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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 use a solution of sodium carbonate, Na,CO,, to determine the
concentration of a solution of hydrochloric acid, HCI, by carrying out a titration.

Na,CO,(aq) + 2HCI(aq) — 2NaCl(aq) + CO,(g) + H,O(l)

FA 1 is a solution of sodium carbonate containing 1.30g Na,CO, in each 250 cm3.
FA 2 is hydrochloric acid, HCL
methyl orange indicator

(a) Method

Fill a burette with FA 2.

Use the pipette to transfer 25.0cm? of FA 1 into a conical flask.

Add a few drops of methyl orange indicator.

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

The rough titre is ..........cccceevnneeee... cm?,

© UCLES 2018 9701/31/M/J/18



3

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make certain any recorded results show the precision of your practical work.

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

I

II

I

v

A%

VI

VIl

[7]

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

25.0cm?® of FA 1 required .........cccceeeeeennnnnee. cmd of FA 2. [1]

© UCLES 2018 9701/31/M/1J/18 [Turn over



(c) Calculations

(i)
(ii)

(iii)

(iv)

© UCLES 2018

Give your answer to (ii), (iii) and (iv) to an appropriate number of significant figures. [1]

Calculate the number of moles of sodium carbonate present in 25.0cm?® of FA 1.

moles of Na,CO, = .....cccoiiiiiiieee, mol [1]

Calculate the number of moles of hydrochloric acid that reacted with the number of moles
of sodium carbonate you calculated in (ii).

moles of HCI= ........ccccovviviiininnns mol [1]

Use your answers to (b) and (c)(iii) to calculate the concentration of hydrochloric acid
in FA 2.

concentration of HCIINnFA2 = ..., moldm=3 [1]

[Total: 12]

9701/31/M/J/18
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2 In this question you will determine the identity of the halogen in compound W. Compound W is the
halogenoethanoic acid CH,XCO,H, where X is a halogen.

4g of W were heated with 250cm? of 0.400 moldm= aqueous sodium hydroxide. Some of the
sodium hydroxide reacted with compound W. The solution that remained after this reaction is FA 3.

By titrating FA 3 with hydrochloric acid, you will determine how much of the sodium hydroxide
remained after reaction with W. You will then calculate how much sodium hydroxide had reacted
and use this to determine the identity of X in CH,XCO,H.

FA 3 is aqueous sodium hydroxide after reaction with W.
FA 4 is 0.100 moldm= hydrochloric acid, HCL
bromophenol blue indicator

(a) Method

Fill the second burette with FA 4.

Rinse the pipette with distilled water followed by a little FA 3.

Use the pipette to transfer 25.0cm? of FA 3 into a conical flask.

Add a few drops of bromophenol blue indicator.

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

The rough titre is ..., cmd.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make certain any recorded results show the precision of your practical work.

e Record in a suitable form below all of your burette readings and the volume of FA 4 added
in each accurate titration.

II

111

e From your accurate titration results, obtain a suitable value for the volume of FA 4 to be
used in your calculations. Show clearly how you obtained this value.

25.0cm® of FA 3 required ..............ccoeunnnnenn. cm?® of FA 4.
[3]
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(b) Calculations
A halogenoethanoic acid reacts with aqueous sodium hydroxide in two reactions.
The alkali neutralises the carboxylic acid.
NaOH + CH,XCO,H — CH,XCO,Na + H,O
The halogenoalkyl group then undergoes a substitution reaction.
NaOH + CH,XCO,Na — CH,(OH)CO,Na + NaX

(i) Calculate the number of moles of hydrochloric acid, FA 4, present in the volume calculated
in (a).

moles of HCI= .....cooveviieiii, mol

Hence deduce the number of moles of sodium hydroxide present in 25.0cm?® of FA 3.

moles of NaOH in 25.0cm3®FA 3 = ..o mol

(i) Calculate the number of moles of sodium hydroxide added to the 4 g of W.

moles of NaOH added to 4gW = ......ccoovvviriierveeeee. mol

Calculate the number of moles of sodium hydroxide that remain after the reaction with
compound W.

moles of NaOH remaining after reaction with W= ............................. mol

© UCLES 2018 9701/31/M/J/18
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(iii) Calculate the number of moles of sodium hydroxide that reacted with W.

moles of NaOH that reacted withW = ..........cccovviiiiin. mol

Hence calculate the number of moles of W that reacted with this number of moles of
sodium hydroxide.

moles of W thatreacted = ..........cooevvveiienn. mol

(iv) Use your answer to (iii), and the mass of W used to make FA 3, to calculate the M, of W.

(v) W is a halogenoethanoic acid, CH,XCO,H. Use your answer to (iv) to determine the
identity of X. Explain how you reached your conclusion.

© UCLES 2018 9701/31/M/1J/18 [Turn over
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(c) Apart from any inaccuracies in reading the volumes of solutions, suggest a significant source
of error in this practical exercise.
Explain how you could minimise this error.

(d) State at what M, value of W, closest to the one calculated in (b)(iv), you would have concluded
that X was a different halogen.

[Total: 11]
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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) Half fill the 250 cm?® beaker with water. Heat to approximately 70°C, then turn off the Bunsen
burner. This will be used as a water bath.

(i) FAS5is an aqueous solution of an organic compound. Carry out the following tests on FA 5
and record your observations in the table.

test observations

To a 1cm depth of FA 5 in a test-tube
add a small spatula measure of sodium
carbonate.

