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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 In this experiment you will determine the value of x in the formula of hydrated sodium thiosulfate,
Na,S,0,*xH,O, where x is an integer. You will first prepare a solution of the salt and then use this
solution in a titration with aqueous iodine. The thiosulfate ions react with iodine as shown.

25,0, (aq) + I, (aq) —» S,0,>(aq) + 2I(aq)

FA 1 is hydrated sodium thiosulfate, Na,S,0,°xH,0.
FA 3 is 0.0500 moldm™ iodine, I,.
starch indicator

(a) Method

Preparation of salt solution

Weigh the container containing FA 1.

e Tip the contents of the container into the 250 cm? beaker.
e Weigh the container with any residue.

e Record all your readings in the space below.

e Add approximately 200 cm? of distilled water to the salt in the beaker and stir until the salt
has dissolved.

Pour the contents carefully into the 250 cm? volumetric flask.

Rinse the beaker with a little distilled water and add these washings to the flask.

Fill the flask to the mark with distilled water and shake to ensure thorough mixing.

Label this solution FA 2.
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Titration

Fill a burette with FA 2.

Pipette 25.0cm? of FA 3 into the conical flask.

Add FA 2 from the burette until the solution in the flask turns yellow.

Add 10 drops of starch indicator to the conical flask. The solution will turn blue-black.
Continue to add more FA 2 from the burette until the blue-black colour just disappears.
This is the end-point of the titration.

Carry out a rough titration and record your burette readings in the space below.

The rough titre is .........ccccoovvveeeeeeinn, cms,

Carry out as many accurate titrations as you think necessary to obtain consistent results.
Make sure your recorded results show the precision of your practical work.

Record, in a suitable form in the space below, all of your burette readings and the volume
of FA 2 added in each accurate titration.

I

II

I

v

v

VI

Vil

VI

[8]

(b) From your accurate titration results, obtain a value for the volume of FA 2 to be used in your
calculations. Show clearly how you obtained this value.

© UCLES 2020

25.0cm® of FA 3 required ..........cceeeeeeeennnnnee. cm®of FA 2. [1]
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(c) Calculations

(i)

(ii)

(iif)

(iv)

© UCLES 2020

Give your answers to (c)(ii) and (c)(iii) to the appropriate number of significant figures.

[1]
Calculate the number of moles of iodine in 25.0cm? of FA 3.
moles of I, = ... mol [1]
Calculate the number of moles of thiosulfate ions in the volume recorded in (b).
moles of S,0,7 = ... mol

Hence calculate the number of moles of hydrated sodium thiosulfate in the mass weighed
in (a).

moles of Na,S,0,°xH,0 = .......ccoiiiiiiiiienn mol

Calculate the value for x in the formula of hydrated sodium thiosulfate, Na,S,0,°xH,0.
Show your working.
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5

(d) (i) State the maximum error in a single reading on the balance used in (a).

Maximum error == .........cccceevvvvvneeennn. g

Calculate the maximum percentage error in the mass of FA 1 used in (a).
Show your working.

maximum percentage error = £ ........ccccceeevveeeeeennne %
[1]
(i) Assume that the uncertainty in the mass of FA 1 is the only source of error in your

experiment.

Calculate the minimum value for the relative formula mass of FA 1.
Show your working.

minimum value for the relative formulamass of FA1 = ............................. [

(e) A student prepares FA 2 using anhydrous sodium thiosulfate salt and the same mass of salt
that you used in (a).

State how the student’s titre would compare with the average titre value you obtained in (b).
Explain your answer.

(f) In many titrations it is usual to fill the burette with the solution of known concentration.

Suggest why this was not done in (a).

[Total: 19]
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6
2 When a solution containing thiosulfate ions, S,0,%, is acidified the following reaction occurs.
S,0,7(aq) + 2H*(aq) — S(s) + SO,g) + H,O(l)

The solid sulfur that is formed makes the mixture become cloudy. The rate of reaction can then be
measured by timing how long it takes for the mixture to become too cloudy to see through.

You will investigate how changing the concentration of the thiosulfate ions affects the rate of
reaction.

Throughout these experiments care must be taken to avoid inhaling the SO, that is produced.
It is very important that as soon as each experiment is complete the contents of the beaker
are emptied into the quenching bath.

FA 4 is 2.00 moldm= hydrochloric acid, HCL
FA 5 is a solution of sodium thiosulfate, Na,S,0,.
distilled water

(a) Method

Experiment 1

Use the 50 cm® measuring cylinder to transfer 40.0cm? of FA 5 into the 100 cm? beaker.
Use the 25cm?® measuring cylinder to measure 20.0cm? of FA 4.

Add the 20.0cm?® of FA 4 to FA 5 in the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.

View the printed text on the insert from above through the mixture in the beaker.

Note the time when the print on the insert becomes obscured.

Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse and dry the beaker so it is ready for use in Experiment 2.

Experiment 2

e Use the 50cm?® measuring cylinder to transfer 20.0cm?® of FA 5 into the 100 cm? beaker.
e Use the 50cm?® measuring cylinder to transfer 20.0cm? of distilled water into the same
beaker.

Use the 25cm? measuring cylinder to measure 20.0 cm? of FA 4.

Add the 20.0cm?® of FA 4 to FA 5 in the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.

View the printed text on the insert from above through the mixture in the beaker.

Note the time when the print on the insert becomes obscured.

Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse the beaker thoroughly.

Keep FA 5 for use in Question 3.
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Record all your results in a table. You should include the volume of FA 5, the volume of distilled
water, the reaction time and the rate of reaction for both experiments.

The rate of reaction can be calculated using the following formula.

1000

rate of reaction = ————
reaction time

I

II

I

v

[4]
(b) A student suggested that the rate of the reaction is directly proportional to the concentration of

the thiosulfate ions.

State whether your results support this suggestion.
Explain your answer.

(c) The student’s suggestion in (b) could be made more reliable by carrying out further experiments.
Prepare a table to show three further experiments you could carry out. Show clearly the
volumes of FA 4, FA 5 and distilled water that you would use in each of these experiments. Do
not suggest a volume of FA 5 that is greater than 40.0cm? or less than 20.0cm?.

DO NOT CARRY OUT THESE ADDITIONAL EXPERIMENTS.

[2]

[Total: 7]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 (a) FA 6 is a salt containing one cation and one anion. The anion is listed in the Qualitative
Analysis Notes.
Add all the sample of FA 6 to the 100 cm? beaker. Dissolve the solid in approximately 50 cm?
of distilled water.
Label this solution FA 7.

(i) Carry out the following tests and record your observations.

test observations

Test 1

To a 1cm depth of FA 7 in a test-tube,
add a 3cm depth of aqueous

silver nitrate.

