«  Use the other 10cm3 measuring cylinder to measure 10.0cm? of B.
»  Pour B into the test-tube and immediately start the stopwatch.

»  Stop the stopwatch as soon as you can no longer see the dot through the reaction
mixture. Record the time to the nearest second in the results table on page 4.

*  Empty the contents of the test-tube into the WASTE container provided.

© UCLES & MOE 2023 6092/03/0/N/23
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Experiment 2

Use the 10cm3 measuring cylinder labelled A to add 1.0cm?® of A into another test-
tube.

Clamp the test-tube with the dot at the back so that you must look through the
solution to see it.

Use the other 10cm?3 measuring cylinder to measure 2.0cm? of B.

Add 8.0cm? of deionised water to the measuring cylinder to make the total volume
10.0cm?®.

Pour the mixture of B and water into the test-tube and immediately start the
stopwatch.

Stop the stopwatch as soon as you can no longer see the dot through the reaction
mixture. Record the time to the nearest second in the results table on page 4.

Empty the contents of the test-tube into the WASTE container provided.

Experiments 3to 5

© UCLES & MOE 2023

Choose 3 further volumes of B between 2.0cm?® and 10.0cm? and deionised water.
Record the volumes you have chosen in the results table provided on page 4.

Follow the instructions for Experiment 2 for each pair of volumes you have chosen.
You should use a fresh test-tube, labelled using the instructions on page 2, in each

experiment.
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Results
experiment V‘ﬂ‘;’;‘rﬁff V‘g‘;';’gsof EEE?,E% r:;%i/c;n rearcat:g r?/fs-1
1 1.0 10.0 0.0
2 1.0 2.0 8.0
3 1.0
4 1.0
5 1.0

(5]

(i) Calculate the rate of reaction in each experiment using the following equation.

Record each rate in the results table to three significant figures.

© UCLES & MOE 2023

rate of reaction =

1000

reaction time
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(b) (i) Use your results to plot a graph of rate against volume of B on the grid. You should
include the origin (0,0).

Draw a line of best fit. Circle anomalous points, if any.

T TTTTTTTT

[4]
(i) Use your graph to determine the rate of reaction if the volume of B used is 1.7 cm?.
Show clearly on the graph how you obtained your answer.
- SR — s~ [1]
(c) (i) Calculate the concentration of B in the reaction mixture at the start of Experiment 1.
concentration of B at the start of Experiment 1 = ..., [1]

© UCLES & MOE 2023 6092/03/0/N/23
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(i) Deduce the concentration of B in the reaction mixture at the start of Experiment 2.

concentration of B at the start of Experiment2 = ...........ccoonniininnciiiinninnnnn, [2]

(iii) Describe the relationship between concentration of B and rate of reaction.

Explain your answer using your graph and ideas about collisions between reacting
particles.

...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

(d) (i) Astudentusesa 10 cm3 measuring cylinder to measure out 10.0cm3 of B in experiment 1.
The measuring cylinder has an uncertainty of +0.2 cm3.

Calculate the percentage uncertainty in measuring 10 cm3 of B in experiment 1.

uncertainty
measured value *

percentage uncertainty = 100

Give your answer to two significant figures.

percentage uncertainty in measuring 10.0cm3 of B = ...ccoocoevnrniecninnne. % [1]

(i) Suggest one change that could be made to the equipment used for the experiments to
improve the accuracy of the results.

...........................................................................................................................................

-------------------------------------------------------------------------------------------------------------------------------------------

[Total: 21]
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2

Read all the instructions carefully before starting the experiments in Question 2.

C is a powdered sample of an impure mineral ore.

(a) The impure mineral ore C contains three ions. The ions are copper(II), carbonate and a third

ion, the identity of which is unknown.
You are provided with two samples of C.

Instructions

(i) Carry out the following tests on C. Test and identify any gases evolved. Record your
observations in the table. If no change is observed for a test, write ‘no observable

changes’.

The volumes given below are approximate and should be estimated rather than
measured.

test

instructions observations

Remove the stopper from a
sample of C in a test-tube.

Heat the sample in the test-tube
gently at first and then strongly
for 1 min.

Transfer the other provided 0.25g
measure of C to a boiling tube.
Carefully add dilute nitric acid to
a depth of approximately 5cm.
Keep the final solution for use in
Tests 3-5.

Add a 1cm depth of the solution
from Test 2 into a test-tube. Add
aqueous ammonia slowly with
shaking until no further change is
seen.

Add a 1cm depth of the solution
from Test 2 into a test-tube. Add
a few drops of aqueous barium
nitrate.

Add a 1cm depth of the solution
from Test 2 into a test-tube. Add
a few drops of aqueous silver
nitrate.

(3]

© UCLES & MOE 2023 6092/03/0/N/23
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(i) Deduce the identity of the third ion in C. State which test provides evidence for your
conclusion.

...........................................................................................................................................

(b) Ais 1.0mol/dm3 hydrochloric acid, HCL
D is a 0.70g sample of the same impure mineral ore as C.

You will determine the percentage by mass of copper(Il) carbonate in a sample of D by
measuring the loss in mass when D reacts with excess acid.

Instructions

«  Use a 50cm3 measuring cylinder to add 50.0cm?3 of A to the conical flask.
*  Weigh the conical flask and A and record the mass.

«  Carefully add all of sample D to the conical flask.

»  Swirl the conical flask continuously until the reaction is complete.

» Reweigh the conical flask and its contents and record the mass.

* Record all your results in an appropriate format.

Results

[2]

© UCLES & MOE 2023 6092/03/0/N/23
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(c) Calculations

(i) Write the equation for the reaction between copper(II) carbonate and hydrochloric acid.
Include state symbols.

..................................................................................................................................... [1]
(i) From your results determine the mass of gas lost during the reaction.

mass of gas lost during the reaction = .......ccccevvciiiniiininiic, g

(1]

(ili) Use information given in the question and your answer to (c)(i) and (c)(ii) to calculate
the mass of copper(Il) carbonate present in the sample of D used.

[A: C, 12; Cu, 64; O, 16]

mass of copper(1l) carbonate present = ....ccooveiiniiiiinn g [2]

(iv) Use your answer to (c)(iii) and information given in the question to calculate the
percentage by mass of copper(Il) carbonate in D.

percentage by mass of copper(ll) carbonate in D = ... % [1]
[Total: 13]
© UCLES & MOE 2023 6092/03/0/N/23
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3 (a) Propanoic acid is produced by reacting propanol with potassium manganate(VI1I) and dilute
sulfuric acid. This reaction can also produce another organic compound, propanal.

A student reacts propanol, potassium manganate(VII) and sulfuric acid. At the end of the
reaction, the reaction flask contains propanoic acid, propanal and an aqueous solution
containing ionic compounds. The student plans to collect pure propanal.

Describe a method the student can use to separate pure propanal from propanoic acid, water
and ionic compounds.

Include a diagram of the apparatus required. You may assume that the apparatus normally
found in a school laboratory are available.

[boiling points: propanoic acid, 141 °C; propanal, 49°C]

---------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................

© UCLES & MOE 2023 6082/03/0/N/23

Oct/Nov 2023 Paper 3 (10)


https://v3.camscanner.com/user/download

(b) After collecting the propanal produced, the student tests it to check that it does not contain
propanoic acid.

