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Topic 1
iGda 15s314(a)

(iif) Aspirin is a white solid compound at room temperature.

Describe, without practical details, one way in which the purity of a sample of aspirin
could be checked.

iGda13w31 Q1 (a)
1 Sodium chloride (common salt) is obtained from underground deposits in the Earth’s crust.

Low-sodium salt is a mixture containing both sodium chloride (melting point 801°C) and
potassium chloride (melting point 770 °C).

(ili) Suggest how a white solid could be tested to discover whether it was common salt
or low-sodium salt.

[2]

Topic 1 MS
iGda 15s314 (a)

(iii) measure the melting point ;
compare with published value/should be same as published value ;
OR
chromatography ;
compare with pure sample ; [2]

iGdal3w31Q1l (a)
(iii) (try to) find melting point ;
sharp m.pt./801°C indicates sodium chloride ;
unclear m.pt. indicates mixture/low sodium salt ; [max 2]
Topic 10
iGda 15s31
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Fig. 2.1 shows apparatus a student uses to study the change in temperature when some metallic
zinc is added to copper sulfate solution.

The student checks that the temperature of the copper sulfate solution is steady and then adds
powdered zinc.

Data from the experiment are shown in the graph below the apparatus.

temperature sensor —|

insulated
beaker
copper sulfate
solution
A
zinc added
temperature
X
-
0 time
Fig. 2.1
(@) }

(iif) Predict and explain the temperature changes, if any, when the student carries out a
second experiment in which he adds powdered copper to a zinc sulfate solution.

iGdal4w3l

www.SmashingChemistry.com
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1 The method used to extract metals from their compounds depends on the reactivity of the metal.
Magnesium is more reactive than iron. Most magnesium is produced industrially using electrolysis.

(a) Mame the industrial apparatus used to extract iron.

(b) State the name or give the chemical formula of the main compound from which iron is
extracted.

iGdal4w31l
5 A student investigates the reactions between dilute hydrochloric acid and five substances.

Fig. 5.1 shows the five substances contained in test-tubes A to E.

A B C D E

Y ¢ @ @

magnesium zinc copper calcium sodium
ribbon carbonate hydrogencarbonate

Fig. 5.1
She adds dilute hydrochloric acid to each tube.

Her cbservations and temperature measurements are shown in Table 5.1.

Table 5.1
temperature of the temperature of the
test-tube observations reactants before mixture in the test-tube
reaction/"C after a short time/°C
A gas given off quickly 18 45
B gas given off slowly 18 19
Cc no gas produced 18
D gas given off quickly 18 20
E gas given off quickly 18 11

(a) (i) MName the gas given off when dilute hydrochloric acid is added to test-tubes A and B.

www.SmashingChemistry.com
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(ii) The pH of the dilute hydrochloric acid before reacting is 2.
Predict the pH of the solution in test-tube D after reaction.
Explain your answer.
prediction ..........ccc...oe.

L= =TT o SRR

....................................................................................................................................... [2]
(b) Temperature changes are observed in many chemical reactions.
(i) Suggest the temperature of the mixture in test-tube C after a short time.
Write your answer in Table 5.1. (1]
(ii) Explain your answer to (i).
....................................................................................................................................... [1]

(iii) Temperature changes show that the chemical potential energy of the reactants is different
from that of the products.

State the letter of the test-tube in which the chemical potential energy of the products is
greater than that of the reactants. Explain your answer.

test-tube ..o oevvv e

(c) Suggest two possible reasons why the rate of production of gas in test-tube A is different
from that in test-tube B.

iGda 14s3104 (c)

www.SmashingChemistry.com
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(iii) A metal displacement reaction occurs when magnesium is placed into a solution of silver

nitrate.

This reaction may be represented by the ionic equation
Mg(s) + 2Ag'(ag) —— Mg¥(aq) + 2Ag(s)

Using the idea of electron transfer, explain why this is an example of a redox reaction.

iGda 1453104

(i)

(i)

iGda13w31 Q4

www.SmashingChemistry.com

(c) A metal displacement reaction may occur when a metal is placed into an aqueous solution of
a salt of a different metal.