To a 1cm depth of FA 5 in a test-tube
add two drops of acidified potassium
manganate(VII). Leave to stand in the
water bath.

To a 1cm depth of FA 5 in a test-tube
add a few drops of aqueous silver
nitrate.

To a 1cm depth of aqueous silver
nitrate in a test-tube add a few drops
of aqueous sodium hydroxide and then
add aqueous ammonia slowly until
the grey precipitate that forms just
dissolves. This is Tollens’ reagent.

To this solution add a 1cm depth of
FA 5 and leave to stand in the water
bath.

Care: rinse the tube as soon as you
have completed this test.

[4]
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(ii) Suggest two functional groups that could be present in FA 5.

(b) FA 6 is a mixture that contains two cations and two anions from the Qualitative Analysis Notes.
Distilled water was added to FA 6, the mixture was stirred and then filtered. You are provided
with the dried residue, FA 7, and the filtrate, FA 8, from this process.

(i) Tests on the residue, FA7

Carry out the following tests and record your observations in the table.

test observations

Place a spatula measure of FA 7 in a
boiling tube. Add dilute hydrochloric acid
until no further reaction occurs, then

transfer a 1 cm depth of the solution into
a test-tube. To this add aqueous sodium
hydroxide.

[3]
(ii) Tests on the filtrate, FA 8

Carry out the following tests and record your observations in the table.

test observations

To a 1cm depth of FA 8 in a boiling tube
add a 1cm depth of aqueous sodium
hydroxide, then

warm gently.

To a 1cm depth of FA 8 in a boiling tube
add a piece of aluminium foil and a 1¢cm
depth of aqueous sodium hydroxide.
Warm gently.

[3]

© UCLES 2018 9701/31/M/J/18



(iif)

(iv)

© UCLES 2018

1
Conclusions about cations

State one cation that is definitely present in FA 6.

Suggest how you could determine which of these two possible cations is present.
Do not carry out this test.

[3]
Conclusions about anions
State one anion that is definitely present in FA 6.
State two possible identities for the other anion present in FA 6.
.............................................................. o PP
[2]
[Total: 17]
9701/31/M/J/18
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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 2018 9701/31/M1J/18




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 2018
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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 yourworking and appropriate significant figures in the final answer to each step of your calculations.

1 Many metal hydroxides decompose when heated to produce water vapour and the metal oxide as

residue.

In this experiment, you will heat a metal hydroxide M(OH),. You will then identify the metal M.

M(OH),(s) — MO(s) + H,0(g)

FB 1 is the hydroxide of a metal in Group 2 of the Periodic Table, M(OH),.
You are supplied with approximately 2g of FB 1.

(a) Method

Experiment 1

Weigh a crucible with its lid and record the mass.

Add between 0.5 and 0.7g of FB 1 to the crucible. Weigh the crucible with FB 1 and lid
and record the mass.

Place the crucible on the pipe-clay triangle and remove the lid.

Heat the crucible and contents strongly for about four minutes.

Replace the lid and leave the crucible and residue to cool.

While the crucible is cooling, begin work on a different question.

Once the crucible is cool, reweigh the crucible and contents with the lid on. Record the
mass.

Calculate and record the mass of FB 1 used and the mass of residue obtained.

Experiment 2

Repeat the method used in Experiment 1, using between 0.8 and 1.0g of FB 1 in the
second crucible.
Calculate and record the mass of FB 1 used and the mass of residue obtained.

Results

© UCLES 2018
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(b) Calculations

(i) Calculate the mean mass of FB 1 used in your experiments and calculate the mean mass
of residue obtained.
Express both answers to two decimal places.

meanmassof FB1=.............................. g
mean mass of residue = .............................. g
[1]

(i) Calculate the mean number of moles of water lost during your experiments.

mean moles of H,O = ..., mol [1]

(iii) Using your answer to (ii) and the equation for the decomposition of M(OH),, calculate the
relative formula mass of the metal oxide, MO.

(iv) Calculate the relative atomic mass of M.
M is in Group 2 of the Periodic Table. Suggest the identity of M.

(c) (i) State how you could ensure that the decomposition of M(OH), in your experiments was
complete.

(ii) A student repeated the experiment using FB 1 contaminated with MCO,.

State and explain what effect this impurity would have on the value of the relative atomic
mass of M that this student would calculate.

[Total: 12]

© UCLES 2018 9701/32/M/J/18 [Turn over



4

2 In this experiment you will determine the enthalpy change, AH,, for the decomposition of calcium
hydroxide to calcium oxide.

Ca(OH),(s) — CaO(s) + H,O()

To do this, you will determine the enthalpy changes for the reactions of calcium hydroxide and
calcium oxide with hydrochloric acid. Excess acid will be used for both experiments.

You will then use Hess’ Law to calculate the enthalpy change for the reaction above.

FB 2 is 3.0 moldm= hydrochloric acid, HCL
FB 3 is calcium hydroxide, Ca(OH),.
FB 4 is calcium oxide, CaO.

(@) Determination of the enthalpy change for the reaction of calcium hydroxide, FB 3, with
hydrochloric acid, FB 2.

(i) Method

Support a plastic cup in the 250 cm? beaker.

Weigh the container with FB 3. Record the mass.

