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The three states of matter are solid, liquid and gas.

(@) Complete Table 1.1 to describe the structures of solids, liquids and gases in terms of
particle separation, particle arrangement and particle motion.

Table 1.1

state of matter | particle separation | particle arrangement particle motion

solid touching

liquid

gas random random

[3]
(b) Substances can physically change.
Name each physical change:
LT | To I (o 2 1T [ U o PP
L -~ < (o 38 1o [ U o PR

LI Vo] o I (o JF= To |8 1Yo LU T PP PPPRR

[3]
(c) Gases diffuse.

(i) Describe, in terms of particles, why gases diffuse.

(d) Gaseous oxides of nitrogen are atmospheric pollutants. One adverse effect of oxides of
nitrogen is the formation of acid rain.

State two other adverse effects of oxides of nitrogen.
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(e) In a catalytic converter, oxides of nitrogen are removed by reaction with the toxic gaseous
product of the incomplete combustion of hydrocarbon fuels. Two non-toxic gases are formed
in this reaction.

(i) Name the toxic gaseous product of the incomplete combustion of hydrocarbon fuels.

..................................................................................................................................... [1]
(ii) Name the two non-toxic gases formed in the catalytic converter.
L PRSP
2 et oLt e et e e e eat e e e ettt e R te e e et e e e oAbt e e aRe et e aRbe e e an et e e anaeeeaneeeaanneeeneeas
[2]
[Total: 13]
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(@) The iron compound in the main iron ore used in the blast furnace is iron(IlI) oxide.

(i)

(ii)

(iii)

(iv)

(v)

State the name of the main iron ore used in the blast furnace.

..................................................................................................................................... [1]
State how the main source of heat is provided in the blast furnace.
..................................................................................................................................... [1]
Name the gaseous reducing agent in the blast furnace.
..................................................................................................................................... [1]

Write a symbol equation for the reduction of iron(III) oxide by the gaseous reducing
agent in (a)(iii).

The main impurity in iron ore is silicon(IV) oxide.

Write two symbol equations to show the role of limestone in removing silicon(IV) oxide
from iron ore.

L e e e e e e e et e e ee e eeeeeteeeeeet e eeeeeaeeeeeeaeaaearaaaaaans
2 s
(2]

(b) Table 2.1 shows four different isotopes of iron, A, B, C and D.

Table 2.1
A B C D
S4Fe S6Fg STFe 58Fg
Explain why A, B, C and D are isotopes of iron.

............................................................................................................................................. [2]
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(c) lIron can form two different ions, Fe?* and Fe3*.

(i) Complete Table 2.2 to show the number of protons, neutrons and electrons in the two
iron ions shown.

Table 2.2
54F62+ 58F63+
protons
neutrons
electrons
[3]
(i) Describe a test for aqueous Fe?* ions.
[0S SO PPSPPPPPTPIR
o] 0157 Y 2= Lo o - PP
[2]
(d) An oxidising agent converts Fe2* ions to Fe3* ions.
(i) Define the term oxidising agent.
..................................................................................................................................... [2]
(ii) Explain why the conversion of Fe2* ions to Fe3* ions is described as oxidation.
..................................................................................................................................... [1]

(iii) The oxidising agent for the conversion of Fe2* ions to Fe3* ions is aqueous potassium
manganate(VII).

State one condition needed for the oxidation to take place.

(e) lodide ions, I-, reduce Fe3* ions to Fe2* ions in aqueous solution.

Suggest the identity of the other product formed in this reaction.

[Total: 19]
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A student prepares a sample of the insoluble salt barium sulfate, BaSO,.
The student adds aqueous sodium sulfate, Na,SO,(aq), to aqueous barium chloride, BaCl,(aq).

The student carries out the following steps.

step1 Dissolve 0.100 moles of solid BaCl, in 100cm? of distilled water in a beaker to
form BaCl,(aq).

step2 Add an aqueous solution which contains 0.100 moles of Na,SO,(aq) to the beaker
containing the BaCl,(aq) from step 1.

step 3  Stir the mixture and then filter it.
step 4 Dry the solid left in the filter paper.
(@) Complete the symbol equation for the reaction. Include state symbols.

BaCl,(aq) + Na,SO,(aq) — BaSO,(.....) + ..., (o)
[2]

(b) Calculate the mass of solid BaCl, dissolved in step 1.

(c) The concentration of Na,SO,(aq) in step 2 is 1.25 mol/dm3.

Calculate the volume, in cm?3, of 1.25mol/dm?3 Na,SO,(aq) added in step 2 which contains
0.100 moles of Na,SO,,.

(e) The mixture is filtered in step 3.