Metals L, M and N are added to solutions of the nitrates of the same three metals. Table 1.1
shows whether or not a displacement reaction occurs.

Table 1.1

metal L metal M metal N
metal L nitrate solution no reaction reaction
metal M nitrate solution reaction reaction
metal N nitrate solution | noreaction | no reaction

Use the results in Table 1.1 to place the three metals, L, M and N, into order according
to their relative reactivity starting with the most reactive.

(most reactive)

Explain your answer to (i).
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(c) Fig.4.3 shows a cross section through a blast furnace which is used to extract iron
from iron oxide.

raw materials
including iron oxide
and coke (carbon) hot gases

\ii 2

molten iron moving —_
down to the base

_-gas A
rising to react
with iron oxide

-+— hot air

impurities — |

Fig. 4.3
(i) Name gas A which reacts with iron oxide to produce iron.

(ii) The mixture of hot gases which is released from the top of the furnace contains
carbon dioxide.

State word chemical equations for two different reactions that produce carbon
dioxide inside the blast furnace.

(iii) Explain how gas A in Fig. 4.3 is formed inside the blast furnace.

iGda 13s31 Q1

www.SmashingChemistry.com
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(c) Hydrogen is often included in the reactivity series of metals.

Use the idea of reactivity to explain the observations shown in Fig. 1.2.

burning
\ splint
\ no
T pop reaction
| o
dilute —, o dilute — T
hydrochloric |2, © hydrochloric
acid 0 0 acid
@ zinc @ silver
Fig. 1.2
.......................................................................................................................................... 3]
iGda 13s31

www.SmashingChemistry.com
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7  The metal vanadium is mixed with iron and carbon to make vanadium steel.
(a) (i) Vanadium metal may be obtained by reducing vanadium oxide with magnesium.

Suggest the word chemical equation for this reaction.

(ii) Vanadium is a transition metal and magnesium is in Group 2 of the Periodic Table.

Suggest two differences in properties between vanadium and magnesium.

iGdal2s31Q8

(b) Most metallic elements occur combined with non-metals in the Earth's crust. For
thousands of years, humans have carried out chemical reactions to extract metals from
their ores.

Fig. 8.1 shows a cross-section through a shaft furnace which was a simple reaction
vessel used by ancient civilisations to extract iron.

waste gases escape

outer wall
made of clay

9[(
! ‘:@: *

2

A
.

&
S\
a

,.. 3
3
9%

%
%
an
(>

mixture of
raw materials

T
)

v’

4
".‘...

¥ R iron formed
255 ) ‘r"'F' % &
AU, inside the
R furnace

In this shaft furnace the mixture of raw materials consisted of charcoal and iron ore.
Charcoal contains mainly carbon, and iron ore contains iron oxide.

www.SmashingChemistry.com
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MNowadays iron is extracted from iron ore in a blast furnace.

(i) MName another raw material, which is added to a modern blast furnace but which is
not present in the shaft furnace in Fig. 8.1.
Explain briefly why this material is used.
name of material
reason this material isused e
................................................................................................................................... [2]
(ii) Iron is extracted from iron ore when a gaseous oxide of carbon reacts with iron
oxide.
Write a word chemical equation for this reaction.
................................................................................................................................... [2]
(e) (i) Suggest, in terms of relative reactivity, why a mixture of zinc oxide and carbon
does not produce any metallic zinc in a blast furnace.
................................................................................................................................... [2]
(ii) A thin coating of zinc is often applied to steel to prevent rusting. Zinc provides
sacrificial protection for the steel.
Explain briefly the meaning of the term sacrificial protection.
frrnnaEEEIAAREARATAIANIEEEERN AR AAAR AR R AR R AN A RI AN I AR ERAR AR AAARAN A RIAARAAANIERERAAAAAAAAAAR AT A AR R AR R AR AEEE R RA AR [2]
iGdallw3l
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8 (a) Table 8.1 shows some properties of three solid elements A, B and C.