State a chemical reagent, other than an indicator, that may be used to test for propanoic acid.

Describe what is observed if propanoic acid is present.

R R R LR LR R L L LLLLE L] D P PP T tessnaasie Sease

....... U S Ep s snsu SO UCTROO, |
[Total: 6]
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1 Copper(II) sulfate, CuSO,, is used in agriculture to reduce leaf spots on fruit trees.

(a) Copper(Il) sulfate often occurs as a hydrated solid with the formula CuSO,°xH,0O. In these
crystals, one formula unit of copper(II) sulfate, CuSO,, combines with x molecules of water.

In this experiment, you will carry out a thermal decomposition to determine the value of x. The
equation for the decomposition is shown.

CuS0,+xH,0(s) — CuSQ,(s) + xH,0(g)
Read all the instructions carefully before starting the experiments in Question 1.
Instructions
A is hydrated copper(II) sulfate, CuSO,+xH,0.

1. » Use the balance to measure and record the mass of an empty boiling tube.

2. Transfer all solid A to the boiling tube. Measure and record the total mass of the boiling
tube and A.

3. Gently heat the boiling tube for approximately 2 minutes. It is important that A is heated
gently in order to achieve accurate results.

4. Record your observations in (a)(i).

Leave the boiling tube to cool to room temperature.
You may start working on Question 1(c) whilst waiting for the boiling tube to cool.

6. Reweigh the boiling tube and its contents and record the mass.
7. Gently heat the boiling tube again for approximately 1 minute.
8. Leave the boiling tube to cool to room temperature.

9. Reweigh the boiling tube and its contents and record the mass.

10. Record all your results in an appropriate format in (a)(ii).

(i) Observations

...........................................................................................................................................

(ii) Results

4]
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(i) The solid remaining after the second heating is anhydrous copper(II) sulfate, CuSQ,.

(iv)

(v)

(vi)

Calculate the mass, in g, of CuSO, remaining after the second heating.

Mass Of CUSO, = ..ccieiiiiniinniisinissnsssssasnsniseans g [1]

Calculate the amount, in mol, of anhydrous copper(1l) sulfate, CuSO,, remaining after
the second heating.

[A: Cu, 64; S, 32; O, 16]

amount of CUSO, = i mol [1]

Calculate the total mass, in g, of water lost from the original sample of A after the second
heating.

total mass of waterlost = ... g [1]
Calculate the total amount, in mol, of water lost during heating.

[A:H, 10, 16]

amolint of WAIBFIOBE = amissssssmamsonsmsssesmmuussse vsnns mol [1]
(vil) Use the equation for the decomposition and your answers to (iv) and (vi) to calculate the
value of x.
Give your answer to the nearest whole number.
XS ausussssssssssssnanssnerasisvaseunssnyaessaysansionssrss 1]
© UCLES & MOE 2022 8092/03/0/N/22
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(b) (1) Explain why the sample of A is heated twice in (a).
In your answer, state and explain whether heating your sample of A for a third time
would give a more accurate value for x.
..................................................................................................................................... [2]

(i) Another student carried out the experiment in (a). The student heated the sample of A
strongly causing it to decompose to give a black solid and a pungent gas.

State and explain the effect, if any, on the student’s calculated value of x.

...........................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------
...........................................................................................................................................

...........................................................................................................................................

© UCLES & MOE 2022 6092/03/0/N/22

Oct/Nov 2022 Paper 3 (4)

N
N


https://v3.camscanner.com/user/download

(c) When anhydrous salts such as CuSO, are dissolved in water, there is sometimes a change in
the temperature of the water as the salt dissolves.

In this experiment, you will determine the change in temperature when a sample of anhydrous
CuSQ, is dissolved in water.

Instructions

B is anhydrous copper(II) sulfate, CuSO,.

Place a polystyrene (Styrofoam) cup into a 250 cm? glass beaker.

Use a measuring cylinder to measure 20cm? of deionised water into the polystyrene cup.
Measure and record the temperature of the deionised water.

Transfer all of B into the cup and use the thermometer to stir until the temperature no longer
changes.

Measure and record the maximum temperature of the mixture.

Record your results in the table in (c)(i). Calculate the change in temperature in your
experiment.

() Results

temperature of deionised water/°C

maximum temperature of mixture/°C

change in temperature/°C

(1]
(ii) State whether AH, the enthalpy change that occurs when anhydrous copper(lI) sulfate

dissolves in water, has a positive or negative value. Explain how you used your
experimental results to determine this.

...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

-------------------------------------------------------------------------------------------------------------------------------------

[Total: 16]
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2 Many compounds of manganese are useful in industry.

You will carry out reactions using three compounds of manganese. The manganese has a different
oxidation state in each of the three compounds.

C is aqueous potassium manganate(VII), KMnO,(aq).

D is solid manganese(IV) oxide, MnO,(s).

E is an aqueous manganese(1I) salt.

You are also provided with hydrogen peroxide, H,0,(aq).

Read all the instructions carefully before starting the experiments in Question 2,

Instructions

(a) Carry out the following tests. You should test and identify any gases evolved. Record your
observations in the table.

The volumes given below are approximate and should be estimated rather than measured
unless instructed otherwise.

test observations

Test 1

Put about 1cm depth of hydrogen
peroxide in a clean test-tube. Add an
equal volume of dilute sulfuric acid.
Then add 10 drops of C with
shaking.

You do not need to test any gas
evolved in Test 1.

Test 2

Put about 1 cm depth of hydrogen
peroxide in a clean test-tube. Use
a spatula to carefully add a small

amount of D.

Test 3

Put about 1 cm depth of dilute
sulfuric acid in a clean test-tube.
Add an equal volume of aqueous
potassium iodide.

Then add 10 drops of C with
shaking.
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test observations

Test 4

Put about 2cm depth of C in a clean
test-tube. Add an equal volume of
aqueous sodium hydroxide.

Use a spatula to carefully add a
small amount of D. Use a glass
rod to stir the mixture for about
20 seconds.

Filter the mixture and collect the
filtrate in a clean test-tube.

Then,

put about 1cm depth of the filtrate in
a clean test-tube. Add dilute sulfuric
acid slowly with shaking until no
further change is seen.

Test 5

Put about 1cm depth of E in a clean
test-tube. Add an equal volume of
dilute nitric acid then add about 1cm
depth of aqueous silver nitrate.

Test 6

Put about 1cm depth of E in a clean
test-tube. Add aqueous sodium
hydroxide slowly with shaking until
no further change is seen.

Leave to stand for a few minutes.

€
(b) Deduce the role of the hydrogen peroxide in Test 1. Explain your answer.
............................................................................................................................................. [2]
(¢) Use the results of your tests to deduce the formula of E.
............................................................................................................................................. (1
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(d) A student decides to investigate the effect of the concentration of C, aqueous potassium
manganate(VII), on the rate of its reaction with acidified hydrogen peroxide. The student wi)|
determine the rate of the reaction by collecting the gas produced.

Describe the method the student should use. The method should include suitable apparatus
and the measurements that need to be taken.

You may assume that the apparatus normally found in a school laboratory is available.
You may use a labelled diagram to illustrate your answer.

You do not need to explain how you would use your results to find the rate of the reaction.

