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5

(a) M1: (zinc sulfide) heated /roasted/burrt in air (1)
M2: zinc oxide formed (1)
M3: zinc oxide reduced (1)
M4: (by adding) coke or carbon (1)
M5: Balanced equation (any one of) (1)
2208 + 30, — 2Zn0 + 250,
2Zn0 + C — 2Zn +CO;

00 + C— zn + CO
Zn0 + CO — Zn +CO;

(b) Any two from:

(making) brass or alloys (1)
galvanising (1)

saciificial protection (1)
batteries (1)

51

2

[Total: 7]
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2

(a) Any three of:
iron s harder
iron has higher density
ACCEPT: heavier or potassium lighter
iron has higher mp or bp.
iron has higher tensile strength or stronger
iron has magnetic properties €}
NOTE: has to be comparison, e.g. iron is hard (0) but iron is harder (1)
NOT: appearance e.g. shiny
ACCEPT: comparative statements relating to potassium

(b) potassium  hydrogen (1) and potassium hydroxide (1)
zinc hydrogen (1) and zinc oxide (1)
copper  noreaction (1) O]

[Total: 8]
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iii) for strength or so it does not break or does not sag or can have pylons further apart
[
NOT steel is a better conductor
NOT aluminium protects steel from rusting
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(a) @

(b) @

aqueous
solution

lead (11)
nitrate

lead
Pb

magnesium

Mg

zine
zn

silver
Ag

magnesium
nitrate

zine
nitrate

silver(1)
nitrate

‘each horizontal line correct (1)

n (1)

An amow from Znto Zn** (1)

Zn + 2Ag' — Zn®'+ 2Ag (1)

cormect direction from zinc to lead (1)

metals react by losing electrons (1)

the more reactive metal/zinc will lose electrons more readily (making the

electrode negatively charged). (1)

Bl

2
m

m

2
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manganese and zinc are more reactive than lead (and/or copper) (1)

lead is more reactive than copper (1)

the polarity of aMn/Zn (cell)
or the voltages of Zn/Pb and Mn/Pb (cells) (1)

2

m
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@ @

any metal above zinc
Mg > Mg® + 26

Zn+2Ag" > Zn?" + 289
Note: not balanced only [1]

because they can accept or gain electrons / change into atoms or

Ag’ or siver
charge not essential but if given must be correct

Ag" and Cu® or silver and copper
charge not essential but if given must be correct

be reduced

m
2

m
m

m
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(b) Cu'Sn Cd Zn (ie. all4in comect order) m
relates order to voltage “

one relevant comment from: m

higher reactivity metals are the negative electrode / copper is least reactive because itis the
positive electrode because copper would have the lowest voltage / copper cell V = 0 / the
bigger the difference in reactivity, the bigger the voltage / zinc has highest voltage because it
is most reactive / more reactive metals have higher voltage
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2

Iron from the Blast Fumace is impure. It contains about 5% of impurities, mainly carbon, sulfur,
silicon and phosphorus, which have to be removed when this iron is converted into steel

(a) Explain how the addition of oxygen and calcium oxide removes these impurities. Include an
equation for a reaction of oxygen and a word equation for a reaction of calcium oxide in this

process.

]
(b) Mild steel is the most common form of steel. Mild steel contains a maximum of 0.3% of carbon

High carbon steel contains 2% of carbon. It is less malleable and much harder than mild steel.

() Give a use of mild steel
m

(ii) Suggest a use of high carbon steel
m

(ilj) Explain why metals are malleable.

&)

(iv) Suggest an explanation why high carbon steel is less malleable and harder than mild
steel

@
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1 (a) Coalis a solid fossil fuel.

Name two other fossil fuels.

@

(b) Two of the elements present in a sample of coal are carbon and sulfur.

Asample of coal was heated in the absence of air and the products included water, ammonia
and hydrocarbons.

Name three other elements present in this sample of coal.

