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Mark Scheme
Answer 1.

a)
1) A Group 2 element that burns in air to give a white flame is:

* Beryllium/ Be
OR
Magnesium / Mg; [1 mark

il) The balanced chemical equ for the reaction of the Group 2 ele tin airis:

[Total: 3 marks]

EXAM-PAPERS-PRACTICE

C,:, i i'[.ll'r'l IS less well known
© 2007 [SEAHT PUSAHIR ALY ctaly bum
* The reaction in air is combustion
o The equation given must match the element stated as an answerin part (i)
o Magnesium + oxygen — magnesium oxide
s Mg+ O3 — MgO
There are two oxygen atoms on the left-hand side so you need 2MgO
s Mg+ O; — 2MgO
There are now two magnesium atoms on the right-hand side so you need 2Mg
s 2Mg + O; — 2MgO
The same process can be applied to balancing the equation for the combustion of beryllium
s Be+ 0y — Bel
s Be+ 03 — 2BeO
s 2Be + O; — 2BeO

2Be + O; — 2Be0
OR
2Mg + O3 — 2MgO

o Correct chemical formula
» Correct balancing; [1 mark]

o

o

o

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
1) The reagent and condition required for magnesium to react with water are:

+ Reagent = water; [1 mark]
« Condition = the water must be cold; [1 mark]

i) The equation for the reaction is:
* Mg (s) + 2H0 (1) — Mg(OH)z (s) + Hz (9); [1 mark]

[Total: 3 marks]

* The reaction of very clea

« After some time, some b

o This typically results

+« However, the reaction so

insoluble in water

o |t forms a barrier on
aluminium oxide

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

product is almost

. similar to the formation of

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
1) One expected observation for the reaction of calcium with hydrochloric acid is:

# Fizzing / bubbling / effervescence
OR
Smoke forms; [1 mark]

ii) The balanced chemical equation for the reaction of calcium with hydrochloric acid is:

Ca (s) + 2HCI (ag) — CaCls

e Correct chemical formula
« Correct balancing

AND

All state symbols correct;

[Total: 3 marks]

¢ The reaction of calcium with hydroc
hydrochloric acid
padl fram the obwi NSk ] odu IC ' '
EXAM-ZAPERS FPRACTICE
. Remgmber: Metal + acid — salt + hydrogen
Cﬂpél’rdgbilm + hydrochloric acid — calcium chloride + hydrogen
@ ThEbdokiaraen sytaokspatiinistic e
o Ca+ HCl— CaCly + Hy
# There are two chlorine atoms and two hydrogen atoms on the right-hand side, which means that
you need 2HCI
o Ca+ 2HC| — CaCl; + Hs
« You should know that calcium is solid / (s), hydrochloric acid is aqueous / (ag) and hydrogen is
gaseous / (Q)

# Calcium chloride is soluble, which means that it is aqueous / (aqg)
o Ca (s)+ 2HCI (aq) — CaCl; (aq) + H> (g)

c acid is similar to the reaction of magnesium with

For more help visit our website https://www.exampaperspractice.co.uk/
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d) To compare the reactions of barium with hydrochloric acid and sulfuric acid:
Barium and hydrochloric acid equation:

e Ba(s)+2HCI(aq) —BaClz(aq)+Hz(g): [1 mark]
Barium and sulfuric acid equation:

e Ba(s)+H;504(aq)—BaS0O4(s)+Hz(g); [1 mark]

Comparison:

¢ Bothreactions form hyd
e Thereactionwith hydroc
(compared to one mole
e Thereactionwith hydroc
AND
The reaction with sulfuric

chloric acid fHCI

[Total: 5 marks]

¢ Remember: Hydrochloric acid fo®™E chloride salts and sulfuric acid forms sulfate salts

EXAM-BAPERS PRACTICE

key similarity is the pro hydrogen gas
@ﬁwﬁgmou are asked to compare and you are talking about the differences of both

@ ?D%%“Eﬁt’ahﬂrﬁé’ﬁﬁi’é"?ramice

o Don'tjust talk about one and assume the examiner knows the other half, the examiner
wants to see that youknow it too
o The differences are with the amount of acid used and the physical state of the product

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 2.

a) The general trends in solubility and pH of the Group 2 hydroxides as you move down Group 2
are:

s The solubility increases
OR
The (Group 2) hydroxides become more soluble; [1 mark]
¢ The pH increases
OR
The solutions become m

[Total: 2 marks]

* You should know that ma oluble in water and barium
hydroxide is soluble in w

¢ Therefore, the solubility i ses as you move down Group 2

¢ This means that there ar droxj s you move down the
group

s As aresult of this, the pH increase

o Careful: Students often get mixed up when talking about pH

EXAM ' PAPERS PRACTICE

. »_When the pH increases, the acidity decreases i.e. it becomes more alkaline / less

Copyrightq.
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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b)

1) The balanced chemical equation for the reaction of calcium hydroxide with hydrochloric acid is:
Ca(OH); + 2HCI — CaCl; + 2H,0

e Correct chemical formulae; [1 mark]
« Correct balancing; [1 mark]

il) To calculate the mass of calcium chloride produced in this reaction:

e Formula mass of Ca(OH)
AND
Moles of Ca(OH), = 0.05
e Formula mass of CaCl,
AND
Mass of CaCls produced

