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16 The atomic radii and ionic radii for three elements in Period 3 are shown.

A-Level Chemistry: w25 21

atomic radius/nm ionic radius/nm

element X 0.118 0.053
element Y 0.099 0.180
element Z 0.160 0.072

Using this data, which statement is correct?

A

B
Cc
D

Element X has lower electrical conductivity than element Y.
Element Y has a higher melting point than element X.
Element Y and element Z react to form an ionic compound.

Element Z forms ionic compounds by gaining electrons.

18 Which oxide has a simple structure rather than a giant structure?

A

MgO B Ale3 C S|02 D P401o

Chromium, Cr, and its compounds are widely used in many chemical reactions.

(a) Crexists as four stable isotopes.

U]

(i)

(iii)

(iv)

The most common isotope of Cr is chromium-52.

Determine the number of protons, neutrons and electrons in an atom of chromium-52.

number of protons .................. neutrons ...........c...... electrons ..o

Describe how an atom of chromium-54 differs from an atom of chromium-52. Refer to
numbers of particles in your answer.

The relative isotopic masses of the isotopes of Cr can be determined using mass
spectrometry.

State what other information is needed to calculate the relative atomic mass, A, of Cr.

Atoms of %2Cr, 53Cr and 54Cr make up more than 95% of naturally occurring chromium
atoms. The A, of naturally occurring Cr is 51.996.

Suggest what these statements imply about the relative isotopic mass of the fourth stable
isotope of chromium.

..................................................................................................................................... 1]
(b) The shorthand electronic configuration of chromium is [Ar] 3d%4s".
(i) Complete the full electronic configuration of chromium.
........................................................................... 3d%4s! [1]
(ii) Deduce the total number of unpaired electrons in an atom of chromium
..................................................................................................................................... [1]
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(c) Acidified dichromate(VI) ions will convert methanal, CH,0, to carbon dioxide. The movement
of electrons to or from relevant species is shown in the following half-equations.

half-equation 1 CH,O0 + H,0 - CO, + 4H" + 4e”
half-equation 2 Cr,0,2 + 14H* + 6e~ — 2Cr¥* + 7H,0

(i) Identify the species that is reduced in half-equation 2. Explain your answer.

(ii) The oxidation state of the carbon atom in methanal is 0.

Calculate the oxidation state of carbon in carbon dioxide.

(iii) Construct the ionic equation for the reaction of dichromate(VI) ions with methanal in
acidic conditions.

(iv) Methanal is a liquid at —=30°C but carbon dioxide is a gas at this temperature. Explain
why.
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(d) In acidic conditions, a dynamic equilibrium is established between Cr042‘(aq) and
Cr,0,%(aq).

2Cr0,%~(aq) + 2H*(agq) = Cr,0,%7(aq) + H,O()) AH>0
(i) State what is meant by dynamic equilibrium.

(ii) Identify the condition necessary to establish dynamic equilibrium.

(iii) CrO42‘(aq) ions are yellow and Cr2072‘(aq) ions are orange.

State what is observed when the following changes are made to an equilibrium mixture
of acidified CrO,?~(aq) and Cr,0,2(aq) ions.

Explain your answers.
*  The equilibrium mixture is warmed gently.
ODSEIVALION ..o

EXPIANATION ...

* Dilute HCIl(aq) is added to the equilibrium mixture.
o] o FY=T V- 111 ] o IR PUPRPRPP

EXPIANATION ... a e

(e) Chromium(IV) fluoride, CrF 4, is a covalent molecule that shows similar chemical properties to
SiCl,.
4

Suggest the type of reaction that occurs when CrF, is placed in water.
Construct a relevant equation for this reaction.
EYPE OF FEACHION ... ettt e e ettt e e e et e e e e enteeaeeennneens

[=To U E= 14 IR PSP PRP PPN

[Tatal- 201



Name: :)— A-Level Chemistry: w25 23

2 The Period 3 elements show trends in physical and chemical properties across the period.
(a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl.

The ionic radius of Si is not shown.
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(b) Table 2.1 gives some information about some of the Period 3 oxides.
Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na,O MgO AL,O4 SiO, P,O4 S04

oxidation number of

Period 3 element +3

pH of solution

250
200 ]
150+ I Key
radius/pm . atomic radius
1004 | []ionic radius
50 -
O_ L

Na Mg Al Si P S Cl

Fig. 2.1
(i) Explain the trend shown in the atomic radii of the Period 3 elements Na to CL.

(i) Complete Table 2.1. [2]
(ii) State why there is no data given in row B for A7,0, and SiO,,.
..................................................................................................................................... [1]
(c) (i) Write an equation for the reaction of Na,O with dilute hydrochloric acid.
..................................................................................................................................... [1]
(ii) Construct an equation for the reaction of AL,O, with a base to form NaAlO,,.
..................................................................................................................................... [1]
(d) Group 2 nitrates decompose on heating to form oxides.
(i) State the trend in thermal stability of the Group 2 nitrates down the group.
..................................................................................................................................... [1]
(ii) Identify the other products of the thermal decomposition of Group 2 nitrates.
..................................................................................................................................... [1]

[Total: 11]