Table 8.1
element density electrical conductivity
A low high
B low low
c high high

One of the elements in Table 8.1 is a transition metal.

Suggest and explain which element, A, B or C, has properties that are typical of a
transition metal.

element

explanation

(b) The diagram in Fig. 8.1 is a common way of showing how the atoms are arranged in a
small cross-section of a metallic element.

| nucleus and inner electron
/shells of metal atoms

Fig. 8.1

(i) State briefly what the shaded area between the atoms in Fig. 8.1 represents.

www.SmashingChemistry.com



http://www.smashingchemistry.com/

(ii) A metal such as copper is malleable because layers of atoms slip past one another
when a force is applied to the metal.

Explain why bronze, an alloy of copper and tin, is less malleable than copper. You
should draw a simple diagram to help you to answer this question.

(c) Fig. 8.2 shows two electrical cells, X and Y, in which copper is used as one of the
electrodes. The same electrolyte is used in both cells.

voltmeter —__| @ voltmeter —__|

(—1'9 volts @

copper —__ copper —__

! 5

Fig. 8.2

www.SmashingChemistry.com
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The relative reactivity of the three metals involved in these cells is shown below.

zinc (most reactive)
tin
copper (least reactive)

Explain which cell has the lower voltage.

cell

iGdal11s31Q5
(b) Fig. 5.2 shows a simplified diagram of two types of atom, P and Q, in mild steel.

atom of element Q

O atom of element P
O

Fig. 5.2

(i) Suggest the name of element Q. [1]

(ii) Use Fig. 5.2 to explain why an alloy such as mild steel is less malleable than a
pure metal such as iron.

iGda10w31 Q4

www.SmashingChemistry.com
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(c) Table 4.1 shows information about some metallic materials.

Table 4.1
material strength density
mild steel very high very high
aluminium low low
durs_ill_lmin very high low
(an aluminium alloy)

(i) Duralumin is used in the manufacture of aircraft.

Explain why the properties of this material make it suitable for this purpose.

iGda09s31Q9

www.SmashingChemistry.com
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(c) Fig. 9.3 shows a pencil sharpener. Both the case and the blades are made using alloys.

blades made
of steel

Fig. 9.3
Alloys rather than pure metals are used because they are stronger and less malleable.
Draw diagrams to show part of the giant structures of a pure metal and an alloy.

Use your diagrams to help you to explain why alloys are less malleable than the pure
metals they contain.

diagram of the structure of a pure metal diagram of the structure of an alloy

iGda08w31

www.SmashingChemistry.com
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9 Fig. 9.1 shows the apparatus and substances used by a student to make an electrical cell.

Zing —__ | copper
electrode electrode
— — ——| [-4—— electrolyte
— = — )
Fig. 9.1

(b) The student knows that the electrode made from the more reactive metal is the
negative electrode of the cell.

The student has three other electrodes made of unknown metals X, Y and Z. The
results of experiments involving all five metals are shown in Table 9.1.

Table 9.1
experiment negative electrode | positive electrode | cell voltage / volts
1 zinc copper 1.1
2 X copper 2.7
3 Y copper 15
4 X Z 3.2

www.SmashingChemistry.com
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(i) Use the results shown in Table 9.1 to place the metals in order of reactivity.
Copper has already been placed in position.