96 (g); [1 mark]

[Total: 4 marks]

* Remember: Metal hydroxide + a metal salt + water

EXAM-PAPERS-PRACTICE

Cgpaj,rﬁ are two chlorine atoms on the right-hand side, so you need 2HCI
© 2024 ER&HPARers Batitd
o This has also balanced the entire equation
¢ To calculate the mass of calcium chloride produced, you need to:
o Calculate the relative formula masses of calcium hydroxide and calcium chloride
m Ca(OH)z=40.1+((16.0+1.0)x2)=74.1
m CaClz=40.1+(35.5x2)=1111

The moles of Ca(OH), = 12 _ 311 _5 05

M,  74.1
One mole of Ca(OH); forms one mole of CaCl;
Therefore, there are also 0.05 moles of CaCls
Massof CaCl; =molesx M, =0.05x111.1=5.56g

o

o o o

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
1) You could prove that the gas produced is carbon dioxide by:

e Bubbling / passing the gas through limewater; [1 mark]
« Which turns cloudy / milky

OR

Which forms a white precipitate; [1 mark]

i) The reaction stops even though the reactants have not been used up because:

* [nsoluble strontium sulfat
¢ Which coats the strontiu

[Total: 4 marks]
ies

Chemistry

tium carbonate and barium carbonate with sulfuric

* You should know the test
o Any A-level course ¢
# The reactions of calcium carbonate,
acid all form precipitates of their re ve sulfates

o These sulfates can then coat the carbonate

EXAM. CAPERS. . DRACTICE

Copyright
Agwed24 Fxam Papers Practice

a) The type of reaction that occurs when strontium carbonate is heated to form strontium oxide and
carbon dioxide is:

+ Thermal decomposition; [1 mark]
[Total: 1 mark]

# The question tells you that the reaction is heated
o Therefore, it is a thermal' reaction

* The question and equation show that the calcium carbonate is being broken down
o Therefore, it is a 'decomposition’ reaction

« Both thermal AND decomposition are required for the mark

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The completed chemical equation is:
25r(NO3}s (8) — 25r0 (s) + 4NO; (g) + Oz (Q)

» Correct chemical formulae
AND
Correct state symbols; [1 mark]
¢ Correct balancing; [1 mark]

[Total: 2 marks]

s Thestrontiumionhasa o
o Therefore, the form or strontium oxj
o 5Strontiumoxideisa
* You should know that ni i O
o Nitrogendioxide an
¢ Adding thisinformation
o 2Sr(NO3) (s) — Sr

* There are four nitrogen atoms on the left-hand side, so we need to produce 4NO»

EXAM. PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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c) To calculate the percentage yield of magnesium oxide:

» Formula mass of MgQCO5; =843

AND

Moles of MgCO5 = 0.059; [1 mark]
» Formula mass of MgO =403

AND

Theoretical mass of MgO = 2.39 (g); [1 mark]
» Percentage yield = 73.2%; [1 mark]

[Total: 3 marks]

+ Remember: Percentage y actual yield

» The actual yield of magne
» To calculate the theoretical
o Calculate the relative

s MgCO3=243+

o Calculate the moles of magnesiu

mass 5.00
=——=[.

m Moles = =
M, 84.3

EXAM:EAPERS . PRACTICE

Cﬂp"—‘wciﬁslg uliﬂe the formula mass of magnesium oxide
0=243+160=403 .
° mg&jﬁﬂﬂ ﬁg@g%ﬁg@gﬂ%esium oxide

m Mass=molesx M, =0059x403=238¢g

o Calculate the percentage yield
actual yield _1.75

m Percentage yield= = ———— =100 = —— %100 = 73.2%
theoretical yield 2.39

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The trend in the thermal stability of the Group 2 carbonates and nitrates as you move down Group
2is:

e The thermal stability increases (as you move down Group 2); [1 mark]
[Total: 1 mark]

¢ ‘Youshouldbe able to describe and, also, explain this trend

Answer 4.

a) The general trends as you roup 2

+ NMelting point = decreases
« First ionisation energy = d
* Atomic radius = increases,

[Total: 3 marks]

EXAM PAPERSPRACTICE

QJQMBIZ element that does not follow the general trend in melting point is
@ 2024 Exam Papers Practice

« Magnesium / Mg; [1 mark]
[Total: 1 mark]

e Youare not expected to know the reason for the deviation of magnesium

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The chemical equations for the first ionisation energy of barium and the second ionisation energy
of calcium are:

e Ba(g) — Ba" (g) + e~; [1 mark]
e Ca* (g) — Ca?* (g) + e~ [1 mark]

[Total: 2 marks]

« Remember: First ionisation energy is the energy required to remove one mole of electrons from
one mole of gaseous atoms
o X(g) =X (g)+e7
« Remember: Second ioniSatlon energy Is the energy required to ove one mole of electrons
from one mole of gaseo ions
o X"(g) =X (g)+e

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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d) The points to explain the trend in first ionisation energies down Group 2 are:

+ Distance between the nucleus and outer electron = increase; [1 mark]
+ Shielding = increase; [1 mark]
* Nuclear attraction = decrease; [1 mark]

[Total: 3 marks]

# The distance between the nucleus and outer electron and the amount of shielding are two
points that you should comment on for this type of question

« You can then link these ction to give your final

answer
+ \When asked to explain th
factors
o State the trend and t
the amount of shieldi
o For example:
m The first ionisation energy d
» This is because the distan
well as the amount of shielding increasing which means that the overall force of

EXAMPAPERS PRACTICE
A%QZE[EEE IIgu:aun’u FPapers Practice

nd in ionisation ays refer to these three

talk about the di leus and the outer & and

rst, before linking these to nuclear

ction

ses down Group 2
tween the nucleus and outer electrons increases as

For more help visit our website https://www.exampaperspractice.co.uk/
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a)

1) The balanced chemical equation for the reaction of barium carbonate and sulfuric acid is:
¢ BaCO; + H;504 — Ba50,4 + Ho0 + CO5; [1 mark]

i) This preparation of barium sulfate will not have a 100% yield because:

« Not all the barium carbonate reacts; [1 mark]

* (Because,) a layer of barium sulfate coats the barium carbonate / stops the barium carbonate
reacting; [1 mark]

[Total: 3 marks]

* Remember: Metal carbo
o Sulfuric acid forms sulfd@tes

« Barium sulfate is the des product
o However, barium sul isi

EXAME“@APE RS PRACTICE

* Thermal decomposition; [1 mark]

Copyright o |

eSS PN ELESHRT PP AR5 BpSeR AR TSl 2 s
¢ BaO + H,504 — BaS04 + H;0; [1 mark]

[Total: 2 marks]

# |n step 1, barium carbonate is heated and breaks down to form barium oxide and carbon
dioxide
o BaCO; — BaO + COs
o Using heat to break a compound down is thermal decomposition
* Remember: Metal oxide + sulfuric acid — metal sulfate + water

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The correct solubilities in water are:

« Barium hydroxide = soluble; [1 mark]
* Barium sulfate = insoluble; [1 mark]

[Total: 2 marks]

* You should know the trend in solubility of the Group 2 hydroxides and sulfates
o The hydroxides become more soluble as you move down the group
o The sulfates become less soluble as you move down the group

e Since barium is near the
o Barium hydroxide willlbe soluble
o Barium sulfate will belinSoluble

d) The ionic equation for the n
barium sulfate is:

ion in step 3 be ro and sulfuric acid to form

BaZ* (aq) + SO42~ (aq) — BaS0y4 (s)

o Correct chemical formulae; [1 mark]

EXAM"PAPERS PRACTICE

[Tutal 2 marks]

ntakl lacein Sis.
FEN 5}%@%?%@&%‘?{3} +H,0 ()

* Remember: Spectator ions are notincluded inionic equations
o This means that the following ions and chemicals should be removed
= The hydroxide ions from barium hydroxide
» The hydrogen ions from sulfuric acid
» Thewater
* Thisleavesthe correctionic equation
o Ba?* (aq) + S04 (aqg) — BaSOy (s)

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 6.

a) The trend inthe atomic radius of Group 2 elements from beryllium to strontiumis:

e The atomic radius increases /atoms get bigger (as you descend Group 2); [1 mark]
e (Because)there are more shells / energy levels

OR

The number of shells / energy levels increases; [1 mark]

[Total: 2 marks]

# ThisisaGroup 2 trend th
e Asyoudescendthegro
o Eachatomhasthes eﬁectwe nucl
o Eachatomgains an ' ell of
o This meansthatthe ction nd the outermost
electrons becomes kerresultingin ' easing

) When magnesium burns in oxygen:

e 2Mg+ O; —2MgO; [1 mark]

EXAM " PAPERS PRACTICE

[Total: 2 marks]

%ﬂiﬁé&hw in oxygwﬁjaéi@wécn demonstration; you need to be able to state

o The bright white light is dangerous if looked at directly - it can cause temporary loss of
sight
o Abluescreen/blue glass must be used
¢ The burning of magnesium also generates intense heat which can cause burns or could
initiate combustion of any flammable materials which are too close

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) Equations for the formation of calcium hydroxide and magnesium hydroxide from magnesium
and calcium as elemental metals are:

e Mg+ 2H,0 — Mg(OH); + Ha: [1 mark]
s Ca+2H,0 — Ca(OH); + Hy: [1 mark]

ii) The pH values and uses of calcium hydroxide and magnesium hydroxide are:

e pHvalue of both hydroxides must be between 8 and 14
AND
The pH value of calcium
hydroxide: [1 mark]

e Magnesium hydroxide is
OR
Magnesium hydroxide is of magnesia; [

e Calcium hydroxide is usedin agriculture
OR
Calcium hydroxide is used to neutr / raise the pH of acidic soil; [1 mark]

e stated for magnesium

[Total: 5 marks]

EXAM:-PAPERS PRACTFICE

Cﬂﬁﬁiﬁﬁf be able to provide approximate pH values for the hydroxides of Group 2

@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Comparing the reaction of calcium with water and barium with water:

Observations:

e The student would see effervescence /bubbles / fizzing in both boiling tubes
OR

The student would see effervescence / bubbles / fizzing with calcium AND barium; [1 mark]
e The solid would dissolve / disappearin both boiling tubes; [1 mark]

Difference:

e Thereactionwouldbe
OR
The solid would dissolv
OR
A colourless solutionw

formwith bari
[Total: 3 marks]

* Thereactions of Group 2 element hwater are asked aboutvery often in exam questions
o Youmust be able to describ reactions of different Group 2 metals with water,

ompagng themtgeacho a b le to proyide regctio inns
EXAM-BAPERS BSRACTICE
with wateris more vigorous than of calcium with water
Co Tghqtoms get bigger and the outermost electrons become further from the nucleus
© zﬂzmeﬁﬁﬁfﬁqgg g?gn%wﬁﬁﬁand the outermost electrons is weaker as you
d

escend the grdup, meaning the outermost electrons are lost more easily
o This makes the elements lower down the group more reactive

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 7.

a) The equation for the reaction of barium with cold wateris:
s Ba+2H;0 —BalOH); + Hs; [ITmark]
[Total: Tmark]

e Bariumreacts with cold water to form an alkaline solution of barium hydroxide and
hydrogen
o Ba+ HQD —* BE{DH:IQ +H2
¢ The oxygenand hydroge
loxygenatomonth
2 hydrogenatoms o
This can be balance
Ba+ 2H,0 — Ba(OH

=]
=]
=]
=]

b) A saturated solution of ba
magnesium hydroxide because:

rated solution of

e Barium hydroxide is more soluble than magnesium hydroxide

EXAM-RARERS. - RACTICE

» The concentration of hydroxide / OH™ ionsis greater (in barium hydroxide)
Coparight
8 F@Mr&gﬁhﬁ@ﬁgg@rﬂ;@fkm@anum hydroxide) solution; [1 mark]

[Total: 2 marks]
» The Group 2 metal hydroxides can dissolve into solution forming the M?* ion and 20H" ions
¢ The solubility of the Group 2 metal hydroxides increases as you move down the group

¢ This means that asyou move downthe group, the concentration of OH™ ionsincreases
* Therefore, the pHincreases / the solution becomes more alkaline

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) Theionic equation for the formation of the gas is:
e COz2 +2H'— CO;+H50: [1mark]
ii) The equation for the formation of the precipitateis:
CO;(g) + Ca(OH), (agq) — CaCOs5 (s) + H;O (1)

 Correctbalanced equation; [1 mark]
e Correctstate symbols:

[Total: 3 marks]

o Forpart(i)
o Thecarbondioxide ' =E ‘the | carbonate with
hydrochloric acid

s MCOz+2HCI

o Youthenneedtoconve

n M2 4 COz2 +2H* +2CI

o Youthenremove the specta

EXAM FSAﬁERS PRACTICE

o The precipitate formed by bubbling carbon dioxide through limewateris solid calcium
Cﬂpyﬁghi[:natefc;a{?@ﬂs}
@ 2024 Eﬁ%ﬂkﬁ @%ﬁiﬁé@%ﬁfﬁﬁimewater is calcium hydroxide solution / Ca(OH),
(aq)

o Carbondioxideis an acidic gas, so thisis a neutralisationreaction
» Acid + base — salt + water
m CO3(g)+Cal(OH);(aqg)— CaCOz(s)+HO(D)

o Thereisno balancing required for this equation

++2CI +CO5+ H,0

For more help visit our website https://www.exampaperspractice.co.uk/
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d) To calculate the minimum mass of magnesium hydroxide needed to neutralise 0.210 mol of
hydrochloric acid:

e Moles of Mg(OH); = 0.105; [1 mark]
e M, of Mg(OH);=58.3; [1mark]
e Massof Mg(OH);=6.1215(q)
AND
Answer givento 2 significant figures = 6.1(g) OR to 3 significant figures = 6.12 (q); [1 mark]

[Total: 3 marks]

o Thereisal: 2 stoichiom nd HCI

o 5o, the number of

e The M, of Mg(OH);isne
o M, of Mg(OH); = 24.

s Mass=molesxM,
o So, the mass of Mg(
o Remember: The question asks,
significant figures, which for

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

our answer to the appropriate number of
uestionis 2 or 3significant figures

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 8.

a) The rate of this reaction decreases when the water temperature falls because:

o Adecreaseintemperature decreases the energy of the particles /ions /H* (in the lake); [1
mark]

¢ Whichdecreases the number of particles /ions /H* (inthe lake)with E = E,
OR
Which decreases the number of particles /ions /H* (in the lake) with sufficient energy to
react; [ mark]

* Sotherearelessfrequent successful /f effective / productive collisions; [1 mark]

[Total: 3 marks]

e Decreasing temperatur inthe parti
* Thismeansthatmore pa
s Therefore, there areless

time, whichresultsinasl

energy
react,i.e.E> E;
quent success essful collisions per unit

rrate ofr

b) The two other products of therea of calcium carbonate with lactic acid are:

EXAM PAPERS PRACTICE

Water / H;O: [1 mark]
Copyright

Br2bY®¥kam Papers Practice

¢ The displayedformula of lactic acid shows thatit is a carboxylic acid
¢ This means that the questionis asking for the products of a neutralisation reaction between
ametal carbonate and a carboxylic acid
o Metal carbonate + carboxylic acid — metal salt + carbon dioxide + water

For more help visit our website https://www.exampaperspractice.co.uk/
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c)

i) The equation to show how magnesium is used as the reducing agent in the reaction of
magnesium with titanium(lV) chloride is:

2Mg + TiCls — 2MgCly +Ti

s Correctchemical species;[1 mark]
e Correctbalancing; [1 mark]

i) In terms of oxidation states, magnesium s the reducing agent because:

e Mgchangesits oxidatio
OR

Tichanges its oxidation ned; [1 mark]

iii) The magnesium sulfate fo diseasytose i because:

e Magnesium sulfate /itis
AND

So, the titanium can be filtered fro e solution: [1mark]

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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« Forpart(i)
o You are told that the magnesium reacts with titanium(lV) chloride to produce titanium
n Mg+TiCly—Ti
o The other product must be magnesium chloride
m Mg+ TiCly—MgCly+Ti
o There are four chlorine atoms on the left-hand side and two on theright, so you need
2MgCl;
» Mg+TiCly—2MgClz +Ti
o There are now two magnesium atoms on the right-hand side and one onthe left, so you
need 2Mg
» 2Mg+ TiCly—2M
s Forpart(ii)
o Remember: Reducin
oxidised
o The oxidation numbe he magnesiunmPSTaRes ecomes +2inMgCl;
o Thisincreaseinthe oxidation numberis oxidati ' s that magnesiumis the
reducing agent
« Forpart(iii)
o Magnesium sulfateissolublei
o Titanium metal is solid and does not dissolve in / react with water

EXAMPAPERSPRACTICE

Copyright
@ 2024 Exam Papers Practice

als and are themselves

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Strontium has a higher melting point than barium because:

* The delocalised electrons (in strontium) are closer to the positive ions / cations /atom /
nuclei
OR
The positive ions / cations / atoms (in strontium) are smaller
OR
The positive ions / cations / atoms have fewer (electron) shells / levels; [1 mark]

e 50, strontiumhas a stronger attraction between the positive ions / cations / atoms /
nuclei and the delocalis
OR
So, strontium has strong

etallic bondin
[Total: 2 marks]

e Asyoumove down Grou

o Theelementshavet

o Theelements haveincreaseds

o Thisresultsinaweakerforce
electrons

EXAM PAPERS. PRACTICE
Copyright
@ 2024 Exam Papers Practice

traction between the nuclei and the outermost

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 9.

a) The three balanced chemical equations for the Lime cycle are:

e Ca(OH)z(ag)+COz(g)— CaCOz(s)+ HO(l): [1mark]

e CaCOsz(s)— Ca0(s)+ COz(qg): [l mark]

¢ Cal(s)+H>0(l)— Ca(OH)z(aq); [Tmark]

e Allstate symbols correct, Ca(OH)z (aq), COz (g), CaCOz(s), HO (1), CaO (s); [1 mark]

[Total: 4 marks]

* Youare expectedtokn cium carbonate and
calcium oxide

e FromFig. 4.1, youhaves

and deduce the balanc

o Calcium hydroxide

s Ca(OH); —Ca

» Calcium hydrox

CO3z

Ca(OH); + CO; — CaCO

u The unbalanced equati missing one oxygen and two hydrogen atoms on the

EXAM: PAPERS PRACTICE

o Calciumcarbonate
Cgpyr|gmaCDj—>CaD

@ 2024 Eﬂéﬁﬁ%ﬁ%%&ﬁ@ésmg one carbon and two oxygen atoms on the

right-hand side, which is a carbon dioxide molecule
CaCOz—Ca0+CO;

ientinformati cedreactionequations

s forthe presence of

o Calcium oxide
» Ca0 — Ca(OH);
» Thisunbalanced equationis, again, missing one oxygen and two hydrogen atoms
ontheright-hand side, whichis awater molecule
Ca0 +H;0 — Ca(OH);
¢ Remember: The question asks for state symbols so you need to add state symbols to all of
the eguations
o [|tismore common to be asked toinclude state symbols for one of the specific
equations but you should be adding state symbols as part of your good practice