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................
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(e) Anexperimentis carried out to determine how the rate of a similar reaction between potassium

manganate(VII) and ethanedioic acid changes as time proceeds.

A mixture of the reactants is prepared. At 4-minute intervals, the concentration of potassium
manganate(VII) is measured.

The results are shown in the table.

© UCLES & MOE 2022
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10.0 x 104

4 9.6 x 10~
7.8x 104

12 46 x 104

16 =

20 0.6 x 10~

24 0.2x 107

28 0.1 x 1074
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(i) Use these results to plot a suitable graph on the grid below. Draw a line of best fit, using
all of the plotted points.

!
1 ! 1
T

(4]

(i) From your graph, determine the expected concentration of potassium manganate(VII)
at 16 minutes.

concentration of KMnO, at 16 minutes = ..o, (2]

(iiiy Describe how the rate of the reaction changes during the experiment.
Use your graph to explain your answer.

LT Y] sewran smsesrnnvrnnn s saseavesasersranEa eI IEAIeIERIN aEEtataaneitenactieNitat ANt dattteadnanssinaty .

et iR Y CAE S E s R CHRE TRy SR R PR A ey A e s Hames s name e na sn e SRR RITEH A SN S SH S ERAEEA NSRS TR S ne [2]
[Total: 24]
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~
1 Mohr's saltis a compound used in chemical analysis. It contains two cations and one anion from,
those listed in the Qualitative Analysis notes.
You are provided with two samples of Mohr's salt, both labelled X.
You will carry out tests on X and identify the three ions present.
Read all the instructions carefully before starting the experiments in Question 1.

Instructions

(a) Remove the stopper from the sample of X in a test-tube. Heat the sample in the test-tung
gently for about 1 minute at first and then strongly for about 1 minute.

Record all your observations including testing the gas produced with damp red litmus paper.

.............................................................................................................................................

......

.................................................................................................................................................
ee

..........................................................................................................................
.........................

(b) (i) Use a measuring cylinder to transfer about 30cm?® of deionised water to the 100cm?
beaker. Add the sample of X from the capped container to the beaker. Stir to ensure all
the solid has dissolved, producing solution X.

Use solution X to carry out the following tests. You are also provided with Y,
hydrogen peroxide.

You should test and identify any gases evolved. Record all your observations in the table.

The volumes given below are approximate and should be estimated rather than
measured unless instructed otherwise.

test observations

Test 1

Put about 1cm depth of solution X
in a clean test-tube. Add 1cm depth
of Y (hydrogen peroxide). Shake the
test-tube.

Keep this solution for Test 4.

Test 2

Put about 1 cm depth of solution X
in a clean test-tube. Add a few drops
of aqueous sodium hydroxide with
shaking, then

add excess aqueous sodium
hydroxide.
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t
est observations

FR—
Test 3
put about 1cm depth of solution X

in a clean boiling tube. Add an equal
depth of aqueous sodium hydroxide
and warm the mixture gently.

e m—

Test 4
To the mixture from Test 1 add a few

drops of aqueous sodium hydroxide
with shaking, then

hydroxide.

Test 5

Put about 1cm depth of solution X
in a clean test-tube. Add an equal
depth of dilute nitric acid and then
add a few drops of aqueous barium
nitrate.

(i) Deduce the formulae of the two cations and one anion present in X.

CatioNS ..evveevemmrneriicnienns F=1 5 1o [T UPUPPP

(iii) State the type of reaction that occurs in Test 1.

Use your observations to explain how you have reached this conclusion.

...............................................................................................................
.......................................................................................................................

..........................................
.......................................
......................................
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2 Brass is a copper alloy that is used to make screws.
You are going to use titration to determine the percentage by mass of copper in a brass screw.
The brass screw has been dissolved in nitric acid to form a solution containing aqueous Cu?* ions,

When excess agueous potassium iodide is added to the aqueous Cu?* ions, iodine and a white
precipitate of copper(l) iodide are produced.

2Cu?*(aq) + 4I~(aq) — 2Cul(s) + I,(aq)
The amount of iodine produced is found by titration with aqueous thiosulfate ions, $,042".
282032—(3‘1) +1,(aq) = 2I7(aq) + 84062_(3(:”
Read all the instructions below carefully before starting the experiment in Question 2,
Instructions
P is 0.120mol/dm3 aqueous thiosulfate ions.
Q contains aqueous Cu?* ions made from dissolving a 9.50¢ brass screw in nitric acid and the
solution is made up to 1.00dm3.
R is aqueous 0.5mol/dm? potassium iodide.
S is starch solution which you will use as an indicator.
(@) (i) PutP intothe burette.

Pipette 25.0cm? of Q into a conical flask.

Use a measuring cylinder to add 20 cm?® of R, which is an excess, to Q. A white precipitate
forms in a dark brown solution.

Add P from the burette to the flask until the solution turns light brown. Then use a
measuring cylinder to add about 1cm?® of S to the flask. A dark-coloured solution forms.

Continue adding P slowly from the burette until one drop of P causes the dark colour to
disappear leaving a white precipitate.

Record your titration results in an appropriate format in the space provided. Repeat the
titration as many times as you consider necessary to achieve consistent results.

Results

(5)
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(i) Use your titration results to obtain the average volume of P used.
Show clearly how you obtained this volume.

average VoluME Of P = ..ot s e e [1]

(b) (i) Calculate the amount, in moles, of thiosulfate ions present in the average volume of P.

amount of thiosiifate ION8 = wuaanwssammisamsmsmsivgrsssrin mol [1]

(i) Use the equations to determine the amount, in moles, of Cu?* jons in 1.00dm? of Q.

amount of Cu2* ions in 1.00dM3 of Q = ..oevveveveeeee e mol [2]

(iii) Use your answer to (b)(ii) to calculate the mass of copper in the brass screw.

[A;: Cu, 64]

mass of copper in the brass screw =

(iv) Calculate the percentage by mass of copper in the brass screw.

percentage by MAass = ...

(c) A student repeats the experiment but adds a smaller volume of aqueous potassium iodide

which is not in excess.
Describe :::[Icline?(plain the effect this has on the calculated value for the percentage by mass

of copper in the brass screw.

----------
.................................................
....................................
....................................................
................................................
.......................
.......................................
---------------------------------
........................................................
...................................................
........................................

T T T L LR L R L L LR ......“.u.--.-.n.n----.--.-.-.........--....--u..-....-.....-..-.....‘.....A i e
e .
sesarne

[Total: 15]
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3 Many metal ores contain carbonates of the metal. The amount of carbonate can be determined by
reacting the ore with acid.

(@) A student is investigating a metal ore. The method being used requires a solution of

(b)

0.100 mol/dm3 hydrochloric acid.

The student is provided with a solution of hydrochloric acid that contains 36.59/dm? of acig,
Outline what the student should do to prepare 100cm?® of 0.100mol/dm3 hydrochloric acjg

from the solution provided. Include the names and volumes of any apparatus used and the
volumes of solutions that are needed.

You can assume that all apparatus normally found in a school laboratory is available.

[M,: HC, 36.5]

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................

Calcium carbonate reacts with hydrochloric acid. This reaction is exothermic,

CaCQOq4(s) + 2HCI(aq) = CaCly(aq) + CO,(g) + H,0())

The student investigates the amount of heat released during this reaction by using the

following method.