Pour approximately half the contents of the test-tube into a clean test-tube.

Test 2
To the first test-tube add
agueous ammonia.

Test 3
To the second test-tube add FA 5,
aqueous sodium thiosulfate.

[2]

(i) From the results of your tests in (a)(i) suggest which anion is present in FA 6.
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9
(iii) It is suggested that FA 6 could be sodium sulfite, Na,SO,, or sodium sulfate, Na,SO,.
Carry out tests using solution FA 7 in order to decide whether FA 6 is sodium sulfite or
sodium sulfate.

Record the reagents selected, the results of your tests and your conclusions in the space
below.

FA 6 is sodium .......ccoeeeevvieiininnnnnnn. [2]
(iv) Using your conclusion from (a)(iii), write an ionic equation for the reaction between

silver nitrate and FA 7.
Include state symbols.

(b) FA 8 is a solution containing one of the cations listed in the Qualitative Analysis Notes.

(i) Carry out the following tests and record your observations.

test observations

Test 1

To a 1cm depth of FA 8 in a test-tube,
add aqueous ammonia until there is no
further change, then

pour the contents into a boiling tube
and add a few drops of aqueous
hydrogen peroxide.

3]
(if) ldentify the cation in FA 8.

cation = ... [1]
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(iii) Carry out the following tests and record your observations.

test

observations

Test 1

add a 1cm depth of aqueous
potassium iodide, then

To a 1cm depth of FA 8 in a test-tube,

add FA 5, aqueous sodium thiosulfate.

(iv) Explain your observations in (b)(iii).

[2]

© UCLES 2020
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Qualitative Analysis Notes

1 Reactions of aqueous cations

reaction with

ion
NaOH(aq) NH,(aq)

aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, no ppt.
NH,*(aq) ammonia produced on heating
barium, faint white ppt. is nearly always 1 DDt
Ba?'(aq) observed unless reagents are pure PP
calcium, . I .
Ca(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(III),

grey-green ppt.

grey-green ppt.

Cr¥*(aq) soluble in excess insoluble in excess

copper(II), pale blue ppt. blue ppt. soluble in excess

Cu?(aq) insoluble in excess giving dark blue solution

. green ppt. turning brown on contact green ppt. turning brown on contact

iron(II), . .

Fe?(aq) with air with air

9 insoluble in excess insoluble in excess

iron(I1I), red-brown ppt. red-brown ppt.

Fe3*(aq) insoluble in excess insoluble in excess

magnesium, white ppt. white ppt.

Mg?*(aq) insoluble in excess insoluble in excess

manganese(II), off-white ppt.' raplldly turning brown off-white ppt.l rapl.dly turning brown
on contact with air on contact with air

Mn?*(aq) . . . .
insoluble in excess insoluble in excess

zinc, white ppt. white ppt.

Zn?*(aq) soluble in excess soluble in excess
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2 Reactions of anions

15

ion reaction
carbonate, CO, liberated by dilute acids
CO,>~
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq))
Cl(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq))
Br-(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq))
I+(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foll
NO,(aq)
nitrite, NH, liberated on heating with OH-(aq) and Al foil
NO, (aq)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO,*(aq)
sulfite, gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
SO;*(aq)

3 Tests for gases

gas

test and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater (ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

© UCLES 2020
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided on page 4.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 In acidic solutions iron(III) ions are reduced by iodide ions to form iron(II) ions. The iodide ions are
oxidised to iodine.

2Fe**(aq) + 2I(aq) —» 2Fe*(aq) + I,(aq)

The rate of this reaction can be investigated by using starch indicator, which turns blue-black in the
presence of iodine. Sodium thiosulfate is added to the reaction mixture to react with iodine as it is
formed. The blue-black colour is seen when all the thiosulfate has reacted.

I(aq) + 25,0,>(aq) — 2I7(aq) + S,04*(aq)

You will investigate how the rate of reaction is affected by changing the concentration of the iodide
ions.

FA 1 is 0.0500 moldm™ potassium iodide, KI.

FA 2 is 0.0500 moldm™ acidified iron(IlI) chloride, FeCl,.
FA 3 is 0.00500 moldm= sodium thiosulfate, Na,S,0,.
FA 4 is starch indicator.

(a) Method

Prepare a table on page 4 for your results. You will need to include the volume of FA 1, volume
of water, reaction time and rate of reaction for each of five experiments.

Experiment 1

e Fill the burette labelled FA 1 with FA 1.

e Run 20.00cm? of FA 1 into the 100 cm?® beaker.

e Use the 50cm?® measuring cylinder to add the following to the same 100 cm? beaker:
o 20.0cm*of FA3

o 10.0cm? of FA 4.

Use the 25cm?® measuring cylinder to measure 10.0cm? of FA 2.

Add this FA 2 into the same 100 cm? beaker and start timing immediately.
Stir once and place the beaker on the white tile.

Stop timing as soon as the solution turns blue-black.

Record this reaction time to the nearest second.

Wash out the beaker and dry it with a paper towel.

Experiment 2

e Fill the second burette with distilled water.

Run 10.00 cm3 of FA 1 into the 100 cm?® beaker.

Run 10.00 cm? of distilled water into the beaker containing FA 1.

Use the 50cm?® measuring cylinder to add the following to the same 100 cm? beaker:
o 20.0cmiof FA3

o 10.0cmd of FA 4.

Use the 25cm?® measuring cylinder to measure 10.0cm? of FA 2.

Add the FA 2 to the same 100cm? beaker and start timing immediately.
Stir once and place the beaker on the white tile.

Stop timing as soon as the solution turns blue-black.

Record this reaction time to the nearest second.

Wash out the beaker and dry it with a paper towel.

© UCLES 2020 9701/33/0/N/20 [TU rn over
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Experiments 3-5

e Carry out three further experiments to investigate how the reaction time changes with
different volumes of potassium iodide, FA 1.
The combined volume of FA 1 and distilled water must always be 20.00 cm?.
Do not use a volume of FA 1 that is less than 6.00cm3.

Results

The rate of reaction can be calculated as shown:

1000

rate T T
reaction time

II

I

v

VI

Vil

VIII

IX

X

[10]

(b) On the grid opposite, plot a graph of rate of reaction (y-axis) against volume of FA 1 (x-axis).
Include the origin, (0,0), in your scales. Circle any points you consider anomalous and draw a
line of best fit. [3]

© UCLES 2020 9701/33/0/N/20
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(c) Use your graph to calculate the time that the reaction would have taken if 5.00cm?® of FA 1
had been used. Show on the graph how you obtained your answer.

