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1

The following instructions were used to prepare magnesium sulfate crystals, MgSO,.7H,0O.

(a)

(b)

(c)

(d)

(e)

Step 1 Measure 50 cm? of dilute sulfuric acid into a beaker and warm the solution.

Step 2 Using a spatula, add some magnesium oxide and stir the mixture. Continue
adding the magnesium oxide until excess is present.

Step 3 Separate the excess magnesium oxide from the solution of magnesium
sulfate.

Step 4 Heat the solution until crystals form. Obtain the crystals and dry them.

Why is the sulfuric acid warmed?

..................................................................................................................................... [1]
How would you know when excess magnesium oxide is present in Step 27
..................................................................................................................................... [1]
What method is used in Step 37
..................................................................................................................................... [1]
Why must care be taken when drying the crystals in Step 47
..................................................................................................................................... [1]

Explain how the method would differ if magnesium carbonate was used instead of
magnesium oxide.

..................................................................................................................................... [2]
[Total: 6]
Preparation of salts &7  Click for more variations
1 (a) to speed up the reaction [1]
(b) solid visible owtte e.g. no more solid will dissolve [1]
(c) filtration / centrifuge not decant [1]
(d) to make sure water (of crystallisation) is not lost / stop dehydration /
so crystals do not turn into powder / does not decompose not crystals break [1]
(e) no heat needed / not necessary to warm acid (1)
carbonates react with acid at room temperature (1)
no bubbles would indicate that carbonate is in excess (1) [max 2]
[Total: 6]
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2 Barium sulfate is an insoluble salt. Barium sulfate can be made by reacting excess aqueous
sodium sulfate with aqueous barium chloride.

sodium sulfate + barium chloride — sodium chloride + barium sulfate

A student made a sample of barium sulfate using the following steps.

step 1 step 2 step 3
aqueous residue of solid
sodigm sulfate barium sulfate
A <=
stir
B
aqueous
barium chloride 0
excess aqueous the mixture the solid barium sulfate was
sodium sulfate was added was stirred removed from the mixture

to aqueous barium chloride

(@) Name the items of apparatus labelled A and B.

A et e e et e te e et et e e aateeeasteeeaheee et eeeeaaeeeeseeeaneeeereeeareaeas
= SO RRPR
(2]

(b) Name the process shown in step 3.

.............................................................................................................................................. [1]
(c) The general name for the solid in step 3 is residue.

State the general name for the solution obtained from the process in step 3.

.............................................................................................................................................. [1]
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(d) Two more steps, step 4 and step 5, are needed to obtain a pure sample of barium sulfate. In
each of these steps something is removed from the residue.

State what is done in each of step 4 and step 5 and identify the substance removed from the
barium sulfate.

[Total: 8]

Preparation of salts &  Click for more variations

Reduced to 77% to fit the page (wider than A4).

2(a) A glass/ stirring rod 1
B (conical) flask 1
2(b) filtration 1
2(c) filtrate 1
2(d) step 4: wash/rinse (with water) 1
to remove sodium sulfate / sodium chloride 1
step 5: dry 1
water 1
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3 Potassium sulfate is the salt produced when sulfuric acid is neutralised by potassium hydroxide

solution.
The correct amount of potassium hydroxide solution must be added to neutralise all of the

sulfuric acid.
Plan an experiment to obtain pure crystals of potassium sulfate from sulfuric acid and

potassium hydroxide solution.
You are provided with common laboratory apparatus.

[Total: 6]

Preparation of salts &  Click for more variations
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Reduced to 82% to fit the page (wider than A4).

3
making the salt

any 4 from:

known volume sulfuric acid;

add named indicator;

add potassium hydroxide solution to the acid until the indicator changes colour/is neutralised;
note/measure the volume of potassium hydroxide solution added;

repeat without indicator OR add (decolourising) charcoal,

obtaining crystals

any 2 from:
¢ heat/evaporate solution to crystallising point until half evaporated OR until crystals (start to) form OR until
saturated;

e |eave to cool;
filter to get crystals;
dry crystals (on filter paper)/leave to dry;
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4  Solid cobalt(Il) oxide is a base which is insoluble in water. It reacts very slowly with cold dilute
sulfuric acid to form a solution of cobalt(II) sulfate.

Describe how to make pure, dry crystals of hydrated cobalt(Il) sulfate.

You are provided with cobalt(II) oxide, dilute sulfuric acid and common laboratory apparatus.