Use the measuring cylinder to transfer 30 cm? of FB 2 into the 100 cm?® beaker.
Place the beaker on the tripod and gauze and heat FB 2 gently until its temperature
is between 35°C and 40 °C. Turn off the Bunsen burner.

Carefully transfer all FB 2 from the 100 cm? beaker into the plastic cup.

Measure and record the temperature of FB 2 in the plastic cup in the space below.
Immediately add all the FB 3 from the container to the FB 2 in the plastic cup.

Stir constantly until the maximum temperature is reached.

Measure and record the maximum temperature.

Weigh and record the mass of the container with any residual solid.

Calculate and record the mass of FB 3 used.

Calculate and record the temperature rise.

Results

[4]

© UCLES 2018 9701/32/M/J/18



Calculations
(i) Calculate the energy produced during this reaction.

[Assume that 4.2J of heat energy changes the temperature of 1.0cm?® of solution by
1.0°C)]

energy produced = ......cccccvveeiieiiieenenn. J [1]

(iii) Calculate the number of moles of calcium hydroxide, FB 3, used in the experiment.

moles of Ca(OH), = ..o mol [1]
(iv) Calculate the enthalpy change, in kdmol-, for reaction 1 below, AH,.

Ca(OH),(s) + 2HCI(aq) — CaCl,aq) + 2H,0(I)

© UCLES 2018 9701/32/M/J/18 [Turn over
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(b) Determination of the enthalpy change for the reaction of calcium oxide, FB 4, with hydrochloric
acid, FB 2.

(i) Method

Support the second plastic cup in the 250 cm?® beaker.

Weigh the container with FB 4. Record the mass.

Use the measuring cylinder to transfer 30 cm? of FB 2 into the 100 cm? beaker.
Place the beaker on the tripod and gauze and heat FB 2 gently until its temperature
is approximately 35°C.

Carefully transfer all FB 2 from the 100 cm?® beaker into the plastic cup.

Measure and record the temperature of FB 2 in the plastic cup in the space below.
Immediately add all the FB 4 from the container to the FB 2 in the plastic cup.

Stir constantly until the maximum temperature is reached.

Measure and record the maximum temperature.

Weigh and record the mass of the container with any residual solid.

Calculate and record the mass of FB 4 used.

Calculate and record the temperature rise.

Results

[2]
Calculation
(ii) Calculate the enthalpy change, in kdmol™, for reaction 2 below, AH,.

CaO(s) + 2HCl(aq) — CaCl,(aq) + H,O(l)

[2]

© UCLES 2018 9701/32/M/J/18



7

(c) Use your values for AH, and AH, to calculate the enthalpy change for the decomposition of
calcium hydroxide, AH..

Show clearly how you obtained your answer by drawing a Hess’ Law energy cycle.

(If you were unable to calculate the enthalpy changes, assume that AH, is —129kJmol~" and
AH, is —150kJ mol~'. Note: these are not the correct values.)

Ca(OH),(s) — CaO(s) + H,O(l)

(i) The procedure in (b) was repeated using the same mass of calcium oxide, FB 4.
However, 30cm?® of 4.0moldm= HC[ was used instead of 30 cm? of 3.0moldm= HCL

How would the temperature rise compare with the one you obtained in the experiment

in (b)?
Explain your answer.

[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 (a) FB5,FB 6 and FB 7 are all aqueous solutions.
Each solution contains one cation and one anion.
The cation in FB 6 is listed in the Qualitative Analysis Notes, but the other cations are not.

The anions present are chloride, nitrate and sulfate (but not necessarily in that order).

Use a 1cm depth of each solution in a test-tube for the following tests.
Record all your observations in the table.

observations

FB 5 FB 6 FB7

test

Add a 2cm strip of
magnesium ribbon.

Add several drops
of aqueous sodium
carbonate.

Add aqueous
sodium hydroxide.

Add several drops
of aqueous barium
chloride or aqueous
barium nitrate.

© UCLES 2018 9701/32/M/J/18



test

observations
FB 5 FB 6 FB 7

FB 5.

Add a 1cm depth of

FB 6.

Add a 1cm depth of

Add a 1cm depth of
aqueous potassium

iodide.
[9]
(b) (i) From your observation of the reaction of FB 7 with aqueous potassium iodide, suggest the
identity of the cation in FB 7.
....................................................................................................................................... [1]
(ii) Give the ionic equation for the reaction of magnesium with FB 5.
Include state symbols.
....................................................................................................................................... 1]
(iii) What type of reaction takes place when FB 6 reacts with sodium carbonate?
....................................................................................................................................... [1]
(iv) Give the ionic equation for the reaction between FB 6 and FB 7.
Include state symbols.
....................................................................................................................................... [1]

© UCLES 2018
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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 no oot
Ba%*(aq) observed unless reagents are pure PP
calcium, . T .
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(11), . .

Fe?(aq) with air with air

g 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(Il), 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 2018 9701/32/IM/J/18




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 foil
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 2018
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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 Acids are defined as substances that can donate hydrogen ions, H*, to bases. Monoprotic acids
contain one H* that can be donated per molecule. Diprotic acids contain two H* that can be donated
per molecule.
You will determine by a titration method whether acid Z is monoprotic or diprotic.
FA 1 is a solution containing 6.10gdm=2 of acid Z.