1. Weigh the container with the calcium carbonate.

2. Place 50.0cm? of hydrochloric acid, which is an excess, in an insulated plastic cup and
measure the temperature of the acid. Record the temperature in the table.

3. Start a stopwatch and measure the temperature of the acid every minute for 2 minutes.
Record the temperatures.

4. At 3 minutes transfer the calcium carbonate from the container into the cup. Stir the

contents and continue to measure, and record, the temperature every minute up to 8
minutes.

5. Reweigh the container with any residual solid.

The results the student obtains are shown.

time/min 0 1 2 3 4 5 6 7 8

temperature/°C | 22.0 | 22.0 | 22.0 | | 26.0 | 255 | 255 | 245 | 24.0

mass of container with calcium carbonate = 24.8¢
mass of container after adding calcium carbonate to the cup = 21.3g
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() Plot the student's results on the grid with temperature on the y-axis and time on the
Xx-axis.

Complete the graph by drawing two straight lines of best fit. One line should be drawn
using data from 0 to 2 minutes and the other line should be drawn using data from 4 to

8 minutes.
Extend both of these lines to 3 minutes.

Draw a vertical line at 3 minutes to connect these lines.

(4]

(i) Use your lines from (b)(i) to calculate the maximum temperature rise in the experiment.

maximum temperature MSE = ...,
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P’

(i) The amount of heat released in this experiment can be calculated using the expression
shown.

heat released (in J) = mass of solution (in g) x maximum temperature rise (in °C) x 4.2
Use this expression to calculate, in J, the amount of heat released.

Assume that 1.0cm? of solution has a mass of 1.0g.

amount of heat released =........ccccovvvvineicincnieninsenecee e, J 1]
(iv) Calculate the number of moles of calcium carbonate used in the experiment.

[M,: CaCO,, 100]

number of moles of CaCl3 = .....ccccinniminnnsnssssaccsrasiscssssenens mol [1]

(v) Calculate the amount of heat released, in kJ/mol, when one mole of calcium carbonate
reacts with hydrochloric acid.

amount of heat released = ..., kdJ/mol [1]

(vi) Another student carries out the same experiment but only measures the initial

temperature of the solution and the highest temperature reached in order to calculate the
temperature rise.

Suggest why the student who uses a graph to calculate the temperature rise is able to
obtain a more accurate value for the amount of heat released.

...........................................................................................................................................

...........................................................................................................................................
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(c) Itis thought that the solid sample of calcium carbonate used in (b) is contaminated with zinc
carbonate.

Describe brieﬂy how the student can test to see if any zinc carbonate is present in the solid
sample of calcium carbonate. Include expected observations in your answer.

...........................................................................................................................
........................

...........................................................................................................................................
veee

............................................................................................................................................
.......

[Total: 14]
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Some cleaning products contain a solution of sulfamic acid.

You are going to determine the concentration of sulfamic acid in a sample of a cleaning product by
titration with sodium hydroxide.

The sulfamic acid can be represented by the formula, HA. The equation for the reaction occurring
in the titration is shown.

HA + NaOH — NaA + H,0
Read all the instructions below carefully before starting the experiment in Question 1.
Instructions
P is 0.200mol/dm? sodium hydroxide.
Q contains aqueous sulfamic acid. The solution was made by diluting a sample of 100 cm3 of the
cleaning product to 1.00dm3 by adding deionised water.
T is thymolphthalein indicator.
(a) (i) Fill the burette with P.
Use the pipette to transfer 25.0 cm?® of Q into a conical flask.
Add a few drops of the thymolphthalein indicator, T, to the solution in the conical flask.
Ensure the lid is placed back on the container of T after use.

Add P from the burette, swirling the flask constantly.

At the end-point, one drop of P produces a blue colour that does not disappear on
swirling.

Record your titration results in the space provided. Repeat the titration as many
times as you consider necessary to achieve consistent resulits.

Results

(5]
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() From your titration results, obtain an average volume of P to be used in your calculations.
Show clearly how you obtained this volume.

average VoluMEe Of P ........cccocinnninnnieniesanseesensesssses em? [1]

(b) (i) P is 0.200mol/dm3 sodium hydroxide.

Use your answer from (a)(ii) and the equation for the reaction to calculate the number of
moles of sulfamic acid in 25.0cm?3 of Q.

number of moles of sulfamic acid in 25.06M3 Of Q ....eoveeeeiiieeei et

(i) Use your answer from (b)(i) to calculate the concentration, in mol/dm3, of sulfamic acid
in the sample of the cleaning product.

mol/dm?3 [3]

..........................................

concentration of sulfamic acid in cleaning product
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(c) The label on the bottle of cleaning product gives the concentration of sulfamic acid in g/dm3,

To convert your answer from (b)(ii) into g/dm3, it is necessary to know the relative molecular
mass, M., of sulfamic acid.

The M, can be determined by reacting some solid sulfamic acid with aqueous sodium
carbonate and measuring the volume of carbon dioxide produced.

The equation for the reaction is shown.
2HA + Na,CO; — CO, + H,0 + 2NaA
(i) Use this information to outline a method to determine the M, of sulfamic acid.
Your method should use gas collection by the displacement of water.
In your method you should include:
* the apparatus you would use
* the measurements you would take

*  anexplanation of how you would use your results to determine the M, of sulfamic acid.

You can assume the apparatus and reagents normally found in a school laboratory are
available.

You may wish to use a labelled diagram to illustrate your answer.

...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

...........................................................................................................................................
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...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

..........................................................................................................................................

(ii) Carbon dioxide is soluble in water.

Suggest how this may cause your calculated value for the M, of sulfamic acid to be
different from its theoretical value.

Explain your answer.

...........................................................................................................................................
...........................................................................................................................................

...........................................................................................................................................

(i) Suggest and explain one change you could make to your experiment to improve the
accuracy of your calculated value for M,.

OIVBIINIO . asionsnsnowiosnin manonia s i s s s SHAS A TS HS F SIS RSSOV R RSP YS s e mim R mm s e
BXPIANARION .uciveiriiiniiincaistisnniisssscsnsassassnisesassrssnsassnsreseessassessestsssasssssnnssssssssasansansanstsscasss
(1]
(Total: 19]
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2 'Burgundy mixture' and ‘Bordeaux mixture’ are used as fungicides on some plants. They are both
mixtures of two metal compounds.

R is a sample of Burgundy mixture.
S is a sample of Bordeaux mixture.

You will carry out tests on R and S to identify ions in both mixtures.

Read all the instructions carefully before starting the experiments in Question 2.

Instructions

(a) Carry out the following tests on R and S. You should test and identify any gases evolved.
Record your observations in the table.

The volumes given below are approximate and should be estimated rather than measured

unless instructed otherwise.

test

observations for R

observations for S

Test 1

To the sample in the boiling tube,
carefully add dilute nitric acid to a
depth of approximately 6 cm.

Use a glass rod to stir the mixture.
Keep the final solution for use in
Tests 24,

Test 2

Put 1cm depth of the solution from
Test 1 in a clean test-tube. Add
aqueous ammonia slowly with
shaking until no further change is
seen.

