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10.1 Similarities and trends in the properties of the Group 2 met-
als

51. 9701_w20_qp_21 Q:1
The graph shows the first ionisation energies of some of the elements in Group 2.
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(a) Write an equation for the first ionisation energy of Mg. e
Include state symbols. ®

S 4

(c) The secon@ioni rgy of Be is 1757 kJmol-".
®

Explain why the"second ionisation energy of Be is higher than the first ionisation energy of Be.

[Total: 6]
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52. 9701 _w20_qp_ 22 Q:2

The Period 3 elements, Na to S, all react with oxygen to form oxides.

(a) State the trend in acid/base behaviour of the oxides of the Period 3 elements, from Na to S.

(b) State and explain the trend, from Na to S, in the maximum oxidation number of the Period 3
elements in their oxides.

(c) Sodium oxide and phosphorus(V) oxide both react with water. Q\b

Name the product of each reaction. (

reaction t

sodium oxide with water

phosphorus(V) oxide with water

N
(@1 a low melting point of approximately 300°C but

point of approximately 2850°C.

(d) Explain why phosphorus(V.
magnesium oxide has a hi
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(e) Aluminium oxide, AL,Q,, reacts separately with both acids and alkalis.

(i) Write an equation for the reaction of aluminium oxide with excess aqueous hydrochloric acid.

(f) Describe the lattice structure of silicon(IV) oxide.

Your answer should include reference to the arrangement of the silicon and oxygen atoms and
the bonds between them.

(g) Sodium oxide and silicon(IV) oxide react to form sodiu i IV), Na,SiO,.
Sodium oxide is obtained from the thermal deco &sodium carbonate.
Write equations for the following reactions: %
(i) sodium oxide with silicon(IV) oxid%
(1]

(ii) thethermal decompositi itm carbonate, forming sodium oxide and carbon dioxide.

[Total: 14]

T"i'.’PapaCambridge



ks -
_"qu ps%gﬁmp I]\!Ddlgi?DS IN THE PROPERTIES OF THE GROUP 2 METALS 139

53.9701_s19_qp 21 Q: 1

(a) Group 2 elements share common chemical properties.
(i) Calcium reacts in cold water more quickly than magnesium because more energy is
required to remove the outer electrons in magnesium. This occurs even though calcium
atoms have a greater nuclear charge.

Explain why more energy is required to remove the outer electrons in magnesium than in
calcium.

(ii) 0.001mol of strontium reacts with an excess of cold water. When the reaction.is .complete
a colourless solution is seen.

Construct the equation for the reaction of strontium with cold water.dnclude state symbols.

(iii) 0.005mol of calcium and 0.005mol of strontium are added separately to two beakers.
Each beaker contains 100 cm? of cold water.
At the end of each reaction a white solid and a colourless solution are seen in both beakers.

Predict which element, calcium or strontium, produces the more alkaline solution. Explain
your answer.

(iv) Describe one obsewﬁhen magnesium carbonate is added to excess dilute sulfuric

acid.
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(b) Element X is a metal. X reacts with oxygen to form a black solid oxide. The oxidation state of
X in this oxide is +2. The carbonate of X, XCO,, is a green solid. It decomposes on heating to
form the oxide and a colourless gas.

(i) From the information given, state two similarities and one difference that metal X and its
compounds have with Group 2 metals and their compounds.

10 aT1E= T Y USSP P RSP R

[Total: 12]
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54.9701_s19_qp_23 Q: 3

(a) Magnesium reacts with oxygen to form magnesium oxide.

State two observations that would be made when magnesium is heated strongly and placed in
a gas jar of pure oxygen.

.............................................................................................................................................. [1]
(b) Acid indigestion is caused by an excess of hydrochloric acid in the stomach.
Magnesium oxide is commonly found in indigestion tablets.
(i) Give the equation to show how magnesium oxide relieves acid indigestion.
...................................................................................................................... . e [1]
(i) Name the type of reaction that occurs in (b)(i). q
.................................................................................................. @ [1]
(c) Magnesium oxide is described as a ceramic material. It ha elting point.
State and explain why ceramic materials such as ma i xide have high melting points.

(d) Magnesium oxide can be
(i) Write an equatio eaction. Include state symbols.

on occurring during this process.

[Total: 7]
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55. 9701 _s18_qp_22 Q: 1

Sodium and magnesium are the first two elements in the third period.

(a) Sodium and magnesium both react with cold water to produce the same type of product in
solution. With sodium the solution is clear but with magnesium it appears cloudy.

(i) Write an equation for the reaction of magnesium with cold water.

(b) Group 2 elements, including magnesium, react with oxygen and with dilute acids. There are
trends in both the physical and chemical properties of the elements and their compounds down
the group. Reactivity generally increases from Mg to Ba.