FA 2 is 0.105moldm= aqueous sodium hydroxide, NaOH.
bromophenol blue indicator

(a) Method
e Pipette 25.0cm?® of FA 1 into a conical flask.
e Fill a burette with FA 2.
e Add several drops of bromophenol blue indicator to the conical flask.
e Carry out a rough titration and record your burette readings in the space below.

The rough titre is ........covvvvvieviiiinnnnee. cmd.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

Make sure any recorded results show the accuracy of your practical work.

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

II

I

v

VI

Vil

[7]

© UCLES 2018 9701/33/M/J/18



3

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

25.0cm® of FA1 required .......ccccceeevvveeeennnee, cm®of FA2. [1]
(c) Calculations

(i) Calculate the number of moles of sodium hydroxide present in the volume of FA 2 calculated
in (b).

moles of NaOH = .........ooovvviiii, mol

Then deduce the number of moles of H* present in 25.0cm? of FA 1.

moles of H* in 25.0cm3of FA1 = .....coiiviiiiiiei, mol

(i) Calculate the number of moles of H* present in 1dm? of FA 1.

moles of H* in 1dm® of FA1 = .........ccccccceiiiinnnn mol [1]
iii) FA 1 contains 6.10gdm= of acid Z. The relative molecular mass of Z is 126.
(iii) g

Calculate the number of moles of Z in 1dm?® of FA 1.

molesof Zin 1dm3of FA1 = .............ccocceeeiii. mol [1]

(iv) Use your answers to (ii) and (iii) to determine whether Z is a monoprotic or a diprotic acid.
Explain your answer.

[Total: 12]
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2 When an acid reacts with an alkali the neutralisation reaction is always exothermic.
H*(aq) + OH(aq) — H,O(l)
You will determine the enthalpy change of neutralisation, AH, for a monoprotic acid X.

FA 3 is aqueous sodium hydroxide, NaOH.
FA 4 is a 2.00moldm= solution of monoprotic acid X.

(a) Method

Support the plastic cup in the 250 cm?® beaker.

Fill the second burette with FA 3.

Use the measuring cylinder to transfer 25.0 cm? of FA 4 into the plastic cup.

Measure and record the temperature of FA 4 in the plastic cup.

Add 5.00cm?® of FA 3 from the burette into the plastic cup. Stir the contents of the cup.

Read and record the maximum temperature of the solution.

e Add a further 5.00cm?® of FA 3 from the burette into the cup. Stir the contents of the cup.
Read and record the maximum temperature of the solution.

e Repeat the addition of FA 3, in 5.00 cm? portions, until 50.00cm?® have been added. Read

and record the maximum temperature of the solution after each addition.

II

I

v

[4]

© UCLES 2018 9701/33/M/J/18
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(b) On the grid plot a graph of temperature, (y-axis), against volume of FA 3 added, (x-axis).
Your scale should allow a temperature of 2°C above the maximum measured to be plotted.

On your graph draw two lines of best fit. One line should be for when the temperature was
rising and the other for after the maximum temperature had been reached. You should indicate
clearly any points you consider to be anomalous.

Extrapolate the lines so that they intersect. (4]

© UCLES 2018 9701/33/M/J/18 [Turn over
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(c) From your graph, determine the maximum temperature reached in the experiment and the
volume of FA 3 added to produce this maximum temperature.

maximum temperature reached = ..............cceevvvinnnnnn. °C

volume of FA 3 added to reach maximum temperature = ..............cccccvvvvvnnnee cm?

[1]
(d) (i) Calculate the energy released during this experiment.

[Assume that 4.2J of heat energy changes the temperature of 1.0cm?® of solution by
1.0°C.]

energy released = .........ccccceeeeeiieennns J 1]

(ii) Calculate the number of moles of acid X in 25.0cm? of FA 4.

molesof X = ...l mol [1]

(iii) Calculate, in kdmol, the enthalpy change of neutralisation for acid X.

enthalpy change = ...... ... kdmol" [1]

(e) Without changing the apparatus or solutions used, suggest one way in which the experiment
could be modified to make the values obtained in (¢) more accurate.

(f) The enthalpy change of neutralisation of hydrochloric acid with aqueous sodium hydroxide is
more exothermic than the enthalpy change of neutralisation of acid X.

Explain what this tells you about acid X.

[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 (a) FA5,FA 6 and FA 7 are 1.0moldm= sulfuric acid, 0.1 moldm=2 sulfuric acid and 1.0 moldm~
hydrochloric acid but not necessarily in that order.
You are to plan and carry out tests to determine the identities of FA 5, FA 6 and FA 7. You

should record, in a suitable form in the space below, your tests and observations. You should
show clearly the observations for each of FA 5, FA 6 and FA 7 with all test reagents.

FA SIS oo .
FABGIS ..o :

FA TS oo .
[4]

© UCLES 2018 9701/33/M/J/18 [Turn over
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(b) FA 8 and FA 9 each contain one anion and one cation.

(i)

Carry out the following tests and record your observations.

For each test you should use a small spatula measure of FA 8 or FA 9.

observations
FA 8 FA9

test

Add a small spatula measure to a
1cm depth of distilled water in a
test-tube and shake. Add a few drops
of universal indicator.

Record the pH of the mixture.

Heat a small spatula measure in a
hard-glass test-tube.

Dissolve a small spatula measure in
a 2cm depth of dilute hydrochloric
acid in a boiling tube (heat gently if
necessary).

Place a 1cm depth of this solution
into two test-tubes.

To one test-tube, add aqueous
sodium hydroxide.