Test 3

Put another 1cm depth of the
solution from Test 1 in a clean
test-tube. Add aqueous sodium
hydroxide slowly with shaking until
no further change is seen.

©UCLES & MOE 2020
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test observations for R observations for S

Test 4

Put 2cm depth of the solution from
Test 1 in a clean test-tube. Add an
equal volume of aqueous barium
nitrate.

Keep the final solution for use in

Test 5.

Test 5

Filter the contents of the test-tube
from Test 4 into a clean test-tube.
Add an equal volume of aqueous
silver nitrate to the filtrate.

(b)

(c)

© UCLES & MOE 2020
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One of the compounds in R is the same as one of the compounds in 8. Suggest the name of
this compound and explain your reasoning.

compound present in both Rand § ...

(21 Lo 31110 [RAOUOURRIREROR——————e SRR RS R AL S

.........................................................................................................................

Both compounds in R are soluble. Use this information and the results of your tests to suggest
the other compound in R. Explain your reasoning.

Other COMPOUNT N R uviivisiireseesee ettt s e

FEASONING +veveurerreseenseesesseessesessesesesseseesesseanessases s o8 e L LR L O LE A SR L e eL AR eR RS e

...................................................................................................................................................

...................................................................................................................................................

.............................................................................................................................................

[Total: 13]
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3 A student investigates the effect of temperature on the rate of the reaction of zinc wiy

dilute hydrochloric acid.

The student places a piece of zinc in a conical flask containing dilute hydrochloric acid. The

student records the total mass of the flask and its contents at timed intervals.

The student repeats the experiment at different temperatures.

The student’s results are shown.

'm

Experiment 1 at 20°C Experiment 2 at 30°C Experiment 3 at 40°C j,
time total loss in time total loss in time total loss mT
/min | mass/g | mass/mg | /min mass/g | mass/mg | /min mass/g | mass/mg 1'

0 81.130 0 0 81.132 0 81.129 0
2 81.116 14 2 81.114 2 81.100 29
5 81.099 31 8 81.094 5 81.075 54
10 81.082 48 10 81.076 10 81.065 64
15 81.071 59 15 81.069 15 81.063 66
20 81.066 64 20 81.067 20 81.063 66
(a) Explain why there is a loss in mass as the reaction proceeds.
............................................................................................................................................. 1
(b) Complete the table to show the loss in mass, in mg, for Experiment 2. (1
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(¢) () The results for Experiment 1 are plotted on the grid below.

Plot the results for Experiment 3 on the grid. Draw a line of best fit.

70 T r

[N

lll‘l|f1[
1

IS FEE

604 : : T

501

40
loss IN A
mass

mg 49

20

10

0
2 4 6 8 10 12 14 16 18 20

time/min

(2]

(i) The average rate of this reaction can be calculated using:

loss in mass

average rate of reaction = —;
g g time taken

For Experiment 1, calculate the average rate over the first 7 minutes of the reaction.

Give the units for your answer.

average rate of reaction ...
(d) The student concluded that the reaction in Experiment 3 had finished.

Suggest how the student reached this conclusion.

.......................
............................................................................................................................

......
...........................
............................................................................................................

[Total: 8]
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1 The reaction of aqueous solutions of alkalis and strong acids is exothermic.

OH-(aq) + H*aq) —>  HO()

You are going to investigate the temperature rise when volumes of aqueous alkali and acid gy,
mixed together.

Read all the instructions carefully before starting the experiments in Question 1.
Instructions
You are going to carry out seven experiments.
P is a 0.75mol/dm? solution of a strong acid.
Qs 1.25mol/dm?® sodium hydroxide.
(a) Experiment 1
Place a Styrofoam cup into a 250cm? glass beaker.

Put P into a burette and measure 40.00cm?® of P into the Styrofoam cup. Measure the
temperature of P and record the value in the table.

Use a measuring cylinder to measure 10cm? of Q. Pour this volume of Q into the Styrofoam
cup containing P. Stir, using the thermometer, and measure the highest temperature reached,
Record this temperature in the table.

Empty the Styrofoam cup and rinse it with water.

Experiments 2 to 7

Repeat Experiment 1 but use the different volumes of P and Q for each experiment given in
the table.

Complete the table by calculating the temperature rise for each experiment.

initial highest
experiment VOI/L:E: it Vo:gﬂ 33 of tem%?rgture te(a)rfn rp:?)r(itlt:ere temp;iefgture
/°C /°C
1 40.00 10
2 35.00 15
3 30.00 20
4 25.00 25
5 20.00 30
6 15.00 35
7 10.00 40
4l
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Oct/Nov 2019 Paper 3 (2)


https://v3.camscanner.com/user/download

(b) Plota graph of temperature rise against volume of Q on the grid below.

Use these points to draw two intersecting straight lines of best fit.

1111

aNE

|

T

LLUIY
!

4]
(c) From your graph, read the volume of Q where the two lines intersect.
................................................... cm?® [1]
(d) Calculate the number of moles of sodium hydroxide present in the volume of Q in (c).
.................................................... mol [1]
(e) Calculate the volume of P required to neutralise the volume of Q in (c).
.................................................... cm® [1]
(f) Calculate the concentration of hydrogen ions, H*, in P.
.......................................................... (2]
© UCLES & MOE 2019 6092/03/0/N/19
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(g) Suggest the identity of the strong acid in P and explain your suggestion.
............................................................................................................................................. [1]
(h) Suggest two changes that could be made to this experiment to improve the
Sugge p accuracy of the
ChEANGE T oottt et e e rerseeeestessssstesesssnn
ChANGO 2 ..o e st e
2]
[Total: 16]
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2 Sodium hydrogencarbonate decomposes on heating.
2NaHCO; — Na,CO, + H,O + CO,

You are supplied with.an 'impure sample of sodium hydrogencarbonate. The impurity is another
sodlurp compound which is unaffected by heating. You are to determine the percentage by mass
of sodium hydrogencarbonate present in the impure sample and identify the impurity.

Read all the instructions carefully before starting the experiment In Question 2,

Instructions
R is impure sodium hydrogencarbonate.
(a) (i) Use the balance to find the mass of an empty test-tube.

Add about 1.5g of R to the test-tube and then find the mass of the test-tube and its
contents.

Gently heat the test-tube and contents for 3 minutes so that the sodium hydrogencarbonate
decomposes.

Leave the test-tube and its contents to cool to room temperature before finding the mass
of the test-tube and its contents.

You may begin the experiments in parts (d) and (e) on page 8 while you are waiting for
the test-tube to cool.

Record your results in an appropriate format in the space provided.

Results

[4]

(i) From your results determine:
the mass of R before heating v

the change in mass after heating. oererim

2]
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(b) (i) Use your answers from (a)(il) and the equation for the decomposition of sodiym
hydrogencarbonate to calculate the mass of sodium hydrogencarbonate present in the
mass of R heated.