© UCLES 2020 9701/33/0/N/20 [TU rn over
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(d) (i) Using data from Experiments 1 and 2, show by calculation that the volume of aqueous
potassium iodide, FA 1, used was directly proportional to the concentration of iodide ions.

[2]

(ii) Explain, by referring to your graph or your table of results, how the rate of reaction is
affected by an increase in the concentration of aqueous potassium iodide, FA 1.

(e) Thiosulfate ions can reduce iron(IlI) ions and also react with acid to form sulfur, sulfur dioxide
and water.

(i) Write an ionic equation for the reaction between thiosulfate ions and hydrogen ions in
aqueous solution. Include state symbols.

(i) A student carries out the same investigation as in (a) but the solutions are mixed in a
different order. The student places FA 1 and an appropriate volume of distilled water in
one beaker and all the other reactants in a second beaker. The student then transfers the
mixture from the second beaker to the first and starts timing.

Tick the box for the statement you consider correct. Explain your answer.

The student’s method is better than that in (a).

The two methods are equally good.

The student’s method is not as good as that in (a).

© UCLES 2020 9701/33/0/N/20
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(f) Another student investigates the effect of iron(III) concentration on the rate of this reaction.
The student carries out another experiment, Experiment 6, and the rate is compared to that of
Experiment 2. In Experiment 2, the volumes used were:

reagent volume/cm?
FA1 10.00
FA 2 10.0
FA 3 20.0
FA 4 10.0
distilled water 10.00

(i) Suggest the volumes the student could use for Experiment 6.

reagent

volume/cm?

FA1
FA 2
FA 3
FA4

distilled water

[2]
(ii) This student records a time of 178 s for Experiment 2.
The rate of reaction is directly proportional to the concentration of iron(III) ions.
Suggest how long it would take the reaction mixture proposed for Experiment 6 in (f)(i)
to turn blue-black. Assume that Experiment 6 is carried out at the same temperature as

Experiment 2.
Do not carry out Experiment 6.

[Total: 24]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

2 (a) FAS5is a salt consisting of two ions both of which are listed in the Qualitative Analysis Notes.

(i) Place a small spatula measure of FA 5 into a hard-glass test-tube. Heat the tube gently at
first and then more strongly. Record all your observations.

(ii) FA 6 is a sample of the residue obtained from FA 5 after strong heating.

Place a small spatula measure of FA 6 in a test-tube and add a 1cm depth of aqueous
hydrogen peroxide. Record your observations.

© UCLES 2020 9701/33/0/N/20
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(iii) Dissolve a spatula measure of FA 5 in a 5cm depth of distilled water in a boiling tube.
Use separate 1cm depths of this solution in test-tubes for the following tests. Record your

observations.

Keep the remainder of FA 5(aq) for use in 2(b)(ii).

test

observations

Test 1

Add aqueous sodium hydroxide.

Test 2
Add a 1cm depth of aqueous
hydrogen peroxide, then

add aqueous sodium hydroxide.

[2]

(b) (i) FAZ7is asolution of a different salt. The cation presentin FA 7 is not listed in the Qualitative

Analysis Notes.

FA 5(aq) and FA 7 each contain either a halide ion or an anion containing sulfur. These

anions are listed in the Qualitative Analysis Notes.

For both of these anions, select reagents that you would use in order to carry out tests that

give positive results.

Record the reagents and the ions for which they would test.

[2]

(i) Carry out both of your tests on FA 5(aq) and FA 7 and record your results in the space

© UCLES 2020

below.
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(iii) Use your observations in (a) and (b)(ii) to identify the ions presentin FA'5 and FA 7. Write
the formula of each ion in the table. If the tests you carry out do not allow you to identify

any of the ions, write ‘unknown’.

FAS5

FA7

cation

anion

(2]

(iv) Suggest what you would observe if you added aqueous chlorine to separate portions of

© UCLES 2020

aqueous solutions of FA 5 and FA 7.

Do not carry out this test.

aqueous chlorine and FA B5(8Q) ....ccooviiiiioieeieee et e e e e e e e e e e e e e e e ennnnes

aqueous Chlorine and FA 7(8Q) ....ccoooeiiiiiiiiee et e s e e e e e e e e e e e e e e e e e ennnnes

9701/33/0/N/20

[Total: 16]
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Qualitative Analysis Notes

1 Reactions of aqueous cations

reaction with

ion
NaOH(aq) NH,(aq)

aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, no ppt. 3
NH,*(aq) ammonia produced on heating
barium, faint white ppt. is nearly always 6 DDt
Ba?(aq) observed unless reagents are pure PPE
calcium, . L o
Ca(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(I1I),

grey-green ppt.

grey-green ppt.

Cr¥*(aq) soluble in excess insoluble in excess
copper(1l), pale blue ppt. blue ppt. soluble in excess
Cu?(aq) insoluble in excess giving dark blue solution
. green ppt. turning brown on contact green ppt. turning brown on contact
iron(II), . .
with air with air
Fe?(aq) . . . .
insoluble in excess insoluble in excess
iron(III), red-brown ppt. red-brown ppt.
Fe**(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(II), off-white ppt.' raplldly turning brown off-white ppt.. rapl'dly turning brown
on contact with air on contact with air
Mn?(aq) . . . :
insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?(aq) soluble in excess soluble in excess
© UCLES 2020 9701/33/0/N/20
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15

ion reaction
carbonate, CO, liberated by dilute acids
CO,>
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq))
Cl(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq))
Br-(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq))
I-(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foll
NO;(aq)
nitrite, NH, liberated on heating with OH-(aq) and Al foil
NO, (aq)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO,*(aq)
sulfite, gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
SO,%(aq)

3 Tests for gases

gas

test and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater (ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