@

(€) Sulfur, presentin coal, is one major cause of acid rain. Sulfur burns to form sulfur dioxide which
reacts with rain water to form sulfuric acid

(i) Describe how the high temperatures in vehicle engines are another cause of acid rain.

&)

(ii)  Give two harmul effects of acid rain

@

(d) In 2010, a large coal-buming power station in the UK was converted to bum both coal and

wood

Explain why the combustion of wood rather than coal can reduce the effect of the emissions
from this power station on the level of carbon dioxide in the atmosphere.

B
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5 Three common pollutants in the air are carbon monoxide, the oxides of nitrogen, NO and NO,, and
unbumt hydrocarbons. They are all emitted by motor vehicles.

(a) Describe how the oxides of nitrogen are formed

(b) Describe how a catalytic converter reduces the emission of these three pollutants.

() Other atmospheric pollutants are lead compounds from leaded petrol
Explain why lead compounds are hammful.

U]




image135.emf

image136.emf

image137.emf

image138.emf

image6.emf

image139.emf

image140.emf

image141.emf

image142.emf

image143.emf

image144.emf

image145.emf

image146.emf

image147.emf

image148.emf

image7.emf

image149.emf

image150.emf

image151.emf

image152.emf

image153.emf

image154.emf

image155.png
(c) Iron and steel rust Iron s oxidised to hydrated iron(III) oxide, Fe,0, 2H,0, which is rust

(i) Name the two substances which cause iron to rust.
m

(i) Explain why an aluminium article coated with aluminium oxide is protected from further
corrosion but a steel article coated with rust continues to corrode.

m
(d) There are two electrochemical methods of rust prevention.

(i) The first method is sacrificial protection.
Explain why the steel article does not rust.

steel pipe.

connected __block of zinc
electrically
to steel pipe

“

The second method is to make the steel article the cathode in a circuit for electrolysis.
power

steel girder
___inertanode

bubbles of
hydrogen gas

(i) Mark on the diagram the direction of the electron flow. [t}
(iii) The steel girder does not rust because it is the cathode. Reduction takes place at the
cathode. Give the equation for the reduction of hydrogen ions.

2
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(e) Hydrazine is a weak base and it removes dissolved oxygen from water. It is added to
water in steel boilers to prevent rusting.

(i) One way it reduces the rate of rusting is by changing the pH of water.
What effect would hydrazine have on the pH of water?
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3 Ammonia is manufactured by the Haber process.
NA(g) + 3H,(g) < 2NH,(g)
The forward reaction is exothermic.
(a) Describe how the reactants are obtained.

(i) Nitrogen

2

(ii) Hydrogen

3]

(b) The percentage of ammonia in the equilibrium mixture varies with temperature and
pressure.

(i) Which pair of graphs, A, B or C, shows correctly how the percentage of ammonia at
equilibrium varies with temperature and pressure?

Iy 4
percentage percentage
pairA  NH, at NH, at
equilibrium equilibrium
_ L =
temperature pressure
} 4
percentage percentage
pairB  NH,at NH, at
equilibrium equilibrium
_ -
temperature pressure
) 4
percentage percentage
pairC  NH,at NH, at
equilibrium equilibrium
L = L
temperature pressure

The pair with both graphs correct is m
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(ii)Give a full explanation of why the pair of graphs you have chosen in (i) is correct.

6]

Catalysts do not alter the position of equilibrium. Explain why a catalyst is used in
this process.

2
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(b) Ammonia is manufactured by the Haber Process. The economics of this process require
that as much ammonia as possible is made as quickly as possible.
Explain how this can be done using the following information

The conditions for the following reversible reaction are:

o 450°C
200 atmospheres pressure
o iron catalyst

N,(g) + 3H,(g) = 2NH,(g) the reaction is exothermic

&)
(€) Another compound which contains only nitrogen and hydrogen is hydrazine, NH,
Complete the equation for the preparation of hydrazine from ammonia.
NH, + NaCIO — NH, + + HO0 2

(d) The structural formula of hydrazine is given below.