Preparation of salts &7  Click for more variations
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Reduced to 78% to fit the page (wider than A4).

4 any 6 from

MP1 adds cobalt(II) oxide to (dilute) sulfuric acid in a suitable container

MP2 cobalt(II) oxide is in excess

MP3 the mixture is stirred / mixed

MP4 the acid / mixture is heated/warmed

MPS5 filter (to remove (excess) cobalt(IT) oxide)

MP6 heat filtrate / solution / leave to evaporate (reject heat to dryness)

MP?7 filter out crystals / description of drying crystals
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5 Lead(II) chloride, PbCl,, is an insoluble salt. Solid lead(Il) chloride can be made by reacting
aqueous sodium chloride with aqueous lead(Il) nitrate.

2NaCl(aq) + Pb(NOj),(aq) — 2NaNOj(aq) + PbCl,(s)
Describe how to make a pure, dry sample of solid lead(1I) chloride.

You are provided with solid sodium chloride, solid lead(Il) nitrate, distilled water and common
laboratory apparatus.

Preparation of salts &  Click for more variations
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Reduced to 77% to fit the page (wider than A4).

5 any 6 points from:

e add sodium chloride / lead nitrate to water

o stir/ mix/shake (to dissolve)

e add/combine / mix the two reactants together
e use of asuitable container

o filter (to obtain lead(ll) chloride as residue)

e pour water over the residue (in the funnel)

e description of how to dry the solid
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6 The mineral epsomite contains hydrated magnesium sulfate. When epsomite is heated strongly, it
loses water and eventually becomes anhydrous magnesium sulfate.

Plan an investigation to find the percentage by mass of water in a sample of epsomite. Your plan

should include how you would calculate the percentage by mass of water in epsomite.
You have access to common laboratory apparatus.
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Preparation of salts &)  Click for more variations

Reduced to 77% to fit the page (wider than A4).

6

any 6 from:

weighed sample / stated mass (e.g. 5 g)/ known mass of epsomite
in a crucible

heated (strongly using a Bunsen burner/ spirit burner)

reweigh

heat again, reweigh, continue until mass stops changing

calculate mass of water lost by original mass — final mass
calculate percentage water by 100 x mass water/ original mass

7

Three common methods of preparing salts are shown below.

method A adding an excess of an insoluble base or carbonate or metal to a dilute acid and
removing excess by filtration

method B using a burette and indicator

method C  mixing two solutions to obtain the salt by precipitation

For each of the following salt preparations, choose a method, A, B or C. Name any additional
reagent which is needed and complete the equation.

(a)

(b)

(c)

the soluble salt, nickel chloride, from the insoluble compound nickel carbonate
0 7=71 o Yo O UPSPPP
ST = T Y 0

(VT o]0 I =T U E=1 i o o FR SRR

the insoluble salt, lead(I1) bromide, from aqueous lead(Il) nitrate
METNOA ...
LS = T Y 0

ionic equation ........ o — PbBr,

the soluble salt, lithium sulfate, from the soluble base lithium hydroxide
[ 4131 [ Yo
TEAGENT i

=0 |1 E= 1 (o ) o R PPPP

[Total: 10]

Preparation of salts &7  Click for more variations
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Reduced to 75% to fit the page (wider than A4).

7(a) method A;
hydrochloric acid/HC1/hydrogen chloride solution; hydrochloric acid/HCI1 can only score if written
in the reagent space i.e. R hydrochloric
acid/HCl in equation if reagent space is blank
I hydrogen chloride (therefore ‘hydrogen
chloride + HC? would get mark 2 BOD)
I nickel carbonate
nickel carbonate + hydrochloric acid - nickel chloride + water + carbon A fully correct balanced chemical equation i.e.
dioxide; NiCO3z + 2HCI - NiCL + CO;, + H,O for the
third mark
R combination of words and formulae in the
same equation for the third mark
I concentration of acid for marks 2 and 3
7(b) method C;
any (aqueous/dilute/solution of soluble) bromide including potassium A correct formula of soluble bromide
bromide/KBr, hydrogen bromide/HBr i.e. all bromides except silver, lead and I lead nitrate
mercury;
Pb% + 2Br~ — PbBr;; | state symbols
A multiples
7(c) method B;

stemexambuilder.com

sulfuric acid/hydrogen sulfate/H,SO, ;
2LiOH + H,SO4 - Li,SO4 + 2H,0

species;
balancing;
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I concentration of acid for mark 2
I indicators/lithium hydroxide

| state symbols
A multiples



8 The hydroxides of the Group | metals are soluble in water. Most other metal hydroxides are
insoluble in water.

(a) (i)

stemexambuilder.com

Crystals of lithium chloride can be prepared from lithium hydroxide by titration.