© UCLES 2020

9701/33/0/N/20

?‘i]’PapaCambridge


https://papacambridge.com/

16

- - - - - - - - - - - 0'8eC oLee 0zee -
wniouaIme| wnijpgou wniAsepusW wniwiey wniuesule winiuIoyies wniaxaq wnund wniouswe wnuoynid wniunydau wnjuein wniunoejod wnuoyy wniunoe
a ON PN w4 $3 10 Ad wo wy nd dN n ed uL oY splounoe
€0l [4 L0b 00l 66 86 16 96 S6 6 €6 26 16 06 68
0°G.L L'eLL 6891 €191 6v9L exac]s 6851 €'.G1 025l 051 - 1444 6°0vL Lovi 68¢L
wnpan| winiqiepAk wninyy wniqie wniw|oy wnisosdsAp winique} wnjuijopeb wnidoina wnuewes wniyawoid wniwAposu | wniwApossesd wnuao wnueyjue|
n aA wl 13 OH Aa aL PO n3 ws | wd PN 1d o) e sploueyjue;
VL 0L 69 89 19 99 g9 9 €9 29 19 09 69 8S 19
WINLIOWLIBA]| winiAoJaly wnioluiedod wnuabjusos | wnppejswiep winuauyew wnissey wnuyoq wnifiogess wnugnp winipIopByInI wnipes wnouely
A 14 ud 6y s@ W SH ug bs ad | o | Y 1
9l b clb L oLL 601 80} L0} 90} S0l 0l €01-68 88 18
- - - 0602 .02 'v02 9002 064 1'G61 2’26l 206l 2’98l 8'e8l 6081 §8LL oA 6°¢el
uopel aunejse wnjuojod yinwsiq pes| winijeyy Kinosew plob wnuneld winiput wniwso wniuayl uajsbuny wnjejuey wniugey wnueq wniseeo
uy W od 9 ad 1L BH ny d I SO oy M el iH spioueuue| ed SO
98 g8 8 €8 28 18 08 6L 8L LL 9L SL VL €L cL (VAAe] 99 eie]
elel 6921 92l 8Lk L8LL 4% vei 6°L0} 901 6°201 Lok - 6'G6 6'26 2’6 688 9'/8 §'a8
uouax aulpol wnunje} Auownue ugy wnipup wnjwpeo 19AIIS wnipejjed wnipoyl winjuayyni wnpauyosy wnuapgAjow wnigoiu winjuoouIz wnupk wnpuons wnipignt
X I 8l qas us uI PO by Pd ud ny oL O aN iz A IS qd
s €9 4] 3] 0s 61 14 Ly o 14 144 ey 44 34 (014 6€ 8¢ VA
8'€8 66 06 6'vL 9CL 1’69 ¥'59 §'€9 189 6'89 8'qS 6'vS 02s 6°0S 6Ly [0h14 Loy L'ee
uoydAay Bujwolq wnjuaes ojuesie wnjuewssh wnyjieb ouiz Jaddoo @o1u Jleqoo uol| asauebuew wnjwoiyo wnipeuea wnjuey wnipueoss wnoes wnissejod
I id S SY L) €9 uz no IN 00 o4 U 1D A L oS 10) A
9€ Ge e €e e 3 0og 62 8¢ Lz 9C 4 e €¢ 44 14 0c 6l
6'6¢ §'ge L'ze ole 1'8¢ 0'e eve 0'€e
uobie auuolyo anyns snioydsoyd uool|Is wniuwnie N F —\ —\ O —\ @ w N @ m AV MU wnisaubew wnipos
v 10 S d IS v B EN
8l Ll 9l Sl 143 €l cl L
coz 06l 09k oyl 0ch 80l SSew olwoje sAnefal 06 6’9
uoau auuonyy uabAxo uabouu uogueo uoJoq aweu wnykiaq wniyy|
oN 4 o) N o) g loquiAs olwoje og N
ol 6 8 L 9 S Jagquwinu olwoje v [
oy (%
wnijay uaboupAy >w!
SH H
4 I
gt | 4 | o | s [ m | e z [
dnoug

Sjuawia|3 Jo 9|qe] dIpoLIad ayL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

9701/33/0/N/20

© UCLES 2020

gPapaCambridge

l\...:-‘


https://papacambridge.com/

¥ ¥202Y%1L £Y%9 6%

Cambridge International AS & A Level

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

CHEMISTRY 9701/34
Paper 3 Advanced Practical Skills 2 October/November 2020

2 hours

You must answer on the question paper.

You will need: The materials and apparatus listed in the confidential instructions

INSTRUCTIONS

e Answer all questions.

e Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

e  Write your name, centre number and candidate number in the boxes at the top of the page.

e  Write your answer to each question in the space provided.

e Do not use an erasable pen or correction fluid.

e Do not write on any bar codes.

e You may use a calculator.

e You should show all your working, use appropriate units and use an appropriate number of significant
figures.

e Give details of the practical session and laboratory, where appropriate, -
in the boxes provided. Session

INFORMATION Laboratory

e  The total mark for this paper is 40.

e  The number of marks for each question or part question is shown
in brackets [ ].
The Periodic Table is printed in the question paper.
Notes for use in qualitative analysis are provided in the question paper. For Examiner’s Use

1

2

3

Total

This document has 16 pages. Blank pages are indicated.

IB20 11_9701_34/3RP
© UCLES 2020 [Turn over



Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 Many hydrated salts lose water of crystallisation when heated.
You will identify the metal in a hydrated salt by heating the salt until it becomes anhydrous.

The equation for the dehydration of the hydrated salt, X+16H,0, is shown.

X+16H,0(s) — X(s) + 16H,0(g)

FB 1 is the hydrated salt, X+16H,0.

(a) Method
e Weigh a crucible with its lid and record the mass.
e Add between 1.8g and 2.0g of FB 1 to the crucible.
e Weigh the crucible and lid with FB 1 and record the mass.
e Place the crucible on the pipe-clay triangle. Gently heat the crucible and contents for

approximately two minutes with the lid on.

Remove the lid. Then heat the crucible and contents strongly for approximately four
minutes.

Replace the lid and leave the crucible and residue to cool for at least five minutes.

While the crucible is cooling, you may wish to begin work on Question 2 or 3.

Reweigh the crucible and contents with the lid on. Record the mass.

Remove the lid. Heat the crucible and contents strongly for a further two minutes.
Replace the lid and leave the crucible and residue to cool for at least five minutes. Then
reweigh the crucible and contents with the lid on. Record the mass.

Calculate and record the mass of FB 1 added to the crucible and the mass of residue
obtained.

I

II

I

(b) Calculations

1Y
\%
[3]
(i) Calculate the number of moles of water of crystallisation lost during heating of FB 1.
moles of H,O lost = ........cccccoiiiiiiiinnnn mol [1]

© UCLES 2020
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3

(i) Use your answer to (b)(i) to calculate the number of moles of anhydrous residue, X,
produced by the heating in (a).

moles of X produced = ..........cccceevviininnnn. mol [1]

(iii) Calculate the relative formula mass of X.

(iv) Xis the sulfate of a metal in Group 13 of the Periodic Table.

Calculate the relative atomic mass of the metal.
Show your working.

A ofthemetal = ... 1

(v) Use your answer to (b)(iv) to identify the metal present in X.

The metal is ...cccoovevvvveviiiene, . 1]

(c) (i) Suggest why the crucible and contents were heated with the crucible lid on for the first
two minutes of the experiment.