H H
N—N
/N

H H

Draw a diagram showing the arrangement of the valency electrons in one molecule of
the covalent compound hydrazine

Use x to represent an electron from a nitrogen atom.

Use o to represent an electron from a hydrogen atom.

Bl
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2 (a) Wateris needed for industry and in the home.

(i) Rain water is collected in reservoirs. How s it treated before entering the water supply?

2

(i) State two industrial uses of water.

(iif) ~State two uses of water in the home.

U]

(b) In many regions, drinking water is obtained by the distillation of sea-water. Explain how
distillation separates the water from sea-water.
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5

(@)

(b)

1G]

nitrogen and oxygen react
at high temperatures (in engine)
M1 carbon monoxide (converted to) carbon dioxide or 2CO + O, — 2CO,

M2 (by) oxides of nitrogen (which are reduced to) nitrogen
or2NO — N; + 0,0r2NO; — N; + 20,

M3 hydrocarbons (bum) making water
M4 products: any two from:
carbon dioxide, water, nitrogen

lead compounds are toxic or brain damage or reduce IQ or nausea o kidney
failure or anaemia

[y}
m

m

m
m

m

U]
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(@ @

(iii)

aluminium oxide layer is impervious or non-porous or passive or unreactive
or will not allow water/air to pass through it rust allows passage of water or
air or it flakes off)

zine more reactive (than iron/steel)
loses electrons

electrons move (from zinc) to iron

Zin reacts (with air and water) o zinc corrodes or zinc is oxidised or zinc is
anodic or zinc forms positive ions or zinc forms Zn?* or iron and steel don't
react with airwater or iron and steel are not oxidised or iron and steel do not
form fons or iron and steel do not lose electrons o iron and steel are
cathodic

RtoL in wire

2H' + 26 — H,
‘species (1) balancing (1)

m

Q]
[yl
m
m

m
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(b) any five from:

« high pressure favours lower volume side / movement to right / ammonia side, or high
pressure increases the yield

«  high pressure increases rate

« low temperature favours exothermic reaction / increases yield / favours the forward
reaction

« low temperature gives low rate or vice versa
« catalystincreases rate or lowers activation energy

+ 450°Clow enough to give an economic yield but with

lyst gives a fast enough rate

note need whole concept to get this compromise temperature point [E]

(€) 2NH; +NaCIO —> NoH, + NaCl+ H.0 @
not balanced only 1

(d) 4 hydrogen atoms 1 bonding pair each I5)

2 nitrogen atoms with 1 bonding pair between them %)

‘one non-bonding pair on each N (need not be seen as  pair) %)

(e) () pHincreases Q)

(i) oxygen needed for rusting / removes oxygen / reacts with oxygen ol
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3

(@ (i)

(b) (i)

fractional distlation M
(liquid) air 4]
cracking / heat in presence of catalyst 5l
of alkane / petroleum 5l
to give an alkene and hydrogen 4l

OR: electrolysis (1)
named electrolyte (1)
hydrogen at cathode (1)

OR: from methane (1)

react water / steam (1)

heat catalyst (1)

only ACCEPT: water with methane or electrolysis

the pair with both graphs correct is C 4}
NOTE: mark (b)(ii) independent of (b)(i)

high pressure favours side with lower volume / fewer moles. 5l
this is RHS / product / ammonia gl
9%NH / yield increases as pressure increases 4l
the forward reaction is exothemic 5l
exothermic reactions favoured by low temperatures. 5l
9%NHs  yield decreases as temperature increases 4l

ACCEPT: reverse arguments

increases reaction rate. 5l
ACCEPT: reduces activation energy [}
OR: decreases the amount of energy particles need to react
OR: economic rate atlower temperature so higher yield

[Total: 14]
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2 (a) @ fittion (1)
chlorination (1) 2

Any two from &)
+  manufacture of ethanol

+ usedin the manufacture of sulfuric acid or in the Contact process.

« manufacture of hydrogen or ammonia o for the Haber process.

