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1 Particles behave differently when in different physical states.

(a) Solids have a fixed volume and a definite shape.
Gases have no fixed volume and take the shape of the container.

Describe the volume and shape of liquids.

(b) Complete the table to show the separation, arrangement and movement of particles in each
physical state.

state separation of particles arrangement of particles movement of particles
solid
liquid touching one another randomly arranged move over one another
gas

[6]

(c) Name the following changes of state.

(i) Ice turning into water.

[Total: 9]
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2 This question is about atoms, ions and isotopes.

(a) Define the term nucleon number.

.............................................................................................................................................. [2]
(b) Give the electronic structure of the following atom and ion.

I F= PO URR RPNt

RIS SPPPRRRIR | U, . . R

[2]

(c) State one medical use of radioactive isotopes.

.............................................................................................................................................. [1]
(d) What is meant by the term relative atomic mass?

.............................................................................................................................................. [2]
(e) Suggest why the relative atomic mass of chlorine is not a whole number.

.............................................................................................................................................. [2]
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(f) Aluminium is a metal in Group llI.

Describe the bonding in aluminium.
Include a labelled diagram and any appropriate charges in your answer.

[3]

[Total: 12]
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3 Clean, dry air contains a small amount of carbon dioxide.
(@) The percentages of the other gases present in clean, dry air are shown in the table.

Complete the table by inserting the names of these gases.

name of gas percentage present
78
21
1
[2]
(b) Oxides of nitrogen are atmospheric pollutants which can cause acid rain.
Describe the formation of oxides of nitrogen and suggest how they can cause acid rain.
.............................................................................................................................................. [3]
(c) Methane contributes to the greenhouse effect.
State two sources of methane.
LT = A OO
. > ) PP
[2]
(d) Combustion and respiration add carbon dioxide to the atmosphere.
Name one natural process which removes carbon dioxide from the atmosphere.
.............................................................................................................................................. [1]

[Total: 8]
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4  Dilute nitric acid behaves as a typical acid in some reactions but not in other reactions.

(a)

(b)

Dilute nitric acid behaves as a typical acid when reacted with copper(Il) oxide and with
copper(Il) carbonate.

Describe what you would see if excess dilute nitric acid is added separately to solid samples
of copper(Il) carbonate and copper(II) oxide followed by warming the mixtures.

copper(I) carbonate

When dilute nitric acid is added to pieces of copper and heated, a reaction takes place and
copper(II) nitrate is formed.

(i) Part of the chemical equation for the reaction between copper and dilute nitric acid is
shown.

Complete the chemical equation by inserting the formula of copper(II) nitrate and balancing
the equation.

...... Cu(s) + 8HNOL(EG) = ovceverevereesnresnenn(@q) + 4H,0(1) + 2NO(g)
(2]

(i) How is the reaction of dilute nitric acid with copper different from that of a typical metal with
a typical acid?

[Total: 7]
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5 Chlorine, bromine and iodine are halogens.

(@) Chlorine can be made in the laboratory by heating manganese(IV) oxide with concentrated
hydrochloric acid.

MnO,(s) + 4HCI(aq) —» MnCl,(aq) + 2H,0(l) + CIl,(9)
Calculate the volume of 8.00 mol/dm?® HCI(aq) needed to react with 3.48g of MnO,,

e moles of MnO, used

................................ mol
e moles of HCI needed
................................ mol
e volume of HCI needed
................................ cm?
[4]
(b) A student bubbled chlorine gas into a test-tube containing aqueous potassium bromide.
(i) Describe the colour change seen in the test-tube.
frOmM (o (o T
[2]
(ii) Complete the ionic equation for this reaction.
Include state symbols.
Cl(g) + ...... Br(aq) —» ..ooeeieen o
[3]
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(c) When one mole of bromine, Br,, reacts with one mole of propene, one organic product is
formed.

(i) Which part of the propene molecule reacts with bromine?

(d) When one mole of chlorine, Cl,, reacts with one mole of propane, a mixture of two structural
isomers is formed.

(i) Whatis the name of the type of reaction which takes place between chlorine and propane?

(iii) Draw the structure of two structural isomers formed when one mole of chlorine reacts with
one mole of propane.

[2]
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(e) lodine forms an oxide which has the composition by mass: I, 76.0%; O, 24.0%.

(i)

(ii)

© UCLES 2016

Use this information to determine the empirical formula of this oxide of iodine.

empirical formula ..........cccoovieniiins [3]
The oxide of iodine in (e)(i) dissolves in water.

Predict and explain the effect of adding Universal Indicator to an aqueous solution of this
oxide of iodine.

effect on UNIVersal INAICATOr ....cooeeee e e

L= (o] F=T =i ] o I PP

[Total: 21]
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6 Aluminium is a very important metal.

Aluminium is extracted from its ore, bauxite, by electrolysis. Bauxite is an impure form of aluminium
oxide, AL,O,.

(@) Describe how aluminium is extracted from bauxite. Include an ionic half-equation for the
reaction at each electrode.

(o 1=Y Yo g o] (o] o NS SP OO

ionic half-equation for the anode reaction ..o

ionic half-equation for the cathode reaction............cccooooiiiiiiiii s

(b) Explain why the anodes have to be replaced regularly.

(c) Give two uses of aluminium and give a reason why aluminium is suitable for each use.

[Total: 11]
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Question 7 starts on the next page.
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7 Proteins are a major constituent of food.
Proteins are polymers.
(@) Whatis a polymer?

(b) Proteins can be converted into amino acids.

(i) Name the type of chemical reaction which occurs when proteins are converted into amino

acids.
....................................................................................................................................... [1]
(ii) Suggest a condition needed to convert proteins into amino acids.
....................................................................................................................................... [1]
(c) A colourless mixture of amino acids was separated by chromatography.
Amino acid X has an R, value of 0.8.
The chromatogram of the mixture after treatment with a locating agent is shown.
solvent front
baseline
(i) How is an R, value calculated?
R =
[1]
(ii) On the diagram put a ring around the spot caused by amino acid X. [1]
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(iii) Describe how you would perform a chromatography experiment to produce the

chromatogram shown in (¢). Assume you have been given the mixture of amino acids and
a suitable locating agent. You are provided with common laboratory apparatus.
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(d) When one molecule of an amino acid A combines with one molecule of another amino acid B,
two different dipeptide molecules could be formed.

Draw the structures of the two different dipeptide molecules.
Show all of the atoms and all of the bonds in the linkages.

amino acid A amino acid B

H\ 0 H 0
/N—:l—c/( e

H O—H H O—H

[3]

[Total: 12]
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