(i) Suggest whether the experiment would be more accurate if you reheated the crucible and
contents strongly for a third time.
Explain your answer.

[Total: 12]
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2 In this experiment, you will determine the concentration of an alkali. You will mix different volumes
of acid with a fixed volume of alkali and measure the temperature rise that occurs each time.
You will then determine the enthalpy change for the neutralisation of the acid with the alkali.
FB 2 is aqueous sodium hydroxide, NaOH.
FB 3 is 1.95moldm=? sulfuric acid, H,SO,.
(a) Method
e Use the thermometer to measure and record the initial temperature of FB 2.
initial temperature of FB 2 = ..., °C

e Support a plastic cup in the 250 cm? beaker.

e Fill one burette with FB 3. Label this burette FB 3.

e Fill the other burette with distilled water.

Experiment 1

e Use the 10cm? pipette to transfer 10.0cm?® of FB 2 into the plastic cup.

e Add 8.00cm? of distilled water from the burette into the plastic cup.

e Add 2.00cm? of FB 3 from the burette into the plastic cup.

e  Stir the mixture and measure the maximum temperature reached. (You may need to tilt the
cup so that the bulb of the thermometer is completely immersed.) Record the maximum
temperature.

e Empty, rinse and shake dry the plastic cup, ready for use in Experiment 2.

e Repeat this procedure to carry out experiments 2 to 5, using the volumes of FB 2, water and
FB 3 shown in the table. Record the maximum temperature reached in each experiment.

experiment volume of volume of volume of maximum
P FB 2/cm? H,O/cm? FB 3/cm? temperature/°C

1 10.0 8.00 2.00

2 10.0 6.00 4.00

3 10.0 4.00 6.00

4 10.0 2.00 8.00
! 5 10.0 0.00 10.00
1I

6 10.0
111
v Carry out one further experiment which will enable you to determine more precisely the
v minimum volume of FB 3 that gives the highest maximum temperature. This is Experiment 6.

Record the volumes of water and FB 3 and the maximum temperature in the table above. [5]

(b) On the grid opposite, plot a graph of maximum temperature reached on the y-axis and volume
of FB 3 on the x-axis.
Select a scale on the y-axis which includes a temperature 3.0°C above the maximum
temperature reached.
Label any points you consider to be anomalous.

© UCLES 2020 9701/34/0/N/20



II

I

v

Draw two straight lines of best fit on your graph. The first line is for increasing maximum
temperature and the second after the maximum temperature was reached.

Extrapolate the two lines so that they intersect.
Use your graph to determine the volume of FB 3 that reacts with 10.0cm? of FB 2.

volume of FB3 = ..o cm?
[4]

© UCLES 2020 9701/34/0/N/20 [Turn over
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(c) (i) Calculate the change in energy when the volume of FB 3 in (b) is neutralised by FB 2,
sodium hydroxide.
Assume that 4.2 J of energy changes the temperature of 1.0 cm? of solution by 1.0°C.

energy change = ........cccccevvvvvvnnnnnnns J [1]

(ii) Calculate the number of moles of sulfuric acid in the volume of FB 3 in (b).
(If you were unable to answer 2(b), use 5.70cm? as the volume of FB 3.)

moles of H,SO, = ..., mol [1]

(iii) Calculate the enthalpy change of neutralisation, in kd mol~, for 1.00 mol of H,SO, reacting
with FB 2.

enthalpy change of neutralisation = ...... ......cccccoviiiiiiinnnnnn. kJdmol~" [1]

(iv) Write the equation for the neutralisation of FB 3 with FB 2.
Include state symbols.

© UCLES 2020 9701/34/0/N/20
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(v) Use your answer to (c)(ii) and the information on page 4 to calculate the concentration, in
moldm=2, of NaOH in FB 2.

concentration of NaOHIinFB2=.............................. moldm= [1]

(d) Apart from using a more accurate thermometer, better insulation or taking more readings,
suggest one modification to the procedure which would make the value for the enthalpy
change of neutralisation calculated in (¢)(iii) more accurate.

[Total: 15]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 The following information about the redox properties of some anions will be helpful.

anion property
nitrite easily oxidised
nitrate cannot be oxidised
sulfite easily oxidised
sulfate cannot be oxidised

FB 4 and FB 5 are solutions each containing one cation and one anion.
Both anions are listed in the Qualitative Analysis Notes.

© UCLES 2020 9701/34/0/N/20
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(a) Carry out the tests and record your observations in the table.
Use a 1cm depth of FB 4 or FB 5 in a test-tube for each test.

observations
FB 4 FB 5

test

Test 1
Add an equal volume of
aqueous sodium carbonate.

Test 2
Add aqueous ammonia.

Test 3

Add a few drops of aqueous
barium nitrate (or aqueous
barium chloride).

Test 4

Add an equal volume of dilute
nitric acid. Allow to stand for
one minute, then

add a few drops of aqueous
silver nitrate.

[4]

(b) Carry out the following tests in boiling tubes and record your observations in the table.
Use a 1cm depth of FB 4 or FB 5 for each test.

observations
FB 4 FB 5

test

Test 1
Add aqueous
sodium hydroxide, then

warm the mixture gently and
carefully, then

add one piece of aluminium
foil to the mixture.

[3]

© UCLES 2020 9701/34/0/N/20 [Turn over



10
(c) Using the information given at the start of the question, select one further test to enable you to
identify the anions present in each of FB 4 and FB 5.
e State the reagent(s) you will use for this test.
e Explain why this test will enable you to identify the anions in FB 4 and FB 5.
e Carry out your test and record the observations.
(= T=To =Y o1 () PRSP
1=y (o] F= T =1 o o IR

observations

[3]
(d) Write the formulae of the anions and cations present in FB 4 and FB 5.
If the tests you carried out did not allow you to identify the ion, write 'unknown'.
FB 4:cation ......cccooooiiiiiiiie e ANION i
FB 5:cation ......ccoooeiiiiii = [0 o] o I PP
[2]
(e) Give the ionic equation for one precipitation reaction you observed when using FB 4.
Include state symbols.
.............................................................................................................................................. [1]

[Total: 13]
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Qualitative Analysis Notes

1 Reactions of aqueous cations

reaction with

ion
NaOH(aq) NH,(aq)

aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, no ppt.
NH,*(aq) ammonia produced on heating
barium, faint white ppt. is nearly always 1 DDt
Ba?'(aq) observed unless reagents are pure PP
calcium, . I .
Ca(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(III),

grey-green ppt.

grey-green ppt.

Cr¥*(aq) soluble in excess insoluble in excess

copper(II), pale blue ppt. blue ppt. soluble in excess

Cu?(aq) insoluble in excess giving dark blue solution

. green ppt. turning brown on contact green ppt. turning brown on contact

iron(II), . .