To the second test-tube, add
agueous ammonia.

(ii)

(iii)

© UCLES 2018

[6]

Mix a spatula measure of FA 8 with a spatula measure of FA 9. Heat the mixture in a
hard-glass test-tube. Record your observations.

....................................................................................................................................... [1]
From your observations in (b)(i) and (b)(ii) identify the ions present in FA 8 and FA 9.
If you are unable to identify an ion, write ‘unknown’.
FA8cation ..........ooeeiiiii, =] 1 o] o RO
FA9cation ..........ooeeiiiei, =] o] o RO
[2]
[Total: 13]
9701/33/M/1J/18
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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 no oot
Ba%*(aq) observed unless reagents are pure PP
calcium, . T .
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(11), . .

Fe?(aq) with air with air

g 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(Il), 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 2018 9701/33/M/J/18




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 foil
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 2018
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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 Glucose, CiH,,O,, is a sugar that can act as a reducing agent. You will investigate how an increase
in temperature affects the rate of the redox reaction between glucose and acidified potassium
manganate(VII).

FB 1 is 0.010 moldm™ acidified potassium manganate(VII), KMnO,.
FB 2 is 1.0 moldm= sulfuric acid, H,SO,.

FB 3 is an aqueous solution containing 32.8 gdm= glucose, C,H,,O.
distilled water

You will measure the time it takes for the purple colour to disappear. Your table of results on page 4
should include the rate of reaction for each experiment.

(a) Method

Experiment 1

© UCLES 2018

Fill the burette with FB 1.

Add 10.00cm? of FB 1 into the 250 cm? beaker.

Use the 50 cm® measuring cylinder to transfer 50.0 cm? of FB 2 into the beaker containing
FB 1.

Use the same measuring cylinder to transfer 50.0cm? of distilled water into the same
beaker.

Place the beaker on the tripod and heat its contents to between 65°C and 70°C.

While the solution in the beaker is heating pour 25.0 cm? of FB 3 into the 25 cm?® measuring
cylinder.

When the temperature of the contents of the beaker has reached between 65°C and
70°C, remove the Bunsen burner and carefully place the hot beaker onto the white tile.
Record the temperature of the solution in the beaker.

Add the 25.0cm?® of FB 3 and immediately start timing.

Stir the contents of the beaker once and stop timing as soon as the solution turns colourless.
Record the time to the nearest second.

Record the temperature of the solution as soon as it is colourless.

Calculate and record the average temperature of the reaction mixture to one decimal
place.

Empty, rinse and dry the beaker so it is ready for use in Experiment 2.

9701/34/M/J/18



Experiment 2

Add 10.00cm? of FB 1 into the 250 cm? beaker.

Use the 50 cm® measuring cylinder to transfer 50.0 cm? of FB 2 into the beaker containing
FB 1.

Use the same measuring cylinder to transfer 50.0cm? of distilled water into the same
beaker.

Place the beaker on the tripod and heat its contents to between 30°C and 35°C.

While the solution in the beaker is heating pour 25.0 cm?® of FB 3 into the 25 cm?® measuring
cylinder.

When the temperature of the contents of the beaker has reached between 30°C and
35°C, remove the Bunsen burner and carefully place the hot beaker onto the white tile.
Record the temperature of the solution in the beaker.

Add the 25.0cm?® of FB 3 and immediately start timing.

Stir the contents of the beaker once and stop timing as soon as the solution turns colourless.
Record the time to the nearest second.

Record the temperature of the solution as soon as it is colourless.

Calculate and record the average temperature of the reaction mixture to one decimal
place.

Empty, rinse and dry the beaker so it is ready for use in Experiment 3.

Experiments 3, 4 and 5

© UCLES 2018

Repeat the method for Experiment 2 at three different temperatures.
Keep the temperature of the contents of the beaker between room temperature and 70 °C.
Record all your results in your table.

9701/34/M/J/18 [Turn over



Results

The rate of reaction can be calculated as shown.

1000

rate = L
reaction time

Calculate the rate of reaction for each experiment and include this in your table.

I

II

I

v

A%

VI

VII

Vil

[8]

(b) Plot a graph of rate (y-axis) against average temperature (x-axis) on the grid opposite. Select

(c)

(d)

a scale on the x-axis to include an average temperature of 15.0°C. Label any points you
consider anomalous.

Draw a line of best fit and extrapolate it to 15.0°C. [4]
Use your graph to calculate the time to the nearest second that the reaction would have taken

if the average temperature had been 52.5°C.
Show on the grid how you obtained your answer.

Explain, by referring to your graph or your table of results, how the rate of reaction is affected
by an increase in temperature.

© UCLES 2018 9701/34/M/J/18
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(e) (i)

(ii)

(iii)

) ()

(ii)

6

Calculate the concentration of glucose in FB 3 in moldm-=.

concentration of glucose inFB 3= .............................. moldm=3 [1]

Under certain conditions, 1.0 mole of acidified potassium manganate(VII), KMnO,, can
oxidise 2.5 moles of glucose.

Calculate the volume of 0.010moldm™ acidified KMnO, that would react with all the
glucose present in 25.0cm? of FB 3.

[3]
The formula of glucose can be written as CHO(CHOH),CH,OH.

Suggest the formula of an organic product of the oxidation of glucose.