(most reactive)

_ (least reactive) [2]

(ii) State and explain briefly which one of the metals above has atoms which change
into ions most easily.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [2]
Topic 10 MS
iGda 15s312a
(iii) no temperature change ;
because no reaction occurs ;
because copper is less reactive than zinc ; [3]
iGdal4w31l
1 (a) blast furnace ; [1]
(b) iron oxide/iron(IIT) oxide /Fe;0; ; [1]
iGdal4w3l

www.SmashingChemistry.com
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5 (a) (i)
(ii)

(b) (i)
(ii)
(ii)

hydrogen ; [1]

greater than 2 but less than 7 ;
some of the acid has reacted/been used up/acid concentration is lower/

lower concentration means higher pH ; [2]
18 (°C); (11
copper does not react with dilute acid/there is no reaction ; [1]
E:

thermal energy has been converted into chemical energy /reference to takes
in heat energy/thermal energy from the surroundings ;
shown by reaction being endothermic/temperature decrease ; [3]

(c) [answers must relate answers to the test-tubes or materials]
in tube A the metal has ‘different’ surface area/greater degree of division ;
(metal in) tube A magnesium is more reactive than zinc/or metal in A more
reactive ;
reaction in A is more exothermic OR higher temperature produces higher rate ; [max 2]

iGda 14s3104 (c)

(i)

magnesium (atoms)/Mg lose electrons and are oxidised ;

silver (ions)/Ag” gain electrons and are reduced ;

general statement that loss of electrons defined as oxidation AND gain of

electrons defined as reduction ; [max 2]

iGda 14s314

(c) (i)

(i)

N (most reactive)
M ; [1]

general statement that more reactive metal displaces less reactive metal ;

N displaces both/L and M and so is more reactive than them/ most reactive ;
M displaces neither/L nor N and so is least reactive/less reactive than
them ;

L displaces M and so is more reactive than M ;

L doesn't displace N and so is less reactive than N ; [max 3]
iGdal3w31Q4
(c) (i) carbon monoxide ; [1]

(ii)

(i)

carbon + oxygen — carbon dioxide ;
iron oxide + carbon monoxide — iron + carbon dioxide ;
calcium carbonate — carbon dioxide + calcium oxide ; [max 2]

carbon dioxide reacts with (hot) carbon/carbon dioxide + carbon — carbon
monoxide ; [1]

iGda 13s31D1
(c) pop (test) indicates hydrogen (given off)/hydrogen is given off ;
zinc displaces hydrogen/reacts with HC/ to produce hydrogen/silver does not

react with HC/ to produce hydrogen ;
zinc more reactive than hydrogen ;

silver less reactive than hydrogen (so no reaction) ;

iGda 13s31

www.SmashingChemistry.com
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7 (a) (i) wvanadiumoxide + magnesium — vanadium + magnesium oxide ;

(ii) wvanadium has higher density ;
vanadium has higher melting point ;
vanadium can act as catalyst ;
vanadium forms coloured compounds ;

iGdal2s31Q8
(b) (i) limestone/calcium carbonate ;
forms slag/removes impurities/removes silicon dioxide ;

(ii) iron oxide + carbon monoxide — iron + carbon dioxide ;;
[LHS + RHS]

(c) (i) question withdrawn

(ii) zinc more reactive than iron ;
so zinc reacts (with water/oxygen) before /instead of iron ;
s0 zinc corrodes leaving the iron/steel unaffected/ owtte ;

iGdaliw3l
8 (a) (C) highdensity and (high) electrical conductivity ;

(b) (i) delocalised electrons/sea of electrons/the outer shell electrons ;

(i) diagram shows atoms of two different sizes ;
words or diagram imply layer structure disrupted ;
atoms of different size prevent layers of the other atoms from sliding ;
the idea that more force needed to move layers/atoms ;

(c) (X) the idea that cell voltage is related to relative metal reactivity ;
the idea that the greater the difference in reactivity the greater the voltage/the
reactivity difference between Cu and Zn is greater than between Cu and Sn ;

iGdalls31Q5
(b) (i) carbon ;

(ii) regular structure (of iron) disrupted/atoms are of different sizes ;
(iron) atoms do not so easily slip past one another ;

iGdal0w31 Q4
(c) (i) high strength, for safety/resist breakage / because high forces on airframe in
flight ;
low density, to reduce weight/reduce fuel cost ;
iGda09s31Q9
(c) metal diagram shows
regular lattice ;
all atoms same diameter ;

alloy diagram shows
atoms of different diameters ;
reference to the disrupted lattice in alloy resisting movement of atoms ;

iGda08w31 Q9

www.SmashingChemistry.com
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[max 2]