(i) Explain why there is a general increase in reactivity from Mg to Ba.

(ii) Give two observations for the reaction of magnesium with oxygen. Write an equation for
this reaction. Include state symbols.

equation 0 Q ......................................................................................

(3]
(iii) Write an equation for reaction of magnesium with sulfuric acid.
.................................................................................................................................. 1]
D 4
(iv) Suggest w IS a general decrease in the melting points of the elements down
Group 2.

[Total: 11]
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56. 9701 ml16 qp 22 Q:1

This question is about Period 3 elements and their compounds.
(a) Give an explanation for each of the following statements.

(i) The atomic radius decreases across Period 3 (Na to Ar).

(iv) Magnesiumis a b rical conductor than sodium.
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(b) The flow chart below shows a series of reactions.

Mg(s)
HNO,(aq) ———— | A(aq) | + | B(g)
reagent
X(aq) heat
Y
white precipitate, E(s) MgO(s) + H,O(g) + | C(g) | + | D(g)

(i) Give the formula of each of the compounds A to D.

[Total: 12]
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57. 9701 _s16_qp 21 Q:3
The elements in Group 2, and their compounds, show many similarities and trends in their properties.

(a) Magnesium, calcium, strontium and barium all react with cold water.

(i) Describe what you would see when some calcium is added to cold water.

....................................................................................................................................... [1]

(iii) Describe how the reaction of barium with cold water would differ fro @acﬁon of

calcium in (i) in terms of what you would see.
................................................................................................. .

(b) Magnesium oxide can be formed by the reaction of magnes and oxygen in the air.

(i) Draw a fully labelled reaction pathway diagr: e reaction between magnesium and

' 2
Q""'Q

energy

Y

reaction pathway
[2]

(ii) Explain why there is no visible reaction when a piece of magnesium ribbon is exposed to
the air.
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(iii) Magnesium oxide is used to manufacture heat-resistant bricks for furnace linings in the
steel-making industry.

State and explain the property of magnesium oxide that makes it suitable for this use.

(iv) Suggest a reason why magnesium oxide cannot be used as a lining for any furnaces
containing acidic materials.

®
(c) The nitrates and carbonates of the Group 2 elements, from mag@ o barium, decompose

when heated.
(i) State the trend in the temperature of thermal decol Qf these Group 2 nitrates and
carbonates.

................................................................ [1]
(ii)
................................................................................. [1]
(iii)
................................................................................................ [1]

[Total: 15]
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10.2 Some uses of Group 2 compounds
58. 9701 520 qp_23 Q: 1

(a) A sample of barium is heated in oxygen.

(i) Describe two obhservations for this reaction.

....................................................................................................................................... [2]
(ii) Write an equation for this reaction. Include state symbols.
....................................................................................................................................... [1]
(b) Calcium carbonate can be converted into calcium hydroxide in a two-step proc
calcium step 1 calcium
carbonate oxide
(i) Describe how the two-step process is carried out t calcium carbonate into

calcium hydroxide. Include relevant equations.
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(c) Gallium is a silver-grey solid. Aluminium and gallium share many similar chemical properties.

(i) Construct an equation for the reaction of gallium when heated in oxygen to form
gallium oxide, Ga,0.,.

(ii) Deduce the oxidation number of gallium in Ga,0O,.

(iii) Complete the table by predicting the formula of each gallium-containing product formed
when gallium oxide reacts separately with hot agueous hydrochloric acid and with hot
concentrated sodium hydroxide.

reagents and conditions formula of gallium-containing product

gallium oxide + hot HCI(aq) z

gallium oxide +
hot concentrated NaOH(aq) Vs

[2]

0 [Total: 12]
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59. 9701_s17_qp_21 Q: 3

The properties of elements and their compounds show similarities, differences and trends depending
on the positions of the elements in the Periodic Table.

(a) The positions of some elements are indicated. The letters used are not the symbols of the
elements.

From the elements labelled, give the letter for;

(i) the element that forms an amphoteric oxide, 24" [1]
(ii) the element with the highest first ionisation energy, .0 % .l [1]
(iii) the element that forms a soluble hydroxide and an.insoluble sulfate,  .................... [1]

(iv) the most volatile element in a group that containsielements in all three states of matter at
room temperature and pressure,

..................... [1]
(v) the element that forms the largest c@ ..................... [1]
(b) The elements in Group 2 all @gygen and with water.
(i) State and explainithe itions needed for magnesium to react with oxygen.
D 4
......... P ...t e e e ente e e eteeeeateeeaenteeeestnteeasntnaeseanranaesseeenannrennans | 2]
4
(ii) State what wi e seen during the reaction in (b)(i).
....................................................................................................................................... [1]
(iii) Write an equation for the reaction of magnesium with cold water.
Include state symbols.
....................................................................................................................................... [2]
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(c) The carbonates and nitrates of the elements in Group 2 can all be decomposed by heating.