Calculate the maximum percentage error in the reaction time recorded for Experiment 1.
Assume the error of the timer is £1s.

maximum percentage error in Experiment 1 = .............................. % [1]
You have carried out experiments at five different temperatures.

Identify an experiment, if any, you should have repeated. Give a reason for your answer.

....................................................................................................................................... [1]
(g) Suggest two ways to improve the accuracy of the results for this investigation.
L e ettt ettt ettt e e eeeeeeeteteeeeaaeeeeeaateeeeeaaseeeeeeaatteeeaanteeeeeaanneeeeeanteeeeaanteeeeaanneeeeeannneeeeaanreeeeans
2 e ee e eteeeeeeeeeeeeeaeseeeeeaateeeeeaa—eeeeeaateteeaaneteeeaateteeeanteeeeaaneeeeeaannreeeeanneeeeeannreeeeannnes
[2]

© UCLES 2018

[Total: 25]
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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 Sandell’s solution reacts in a similar way to Fehling’s reagent.

You will need to heat Sandell’s solution in a hot water bath when using it in tests.

Half fill the 250 cm? beaker with water and place it on the tripod and gauze. Heat the water until it is
boiling then turn off the Bunsen burner. This will be your hot water bath.

(@) FB 4, FB 5 and FB 6 are all solutions of carbohydrates.
e Sugars and starch are carbohydrates.
e Some sugars contain an aldehyde group so act as reducing agents.
e Other sugars do not contain an aldehyde group.

(i) For each test use a 1cm depth of the solution in a test-tube. Record all your observations
in the table.

observations
FB 4 FB 5 FB 6

test

Add 2 or 3 drops of aqueous
iodine.

Add 2 or 3 drops of acidified
potassium manganate(VII)

and allow to stand for two
minutes.

Add a 3cm depth of
Sandell’s solution and place
the tube in the hot water bath
for two minutes.

[3]
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(ii)

(iii)

(b) (i)

© UCLES 2018

8
Circle the carbohydrate that could be starch.
FB 4 FB 5 FB 6
Circle the carbohydrate that contains an aldehyde group.

FB 4 FB5 FB 6
[1]

Suggest a different test, other than using Fehling’s reagent, that could be carried out to
identify the presence of an aldehyde group. State the reagent(s) you would use and the
expected observation if the result were positive.

Do not carry out your test.

(== o =Y o1 {3 RSO PPEPPR
o] 017 V2= 11 To] o KPP
FB 7 and FB 8 are two of the components of Sandell’s solution. Each contains one cation

and one anion. Two of the ions are listed in the Qualitative Analysis Notes.

For each test use a 1cm depth of solution in a test-tube. Record all your observations in
the table.

observations

FB7 FB 8

test

Add a few drops of aqueous
silver nitrate.

Add a few drops of aqueous
barium nitrate or aqueous
barium chloride, then

add dilute nitric acid.

Add a few drops of aqueous
iodine.

Add a 1cm depth of aqueous
iron(II) sulfate.

Add a 1cm depth of FB 8.

[6]

9701/34/M/J/18



(ii)

(iii)

© UCLES 2018

9

Identify the ions in FB 7 and FB 8. If you are unable to identify any of the ions, write
‘unknown’.

FB 7 cation ......ccccoovveeiiiiiiiiineee F= 10 To] o I
FB8cation........................ F= 11 To] o I

(2]
Write an ionic equation for any reaction in (i) that produced a precipitate.
Include state symbols.
....................................................................................................................................... [2]

[Total: 15]
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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 no oot
Ba%*(aq) observed unless reagents are pure PP
calcium, . T .
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(11), . .

Fe?(aq) with air with air

g 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(Il), 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 2018 9701/34/M/J/18




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 foil
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 2018