Fe?(aq) with air with air

9 insoluble in excess insoluble in excess

iron(I1I), red-brown ppt. red-brown ppt.

Fe3*(aq) insoluble in excess insoluble in excess

magnesium, white ppt. white ppt.

Mg?*(aq) insoluble in excess insoluble in excess

manganese(II), off-white ppt.' raplldly turning brown off-white ppt.l rapl.dly turning brown
on contact with air on contact with air

Mn?*(aq) . . . .
insoluble in excess insoluble in excess

zinc, white ppt. white ppt.

Zn?*(aq) soluble in excess soluble in excess

© UCLES 2020 9701/34/0/N/20




2 Reactions of anions

15

ion reaction
carbonate, CO, liberated by dilute acids
CO,>~
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq))
Cl(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq))
Br-(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq))
I+(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foll
NO,(aq)
nitrite, NH, liberated on heating with OH-(aq) and Al foil
NO, (aq)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO,*(aq)
sulfite, gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
SO;*(aq)

3 Tests for gases

gas

test and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater (ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

© UCLES 2020
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 In this experiment you will determine the value of x in the formula of hydrated sodium thiosulfate,
Na,S,0,*xH,O, where x is an integer. You will first prepare a solution of the salt and then use this
solution in a titration with aqueous iodine. The thiosulfate ions react with iodine as shown.

25,0, (aq) + I, (aq) —» S,0,>(aq) + 2I(aq)

FA 1 is hydrated sodium thiosulfate, Na,S,0,°xH,0.
FA 3 is 0.0500 moldm™ iodine, I,.
starch indicator

(a) Method

Preparation of salt solution

Weigh the container containing FA 1.

e Tip the contents of the container into the 250 cm? beaker.
e Weigh the container with any residue.

e Record all your readings in the space below.

e Add approximately 200 cm? of distilled water to the salt in the beaker and stir until the salt
has dissolved.

Pour the contents carefully into the 250 cm? volumetric flask.

Rinse the beaker with a little distilled water and add these washings to the flask.

Fill the flask to the mark with distilled water and shake to ensure thorough mixing.

Label this solution FA 2.

© UCLES 2020 9701/35/0/N/20



Titration

Fill a burette with FA 2.

Pipette 25.0cm? of FA 3 into the conical flask.

Add FA 2 from the burette until the solution in the flask turns yellow.

Add 10 drops of starch indicator to the conical flask. The solution will turn blue-black.
Continue to add more FA 2 from the burette until the blue-black colour just disappears.
This is the end-point of the titration.

Carry out a rough titration and record your burette readings in the space below.

The rough titre is .........ccccoovvveeeeeeinn, cms,

Carry out as many accurate titrations as you think necessary to obtain consistent results.
Make sure your recorded results show the precision of your practical work.

Record, in a suitable form in the space below, all of your burette readings and the volume
of FA 2 added in each accurate titration.

I

II

I

v

v

VI

Vil

VI

[8]

(b) From your accurate titration results, obtain a value for the volume of FA 2 to be used in your
calculations. Show clearly how you obtained this value.

© UCLES 2020

25.0cm® of FA 3 required ..........cceeeeeeeennnnnee. cm®of FA 2. [1]
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(c) Calculations

(i)

(ii)

(iif)

(iv)

© UCLES 2020

Give your answers to (c)(ii) and (c)(iii) to the appropriate number of significant figures.

[1]
Calculate the number of moles of iodine in 25.0cm? of FA 3.
moles of I, = ... mol [1]
Calculate the number of moles of thiosulfate ions in the volume recorded in (b).
moles of S,0,7 = ... mol

Hence calculate the number of moles of hydrated sodium thiosulfate in the mass weighed
in (a).

moles of Na,S,0,°xH,0 = .......ccoiiiiiiiiienn mol

Calculate the value for x in the formula of hydrated sodium thiosulfate, Na,S,0,°xH,0.
Show your working.

9701/35/0/N/20



5

(d) (i) State the maximum error in a single reading on the balance used in (a).

Maximum error == .........cccceevvvvvneeennn. g

Calculate the maximum percentage error in the mass of FA 1 used in (a).
Show your working.

maximum percentage error = £ ........ccccceeevveeeeeennne %
[1]
(i) Assume that the uncertainty in the mass of FA 1 is the only source of error in your

experiment.

Calculate the minimum value for the relative formula mass of FA 1.
Show your working.

minimum value for the relative formulamass of FA1 = ............................. [

(e) A student prepares FA 2 using anhydrous sodium thiosulfate salt and the same mass of salt
that you used in (a).

State how the student’s titre would compare with the average titre value you obtained in (b).
Explain your answer.

(f) In many titrations it is usual to fill the burette with the solution of known concentration.

Suggest why this was not done in (a).

[Total: 19]
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6
2 When a solution containing thiosulfate ions, S,0,%, is acidified the following reaction occurs.
S,0,7(aq) + 2H*(aq) — S(s) + SO,g) + H,O(l)

The solid sulfur that is formed makes the mixture become cloudy. The rate of reaction can then be
measured by timing how long it takes for the mixture to become too cloudy to see through.

You will investigate how changing the concentration of the thiosulfate ions affects the rate of
reaction.

Throughout these experiments care must be taken to avoid inhaling the SO, that is produced.
It is very important that as soon as each experiment is complete the contents of the beaker
are emptied into the quenching bath.

FA 4 is 2.00 moldm= hydrochloric acid, HCL
FA 5 is a solution of sodium thiosulfate, Na,S,0,.
distilled water

(a) Method

Experiment 1

Use the 50 cm® measuring cylinder to transfer 40.0cm? of FA 5 into the 100 cm? beaker.
Use the 25cm?® measuring cylinder to measure 20.0cm? of FA 4.

Add the 20.0cm?® of FA 4 to FA 5 in the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.

View the printed text on the insert from above through the mixture in the beaker.

Note the time when the print on the insert becomes obscured.

Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse and dry the beaker so it is ready for use in Experiment 2.

Experiment 2

e Use the 50cm?® measuring cylinder to transfer 20.0cm?® of FA 5 into the 100 cm? beaker.
e Use the 50cm?® measuring cylinder to transfer 20.0cm? of distilled water into the same
beaker.

Use the 25cm? measuring cylinder to measure 20.0 cm? of FA 4.

Add the 20.0cm?® of FA 4 to FA 5 in the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.

View the printed text on the insert from above through the mixture in the beaker.

Note the time when the print on the insert becomes obscured.

Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse the beaker thoroughly.

Keep FA 5 for use in Question 3.