[M,: NaHCO;, 84.0; H,0, 18.0; CO,, 44.0]
mass of sodium hydrogencarbonate present = ..........ccccoevervrciiniinnne, [
(ii) Calculate the percentage by mass of sodium hydrogencarbonate in R.
percentage by mass of sodium hydrogencarbonate in R = .....cccccecvevenevennccniinnnenn, 2

(c) (i) Suggest why heating the sample once for 3 minutes may not give an accurate value for
the percentage by mass of sodium hydrogencarbonate in R.
..................................................................................................................................... 11

(i) Suggest one way in which the experiment could be improved to obtain a more accurate
value of the percentage by mass of sodium hydrogencarbonate in R.
..................................................................................................................................... (1]
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(d) S is the solid remaining after decomposing R by heating.
You are provided with a sample of S to use Iin parts (d) and (e).

Carry out the following test on the sample of S provided in a test-tube. Record your
observations in the space provided. You should test and name any gas evolved.

Place the test-tube containing the sample of S in a test-tube rack and add dilute nitric acid, a

little at a time, until no further reaction occurs.
Keep the final solution for use in (e).

...................................................................................................................................................

...................................................................................................................................................

(e) Carry out the following tests on the solution from (d). Record your observations in the space
provided.

(i) To about 1cm depth of the solution from (d) in a test-tube, add a few drops of aqueous
silver nitrate.

(i) To another 1cm depth of the solution from (d) in a test-tube, add an equal volume of
aqueous barium nitrate.

..................................................................................................................................... 11
(f) Identify the impurity in R.
............................................................................................................................................. 1]
(@) () Why was excess acid added to S in (d) before carrying out the tests in (e)?
..................................................................................................................................... (1]
(i) Why was nitric acid used in (d) rather than hydrochloric or sulfuric acid?
..................................................................................................................................... 1]

[Total: 20]
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Sodium sulfate, Na,SO,, is the salt produced when sulfuric acid is neutralised by sodium
hydroxide.

H,SO, + 2NaOH — Nas8O, + 2H,0

Sodium hydrogensulfate, NaHSO,, can also be produced from sulfuric acid and sodium hydroxide,
HSO, + NaOH — NaHSO, + H,.0

Both sodium sulfate and sodium hydrogensuifate are soluble in water.

Outline a method to obtain crystals of sodium hydrogensulfate using 1.0 mol/dm? sulfuric acid and
aqueous sodium hydroxide of unknown concentration.

P — O s U — ST——
PR—— RS A LSS NS TS EIAGA A i TR nranmasis s e s mma e e e
e Tiere 0o e A el o T e
............................................................................................................... -
............................
.....................
..........................................................................................................................................................
.................
ST ST — SO —
4
T TP PR R A SRS |

[Total: 4)
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1 The reaction of zinc with aqueous copper(ll) ions is exothermic.

You are going to investigate the temperature change when an excess of zinc is added to aqueous
solutions containing different amounts of copper(ll) sulfate.

Read all the instructions below carefully before starting the experiments in Question 1.
Instructions

You are going to do five experiments.

P is 0.50 mol/dm? copper(ll) sulfate.

You are provided with five samples of zinc powder each weighing between 0.5 and 0.6g.

(a) Experiment 1

Using a 10cm3 measuring cylinder, pour 10cm? of P into a boiling tube.
Measure the initial temperature of P in the boiling tube and record the value in the table.

Transfer the zinc powder from one of the five containers, labelled zinc powder, to P in the
bailing tube. Stir the mixture gently with the thermometer.

Measure the highest temperature reached and record it in the table.

Wash the thermometer and boiling tube with water.

Experiments 2to 5

Repeat Experiment 1, using the different volumes of P and water given in the table.

For example, in Experiment 2 measure 8cm? of P into the measuring cylinder and then add

water to P until the total volume in the measuring cylinder is 10cm?.

Complete the table by calculating the change in temperature for each experiment.

volume of volu f initial highest change in
experiment 3 OuUMe O% | temperature | temperature | temperature

P/cm water/cm /oG 1°C peth |
1 10 0 1
|
2 8 g |
H

3 6 4
|
4 4 6 |
—
5 2 8 |

(b) Give an observation made when zinc reacts with aqueous copper(ll) sulfate and explain the

observation.
QUBOIVBIION 155 i0svsessnssisissiinssmmsssnmsisnsss vones coisns fomeame Eorsyas e yHURERSS S NSRS AN R TR
OXAPIBNBLON 1.vvvevsussusssssmnssissnsssenssnsssssesnmssssssssssssssssssisiosssssanesstoontressassesassersasses R
(2]
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(c) Use the results you have obtained to plot a suitable graph on the grid below.

Draw a straight line of best fit.

l
[l

I
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(d) Describe and explain the trend shown by your graph in (€)-

-----------------------------------------------
----------------------------------------------------------------------------------------------------

--------------
.....................................
------------------------------------------------------------------------------------------------

(e) Determine the expected change in temperature if the experiment was repeated with
0.0035mol of copper(ll) sulfate in the 10cm? of solution.

Show clearly on the graph how you obtained your answer.

(f) Predict the change in temperature if an excess of zinc powder was added to 10cm3 of
1.00mol/dm? copper(11) sulfate.

(g) The temperature change obtained in Experiment 2 is lower than the value given in a chemistry
data book. The main source of error is likely to be heat loss.

() Suggest a reason, other than heat loss, why your result is different from the data book
value.

(ii) Suggest an improvement you could make to the experiment in order to reduce this
source of error.

©® UCLES & MOE 2018 6092/03/0/N18
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(h) If the same experiments were repeated using an excess of iron powder instead of zinc
powder, predict the effect on the changes in temperature.

Explain your answer.

...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................

[Total: 19]
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Tablets taken for the prevention and treatment of iron deficiency contain an iron(Il) compound.

You are going to determine the mass of iron present in a tablet by performing a titration using
aqueous potassium manganate(VII).

No indicator is needed for this titration as the products of the reaction are almost colourless and
one drop of aqueous potassium manganate(VIl) in excess produces a pale pink colour.

Read all the instructions below carefully before starting the experiment in Question 2.
Instructions
Q is 0.0105mol/dm?3 potassium manganate(VII).
R is an aqueous solution of iron(II) ions. The solution was made by dissolving nine tablets
containing the iron(Il) compound completely in sulfuric acid and making the final volume up to
250 cm?3 by adding water.
(@) (i) PutQinto the burette.
The colour of Q makes it difficult to see the bottom of the meniscus so you should take
all your readings using the top of the meniscus.
Pipette 25.0cm?® of R into a flask.
Add Q from the burette. At first the purple colour disappears quickly but as more Q is
added the colour disappears less quickly. At the end-point, one drop of Q produces a

pale pink colour that does not disappear on swirling.

Record your titration results in the space provided, repeating the titration as many times
as you consider necessary to achieve consistent results.

Results

(5]

(i) From your titration results, obtain an average volume of Q to be used in your calculations.
Show clearly how you obtained this volume.

average volume of Q ........cc.eevneiciiinnnnnnn 1]

© UCLES & MOE 2018 6092/03/0/N/18
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(b) () Qis0.0105mol/dm? aqueous potassium manganate(VII).

Calculate the number of moles of potassium manganate(VII) present in the average
volume of Q.

number of moles of potassium manganate(VII) .........cevmvesimsinseresransenne 1
(i) Inthe reaction five moles of iron(11) ions react with one mole of potassium manganate(VII).