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) How calcium hydroxide increases the pH of acidic soil:

e The solid calcium hydroxide dissolves (in rainwater / the moisture of the soil); [1 mark]

e Thisreleases hydroxide ions / OH™ into the soil; [1 mark]

e Thehydroxideions /OH™ react with /remove / neutralise the (acidic) hydrogenions /H*; [1
mark]

ii) The ionic equation to show the reaction that causes the pH of the soil to increase is:

e H"+ OH — H;0; [ITmark
[Total: 4 marks]

e Questions like this often sinnece SWers
o Thisis because part (B&f the question calcium hydroxide but
theintroductory se cetalksa lcium hydroxide and
calcium oxide
e Careful: The calcium hydroxide is
o Thismeansthatyouneedto

hydroxide ions
EXAM-PAPERS-PRACTICE
CG[}WI hTfe soilbecomes less acidic

@ 2[]2 %ﬁg;ﬁéﬂgﬁﬁgpfﬁaéaﬁ%n increases

e Theincreaseinthe pH os aresult of a neutralisation reaction, so you should write the ionic
equation for neutralisation as your answer to part (ii)
o H*+0OH —H;0

added as asolidto a field
ain how the solid calcium hydroxide releases the

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) The chemical reaction of calcinationis:
* Thermal decomposition; [1 mark]
i) Strontium carbonate has greater thermal stability than calcium carbonate because:

e Strontiumionhas alarger/greaterionic radius
OR
The strontiumion / cation has a lower / decreased charge density; [ mark]
e S0, the polarising / disto ecreases; [ mark]
e Which means that there tron cloud) of the
carbonateion/anion; [l

55 polarisation / distortion of (the
k]

[Total: 4 marks]

¢ Youshouldbe aware tha
calcium oxide and carb
e The thermalstability of the Group 2 onatesincreases as you move down the group
o The smaller positive metalion he top of the group polarise the anions more than
the largerions at the bottom of the group
h alygositi i 1 ali I i . t
EXAM.-PAPERS PRACTICE
o The higher the charge and the smaller the ion; the higher the polarising power
Cﬂpyﬁmf:}re polarised the carbonate ions are; the more likely they are to thermally

Gl ZUE@MW%M@r@mjgwimin them are weaker

ating calcium carbonate results in ecompositionto

For more help visit our website https://www.exampaperspractice.co.uk/
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d)
i) The coloured gas and its colour are:

e Nitrogendioxide / nitrogen(lV) oxide / NO; OR dinitrogen tetroxide / N;O4
AND
Brown: [1 mark]

ii) The identity and test, including the result, for the colourless gas are:

e Oxygen/O;
AND
Relights a glowing splint:

[Total: 2 marks]

¢ The hydrated calcium nit
e Further, heating thencau
dioxide and oxygen

o 2Ca(NO3z);(s)—2Ca0(s) + 4N

o Nitrogendioxideisadark br

» Some mark schemes may allow the use of red-brown or reddish-brown as the

EXAM. .PARERS.PRACTICE

Cﬂﬁyﬁﬁﬁfn is the colourless gas

u should know the gas test for oxygen as well as carbon dioxide, hydrogen,

@ 2024 Lxam BEageis;Eractice

of crystallisation

is gently heat
' to calcium oxide, nitrogen

the calci

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 10.

a) The first ionisation energy of calcium (590 k) mol ') is greater than that of strontium (550 kJ
mol ) because:

s Calciums outer /valence electrons are closerto the nucleus
OR
Calcium has a smaller atomic radius
OR
Calcium has less electrons shells; [1mark]
* 50, calciumhas less shieldi

AND
Which means that more rgy is required to overcome the st er force of attraction
(betweenthe outer /val electron and tRENUCIEUS] |

[Total: 2 marks]

» Answers to guestions ab
o The distance of the
o The amount of shielding that t ter electrons have from the nucleus
o The electrostatic force of att@@ion of the outer electrons to the nucleus
o The amount of energy required to overcome these electrostatic forces of attraction

EXAM PAPERS PRACTICE

Copyright
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b)

i) The balanced chemical equation, including state symbols, to show the formation of strontium
chloride from strontium and hydrochloric acidis:

Sr(s)+ 2HCl(aq) — SrClz (aq) + Hz (Q)

» Correctchemical species
AND
Correct balancing; [1 mark]
e Correctstate symbols:

i) This reactionis notusedto duce strontium chloride on an ind

e [tisavigorous /violentr
OR

Thereis arisk of explosi
[Total: 3 marks]

e Remember: M.A.5.H - Metal + Aci Salt + Hydrogen
o Dueto the formulae of strontium chloride and hydrogen, this is one of the nicer

EXAMFARERS.RRACTICE

o Thereactivity of the metalsincreases as you move down the group
Cﬂp@j'ﬁmteans that the reaction of strontium with hydrochloric acidis vigorous and violent

@ 223}1 &)ﬂﬁﬂﬁtﬁéﬁpﬁfﬂl‘ﬁrﬁmﬁﬂﬂan that thereis the risk of an explosion

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) Drinking magnesium sulfate solution is an effective treatment for barium poisoning because:

* [nsoluble barium sulfate is formed
OR
Bariumions are removed (as a precipitate); [1 mark]

» Ba?*+50,42 —BaSOy; [1 mark]

[Total: 2 marks]

This questionis a test of your knowledge of the solubility of the group 2 sulfates

The solubility of the gro nthe group

Magnesium sulfate is solliBle in water (hence being able to maj@@&he solution)

Barium sulfateisinsolu hichmeans th u ebody afterithas been
formed

d) The remedy that might cau
Mg(OH); (s) + 2HCl (aqg) — MgClz (aq) + o)

CaCO3(s) + 2HCl (ag) — CaCl, (aq) + H,0 () + CO5 (g)