[2]
[2]

[2]

[max 2]

[1]

[1]

[max 3]

[2]

[1
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[max 2]
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(b) (i) X (most)
Y
zinc
(copper)
Z (least ; (all correct for [2] two correct for [1]) [2]

(i) X;
it is the most reactive ; [2]

(c) evidence of balancing charge to find copper ion charge ;
deduces Cu” in Cu.O :
deduces Cu™* in CuO ;
statement to effect that Cu®” has one less electron than Cu” / or similar : [max 3]
2Cu”™ + O* armow CuzO gets mp 1 and 2 because it implies charge neutralised

Topic 11
iGda 15s31 Q7

(b) Fig.7.2 shows a simplified diagram of waste gases from a car engine passing over a catalyst.
Mixtures of hydrocarbons, such as diesel, are used as car fuel.

The waste gases from car engines contain many substances that cause air pollution.

air and hydrocarbon fuel
are drawn into the engine

waste gases «—

catalyst

Fig. 7.2

Chemical reactions on the catalyst remove nitrous oxide, N,O, and carbon monoxide, CO,
from the waste gases.

www.SmashingChemistry.com
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(i) Use information from Fig. 7.2 to suggest how nitrous oxide and carbon monoxide are
formed inside the car's engine.

nitrous oxide

iGda 14s3104

(b) When some fuels are burned, the mixture of combustion products contains sulfur dioxide and
oxides of nitrogen.

State two harmful effects of these gases in the environment.

iGda 1453112

www.SmashingChemistry.com
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(c) Rustis atype of iron oxide.

Fig. 12.1 shows four test-tubes, 1, 2, 3 and 4, that a student set up to investigate the rusting
of iron.

Each test-tube contained an iron nail and different combinations of a liquid and a gas.

1 2 3 4
air —— air —— oxygen —— nitrogen ——
iron nail —_
N
hydrocarbon — water — | T water — |
oil \‘_/‘
Fig. 12.1

The test-tubes and their contents were left for a week and then observed. Table 12.2 shows
the observations the student made.

Table 12.2
test-tube | observation
1 no rust
2 rust formed
3 rust formed
4 no rust

Explain how the results in each test-tube lead to a conclusion about what is needed for rust
to form.

iGdal3w31l
www.SmashingChemistry.com
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12 About one tenth of the Earth's surface is covered by forests in which much photosynthesis
takes place.

(a) Describe how photosynthesis transforms energy from sunlight to chemical energy.

(b) Explain how extensive deforestation could lead to an increase in the rate of global
warming.

iGda 13s31

www.SmashingChemistry.com
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8 The addition of a harmful substance to the environment is called pollution. Three examples
of pollution caused by human activities are

« acid rain,
« fertilisers entering rivers and lakes,

. the release of too much carbon dioxide into the atmosphere.

(a) Describe how acid rain is caused.

[4]

(c) Explain how cutting down forests can result in an increase in the carbon dioxide
concentration in the atmosphere.

iIGdal2s31Q12

www.SmashingChemistry.com
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(b) The combustion of hydrocarbons is believed to be increasing the level of carbon
dioxide in the atmosphere.

Electric vehicles are powered by batteries which are recharged from the mains
electricity supply.

Some people have suggested that the build-up of carbon dioxide in the atmosphere
would be greatly reduced if all gasoline and diesel vehicles were replaced by electric
vehicles.

Suggest why this might not achieve the predicted reduction in carbon dioxide build-up.

iGdallw31Q8

www.SmashingChemistry.com
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(d) Catalytic converters are used in the exhaust systems of modern cars to reduce air
pollution.