(i) Write an equation for the thermal decomposition of magnesium nitrate.

(if) The thermal decomposition of calcium carbonate forms a solid product that is industrially
important. This solid product reacts with water to form a compound commonly known as
slaked lime.

Write equations for the thermal decomposition of calcium carbonate and the reaction of
the solid product to form slaked lime.

thermal deComMPOSItION ... ....iiiiii e et e e e e e e rn e e e e nrn e
formation of slaked lIMe ... e
(2]
(d) Calcium carbonate and calcium hydroxide both have an important use in e.
rit.
.................................................. [2]
................................................................ [1]

[Total: 16]
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60. 9701 w16 qp 21 Q:3

The elements in Group 2 and their compounds show various trends in their physical and chemical
properties.

(a) The graph below shows the radius values of the atoms and 2+ ions of the elements in Group 2.
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(i) State and explain which line represent@ ic radii and which represents the ionic

radii.

nt M.

(b) Lisasalt
brown gas is observed and a white solid remains.

When L.

?a
ate
o

®
The white solid di es in water to form a colourless solution of the metal hydroxide M(OH),.

Ad(dition of dilute sulfuric acid to this colourless solution produces a dense white precipitate.

(i) Identify the anion in salt L.

T"i'.’PapaCambridge



CHAPTER 10. GROUP 2

“ JPPapaCambridge

(ii) Identify the element M and write an ionic equation for the formation of the white precipitate
with sulfuric acid.

M=
[=Te (U E=] (o] o O SPPR U S
[1]
(iii) Give the formula of salt L and use it to write an equation for the thermal decomposition of
salt L.
formulaofsaltL ...........................
(= To [T o] o I
(2]
(c) Calcium carbonate and calcium hydroxide can both be used in agriculture to |se acidic
soils.
(i) Wirite ionic equations for the neutralisation of acid by ea i ydroxide and

calcium carbonate.
calcium hydroxide .........cooociieiiiiii e 0& ........................................
calcium carbonate .............ccccoeeiiiie . O

(ii) Suggest and explain why calcium carbonat
this purpose in areas of high rainfall. <

(d) Magnesium react old water and steam.
Give w'é?rm nesium-containing product of each of these reactions.
Wt GOl VAT L e e

1 g IS (== TSROSO R S TR

[Total: 14]
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61.9701_S15_qp_23 Q: 2

The elements in Group |l, and their compounds, show a variety of trends in their properties.
(a) Magnesium, calcium and barium all react with cold water to form hydroxides.

(i) Describe and explain the trend in reactivity of these three elements with cold water.

(ii) Give the equation for the reaction of magnesium with cold water.

(ili) Suggest why the water eventually turns cloudy during the re
water.

(iv) Suggest the equation for the reaction o

(b) The oxides of magnesium, calci arium all react with dilute nitric acid to form nitrates.

(i) Give the equation action of magnesium oxide with nitric acid.

..................................................................................................................... [1

(ii) Statethe t | stability of the nitrates of Group II.
* 0
S

.......... : S

....................................................................................................................................... [1]
(ili) Give the equation for the thermal decomposition of magnesium nitrate.

....................................................................................................................................... [1]
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(iv) Apart from lithium nitrate, the nitrates of the Group | elements decompose in a different
way to those of the Group Il elements.

The equation for the thermal decomposition of potassium nitrate is
2KNO, —» 2KNO, + O,

By identifying any changes in oxidation number, explain which element is reduced and
which is oxidised in this decomposition.

(c) A refractory material is one that does not decompose or melt at very high températures. Over
50% of magnesium oxide production is for use as a refractory material.

Explain why magnesium oxide has a very high melting point.

(d) The word ‘lime’ is usually used to refer to a range of‘calcium-containing compounds that have
a range of uses.

(i) Write equations to show how calcium carbonate can be converted into calcium hydroxide
by a two-step process.

fﬁffffﬁfffffffffﬁfffffﬁéQ .............................................................................. .

A garden pond, with at of 8000dm?3, has been contaminated in such a way that
its pH has fallen to 4. Thistmeans that the concentration of hydrogen ions, H*, in the water is
1 x 10* moldm-2.
(i) Wr&zm i quation for the neutralisation reaction that occurs between hydrogen ions
an rbo s, CO. .
*®
4

3

(iif) Use your equation to calculate the mass of powdered calcium carbonate that would need
to be added to the pond to neutralise the acidity.

[Total: 19]
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