=XAM PAPERS PRACTICE

Cc{mﬂqgﬁqj the reaction of calcium carbonate with hydrochloric acid forms carbon dioxide

@ 2604 TiEm Papers Practice

s Bothreactions form the metal chloride and water; [1 mark]

[Total: 2 marks]

e Althoughthey are not necessary, it can be helpfulto write both chemical equations:
o Mg(OH); + 2HCI— MgCl; + 2H;0
o CaCOz+2HClI— CaCl;+H;0+CO3
e Careful: This question asks you to compare the reactions AND give areason for your
choice of the remedy that might cause wind
o The comparison of the equations shows that both reactions for a group 2 metal
chloride and water
o Thedifferenceis that calcium carbonate also forms carbon dioxide
» Carbondioxideis agas and could potentially cause wind in the person taking it

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 11.
a) The balanced symbol equations are:

¢ Ba(s) + Oz(g) — 2BaO(s); [1mark]
e 3Ba(s) + N2(g) — BazNaz(s); [1mark]

[Total: 2 marks]

¢ Frombeing exposedto the airyou can deduce that oxidation has occurred so you need to
write the equation for the reaction between barium and oxygen

¢ Youmight not have com ucanuse your Periodic

Table to deduce that the
o Group2elementsh elout the formula must
be BazNs
s Basedonthefa ’ asolidsothe state
symbolis (s)

EXAM PAPERS PRACTICE
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b)
i) The volume of gas produced is calculated by:

e Ba(s)+ 2H;0O (I)— Ba(OH)z(aq) + Hz (g): [1 mark]
e MolofBa= 0.20+137.3=0.00146; [1mark]
¢ Volume of Hy = 0.00146 x 24 000 = 35.0 (ecm?): [1 mark]

ii) The concentration of Ba(COH)- s calculated by:

0.00146
0.250

=0.00584 moldm>:[1mark

[Total: 4 marks]

to topics such as Group
ted amount of nag@bout
ngiventhe symbolequation fort action of barium with
cted o give state symbols to

e [tiscommon to bring cal
2 metals where thereisa

¢ [nthis case, youhaveno
water but this is one you
obtain this mark

o Themolarratioof Ba:H;is1:]
Make sure you checkunits, the g

EXAK EAPERS-PRACTICE

The number of moles of barium hydroxide and barium (calculated in parti) are the same due

CO‘BEIK l)bemg 1:1 )
@ YAl drsanre B paisdeacdic e dm? by dividing by 1000

on has asked for the answer incm® not dm? so you

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) Reactivity with water down Group 2:

s [ncreases; [Imark]
* The atomicradiusincreases

OR

There are more shells; [1 mark]
e Thereis more shielding / screening: [1 mark]
* Thenuclear attractiondecreases

OR

Increased shielding and distance outweigh the increased nuclear charge; [1 mark]
* |tiseasiertoremove the

[Total: 5 marks]

e Thisis acommonexam sk,itc herway around and you
are askedtoexplainwhathappens toreact

d)Thisisaredoxreactionbecause:

EXAM PAPERS PRACTICE

Its oxidation numberincreases from O (in Ca) to +2 (in Ca(OH)2); [1 mark]

GGWI@B‘[ has beenreduced
@ 2824 Exam Papers Practice

Its oxidation number decreases from +1(inH>O) to O (inH5); [1 mark]
[Total: 2 marks]

¢ Remember:
o The oxidation number of elementsis O
o Inthis example, the oxidation number of oxygenis -2 and hydrogenis +1
o Make sure you learnthe rules for assigning oxidation numbers

For more help visit our website https://www.exampaperspractice.co.uk/
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e) These two trends are connected because:

e The solubility inwater increases as you move down the group
AND
The strength as abase increases as you move down the group; [1 mark]

e Increasing the solubility (in water) means that there are more hydroxide / OH  ionsin
solution
OR
Increasing the solubility (in water) increases the concentration of hydroxide /OH™ ions in
solution; [1 mark]

e The hydroxide /OH ion
OR
Base strengthis measur

Hlions; [1 mark]
[Total: 3 marks]

e Thereisacleartrendins
o The solubility of the
» Magnesium hydroxide, Mg
water, and not a solution
» Barium hydroxide, Ba(OH);, is the most soluble - it dissolves to produce a strongly

EXAM.PARERS PRACTICE
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odown the group
2,isalmostinsoluble - itis actually a suspensionin
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Answer 12.

a)The trend inthe expected mass for the precipitates is:

e Calcium hydroxide will have the highest / greatest mass (of precipitate) AND barium
hydroxide will have the lowest / smallest mass (of precipitate)
OR
The mass (of precipitate) will decrease as you move down the group / increase as you move
up the group; [1 mark]

e (Because)solubility of Group 2 hydroxides increases going down Group 2; [1 mark]

[Total: 2 marks]

e This questionis about th lubility of the G sinwater
o Careful: the talk ab ipitatesint ISE8Ct you
e Calciumhydroxide is sp

precipitate

e The solubility of the hydr ' roup

e Barium hydroxide is very ount of precipitate, if
any

EXAM PAPERS PRACTICE
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b) To identify the metal hydroxide in the unknown sample:

» (802/1000)=0.802g(in50cm?)
AND
(0.802x20) =16.04 g dm>(in1000 em?); [1 mark]
e (The unknownmetal hydroxide is) strontium hydroxide: [1 mark]

[Total: 2 marks]

e Ananswer of strontium hydroxide cannot be achieved without a supporting calculation
Careful: The informationy S but you have information
inmg and em?
o 1g=1000mg
o 1dm®=1000cm?
¢ Toconvertthe mass fro ideb
¢ Toscalethe massaccor to the volume
e Useyouranswertoiden he correct metal hydroxide from
closestvalue
e There will always be differencesbe n experimental values and databook tables
o Inthis question, the mainrea for the difference could be due to the temperature
of the water and impurities in the unknown sample

EXAM PAPERS PRACTICE
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able by choosing the
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c)

i) The balanced symbol equation for the reaction between magnesium hydroxide and sulfuric
acidis:

Mg(OH); (s) + H2SO04(aq) — MgSO4 (aq) + 2H,0 (1)

« Correct formulae; [Imark]
e Correctbalancing; [ mark]

ii) The differencesin the observations between the reactions of magnesium hydroxide with
sulfuric acid and barium hydr

e \With magnesium hydroxide a colourlessso

e With barium hydroxide a
¢ Because bariumsulfate
AND
Magnesium sulfateis sol

[Total: 5 marks]

e Group 2 hydroxides are bases so'when they react with sulfuric acid they produce a Group 2

EXAM-2ARERS - HRACTICE

soluble - hence it will need the (aq) state symbolin the equation
GCEF}}'IUlﬂhi&ear the bottom of the group so barium sulfate is insoluble and it forms a white

© pEGdtemam Papers Practice

* The formation of barium sulfate as a white precipitate should be familiar as the addition of
bariumionsis atest forthe presence of sulfate ions

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 13.

a)i) An equation showing the thermal decomposition of calcium nitrate, Ca(NOsz); is:
e 2Ca(NOgz); — 2Cal + 4NO; + O3; [ mark]
ii) Explaining how the thermal stabilities of the nitrates vary down Group 2:

e (Downthe group the nitrates) become more stable / are more difficult to decompose /
need a higher temperature (to decompose); [ mark]
¢ Because the (ionic) radius of the cation/ Group 2ion /M?" increases

OR
The charge density of th ses,
e Thus causingless polari n/distortion o i ateion; [Imark]

i} When lithium nitrate is hea

e Brown/orange fumes/ would be evolve
OR
Glowing splint relights; [

[Total: 5 marks]

EXAM PAPERS PRACTICE
¢ The explanation about the trend in the thermal stability of Group 2 nitrates is worth learning
ﬂﬁﬂi@malso be used to explain the trend in the thermal stability of Group 2 carbonates

(Ce Eﬂﬁs@am%mdﬁpmﬂwen lithium nitrate thermally decomposes arise due
tothe gasesthat are evolved in the reaction:

o Nitrogendioxide is a brown / orange gas
o Oxygenwouldrelight a glowing splint

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The volume of gas given off when a 10.0 g sample of this mixture decomposesis:

Method 1:

e Massof mixture =211.6 + (3x12)=247.6;: [1 mark]

e Moles of mixture = % =0.0404 (mol); [Tmark]

e Noof molesof gas produced=0.0404 x4 = 0.1616 (mol)

AND
Volume = 0.1616x24 = 3.88 OR 3.9 dm>: [1 mark]

Method 2:

e Massof mixture =211.6 + .6;[1m
e Imole/247.6 g of mixtur edx?2 S, ark]

247 6 = 3.880R3.9dm>; [

e 96 x

e 10.0 g of mixture will pro

[Total: 3 marks]

e The mass of one mole of the mixt an be calculated by adding together the molar

masses of the reactants:

FXAMPAPERS.PRACTICE

Cotiﬁ : tpefollowing:
© Zggﬁ 7 EbDPapers Practice

o 2molesof CO5

o ImoleofCO
e N7, CO;and CO are gases which means that a total of 4 moles of gas are produced for

every 1 mole of the reaction mixture
¢ Youwouldlose amark for not including carbon in the mass of the mixture - this would give a

final answer of 4.54 dm? which would score 2 marks
¢ Eithermethodis equallyvalid, choose which makes the most sense toyou

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The percentage lossinmass that would be observed when a sample of dolomite is heated at
a hightemperature until the reaction had finished s:

o M, (CaMg(COz)7)=401+24.3+24 +96=184.4; [1mark]
s M (2C0O5)=2x44=88;[1mark]

:434 x100 = 47.7% OR 48%: [1 mark]

¢ %% lossinmass=

[Total: 3 marks]

* When Group 2 carbona
carbondioxide are for

* |nthisreaction, bothcal
o CaMg(COz); —Ca

* So, Imole of dolomite
dioxide are producedf

¢ Thiswillbe the mass tha
of the mass of dolomite

tions, a metal oxide and

produced:
& grams of carbon

ost as carbon dioxide which can alculated as a percentage
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