Using your answer from (i), calculate the number of moles of iron(lI) ions present in
25.0cm® of R.

number of moles of iroN(II) IONS ....cccveeiirurinseee i [1]

(iii) Using your answer from (ii), calculate the number of moles of iron(II) ions in 250cm3 of R.

number of moles of iron(Il) ions in 250¢M3 Of R ...c..covvvveieimeneneniaeiee e, [1]

(iv) Using your answer from (iii), calculate the mass of iron in one tablet.

[A: Fe, 56]
mass of ironinone tablet ...........c.cooveeciiiiieniniinnnn, [4]
© UCLES & MOE 2018 8092/03/0/N/18
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(c) One of the tablets containing the iron(lI) compound is dissolved in nitric acid and a few drops
of barium nitrate added. A white precipitate is observed.

Based on this observation, determine the formula of the iron(II) compound in the tablet.

(d) A sample of a different brand of tablets containing an iron(lI) compound is analysed. It is
found that these tablets contain some solid impurities which are insoluble in water.

Describe how the impurities could be removed to leave a clear solution that contains all of the
iron(1I) ions present in the tablets.

...................................................................................................................................................

...................................................................................................................................................

[Total: 16]
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3 Seashells are used to make cement because of their high carbonate content.

Cockle shells, which are a type of sea shell, are said to contain nearly 60% carbonate, 0032', by
mass.

Given 1g of cockle shells, outline a method by which the percentage by mass of carbonate in the
shells can be determined.

You can assume all the apparatus and reagents normally found in a school laboratory are
available.

In your method you should note any assumptions that you make, include the measurements you
would take and explain how you would use your results to determine the percentage by mass of
carbonate in the cockle shells.

[A:C, 12; O, 16]

..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------------------------------

..........................................................................................................................................................
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1 Sulfamic acid, H,NSO4H, is a white solid often used in descaling powders. Descaling powders
are used to remove insoluble carbonates left in containers, like kettles, as a result of heating water
in them.

You are to determine by titration the concentration of sulfamic acid in a solution made by dissolving
a descaling powder in water.

P is a solution containing sulfamic acid prepared by dissolving 15.10g of the descaling powder in
water and making the solution up to 1dm?3.

Q is 0.0510mol/dm? sodium carbonate, Na,CO,.
(a) Put P into the burette.

Pipette a 25.0cm3 (or 20.0cm?) portion of Q into a flask and titrate with P, using the indicator
provided.

Record your results in the table, repeating the titration as many times as you consider
necessary to achieve consistent results.

Results

titration number 1 2

final burette reading /cm3

initial burette reading /cm?3

volume of P used /cm?®

best titration results (v)

Summary

Tick (v) the best titration results.

Using these results, the average volume of P required Was ........cc.cceeeerunnens cm3,
Volume of Qused Was ........cccceeeveeneee. cm?.
(12]
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(b) Qis 0.0510mol/dm?3 sodium carbonate.

Using your results from (a) and the equation below, calculate the concentration of sulfamic
acid in P.

Na,CO, + 2H,NSO;H —> 2H,NSO;Na + H,0 + CO,

concentration of sulfamic acid iN P ... mol/dm3 [2]

(c) Using your answer from (b), calculate the mass of sulfamic acid in 1 dm? of P.
(The relative molecular mass of sulfamic acid is 97.)

mass of sulfamic acid in 1dM3 Of P .....coeeeeerciiiiesece e g [1]

(d) Using your answer from (c), calculate the percentage by mass of sulfamic acid in 15.10g of
the descaling powder.

percentage by mass of sulfamic acid in the descaling POWdeTr ..........ceemiiieiiiinininnininnns % [1]
© UCLES & MOE 2017 5074/03/0/N/17
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(e) Sulfamic acid reacts readily with dilute nitric acid at room temperature to produce the gas
dinitrogen monoxide, N,O, which is insoluble in water.

H,NSO;H + HNO, — N,0 + H,0 + H,SO,

Describe a method based on this reaction that can be used to determine the percentage by
mass of sulfamic acid in a sample of the descaling powder.

You can assume that all the apparatus and reagents normally found in a school laboratory
are available. You should include the measurements you would take and how you would use
your results to calculate the percentage by mass of sulfamic acid in the descaling powder.

You may not use a titration method.

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
--------------------------------------------------------------------------------------------------------------------------------------------------

...................................................................................................................................................
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2 You are provided with three solutions R, S and T.

Carry out the following tests on each solution and record your observations in the tables on

pages 6 and 7. You should test and name any gas evolved.

test
no.

test

observations
with solution R

1(a)

To 2cm depth of the solution in a
test-tube, add aqueous ammonia until
a change is seen.

Keep the final mixture for use in (b).

1(b)

To the mixture from (), add excess
aqueous ammonia, with shaking, until
no further change occurs.

Keep the final mixture for use in (c).

1(c)

To 1cm depth of aqueous hydrogen
peroxide in a boiling tube, add the final
mixture from (b).

To 1.cm depth of the solution in a
test-tube, add an equal volume of
aqueous potassium iodide and allow to
stand for 2 minutes.

© UCLES & MOE 2017
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test
no.

observations
with solution S

observations
with solution T

1(a)

1(b)

1(c)

Conclusions

Identify the metal ion in each of the solutions.
The metalion iN RS .ccecoveiiiiiiiiic .

The metal ion iN SiS ..ccovcveiiviiiriiiinieicieins :

The Metal ioN N TS voevevieieeeeiirereereeeesenreens .

n7]

[3]
[Total: 20]

Permission 1o reproduce items where third-party owned malerial protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) 1o trace copyright holders, but if any items requiring clearance have unwittingly been included, the

publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge International Examinations Is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local

Examinations Syndicate (UCLES), which is itself a depariment of the University of Cambridge.
® UCLES & MOE 2017

Oct/Nov 2017 Paper 3 (6)

5074/03/0/N/17



https://v3.camscanner.com/user/download

AOeas U persaidE © woeYy wses 26 2 germicce & C bofles of Te solon cz2n e
orerzgss 2l over e worc.

Tre zrmouct of fySrogen perance N zn 2Quen s Soision cza 02 cetermined Dy reEcing Twih 2n
erczan of dce ors o oroduces odre.

HO, « 2" + 2+ — 240 - L

< £
Tre oiine 6 Ten Strztes wen zqueons sodium Ticsdizie, Wa_S. 0., using siarch soiuSon 23 an
TR,

2250, + L, - N2 S0, + 2Mal

P s 2n zausous soiusion of iodine produced by rezcing 2l the hydrogen percxide in 100cm?®
of the schsion wWith excess iodice ione. The firzl soiusion was $hen made up o 1 om” Dy adding
Cigtilied water.

Q ig 0.221 mai [ S sodium ticstizte,

(3) Put Q into the buretie,
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Euretts readings
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| titration number 1

ea———

fina! reading / cm’

inftiz! reading /cm?

——

volumne of Q uzed /cm?

best titration results (/)

Summary
Tick (/) the best titration resulte,
Using theee results, the average volume of Q required Was ........ccoueveresruneee cm3.

Volume of P uged Was ........ccceeevvennnnne.. CMS,
[12)

@ UCLES & MOE 2016 6074/03/0/N/16

Oct/Nov 2016 Paper 3 (2)

(%] CamScanner


https://v3.camscanner.com/user/download

(b) Qis 0.221mol/dm?3 sodium thiosulfate.