Any two from &)
cooking

washing or laundry

drinking

toilets

watering plants

(domestic) heating

(b) boiling or turning to steam (1)

then condensing/ condensation (1) 12l
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12 Sulfur
12.1 Sulfur

Core

Name some sources of sulfur

Name the use of sulfur in the manufacture of
sulfuric acid

State the uses of sulfur dioxide as a bleach in
the manufacture of wood pulp for paper and
as a food preservative (by killing bacteria)

13 Carbonates

13.1 Carbonates

Core

Describe the manufacture of lime

(calcium oxide) from calcium carbonate
(limestone) in terms of thermal
decomposition

Name some uses of lime and slaked lime
such as in treating acidic soil and neutralising
acidic industrial waste products, e.g. flue gas
desulfurisation

Name the uses of calcium carbonate in the
manufacture of iron and cement

Supplement

* Describe the manufacture of sulfuric acid
by the Contact process, including essential
conditions and reactions

* Describe the properties and uses of dilute
and concentrated sulfuric acid
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3 The main use of sulfur dioxide is the manufacture of sulfuric acid.

(a) State two other uses of sulfur dioxide.

(b) One source of sulfur dioxide is buring sulfur in air
Describe how sulfur dioxide can be made from the ore zinc sulfide.

(¢) The Contact process changes sulfur dioxide into sulfur trioxide.

2504(g) + Og) = 2SO4g)
the forward reaction is exothermic
temperature 400 to 450°C

low pressure 1 to 10 atmospheres
catalyst vanadium(V) oxide

(i) Whatis the formula of vanadium(V') oxide?
U]
(i) Vanadium(V') oxide is an efficient catalyst at any temperature in the range 400 to 450°C.

Scientists are looking for an altemative catalyst which is efficient at 300°C.
What would be the advantage of using a lower temperature?

(iif)  The process does not use a high pressure because of the extra expense.
Suggest two advantages of using a high pressure?
Explain your suggestions.
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(d) Sulfuric acid is made by dissolving sulfur trioxide in concentrated suifuric acid to form oleum.
Water is reacted with oleum to form more sulfuric acid.
Why is sulfur trioxide not reacted directly with water?

- m
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6 Leadis an excellent roofing material. It is malleable and resistant to corrosion. Lead rapidly
becomes coated with basic lead carbonate which protects it from further corrosion.

(a) Lead has a typical metallic structure which is a lattice of lead ions surrounded by a ‘sea’
of mobile electrons. This structure is held together by attractive forces called a metallic
bond.

(i) Explain why there are attractive forces in a metallic structure.

) Explain why a metal, such as lead, is malleable

21

(b) Basic lead(II) carbonate is heated in the apparatus shown below. Water and carbon
dioxide are produced.

basic lead
carbonate

Cn &

heat
U-tube filled soda lime,
with silica gel carbon dioxide
to absorb water

reacts here

(i) Silica gel absorbs water. Silica gel often contains anhydrous cobalt(II) chloride.
When this absorbs water it changes from biue to pink.
Suggest a reason.

0]

Soda lime is a mixture of sodium hydroxide and calcium oxide. Why do these two
substances react with carbon dioxide?

21

(iii) Name two substances formed when soda lime reacts with carbon dioxide.
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3

Iron is extracted from the ore hematite in the Blast Fumace.

waste gases

raw materials:
coke, C

iron ore, Fe,0,
limestone, CaCO,

firebrick lining —

air —»=

slag—

molten iron

(a) The coke reacts with the oxygen in the air to form carbon dioxide.

(0]

(i)

(b) (@)

(i)

(iii)

(iv)

C+ 0, Co,

Explain why carbon monoxide is formed higher in the Blast Fumace.

2

Write an equation for the reduction of hematite, Fe,0,, by carbon monoxide.

2

Limestone decomposes to form two products, one of which is calcium oxide.
Name the other product

m

Calcium oxide reacts with silicon(IV') oxide, an acidic impurity in the iron ore, to form slag.
Write an equation for this reaction.