© UCLES 2020 9701/35/0/N/20
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Record all your results in a table. You should include the volume of FA 5, the volume of distilled
water, the reaction time and the rate of reaction for both experiments.

The rate of reaction can be calculated using the following formula.

1000

rate of reaction = ————
reaction time

I

II

I

v

[4]
(b) A student suggested that the rate of the reaction is directly proportional to the concentration of

the thiosulfate ions.

State whether your results support this suggestion.
Explain your answer.

(c) The student’s suggestion in (b) could be made more reliable by carrying out further experiments.
Prepare a table to show three further experiments you could carry out. Show clearly the
volumes of FA 4, FA 5 and distilled water that you would use in each of these experiments. Do
not suggest a volume of FA 5 that is greater than 40.0cm? or less than 20.0cm?.

DO NOT CARRY OUT THESE ADDITIONAL EXPERIMENTS.

[2]

[Total: 7]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 (a) FA 6 is a salt containing one cation and one anion. The anion is listed in the Qualitative
Analysis Notes.
Add all the sample of FA 6 to the 100 cm? beaker. Dissolve the solid in approximately 50 cm?
of distilled water.
Label this solution FA 7.

(i) Carry out the following tests and record your observations.

test observations

Test 1

To a 1cm depth of FA 7 in a test-tube,
add a 3cm depth of aqueous

silver nitrate.

Pour approximately half the contents of the test-tube into a clean test-tube.

Test 2
To the first test-tube add
agueous ammonia.

Test 3
To the second test-tube add FA 5,
aqueous sodium thiosulfate.

[2]

(i) From the results of your tests in (a)(i) suggest which anion is present in FA 6.

© UCLES 2020 9701/35/0/N/20



9
(iii) It is suggested that FA 6 could be sodium sulfite, Na,SO,, or sodium sulfate, Na,SO,.
Carry out tests using solution FA 7 in order to decide whether FA 6 is sodium sulfite or
sodium sulfate.

Record the reagents selected, the results of your tests and your conclusions in the space
below.

FA 6 is sodium .......ccoeeeevvieiininnnnnnn. [2]
(iv) Using your conclusion from (a)(iii), write an ionic equation for the reaction between

silver nitrate and FA 7.
Include state symbols.

(b) FA 8 is a solution containing one of the cations listed in the Qualitative Analysis Notes.

(i) Carry out the following tests and record your observations.

test observations

Test 1

To a 1cm depth of FA 8 in a test-tube,
add aqueous ammonia until there is no
further change, then

pour the contents into a boiling tube
and add a few drops of aqueous
hydrogen peroxide.

3]
(if) ldentify the cation in FA 8.

cation = ... [1]

© UCLES 2020 9701/35/0/N/20 [Turn over
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(iii) Carry out the following tests and record your observations.

test

observations

Test 1

add a 1cm depth of aqueous
potassium iodide, then

To a 1cm depth of FA 8 in a test-tube,

add FA 5, aqueous sodium thiosulfate.

(iv) Explain your observations in (b)(iii).

[2]

© UCLES 2020
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Qualitative Analysis Notes

1 Reactions of aqueous cations

reaction with

ion
NaOH(aq) NH,(aq)

aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, no ppt.
NH,*(aq) ammonia produced on heating
barium, faint white ppt. is nearly always 1 DDt
Ba?'(aq) observed unless reagents are pure PP
calcium, . I .
Ca(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(III),

grey-green ppt.

grey-green ppt.

Cr¥*(aq) soluble in excess insoluble in excess

copper(II), pale blue ppt. blue ppt. soluble in excess

Cu?(aq) insoluble in excess giving dark blue solution

. green ppt. turning brown on contact green ppt. turning brown on contact

iron(II), . .

Fe?(aq) with air with air

9 insoluble in excess insoluble in excess

iron(I1I), red-brown ppt. red-brown ppt.

Fe3*(aq) insoluble in excess insoluble in excess

magnesium, white ppt. white ppt.

Mg?*(aq) insoluble in excess insoluble in excess

manganese(II), off-white ppt.' raplldly turning brown off-white ppt.l rapl.dly turning brown
on contact with air on contact with air

Mn?*(aq) . . . .
insoluble in excess insoluble in excess

zinc, white ppt. white ppt.

Zn?*(aq) soluble in excess soluble in excess

© UCLES 2020 9701/35/0/N/20




2 Reactions of anions

15

ion reaction
carbonate, CO, liberated by dilute acids
CO,>~
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq))
Cl(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq))
Br-(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq))
I+(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foll
NO,(aq)
nitrite, NH, liberated on heating with OH-(aq) and Al foil
NO, (aq)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO,*(aq)
sulfite, gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
SO;*(aq)

3 Tests for gases

gas

test and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater (ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

© UCLES 2020
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 Many salts occur in a hydrated form such as hydrated potassium carbonate, K,CO,*xH,O, where
X is an integer. You will determine the formula of a sample of hydrated potassium carbonate by
adding it to an excess of hydrochloric acid and collecting the gas produced.

K,CO,xH,0(s) + 2HCI(aq) — 2KCl(aq) + (x+1)H,0(l) + CO,g)

FB 1 is hydrated potassium carbonate, K,CO,*xH,O.
FB 2 is 0.50 moldm= hydrochloric acid, HCL

(a) Method

Fill the tub with water to a depth of approximately 5¢cm.

Fill the 250 cm?® measuring cylinder completely with water. Hold a paper towel firmly over
the top, invert the measuring cylinder and place it in the water in the tub.

Remove the paper towel and clamp the inverted measuring cylinder so the open end is in
the water just above the base of the tub.

Use the 50 cm? measuring cylinder to transfer 50.0cm? of FB 2 into the flask labelled X.
Check that the bung fits tightly in the neck of flask X, clamp flask X and place the end of
the delivery tube into the inverted 250 cm® measuring cylinder.

Weigh the container with FB 1 and record the mass.

Remove the bung from the neck of the flask. Tip all of FB 1 into the acid in the flask and
replace the bung immediately. Remove the flask from the clamp and swirl it to mix the
contents. Swirl the flask occasionally until no more gas is produced. Replace the flask in
the clamp after each swirl.

Measure and record the final volume of gas in the measuring cylinder.

Weigh the container and any residual FB 1 and record the mass.

Calculate and record the mass of FB 1 added.

Results

© UCLES 2020
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(b) Calculations

(i) Calculate the number of moles of carbon dioxide collected in the measuring cylinder.
Assume 1 mol of gas occupies 24.0dm3.

moles of CO, = ....cooiiiiiiiiiiiieee mol [1]

(ii) Use your answer to (b)(i) and the information on page 2 to calculate the relative formula
mass, M,, of FB 1.