State the general term given to a solid left in the filter paper after filtration.
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(f) The actual mass of dry BaSO, collected in step 4 is greater than the expected mass. This is
because the student should do an additional step between step 3 and step 4.

Suggest what the student should do in this additional step, and explain why the actual mass
collected is greater than the expected mass.

............................................................................................................................................. [2]
(g) State the name of this method of salt preparation.
............................................................................................................................................. [1]
(h) State the name of a different:
*  barium salt that can be used in place of BaCl, ..........cccccooiiiiiiiiiiii,
* sulfate salt that can be used in place of Na,SOy ....oovviiiiiiiiiiiiii,
*  barium salt that can be made by this method. ...
3]

[Total: 13]
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Nitric acid, HNO,, and sulfuric acid, H,SO,, are strong acids. Ethanoic acid, CH;COOH, is a
weak acid.

(a) One mole of each acid is added separately to 1000cm? of distilled water to form a dilute
solution. All three acids dissociate in distilled water.

(i) State the formula of the common cation produced when each of the three acids
dissociates in water.

..................................................................................................................................... [1]
(ii) Explain, in terms of dissociation, why:
* nitric acid is described as a strong acid
* ethanoic acid is described as a weak acid.
[2]
(iii) State which of the three dilute acids will have the highest pH value.
..................................................................................................................................... [1]
(iv) State the colour of thymolphthalein in all three dilute acids.
..................................................................................................................................... [1]
(v) Give the formula of the anion formed when:
*  sulfuric acid dissociates in water
* ethanoic acid dissociates in water.
[2]

(vi) Name the two gaseous products formed during the electrolysis of dilute sulfuric acid
using inert electrodes.

(vii) Name the salt formed when calcium reacts with ethanoic acid.
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(b) Aluminium nitrate, AI(NO,),, is made when dilute nitric acid reacts with aluminium hydroxide,
AI(OH),.

(i) AI(OH), acts as a base in this reaction.

Define the term base.

(i) AI(OH); is not an alkali.

State what this tells you about the solubility of AI[(OH),.

(iii) Name one other compound which forms aluminium nitrate when added to
dilute nitric acid.

..................................................................................................................................... [1]
(iv) The oxidation number of the O atoms in AI(NO,); is —2.
The formula of the aluminium ion in AI(NO,), is A3+,
Determine the oxidation number of the N atoms in A[(NO;),.
Show your working.
oxidation numberof N= ............................. [2]
[Total: 15]
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This question is about the homologous series of alkanes.

Three general characteristics of alkanes are:

* they are generally unreactive because they do not have a functional group
* they show trends in their physical properties, such as melting points and boiling points
* they have similar chemical properties.

(@) Describe two other general characteristics of the homologous series of alkanes.

(ii) Name one other physical property of alkanes that shows a trend, other than melting

points and boiling points.

Describe this trend as the carbon chain length of alkanes increases.

LA F= 0 0 SRS
(o =T Yo7 ] ) o] o SRR
[2]

(c) State why alkanes are described as saturated.
............................................................................................................................................. [1]
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(d) Propane has the structural formula CH,CH,CH,.

When propane undergoes a monosubstitution reaction with chlorine at room temperature,
two organic products can be formed.

(i) State one condition needed for this substitution reaction to take place.

..................................................................................................................................... [1]
(ii) Give the structural formula and state the name of each organic product formed.
e structural formula of product 1
(aE=T o LI o] i o] oo 11 o At PP
e structural formula of product 2
NAME OFf PrOAUCE 2.....eeiiiiiiiiiii bbb a s s s s s s s s s s s s beeeeeeeeeeeeeeeees
[4]
(iii) The two products formed are structural isomers of each other.
Define the term structural isomers.
..................................................................................................................................... [1]

[Total: 12]
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Compound E shown in Fig. 6.1 is an ester.

//O

CH;—CH;—CH;—C
O— CH;,—CH,

Fig. 6.1

(@) On Fig. 6.1, draw a circle around all the atoms which make up the ester linkage. [1

(b) Name compound E.

(d) Compound E is produced when two different compounds react together in the presence of a
catalyst.

(i) Name the two compounds that react together to produce compound E.

L PR
2 et eteeeeteee ettt e e —eeeateee e teee ettt e ateeeantee e e eeeeanaeeeanteeeanteeeanteeeanteeeaneeas
[2]
(ii) Suggest a suitable catalyst for this reaction
..................................................................................................................................... [1]
(e) Determine the number of unbranched esters which have the molecular formula C;H,,0
............................................................................................................................................. [1]

(f) All unbranched esters with the molecular formula C;H,,0, combust completely to form
carbon dioxide and water only.

Write the symbol equation for the complete combustion of C;H,,0, .

[Total: 8]
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