9701/34/M/J/18




12

- - - - = = = = = - - 0'8eC olez 0cee -
wniouaime| wnijaqou wniAgjepusw wniuey wniulejsule wniulojies wnij@)aq wnund wniouswe wnuoynd wniunydau wniuein wnjunoejoud wnuoy} wniunoe
ol ON PN w4 s 10 Ad wo wy nd dN n ed ylL v splounoe
€0L coL Lol 0oL 66 86 16 96 G6 6 €6 6 16 06 68
0°GLL LeLL 6891 €91 61791 G291 6851 € /Gl 0'2sL ¥0S1L - vyl 6'0¥1L [0i4% 6°8¢l
wnpayn| wniqiapA wninyy wniqse wniwjoy wnisoldsAp wnigJe} wniuijopef wnidoina wnuewes wniyjewoid wniwApoau wnjwApoaseid wnuao wnueyjue|
nJ aA wy 13 OH Aa al PO n3 ws wd PN id 80 el sploueyjue
L 0L 69 89 19 99 g9 9 €9 29 19 09 69 89 1S
WNLIOWJBAI| wniAoJaly wnioluladod wniuabjusos wnnpejswiep wnuaujaw wnissey wnuyoq wniBioqess wniugnp wnipiopayins wnipes wniouely
AT 14 ug O] sa N SH ug bs qa JbY ey 14
9Ll il 443 L oLl 601 801 0L 90l GolL 0L €01-68 88 18
= - - 0602 2°.02 ¥'¥0C 9002 061 1561 2e6l 2061 2981 8'€8lL 6081 G'8LL €LEL 6°¢CEL
uopels auneise wnjuojod yinwsiq pes| wnijleyy Ainosew plob wnuneld wniput wniwso wnjuays usysbuny wn|ejue} wniujey wnueq wnisaed
uy W od 9 ad 11 BH ny d 1 SO oY M el JH Spiouetpuel eq $O
98 G8 ¥8 €8 8 18 08 6L 8L LL 9. GL V. €L L L/-1G 9g GS
elel 6°9C1 9/21 81zl L'8LL 8vLlL v'ZLl 6°L01 7901 6201 1oL - 6°66 626 AN 688 9/8 G'ae8
uouax aulpol wnunj|a} Auownue un wnipul wniwpeo Janjis wnipe|jed wnipoys wnjuayng wnijauyos} wnuapgAjow wnigoiu wniuooJIz wnupk wnjuons wnipignJ
X I 9] as us uf PO By Pd yd ny o1k OIN aN 1z A IS qy
S €S 4] 1S 0S (514 8 Ly 4 14 144 (54 t44 34 014 6¢ 8¢ A
8'¢8 66.L 0'6. 6. 9¢C. 169 ¥'q9 G'e9 L'8S 689 8'GG 675 0'2s 6°0S 6Ly (03174 Loy 1'6€
uoydAsy aulwoiq wniusjes oluesie wnjuewssb wnyjeb ouiz Jaddoo [@xoIu }/eqoo uod asauebuew wniwoJiyo wnipeuea wniueyy wnipueos wnioes wnissejod
M ig E) Sy 99 29 uz no IN 00 94 UnN 10 N L oS €D A
9¢ Ge Ve €€ [ X% 0¢ 62 8c x4 9z 14 144 €C [44 (%4 014 6l
66 G'Ge 1'ze 0'Le '8¢ 0.2 [5874 o€z
uobie 8uLojyo anyns snJoydsoyd uooljis wniuiwne N F F _\ o F m w N @ m .V mu wnisaubew wnipos
Iy 10 S d IS v BN EN
8l Ll 9l Gl vl €l cl L
c0C 06l 091 oyl 0ch 80l SSEeW Jlwoje aAle|al 06 69
uoau auuon|} uabAxo uabouyu uogJes uoloq aweu wnifiaq wniyy
SN 4 (@] N o) S| |oqwAs olwoje od 1
oL 6 8 L 9 g Jaqunu olwoje 4 I
(04 ol Aoy
wnipy uaboipAy
9H H
Z 3
st | 4 | o | o | n | & z ]
dnoug

Sjuswalg 4o a|qe] d1poliad ayL

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

Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after

the live examination series.

9701/34/M/J/18

© UCLES 2018



¥8Y%2.,.99¢996G«x

Cambridge Cambridge International Examinations

International Cambridge International Advanced Subsidiary and Advanced Level
AS & A Level

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

CHEMISTRY 9701/35
Paper 3 Advanced Practical Skills 1 May/June 2018
2 hours

Candidates answer on the Question Paper.

Additional Materials: As listed in the Confidential Instructions

READ THESE INSTRUCTIONS FIRST

Write your Centre number, candidate number and name on all the work you hand in.

Give details of the practical session and laboratory where appropriate, in the boxes provided.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

DO NOT WRITE IN ANY BARCODES.

Answer all questions.

Electronic calculators may be used.
You may lose marks if you do not show your working or if you do not use appropriate units.
Use of a Data Booklet is unnecessary.

Session
Qualitative Analysis Notes are printed on pages 10 and 11.
A copy of the Periodic Table is printed on page 12.
At the end of the examination, fasten all your work securely together. Laboratory

The number of marks is given in brackets [ ] at the end of each question or
part question.

For Examiner’s Use

1

2

3

Total

This document consists of 12 printed pages.

CAMBRIDGE

IB18 06_9701_35/5RP . o
International Examinations [Tu rn over

© UCLES 2018




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 x in the formula of hydrated sodium carbonate, Na,CO,.xH,0,
by titration.

FA 1 is hydrated sodium carbonate, Na,CO,.xH,O.
FA 2 is 0.110 moldm= hydrochloric acid, HCL
methyl orange indicator

(a) Method

Making a solution of FA 1

e Record all masses in the space below.
e Weigh the container with FA 1.
e Tip all the solid FA 1 into the 250 cm? beaker.
e \Weigh the container with any residual FA 1.
e Add approximately 100 cm? of distilled water to the beaker and stir to dissolve FA 1.
e Transfer the solution to the 250 cm?® volumetric flask.
e Rinse the beaker twice, each time with about 20 cm? of distilled water, and add this to the
volumetric flask.
e Add distilled water to the volumetric flask to make 250 cm? of solution and shake thoroughly.
Label this solution FA 3.
e Calculate and record the mass of FA 1 used to make this solution.
Titration
e Pipette 25.0cm? of FA 3 into a conical flask.
e Fill the burette with FA 2.
e Add several drops of methyl orange indicator to the conical flask.
e Carry out a rough titration and record your burette readings in the space below.
The rough titre is ...........ccoeevveeeee.n. cms,
© UCLES 2018 9701/35/M/1J/18
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e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make sure any recorded results show the accuracy of your practical work.