M, 0f K,CO,XH,0 = ..o [1]

(iii) Calculate the value of x in the formula of the hydrated potassium carbonate, K,CO,*xH,O.
Show your working.

(c) One of the errors associated with this method is caused by the solubility of carbon dioxide in
water.

Suggest two modifications which could reduce this error.

(a[oTe [ lilor=11lo) o N I UTTT TR

[Total: 9]
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4
2 You will determine the enthalpy change of hydration of anhydrous sodium carbonate.
Na,CO,(s) + 10H,0(I) — Na,CO,*10H,0(s)

You will do this by measuring the changes in temperature when samples of anhydrous
sodium carbonate and hydrated sodium carbonate are added separately to excess hydrochloric acid.

FB 3 is anhydrous sodium carbonate, Na,CO,.
FB 4 is hydrated sodium carbonate, Na,CO,*10H,0.
FB 5 is 2.00 moldm= hydrochloric acid, HCL

(a) Method
Experiment 1

Weigh the container with FB 3 and record the mass in the space below.

Support the plastic cup in the 250 cm? beaker.

Use the 25cm? measuring cylinder to transfer 25.0cm? of FB 5 into the plastic cup.

Place the thermometer in the solution and tilt the cup, if necessary, so that the bulb of the
thermometer is fully covered. Record the temperature.

Tip all of FB 3 into the acid in the cup and stir the mixture.

Record the highest or lowest temperature of the mixture.

Calculate and record the change in temperature.

Weigh the container with any residual FB 3 and record the mass below.

Calculate and record the mass of FB 3 used.

Experiment 2

e Repeat the method given above using the second plastic cup, but this time use FB 4 in
place of FB 3.

Results

II

I

v

VI

VII

[7]
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(b) Calculations

(i) Calculate the heat energy transferred, in J, in each experiment.
Assume 4.2 J of heat energy changes the temperature of 1.0cm? of the solution by 1.0°C.

Experiment 1 with FB 3

heatenergy = .......cccceeee J

Experiment 2 with FB 4

heatenergy = ......cccccceeee J
[1]

(ii) Calculate the enthalpy change, AH, in kdmol~', when 1.00mol of solid reacts with

hydrochloric acid.

Experiment 1 with FB 3

Experiment 2 with FB 4

[3]

(iii) Use your answers to (b)(ii) to calculate the enthalpy change when 1.00 mol of anhydrous
sodium carbonate is hydrated to form 1.00 mol of hydrated sodium carbonate.

Show clearly, by a Hess’ diagram or other suitable means, how you calculated your answer.

(If you were unable to complete the calculations in (b)(ii) then assume the enthalpy change
for Experiment 1 = -33.7 kd mol~' and for Experiment 2 = +39.2kJ mol-'. These may not

be the correct values.)

enthalpy change of hydration of Na,CO, = ...... ..., kJ mol-
sign value
[2]
© UCLES 2020 9701/36/0/N/20 [Turn over
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(c) A student carrying out the experiment with anhydrous sodium carbonate, FB 3, could not find
2.00 moldm= hydrochloric acid. The student used the same volume of 1.0 mol dm=2 sulfuric acid
instead.

How would the change in temperature obtained by the student compare with the change that
you obtained? Assume the same mass of FB 3 was used.

Explain your answer.

[Total: 14]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 FB 6, FB 7 and FB 8 are aqueous solutions of salts. Each contains one cation and one anion. All
the anions and two of the cations are listed in the Qualitative Analysis Notes.

(@) (i) Use a 1cm depth of each solution in a test-tube and record your observations in the table.

test observations

FB 6 FB7 FB 8

Test 1
Add aqueous ammonia.

Test 2
Add dilute sulfuric acid.

Test 3

Add a few drops of
acidified aqueous
potassium manganate(VII).

Test 4
Add a 1cm depth of FB 6.

[7]

(ii) Write an ionic equation for the reaction between FB 6 and sulfuric acid. Include state
symbols.

© UCLES 2020 9701/36/0/N/20 [Turn over
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(iii) Use your observations to identify the cations present in FB 6, FB 7 and FB 8. Write the
formula of each ion in the table. If the tests you carried out did not allow you to identify any

(b) (i)

of the ions, write ‘unknown’.

FB 6

FB7

FB 8

cation

[2]

You will now investigate the identity of the anions present in FB 7 and FB 8. Neither of the
anions contains a nitrogen atom.
Select reagents that you would need to use in order to carry out tests that give positive

results for these ions.

Record suitable reagents and the ions for which they would test.

[1]

(i) Carry out all of your tests on FB 7 and FB 8 and record your observations in the space

© UCLES 2020

below.
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(iii) Use your observations in (b)(ii) to identify the anions present in FB 7 and FB 8. Write the

© UCLES 2020

formula of each ion in the table.

FB7

FB 8

anion

9701/36/0/N/20
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Qualitative Analysis Notes

1 Reactions of aqueous cations

reaction with

ion
NaOH(aq) NH,(aq)

aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, no ppt.
NH,*(aq) ammonia produced on heating
barium, faint white ppt. is nearly always 1 DDt
Ba?'(aq) observed unless reagents are pure PP
calcium, . I .
Ca(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(III),

grey-green ppt.

grey-green ppt.

Cr¥*(aq) soluble in excess insoluble in excess

copper(II), pale blue ppt. blue ppt. soluble in excess

Cu?(aq) insoluble in excess giving dark blue solution

. green ppt. turning brown on contact green ppt. turning brown on contact

iron(II), . .

Fe?(aq) with air with air

9 insoluble in excess insoluble in excess

iron(I1I), red-brown ppt. red-brown ppt.

Fe3*(aq) insoluble in excess insoluble in excess

magnesium, white ppt. white ppt.

Mg?*(aq) insoluble in excess insoluble in excess

manganese(II), off-white ppt.' raplldly turning brown off-white ppt.l rapl.dly turning brown
on contact with air on contact with air

Mn?*(aq) . . . .
insoluble in excess insoluble in excess

zinc, white ppt. white ppt.

Zn?*(aq) soluble in excess soluble in excess

© UCLES 2020 9701/36/0/N/20




2 Reactions of anions

11

ion reaction
carbonate, CO, liberated by dilute acids
CO,>~
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq))
Cl(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq))
Br-(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq))
I+(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foll
NO,(aq)
nitrite, NH, liberated on heating with OH-(aq) and Al foil
NO, (aq)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO,*(aq)
sulfite, gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
SO;*(aq)

3 Tests for gases

gas

test and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater (ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

© UCLES 2020
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