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Answer all questions

This question refers to calcium chioride, made up of Ca®* and Cl-ions.

(a) Complete the table below.

. number of
species
protons | electrons
Ca2+
Cl-
[2]
{b) Complete the electronic configuration of Ca?*,
182 ettt ettt aa s e e e st e R e e A e e e E e R eA A e et ah et e e e eeabesnine et s b ea e renaeae (1]
(c) (i) Whatis the formula of calcium chloride?
............................................................................................................................... [1]

(i) Using outer electron shelis only, draw a ‘dot-and-cross' diagram of calcium chloride.

(2]

(iii) How is a solid structure of calcium chloride held together?

(d) When an electric current is passed through aqueous calcium chloride, chlorine gas is
released. The overall equation for the reaction taking place is shown below.

CaCl,(aq) + 2H,0(l} — Ca(OH),(aq} + H,(g) + CL(g}
(i) Predict what would happen to the pH of the solution. Explain your answer.

(i) Explain why an aqueous solution of caicium chloride conducts electricity whereas
solid calcium chloride does not.
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(e) 72cm? of chlorine gas were collected and shaken with water.
The following reaction takes place.
CL(g) + H,O() — HCIO(aq) + HCl(aq)

(i) Determine the oxidation number of chlorine in

(i) How many moles of CL, were collected?

[Under the conditions used, 1 mol of gas molecules occupies 24 dm3.]
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2  The first ionisation energies of the elements Na to K are represented in Fig. 2.1 below.

2000
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/kJ moi™!

istionisation energy

CL o Ar

Fig. 2.1

(a) Define the term first ionisation energy.

{b) Explain why
(i) the first ionisation energies show an overall increase from Na to Ar;

............................................................................................................................... [3]
(i) the first ionisation energy of Al is less than that of Mg.
............................................................................................................................... [2]
{c) Explain the difference between the first ionisation energies of Ar and K.
...................................................................................................................................... [3]
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(d) Refer to Fig. 2.1 to answer this question. v

Estimate a value for the first ionisation energy of Ne.
First ionisation energy of Ne = .....cccccoeicvvercrericneecnnan. kJ mot™! (1]

(e) Write the equation, including state symbols, for the change that accompanies the third
ionisation energy of aluminium.

[Total : 14]
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The formation of magnesium oxide, MgO, from its elements involves both oxidation and
reduction in a redox reaction.

(a) (i) Whatis meant by the terms oxidation and reduction?

B 10211 7s) £ N UUUUU OO U OO PRSP OUSSPIPSSR PP
2y 10 o 1o 11 EUVOUUUR U OO PP PPOPSPPTO PP
........................................................................ {2]
(i) Write a full equation, including state symbols, for the formation of MgO from its
elements,
............................................................................................................................... 2]

(iii) Write half equations for the oxidation and reduction processes that take place in
this reaction.

B30 lo 1= 1o I PUR VPSPPI
F0=Y0 [ ox 1 (o) 1 N ORI 2}
(b) MgO reacts when heated with acids such as nitric acid, HNO,.
MgO(s) + 2HNO,(aq) — Mg(NO,),(aq) + H,O()

A student added MgO to 25.0 cm?3 of a warm solution of 2.00 moldm=3HNO, until all the
acid had reacted.

(i) How would the student have known that the reaction was complete?

...................................................................................................................................

............................................................................................................................... [1]
(i) Calculate how many moles of HNO, were used.
ANSWEN .o moles [1]
(iii) Deduce how many moles of MgQ reacted with this amount of HNO.
Answer ... moles [1]
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(iv) Calculate what mass of MgO reacted with this amount of HNG,.
[A: Mg, 24.3; O, 16.0]

Give your answer to three significant figures.

(v) Using oxidation numbers, explain whether the reaction between MgO and HNO, is
a redox reaction.

...................................................................................................................................

...................................................................................................................................

(¢} MgO has a very high melting point.
Explain this property of MgO.

[Total - 16]
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The compounds NH,, BF, and HI all have covalent bonding and simple molecular
structures. The Pauling electronegativity values shown in Table 4.1 below can be used to
predict polarity in these compounds.