2

Explain why the moten iron and the molten siag form two layers and why molten iron is
the lower layer.

2

Suggest why the molten iron does not react with the air.

m
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3

Sulfuric acid is made by the Contact process.

(@

®)

(©)

(@)

Sulfur is burned by spraying droplets of molten sulfur into air.

Suggest and explain an advantage of using this method.

2

The following equation represents the equilibrium in the Contact process.
2504(g) + O4(g) = 2S04(9)

Oxygen s supplied from the air
The composition of the reaction mixture is 1 volume of sulfur dioxide to 1 volume of oxygen.

What volume of aif contains 1dm? of oxygen?

am® 1]

Sulfur dioxide is more expensive than air.

What s the advantage of using an excess of air?

2
‘The forward reaction is exothermic. The reaction is usually carried out at a temperature between
400 and 450°C.

() Whatis the effect on the position of equilibrium of using a temperature above 450°C?
Explain your answer.

2

What s the effect on the rate of using a temperature below 400°C?
Explain your answer.

3]
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(e) Alow pressure, 2 atmospheres, is used. At equilibrium, about 98% SO, is present

() Whatis the effect on the position of equilibrium of using a higher pressure?

Explain why a higher pressure is not used

(f) Name the catalyst used in the Contact process.

(9) Describe how concentrated sulfuric acid is made from sulfur trioxide.

m

m

m

2]
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3

(a) Any two from:
bleachimaking wood pulpimaking paper
food/fruit juice/wine preservative
fumigant/sterilising/insecticide

(b) heating/roasting/burning (zinc sulfides)
in air/oxygen COND on M1

(©) @) V:0s

i) position of equilibrium shifts rightlyield increases
tosave energy

faster reaction/rate

more collisions per second/higher collision frequency
fewer molesimolecules (of gas) on right

(s0) position of equilibrium shifts right/yield increases

(d) (the reaction is) too violent/too exothermic or produces mistffumes (of acid)

2

[y}
m
m

Q]
o

m
m
m
m

n
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6

(@) (i) (attractive force between) positive ions

and (negative) electrons
opposite charges attract ONLY [1]
electrostatic attraction ONLY [1]

lattice / rows / layers of lead ions / cations / positive ions.
NOT: atoms / protons / nuclei
can slide past each other / the bonds are non-directional

(b) (i) anhydrous cobalt chioride becomes hydrated

ACCEPT: hydrous

carbon dioxide s acidic
sodium hydroxide and calcium oxide are bases / alkalis

Any twoof:
water, calcium carbonate and sodium carbonate
ACCEPT: sodium bicarbonate.

(c) number of moles of CO; formed =2.112/ 44 = 0.048

number of moles of H,0 formed = 0.432 / 18 = 0.024
x=2andy = 1NOT: ecf from this line

formula is 2PbCOs Pb(OH); / Pb(OH),. 2PbCOs

1
o

m

m

m

1
o

2

1
o

1
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5  Zincis obtained from the ore, zinc blende, ZnS.

(a) Describe the extraction of zinc fromits ore, zinc blende. Include at least one balanced equation
in your description.

Bl

(b) State two major uses of zinc.

vl





image32.png
2

(@)

(b)

Give three differences in physical properties between the Group | metal, potassium, and
the transition element, iron.

1
2.

3 3]

The following metals are in order of reactivty.
potassium

zin

copper

For those metals which react with water or steam, name the products of the reaction,
otherwise write o reaction’

potassium

zinc

copper

5]
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2 Describe how to separate the following. In each example, give a description of the procedure used
and explain why this method works

(@

®)

(e)

(a@)

Copper powder from a mixture containing copper and zinc powders.

procedure

explanation

&)

Nitrogen from a mixture of nitrogen and oxygen.

procedure

explanation

&)

Glycine from a mixture of the two amino acids glycine and alanine. Glycine has the lower R,

value

procedure

explanation

@

Magnesium hydroxide from a mixture of magnesium hydroxide and zinc hydroxide.

procedure

explanation

31
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7 One way of establishing a reactivity series is by displacement reactions.