Fig. 8.3 shows where the catalytic converter is located in a car.

air and gasoline
(hydrocarbon fuel)

exhaust gases —-—
released into
the air

]
catalytic convertor

Fig. 8.3

When the fuel burns in the engine, a mixture of exhaust gases is produced. This
mixture passes through the converter before being released into the air.

(i) The following word equation shows how two polluting gases, carbon monoxide,
CO, and nitrogen monoxide, NO, react together on the surface of the catalyst
inside the converter.

carbmp . nltmge_,n carbpn N nitrogen
monoxide monoxide dioxide

Construct a balanced, symbolic equation for this reaction.

(ii) Swuggest why polluting gases are removed more efficiently when the catalytic
converter is hot.

[1]

(ili) Swuggest and explain one type of atmospheric pollution, caused by car exhaust
gases, which is not reduced by the use of catalytic converters.

iGdal1w31Q3

www.SmashingChemistry.com



http://www.smashingchemistry.com/

(b) Complete the bonding diagram below to show
« the chemical symbols of the elements in a molecule of ammonia,
« the arrangement of the outer electrons of each atom.

[3]

iGdalls31

5 A student carried out an experiment to find which substances in the environment caused
nails made of mild steel to become rusty.

She selected three identical nails and placed them in sealed test-tubes, A, B and C, as
shown in Fig. 5.1.

A B c
- =~./r - s
g
dry air —_| airand —__| nitrogen gas —_ |
only water vapour and water vapour
- ——— water —
Fig. 5.1

(a) Predict in which tube, A, B or C, the nail became rusty, and explain why the nail did
not rustin either of the other two tubes.

[2]

iGda09w31 Q9

www.SmashingChemistry.com



http://www.smashingchemistry.com/

(e) Fuel oil is used as an energy source in some power stations. Fuel oil which is obtained
from petroleum contains sulfur compounds.

In some power stations, the combustion products from the burning of fuel oil are
treated with calcium hydroxide, an alkali, before release into the atmosphere.

Suggest and explain why this is done.

iGda09w31

www.SmashingChemistry.com
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3 Some types of fertiliser have the letters NPK on the package label, indicating the chemical
symbols of three elements contained in the fertiliser.

(a) State and explain which of the elements shown in the name NPK contains atoms that
have their electrons arranged as shown in Fig. 3.1.

element

explanation

(b) Plants need nitrogen in order to produce amino acids.

Mame the three elements, other than nitrogen, which are present in all amino acid
molecules.

[1]

www.SmashingChemistry.com
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(c) Ammonia is an important compound that is used in the manufacture of fertilisers.

Fig. 3.2 shows a simplified diagram of the type of reaction vessel that is used in the
production of ammonia.

nitrogen hydrogen
o] [—F
POOOOOOOOOOOOOOK| iron
OOV catalyst
OOV

mixture of gases containing
15 % by mass of ammonia
(the yield of ammonia = 15 %)
Fig. 3.2
(i) The equation below shows what happens on the surface of the iron catalyst.
The equation is not balanced.

Balance the equation.

N> + H, — NH;
(1]

(ii) The yield of ammonia in this reaction vessel is 15%. This means that the mixture of
gases coming out of the reaction vessel contains 15% by mass of ammonia.

State and explain which gases account for most of the remaining 85% of the gas
mixture.

www.SmashingChemistry.com
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(iii) Research chemists and engineers have investigated the effects of temperature
and pressure on the yield of ammonia.

Fig 3.3 shows the results of their investigations.

100 4

200°C
80 4

400°C
yield of 60

-

ammonia 404

204 600°C

D T T T T T
0 200 400 600 800 1000
pressure/atmospheres
Fig. 3.3

The engineers running the factory want to increase the yield of ammonia.

Use the information in Fig. 3.3 to suggest two ways in which this could be done.

(d) In an ammonia factory, 1000 kg of gas mixture leave the reaction vessel every minute.
In this factory the yield of ammoniais 17 %.