2.1

Li
1.0

Na
0.9

08 |

Table 4.1

(a) Explain the term electronegativity.

..........................................................................................................................................

......................................................................................................................................

(b) The electronegativity values in Table 4.1 can be used to predict the polarity of a bond.

In the boxes below, show the polarity of each bond by adding 8+ or 8- to each bond.

The first box has been completed for you.

5—0_H5+

[2]

(¢} Using outer electron shells only, draw 'dot-and-cross' diagrams for molecules of NH,

and BF3.

NH

3 BF;
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(d) The diagrams below show the shapes of molecules of NH; and BF.

In the spaces below each diagram, state the bond angle in each molecule and state the

name of each shape.
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N,
H

H

bond angle:

bond angle:

shape:

shape:

(e) Explain why NH, has polar molecules whereas molecules of BF; are non-polar.

..........................................................................................................................................

(f) Polar molecuies of NH, form hydrogen bonds. Draw a diagram to show this hydrogen

bonding.

{(g9) NHj, reacts with HI to form the ionic compound NH,I, made up of NH,* and I~ ions.

(i) Explain why the H-N—-H bond angle in NH, is less than that in NH,*.

{(ii) Describe a simple test to confirm the presence of [” ions in an acidified solution of

NH,I.

NHg + HI — NH,I

2811 Jan02

[4]

(1

[Total : 17]
[Turn over



5

caco, e, +

Downloaded from http://w%N.thepaperbank.co.uk

In the UK, over 60 million tonnes of limestone are quarried each year. Much of this limestone
is used to produce cement. The main chemical in limestone is calcium carbonate, CaCo,.

(a) Complete the flow-chart below for reactions starting from calcium carbonate. You
should identify each of the substances A-F by name or formula.

solid A gas B

excess water

Y

HCl{aq)
- +

solution C solution D liquid E

CO4(0)

Y

excess CO,(g)

e
ol

milky suspension of
CaCO; in water

solution F

(6]

(b) Cement is a mixture of caicium and aluminium silicates, formed by heating limestone
with clay.

4CaCOq4(s) + ALSI,0,(s) — 2CaSiO4(s) + CazAlzds(s) +4C0,(g)
clay b /

-
cement

A typical bag of cement has a mass of 25 kg. Calculate the mass of limestone (taken as
calcium carbonate) required to make 25 kg of cement.

The molar mass of cement, taken as (2CaSiO; + Ca,ALO,), is 446.6 gmol™!

[A: AL 27.0; C, 12.0; Ca, 40.1; O, 16.0: Si, 28.1]

(3]
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{c) Lime mortaris a thick paste made by adding water to a mixture of slaked lime, Ca(OR),, e

and sand. As mortar dries out the slaked lime reacts with carbon dioxide in the air,
forming calcium carbonate which causes the mortar to harden.

(i) Write an equation to represent the hardening of mortar. Assume the sand does not
react.

(i)} Intime, lime mortar crumbles and needs to be replaced. Suggest why this happens
more quickly when the mortar is exposed to air contaminated with acidic pollution.

...................................................................................................................................

[Total : 11]
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In this question, 1 mark is available for the quality of written communication.
The halogens have different reactivities.

(a) Describe how displacement reactions can be used to show the different reactivities of
chlorine, bromine and iodine.

In youf answer, you should include equations and observations. [4]
{b) Explain the trend in reactivity of the halogens. (4]
[Total : 8]

..........................................................................................................................................

..........................................................................................................................................

.........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

.........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

2811 Jan02

For
Examiner's
Use



For
Examiner's
Use

Downloaded from http://www.thepaperbank.co.uk
13

In this question, 1 mark is available for the quality of written communication.

Analysis of a sampie of bromine in a mass spectrometer showed that it contained a mixture
of the 7°Br and 81Br isotopes in the proportions: 72Br, 55.0%; 8'Br, 45.0%.

(a) Calculate the reiative atomic mass of bromine in this sample.

2l

{b) Outline the basic principles of a mass spectrometer and how mass spectrometry can be
used to confirm this isotopic abundance. [6]

[Total : 8]
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