L burette filled with
- hydrochloric acid of
- concentration 2.20 mol/dm?3

conical flask

25.0 cm? of aqueous lithium hydroxide

_ — — _ - andindicator

25.0 cm?® of aqueous lithium hydroxide is pipetted into the conical flask.

A few drops of an indicator are added. Dilute hydrochloric acid is added slowly to the
alkali until the indicator just changes colour. The volume of acid needed to neutralise
the lithium hydroxide is noted.

A neutral solution of lithium chloride, which still contains the indicator, is left. Describe

how you could obtain a neutral solution of lithium chloride which does not contain an
indicator.
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(i) You cannot prepare a neutral solution of magnesium chloride by the same method.
Describe how you could prepare a neutral solution of magnesium chloride.

(b) The concentration of the hydrochloric acid was 2.20 mol/dm?3. The volume of acid needed
to neutralise the 25.0 cm?® of lithium hydroxide was 20.0 cm3. Calculate the concentration
of the aqueous lithium hydroxide.

LiOH + HCl — LiCl + H,0

(c) Lithium chloride forms three hydrates. They are LiCLH,O, LiCL2H,0 and LiCL3H,O.
Which one of these three hydrates contains 45.9 % of water?
Show how you arrived at your answer.

[Total: 10]

Preparation of salts &  Click for more variations
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g8 (a) (i) add carbon /animal charcoal
filter

OR

repeat experiment without indicator
using same quantity / volume of acid

(ii) add magnesium metal / carbonate / oxide / hydroxide
to (hot) (hydrochloric) acid

cond: until in excess or no more dissolves or reacts

cond: filter (to remove unreacted solid)

(b) number of moles of HCI= 0.020 x 2.20 = 0.044
number of moles of LiOH = 0.044
concentration of LIOH = 0.044/0.025 = 1.769 (mol/dm?)
accept 1.75t0 1.77 need 2 dp
correct answer scores = 2

(c) (for LiCL2H,0)
mass of one mole = 78.5
percentage water = 36 / 78.5 x 100
45.9 so is LiCL2H,0
only award the marks if you can follow the reasoning and it gives 45.9% of water

note: if correct option given mark this and ignore the rest of the response

[1]
[1]

[1]
[1]
(1]

allow: max 2 for applying a correct method to another hydrate, [1] for the method and [1] for

the correct value, working essential
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[1]
[1]

[1]
[1]
[1]
[1]
[1]



9 This question is about salts.
(a) Salts that are insoluble in water are made by precipitation.
e Lead(Il) iodide, Pbl,, is insoluble in water.
e All nitrates are soluble in water.
e All sodium salts are soluble in water.
You are provided with solid lead(1I) nitrate, Pb(NO,),, and solid sodium iodide, Nal.
Describe how you would make a pure sample of lead(Il) iodide by precipitation.
Your answer should include:

e practical details
e a chemical equation for the precipitation reaction.

.............................................................................................................................................. [5]
(b) Nitrates decompose when heated.
(i) When hydrated zinc nitrate is heated, oxygen gas is given off.
Describe a test for oxygen.

(5T O PP
ODSEIVALIONS ...t
(2]

(ii) Complete the equation for the decomposition of hydrated zinc nitrate.
2Zn(NO,),*6H,0 — ....ZnO + ... NO, + O, + ..... H,O [2]
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(c) Some sulfates are hydrated.
When hydrated sodium sulfate crystals, Na,SO,*xH,O, are heated, they give off water.
Na,SO,*xH,O(s) —» Na,SO,(s) + xH,0(g)
A student carries out an experiment to determine the value of x in Na,SO,+xH,O.
step1 Hydrated sodium sulfate crystals are weighed.
step 2 The hydrated sodium sulfate crystals are then heated.
step 3 The remaining solid is weighed.

(i) Describe how the student can check that all the water has been given off.
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(ii) In an experiment, 1.61g of Na,SO,*xH,O is heated until all the water is given off. The

mass of Na,SO, remaining

[M: Na,SO,,142; H,0,18]

Determine the value of x using the following steps.

e Calculate the number of moles of Na,SO, remaining.

e Calculate the mass of H,O given off.

e Calculate the number of moles of H,O given off.

is 0.71g.

e Determine the value of x.