(a) A series of experiments was carried out using the metals lead, magnesium, zinc and silver.
Each metal was added in tum to aqueous solutions of the metal nirates.

The order of reactivity was found to be:

magnesium  most reactive
zinc D
lead
siiver least reactive
(i) Complete the table.
reacts
X = does not react
metal
aqueous lead | magnesium |  zinc siver
Solution Pb Mg Zn Ag
lead()
nitrate v/ v/ X
magnesium
nitrate
zinc
nitrate
siver
nitrate

(i) Displacement reactions are redox reactions.
On the following equation, draw a ring around the reducing agent and an arrow to show

the change which is oxidation.

Zn + Pb* —» Zn* + Pb

(iif)  Complete the following ionic equation.

Zn+ 2Ag - o +

3]

U]
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(b) Another way of determining the order of reactivity of metals is by measuring the voltage and
polarity of simple cells. The polarity of a cellis shown by which metal is the positive electrode
and which metal is the negative electrode. An example of a simple cellis shown below.

(0]
(i)

(iii)

(iv)

voltmeter

lead electrode —zinc electrode
| electrolyte of
dilute acid
Mark on the above diagram the direction of the electron flow. 9]

Explain, in terms of electron transfer, why the more reactive metal is always the negative
electrode.

2

The following table gives the polarity of cells using the metals zinc, lead, copper and
manganese.

cell | electrode 1 polarity electrode 2 polarity
A zinc| = lead +

B | manganese - lead +

c copper + lead ,

What information about the order of reactivity of these four metals can be deduced from
the table?

2

What additional information is needed to establish the order of reactivity of these four
metals using cells?

U]
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5 The reactivity series shows the metals in order of reactivity.

(a) The reactivity series can be established using displacement reactions. A piece of zinc is
added to aqueous lead nitrate. The zinc becomes coated with a black deposit of lead.

Zn + Pb* — Zn* + Pb

Zinc is more reactive than lead.

The reactivity series can be written as a lst of ionic equations.

>
Znee
Fe
Pb > Pb
cu - Ccw®
Ag — Ag

Fe

vl

+

+

+

+

+

+

most reactive metal: the best reductant (reducing agent)
2e
2e
2e
2e

.

(i) In the space at the top of the list, write an ionic equation for a metal which is more
reactive than zinc. [}

(ii) Write an ionic equation for the reaction between aqueous silver(t) nitrate and zinc.

2
(iii) Explain why the positive ions are likely to be oxidants (oxidising agents).

m
(iv) Deduce which ion is the best oxidant (oxidising agent)

m

W

Which ion(s) in the list can oxidise lead metal?
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(b) Areactivity series can also be established by measuring the voltage of simple cells. The:
diagram shows a simple cell

voltmeter
v
cadmium —— ———copper
electrode electrode
E — sulfuric acid

Results from cells using the metals tin, cadmium, zinc and copper are given in the table

below.
ol electrode 1 clectrode [ o
positive electrode | negative electrode
1 copper cadmium 074
2 copper tin 048
3 copper zinc 1.10

Write the four metals in order of increasing reactivity and explain how you used the data
in the table to determine this order.
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a

(a) @) insufficientlimited oxygen
or 2C + O, — 2CO

coke/carbon reacts with carbon dioxide
or C + CO, — 2CO

Fe,0; + 3CO — 2Fe + 3CO,
‘species (1) balancing (1)

(b) () carbon dioxide

(ii) CaO + SIO, — CaSiOs
[1] each side correct

(i) (molten) iron higher density (than slag)
(iv) No oxygen in contact with iron or layer of slag prevents hot iron reacting with

oxygen/air or (all) oxygen reacts with carbon (o no oxygen leftto react with
iron)

(c) () airfoxygen and water (need both)

m

m

2

m
2

2

m

m
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