Calculate the number of moles of ammonia which leave the reaction vessel every
minute.

Show your working.

[relative atomic masses, A;: N=14; H=1]
1kg=1000g

iGda08s31Q8 (b)
www.SmashingChemistry.com
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(iii) Use the data in Table 8.1 and information in (ii) to suggest and explain one
advantage and one disadvantage of burning biogas from a digester rather than

from landfill.

advantage

disadvantage

................................................................................................................................... [3]
iGda08s31

2 Starch, cellulose and proteins are compounds found in plants.

(a) (i) State the chemical symbols of the three elements which are combined together
in starch.

(ii) Plants contain proteins which are compounds containing nitrogen atoms. These
atoms have been obtained from gaseous nitrogen in the air by nitrogen fixation.

Explain the meaning of the term nitrogen fixation.

Topic 11 MS
iGda 15s31 Q7 (b)
(ii) air (taken into the engine) contains nitrogen and oxygen ;

nitrous oxide formed from (direct) combination /reaction of nitrogen and
oxygen ;
(very) hot (and pressurised) in engine so (direct) combination/reaction
possible ;
carbon monoxide from reaction between the fuel/ hydrocarbons and oxygen ;
reference to incomplete combustion ;

iGda 14s3104

www.SmashingChemistry.com
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(b) reference to acid rain which damages building material/ plants/aquatic life;
reference to damage to respiratory system ;
other correct e.qg. acidity of soil ; [max 2]

iGda 14531012

(c) no rust in tube 1 because water absent ;
no rust in tube 4 because air/oxygen absent ;
tubes 2 and 3 show that it is the oxygen from the air that is needed for rusting ;
rust formed in tubes 2 and 3 because both contained, air/oxygen, and water
present together/general statement that rusting requires, air/oxygen, and water
present together ;
[max 3]

iGdal3w31l

12 (a) energy in sunlight absorbed /trapped by chlorophyll ;
plus any two of:
carbon dioxide and water react together ;
to produce glucose ;
glucose contains chemical energy ; [max 3]

(b) CO; levels in the atmosphere increase ;
due to fewer trees to photosynthesise/less photosynthesis to remove carbon
dioxide ;
also due to burning trees produce CO:/rotting trees produce CO: by respiration
of microbes ;
carbon dioxide, traps long-wave radiation/infra-red/heat/thermal energy/is a
greenhouse gas ;
reduces rate of loss of heat from the Earth’'s surface ; [max 3]

[Total: 6]
iGda 13s31

8 (a) combustion/burning, of (fossil) fuels ;
sulfur dioxide produced ;
(sulfur dioxide), reacts with /dissolves in/mixes with, water (in atmosphere) ; [max 2]

(b) eutrophication ;
increased growth of algae/surface plants ;
blocks light to plants (deeper down) ;
algae /plants die ;
bacteria feed on them/ population increases ;
bacteria etc. use oxygen ;
removal of oxygen kills fish ; [max 4]

(c) less photosynthesis ;
s0 less carbon dioxide removed ;
OR
frees burned ;
producing carbon dioxide ; [max 2]

[Total: 8]

iGda12s31Q12
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(b) idea that electricity comes from, power station/burning fuel ;

where greenhouse gases/carbon dioxide may still have to be produced/owtte ; [2]
iGdal11w31Q8
(d) (i) 2CO + 2NO ——» 2C0; + N; (formulae + balanced) ;; [2]

(allow one mark for CO + NO — CO; + N)
(i) reference to increased rate of reaction ; [1]

(iii) greenhouse effect/global warming/climate change ;
much carbon dioxide (in exhausts)/carbon dioxide not reduced by
converters/carbon dioxide made in converter ; 2]

iGdallw31Q3

(b) symbols shown in correct atoms ;
three bond pairs around central atom ;
lone pair correctly shown and no others ; [3]

iGdalls31
5 (a) in B/not in A or C, because air/oxygen and water are present or air and water

are needed for rusting ;
no water in A and no air/oxygen in C ; [2]

iGda09w31 Q9

(e) sulfur dioxide is produced (when sulfur compounds burn) ;
ref. acid rain ;
acidic gases / sulfur compounds, react with calcium hydroxide ;
ref. neutralisation ; [max 3]

iGda09w31

3 (a) phosphorus /P ;
(15 electrons so) 15 protons so atomic number 15/ proton number is 15 or

