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A list of techniques used to separate mixtures is given below.

fractional simple L. ) ]
distillation distillation crystallization filtration

From the list choose the most suitable technique to separate the following.

water from aqueous copper(Il) sulphate

[Total: 5]
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The table below gives the number of protons, neutrons and electrons in atoms or ion

particle number of number of number of neutrons symbol or
protons electrons formula
A 9 10 10 13 F-
B 11 11 12
C 18 18 22
D 15 18 16
E 13 10 14

(@) Complete the table. The first line is given as an example.

[6]

(b) Which atom in the table is an isotope of the atom which has the composition 11p, 11e

and 14n? Give a reason for your choice.

[Total: 8]
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4

Magnesium reacts with bromine to form magnesium bromide.

(@) Magnesium bromide is an ionic compound. Draw a diagram that shows the formula
the compound, the charges on the ions and the arrangement of outer electrons aroun
the negative ion.

The electron distribution of a bromine atom is 2, 8, 18, 7.

Use x to represent an electron from a magnesium atom.
Use o to represent an electron from a bromine atom. [3]

(b) In the lattice of magnesium bromide, the ratio of magnesium ions to bromide ions is
1:2.

(i) Explain the term /attice.

(iii) The reaction between magnesium and bromine is redox. Complete the sentences.

Magnesium s the e agent because it has
-------------------------------------------- eleCtrOnS-

Bromine has been because it has --------------------------------------------
electrons. [4]

[Total: 10]
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4 Zinc is extracted from zinc blende, ZnS.

(@) Zinc blende is heated in air to give zinc oxide and sulphur dioxide. Most of the sulp
dioxide is used to make sulphur trioxide. This is used to manufacture sulphuric acid.
Some of the acid is used in the plant, but most of it is used to make fertilisers.

(i) Give another use of sulphur dioxide.

(b) Some of the zinc oxide was mixed with an excess of carbon and heated to 1000 °C.
Zinc distils out of the furnace.

2ZnO + C = 2Zn + CO,
C +CO, —» 2CO

(i) Name the two changes of state involved in the process of distillation.
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(c) The remaining zinc oxide reacts with sulphuric acid to give aqueous zinc sulphat
is electrolysed with inert electrodes (the electrolysis is the same as that of
copper(Il) sulphate with inert electrodes).

ions present: Zn?'(aq) SO.*(aq) H*(aq) OH(aq)

(i) Zinc forms at the negative electrode (cathode). Write the equation for this reaction.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(ii) Write the equation for the reaction at the positive electrode (anode).
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (2]
(iii) The electrolyte changes from aqueous zinc sulphate to
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(d) Give two uses of zinc.
1' ....................................................................................................................................
2 (2]

[Total: 15]
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Methylamine, CH3NH,, is a weak base. Its properties are similar to those of ammoni

(@) When methylamine is dissolved in water, the following equilibrium is set up.

CH,NH, + H,0 <= CH,NH} + OH"
base acid

(i) Suggest why the arrows are not the same length.

(b) An aqueous solution of the strong base, sodium hydroxide, is pH 12. Predict the pH of
an aqueous solution of methylamine which has the same concentration. Give a reason
for your choice of pH.

(c) Methylamine is a weak base like ammonia.
(i) Methylamine can neutralise acids.

2CHs;NH, + H,SO, —» (CH3NH3)2 SO,
methylammonium sulphate

Write the equation for the reaction between methylamine and hydrochloric acid.
Name the salt formed.

(ii) When aqueous methylamine is added to aqueous iron(II) sulphate, a green
precipitate is formed. What would you see if iron(III) chloride solution had been
used instead of iron(II) sulphate?

(iii) Suggest the name of a reagent that will displace methylamine from one of its salts,
for example methylammonium sulphate.

[Total: 9]
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6 The alcohols form a homologous series. The first four members are methanol,

propan-1-ol and butan-1-ol.

(@) One characteristic of a homologous series is that the physical properties vary in a
predictable way. The table below gives the heats of combustion of the first three

alcohols.

alcohol formula heat of combustion in kJ/mol
methanol CH5OH -730

ethanol CH;-CH»-OH -1370
propan-1-ol CHs-CH»-CH,-OH -2020

butan-1-ol CH;-CH»-CH,-CH»-OH

(i) The minus sign indicates that there is less chemical energy in the products than in
the reactants. What form of energy is given out by the reaction?

(ii) Is the reaction exothermic or endothermic?

C,HsOH + 0O, > + [2]
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(iv) Determine the heat of combustion of butan-1-ol by plotting the heats of con™
of the first three alcohols against the number of carbon atoms per molecule.

number of carbon atoms per molecule

1 2 3

—700

-800

-900

—1000

—1100

-1200

-1300

-1400

—1500

—-1600

heat of —1700
combustion/
kJ/mol —1800

-1900

—2000

—-2100

—2200

—2300

—2400

—2500

—2600

—2700

—2800

The heat of combustion of butan-1-ol = kd/mol [3]
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(v) Describe two other characteristics of homologous series.

(b) Give the name and structural formula of an isomer of propan-1-ol.
structural formula

name [2]

(c) Methanol is made from carbon monoxide.
CO(g) + 2Hx(g) = CH3;0H(g) the forward reaction is exothermic

(i) Describe how hydrogen is obtained from alkanes.

(iii) Which condition, high or low pressure, would give the maximum yield of methanol?
Give a reason for your choice.

pressure

reason [2]

(d) For each of the following predict the name of the organic product.

(i) reaction between methanol and ethanoic acid

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(ii) oxidation of propan-1-ol by potassium dichromate(VI)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(iii) removal of H,O from ethanol (dehydration)
(1]

[Total: 20]
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(@) A small piece of marble, calcium carbonate, was added to 5cm?® of hydrochlori

11

25°C. The time taken for the reaction to stop was measured.

Similar experiments were performed always using 5cm?® of hydrochloric acid.

CaCOs;(s) + 2HCl(aq) — CaCkh(aq) + COx(g) + HXO(l)

number of . .
. ! concentration of acid o , .
experiment pieces of ; 3 temperature/°C time /min
in mol/dm
marble
1 1 1.00 25 3
2 1 0.50 25 7
3 1 piece 1.00 25 1
crushed
4 1 1.00 35 2

Explain each of the following in terms of collisions between reacting particles.

(i) Why is the rate in experiment 2 slower than in experiment 17?
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(b) An alternative method of measuring the rate of this reaction would be to measur
volume of carbon dioxide produced at regular intervals.

(i) Sketch this graph

A

volume

\

time

(2]

(ii) One piece of marble, 0.3g, was added to 5cm? of hydrochloric acid, concentration
1.00mol/dm?®. Which reagent is in excess? Give a reason for your choice.

mass of one mole of CaCO; = 100g

number of moles of CaCO; =

number of moles of HCI =

reagent in excess is

reason [4]

(iii) Use your answer to (ii) to calculate the maximum volume of carbon dioxide
produced measured at r.t.p.

[Total: 13]
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