Preparation of salts &  Click for more variations
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Reduced to 78% to fit the page (wider than A4).

9(a) (add) water (to both salts) (1)

dissolve both salts / make solutions (1)

filter (lead(1l) iodide)(1)

wash (residue of lead(Il) iodide) with water AND dry e.g. with filter paper/ description of washing and drying (1)
Pb(N03)2 + 2Nal — 2NaNO; + Pbl,

OR Pb?* + 2I- — PblI, (1)

9(b)(i) glowing splint (1)
relights / rekindles (1)

9(b)(ii) | 2ZnO(s) and 4NO2(g) (1)
12H20(g) (1)

9(c)(i) heat again and weigh again / repeat steps 2 and 3 (1)
until mass is constant (1)

9(c)(ii) | 0.005 (1)

0.9 (1)

(0.9 +18 =) 0.05 (1)
(0.05 + 0.005 =) 10 (1)
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10 Soluble salts can be made by the neutralisation of an acid by a base. Insoluble salts can be
made by precipitation.

(@) The following is a brief description of the preparation of the soluble salt,
nickel(II) chloride-6-water, from the insoluble base nickel(II) carbonate.

Nickel(II) carbonate is added in small amounts to hot dilute hydrochloric acid until it is
in excess. The mixture is filtered. The filtrate is partially evaporated and then allowed to
cool until crystals of nickel(IT) chloride-6-water form.

(i) Why is it necessary to use excess carbonate?

.............................................................................................................................. [1]
(ii) Explain why it is necessary to filter.
.............................................................................................................................. [1]
(iii) Why partially evaporate rather than evaporate to dryness?
.............................................................................................................................. [1]
(iv) What additional steps are needed to obtain dry crystals?
.............................................................................................................................. [2]
(b) Potassium chloride can be made from hydrochloric acid and potassium carbonate.
(i) Why must a different experimental method be used for this preparation?
.............................................................................................................................. [1]
(ii) Give a description of the different method used for this salt preparation.
.............................................................................................................................. [4]
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(c) Insoluble salts are made by precipitation. An equation for the preparation of barium
sulfate is given below.

BaCl(aq) + MgSO,(aq) - BaSO,(s) + MgCl,(aq)

This reaction can be used to find x in the formula for hydrated magnesium sulfate
MgSO,.xH,0.

A known mass of hydrated magnesium sulfate, MgSO,.xH,O, was dissolved in water.
Excess aqueous barium chloride was added. The precipitate of barium sulfate was
filtered, washed and dried. Finally it was weighed.

Mass of hydrated magnesium sulfate = 1.476g

Mass of barium sulfate formed = 1.398¢g

The mass of one mole of BaSO, = 2339

The number of moles of BaSO, formed = .............. [1
The number of moles of MgSO,.xH,O = ............. [1
The mass of one mole of MgSO,.xH,0 = ............... g [1

The mass of one mole of MgSO, = 120g
The mass of xH,O in one mole of MgSO,.xH,0 = .............. [1
X = e [1]

[Total: 15]

Preparation of salts &7  Click for more variations
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10

(@) (i)

(ii)

(iii)
(iv)

(b) (i)
(ii)

to neutralise all the acid / so all acid reacts
not: reaction goes to completion

remove excess carbonate / removes unreacted carbonate
not: remove solid

need water of crystallisation / hydrated crystals / to get crystals

filter / decant / wash crystals

dry with filter paper or tissues etc.

accept: in warm oven / warm place / in sun
not: just heat

potassium carbonate is soluble / both salts soluble

use potassium carbonate solution

accept: implication of solution — in pipette / burette /25 cm?
titrate / titration term required

use an indicator accept: any named acid/base indicator
repeat without indicator / use carbon to remove indicator

(c) mass of hydrated magnesium sulfate = 1.476g
mass of barium sulfate formed = 1.398¢g
the mass of one mole of BaSO, = 233g
the number of moles of BaSO, formed = 0.006
the number of moles of MgS0,4.xH,O used in experiment = 0.006
the mass of one mole of MgSO,.xH,O = 1.476/0.006 = 246 g
the mass of xH,O in one mole of MgSQO,.xH,0O = 246 — 120 = 126 g
x= 126/18 =7
if x given without method = max 1
note: apply ecf but x must be an integer and less than 10
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