II

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

III

v

VI

VIl

[7]

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

25.0cm® of FA 3 required ........ccccovveeeeiinnnnee. cmd of FA 2 [1]

(c) Calculations
(i) Give your answers to (ii), (iii) and (iv) to the appropriate number of significant figures. [1]

(ii) Calculate the number of moles of hydrochloric acid in the volume of FA 2 calculated in (b).

moles of HCl= ..o mol [1]
(iii) Complete the equation below and include the missing state symbols.
Na,CO,(aq) + HCl(aq) — NaCl + CO, + H,O

Calculate the number of moles of sodium carbonate in 25.0cm? of FA 3.

moles of Na,CO, in 25.0cm® of FA3 = ..., mol

© UCLES 2018 9701/35/M/J/18 [Turn over
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(iv) Calculate the number of moles of sodium carbonate in 250.0cm? of FA 3.

moles of Na,CO, in 250.0cm® of FA3 = .........cooiviiiiiiiee. mol

Use this answer and your data on page 2 to calculate the relative formula mass, M,, of
hydrated sodium carbonate, Na,CO,.xH,O.

M. of Na,CO,.xH,O = ........cccooeiii

(v) Calculate the value of x in Na,CO,.xH,O. Give your answer to the nearest whole number.

(d) A student suggested using 0.110moldm=2 sulfuric acid in place of the 0.110moldm=
hydrochloric acid used in the experiment above. The mass of FA 1 used was unchanged.

Explain what effect this change would have on the accuracy of the experiment.

[Total: 15]
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In Question 1 you used a titration method to investigate a hydrated compound. In Question 2 you

will use a method involving measuring masses. You will find the identity of a Group 2 element, Y,
whose hydrated sulfate has the formula YSO,.7H,O.

When heated, the hydrated sulfate loses its water of crystallisation to form anhydrous sulfate. The
anhydrous sulfate does not decompose at the temperature of the Bunsen flame.

YSO,.7H,0(s) — YSO,(s) + 7H,0(g)

FA 4 is the hydrated sulfate of Y, YSO,.7H,0.

(a) Method

© UCLES 2018

Weigh the crucible with its lid and record the mass.

Tip between 1.80g and 2.00g of FA 4 into the crucible. Keep the remaining FA 4 for
Question 3.

Weigh and record the mass of crucible, lid and FA 4.

Place the crucible on the pipe-clay triangle on the tripod. Put the lid on the crucible and
heat gently for about 1 minute.

Use tongs to remove the lid and heat the crucible strongly for about 4 minutes. Replace
the lid and then leave to cool.

While the crucible is cooling, begin work on Question 3.

When cool, reweigh the crucible with its lid and contents and record the mass.

Calculate and record the mass of FA 4 before heating, the mass of residue after heating
and the mass of water lost.

[4]

9701/35/M/J/18 [Turn over



(b) Calculations

(i) Calculate the number of moles of water lost on heating FA 4.

moles of H,O lost = .........ccccoeiniiiiiinnn. mol [1]

(ii) Deduce the number of moles of anhydrous YSO, that are formed when this water is lost.

moles of YSO, = ..o mol [1]

(iii) Use your answer to (ii) and the mass of residue left after heating FA 4 to determine the
relative atomic mass, A, of Y.

(iv) Identify Y.

(c) A student did not heat the sample of FA 4 for long enough to remove all the water.
What would be the effect of this on the calculated value of the relative atomic mass of Y?

Explain your answer.

[Total: 11]
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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) InQuestion 2 you used a gravimetric method to identify the cation, Y, presentin FA 4. You will

now use a qualitative analysis method to confirm whether your identification of Y was correct.

Transfer a spatula measure of FA 4 into a boiling tube. Add a 5cm depth of distilled water and
shake the tube to dissolve the solid.

(i) Use 1cm depths of this solution in test-tubes to carry out tests to identify the cation, Y,
present in FA 4. Record your tests and observations in a suitable form in the space below.

[3]

© UCLES 2018 9701/35/M/J/18 [Turn over
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(i) Do your qualitative analysis tests in (i) confirm your identity of Y in Question 27 Explain
your answer.

(b) FA 5 contains two of the ions listed in the Qualitative Analysis Notes.

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

(0] 0 1YY A V7= 1 [0] o =TT

© UCLES 2018 9701/35/M/J/18
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(ii) Transfer the remaining FA 5 into the 100 cm?® beaker. Add approximately 20 cm? of distilled
water and stir to form a solution.

For each of the tests below use a separate 1cm depth of this solution in a test-tube.
Record your observations.

test observations

Add aqueous sodium hydroxide.

Add a few drops of acidified potassium
manganate(VII), then

add a few drops of ammonium thiocyanate.
Tip the contents of the tube down the sink
and rinse the tube and sink with tap water.

Add a 1cm depth of hydrogen peroxide,
then

add aqueous sodium hydroxide.

Add a 1cm depth of dilute nitric acid and
then a few drops of aqueous silver nitrate.

Add a few drops of aqueous barium nitrate
or aqueous barium chloride, then

add dilute hydrochloric acid.

[6]
(iii) Identify the ions present in FA 5.
IONS Present .......oovvveiiiiiiiiie e ANA s [1]

(iv) What type of reaction is occurring when FAS5 reacts with acidified potassium
manganate(VII)?

[Total:14]
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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 no oot
Ba%*(aq) observed unless reagents are pure PP
calcium, . T .
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(11), . .

Fe?(aq) with air with air

g 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(Il), 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 2018 9701/35/M/J/18




2 Reactions of anions

11

ion reaction
carbonate, CO, liberated by dilute acids
CO2
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 foil
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 2018
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