Using your results from (a) and the equation below, calculate the concentration, in mol/dm?,
of iodine in P.

2Na,S,0, + I, —> Na, 5,0y + 2Nal

concentration of iodine iN P ..o mol/dm3 [2]

(c) Using your answer from (b) and the equation below, deduce the number of moles of hydrogen
peroxide in 100cm? of the solution.

H,O, + 2I" + 2H* — 2H,0 + I

moles of hydrogen peroxide in 100cm? of the SOIUHON .....ccccuermrvmrereenseccici [1]

(d) Using your answer from (c), calculate the mass of hydrogen peroxide in 1 00cm? of the
solution.

(The relative formula mass of hydrogen peroxide is 34.)

mass of hydrogen peroxide in 100cm® of the SOIUtION ... a1
© UCLES & MOE 2016 5074/03/0/N/16
Oct/Nov 2016 Paper 3 (3)


https://v3.camscanner.com/user/download

(e) An insoluble powder X is said to be a catalyst for the decomposition of aqueous hydrogen
peroxide.

2H,0,(aq) —> 2H,0() + O,(g)

A catalyst is a substance which increases the rate of a reaction but is not used up in the
reaction.

Given a sample of X and aqueous hydrogen peroxide, describe how you would show that
both of the following statements are true.

1 Xincreases the rate of decomposition of aqueous hydrogen peroxide.
2 Xis not used up in the decomposition of aqueous hydrogen peroxide.

You can assume all the apparatus normally found in a school laboratory is available.

...................................................................................................................................................
...................................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................

----------------------------------------------------------------------------------------------------------------------------------------------

[Total: 20]
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2  You are provided with element R and solution S.

Carry out the following tests and record your observations in the table.
You should test and name any gas evolved.

test

test observations
no.

1 | To 2cm depth of dilute hydrochloric acid in
a test-tube, add a piece of R and warm the
mixture until the reaction begins.

Once the reaction is complete, keep the
liquid for use in tests 2 and 3.

2 | To about half of the liquid from test 1 in a
test-tube, add aqueous sodium hydroxide
until no further change occurs.

3 | To the other portion of the liquid from test 1
in a test-tube, add aqueous ammonia until
no further change occurs.

4 | To 1cm depth of aqueous sodium hydroxide
in a boiling tube, add a small amount of
sodium nitrate powder and then heat the
mixture until it just begins to boil.

Place the hot boiling tube and its contents in
a test-tube rack and then add a piece of R.

5 | To 2cm depth of S in a test-tube, add a
piece of R. Mix well and allow to stand for a
few minutes.

©UCLES & MOE 2016 5074/03/0/N/16
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test

|
= test observations 1
no.

6 | To 2cm depth of S in a test-tube, add a few
drops of aqueous silver nitrate.

Keep the mixture for use in tests 7 and 8.

7 | To about half of the mixture from test 6 in ,
a test-tube, add an equal volume of dilute
nitric acid. :

8 | To the other portion of the mixture from
test 6 in a test-tube, add aqueous ammonia
until no further change occurs.

l

Conclusions

Identify the element R.

The element RS ..cvvveeeeerviiciieiiiieeeeeeenans

Identify the cation and anion in S.

The cation iIN S S wuuereeeeeececcmerereeaeeee. and the anionin S is

...................................

[17]

(31
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1 Pis an aqueous solution of ammonium peroxodisulfate, (NH,),S,0g.
Q is an aqueous solution which contains icdide ions, I-, and another substance.

When P and Q are mixed together, they react to produce iodine.

S,042 + 2I° — 280, + I,
The addition of starch solution to the mixture allows the iodine to be detected as the solution turns
blue-black.

In Q there is another substance present which rapidly converts iodine back into iodide ions and so
the blue-black colour only appears when all of this substance is used up.

In each of the experiments 1-5, the same amount of iodine is produced before the mixture turns
blue-black.

(a) (i) PutQinto a burette and use it to measure 10cm? of Q into a conical flask. To Q in the
flask, add 2cm? of starch solution using a 10 cm® measuring cylinder. Place the flask and
its contents on a white tile.

(i) Measure 25cm?3 of P as accurately as possible, using a 25cm?3 measuring cylinder. Pour
this volume of P rapidly into the mixture of Q and starch solution in the flask. Start the
stopwatch immediately and swirl the contents of the flask, then leave the mixture to
stand. When the mixture first turns blue-black, stop the stopwatch. Record the time to the
nearest second in column E of the table. '

(iii) Empty the conical flask and rinse it thoroughly with water.

(iv) Repeat the procedure described in (i) — (iii) but in (ii) use the different volumes of P
and water given in columns C and D of the table. For example in experiment 2, measure
20cm?® of P as accurately as possible, using a measuring cylinder and then add water to
P until the total volume of liquid in the measuring cylinder is 25cm?3,

A B C D E
experiment | volume | volume | volume of time taken for blue-black
number of Q of P water colour to appear

/em3 /em3 /em?3 /s

1 10 25 0

2 10 20 5

3 10 15 10

4 10 10 15

5 10 5 20 [10]

(b) How exactly does the concentration of ammonium peroxodisulfate in experiment 2 compare
with its concentration in experiment 47
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(c) Plota graph of time taken for the blue-black colour to appear (column E) against volume of P
(column C) on the grid below. Using these points, draw the best fit curved line. [3]
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(d) Explain, in terms of collisions between reacting particles, why the time taken for the blue-
black colour to appear increases as the volume of P decreases.
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(e) It has been suggested that for every 10°C rise in temperature the time taken for the blue-
black colour to appear will be halved.

Given the same solutions P and Q, describe how you would investigate this suggestion by
experiment.

You can assume that all the apparatus and reagents normally found in a school laboratory are
available. You should include the measurements you would take and explain how you would

use your results to confirm the suggestion.

...................................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------------
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...................................................................................................................................................
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...............................................................................................................................................
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2 You are provided with solutions R and S.

Carry out the following tests and record your obsarvations In the table, You should test and name
any gas evolved.

test

test observations
no.

1 | (a) To 1cmdepth of R in a test-tube, add a
few drops of aqueous silver nitrate.

(b) Add dilute nitric acid to the mixture from
(a).

2 | To 1cm depth of aqueous iron(III) chloride in a
test-tube, add an equal volume of R.

3 |(a) To 1cmdepth of Rin a test-tube, add an
equal volume of dilute sulfuric acid and
then one or two drops of S.

(b) To the mixture from (a), add an equal
volume of S and allow to stand for a few
minutes.

4 | (a) To 1cm depth of aqueous iron(Il) sulfate in
a boiling tube, add an equal volume of S.

(b) Add aqueous sodium hydroxide to the
mixture from (a) until no further change
occurs.

5 | To 1cm depth of aqueous acidified potassium
manganate(VII) in a test-tube, add an equal
volume of S.

6 |(a) To 1cm depth of S in a test-tube, add a
small amount of copper powder.

(b) Add an equal volume of aqueous ammonia
to the mixture from (a).

(16]
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Conclusions

Identity the anlon present In R,

Thoe anlon In R 1B cvnoninimnnmm

In test 4(n), 8 16 Aclng A6 ..

Intest 5, S 18 actNg N8 .ovvvivvivmmnmmmm,

for
v,
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