5 electrons in outer shell / in group 5, and, three shells / period 3 ; [2]
(b) carbon hydrogen oxygen /CHO ; [1]
(c) (i) Nz + 3H; =—— 2NHs; [1]

(ii) nitrogen and hydrogen ;
reversible reaction / have not reacted ; [2]

(iii) use high pressure / at or above 200 ;
use low temperature / 200 °C ; [2]
iGda08s31Q8 (b)
(iii) advantage
greater % of methane ;
so more efficient fuel/more heat from a unit mass ;

disadvantage
greater amount of hydrogen sulphide ;
so more atmospheric pollution/reference to consequences of SO; ; [3]

iGda08s31
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2 (a) (i) CHO; (allthree required) [1]

(ii) changing (the element) nitrogen in the air into nitrogen compounds ;
extra detail e.g. one way it occurs/reference to inert nitrogen being converted into
useful compounds ; [2]

Topic 12 and 13
iGda 13s31Q7

(b) Sulfuric acid is made in industry by the Contact Process.

Fig. 7.1 shows a simplified flow diagram of part of the Contact Process.

sulfur dioxide
and oxygen

many small pieces /%-%%%?@
of vanadium oxide

reaction vessel — | SURE:Hoxde

Fig. 7.1

A mixture of the gases sulfur dioxide and oxygen passes over the surface of solid
vanadium oxide inside the reaction vessel.

The unbalanced equation for the reaction that occurs in the reaction vessel is shown

below.
Balance the equation and explain why it does not contain the formula of vanadium
oxide.

explanation

iGda09s31 Q3
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(c) Some water supplied to houses contains calcium hydrogencarbonate, Ca(HCO:)..

When heated, calcium hydrogencarbonate undergoes thermal decomposition.

(i) Complete the symbolic equation below which describes the thermal decomposition

of calcium hydrogencarbonate.

CB(HCO;;)Z >

(2]

Topic 12 and 13 MS
iGda 13s31)7
(b) 250: + O; — 2S0s;
vanadium oxide is a catalyst/is not (permanently) changed ;
iGda09s31Q3

(c) (i) (Ca(HCO;): — CaCO; + CO; + H:0 ;
[CaCOs + both for 2 marks]
[CaCO,; + one for 1 mark]

Topic 14
iGda 15s31

12 (a) Give an example of a fossil fuel.

(c) Many governments are making efforts to reduce the use of fossil fuels.

Suggest two ways in which the use of fossil fuels can be reduced.

iGdal4w3l
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9 Fig. 9.1 shows molecules of ethane, ethene and ethanol.

H H H H H H
H—C—(|3—H L|1:(L H—C—C—0O—H
H H IL IL H H
ethane ethene ethanol
Fig. 9.1

(a) (i) State and explain which of these compounds are hydrocarbons.

(ii) State and explain which one of the three compounds named above is an unsaturated
compound.

(iii) Describe what is observed when the compound in (a)(ii) reacts with a solution of bromine.

....................................................................................................................................... [1]
(b) (i) State two uses of ethanol.
| i e s e smsfahiin ot whimn s nfembm S Cn B Aand nai s § amnnh anm £ nhn £ s m nn sk ams snsi S0 A b e s fanhe e nd e e aEh nEa i ngen ke i
&t e s £ 8 g AR R 8 AR £ A R AR R RS ARt RS R R AR £ 8888 £ R AR A8 £ PR ER AR Al AR AR R e AR R R S
2]
(ii) Inindustry, ethanol is made in a chemical reaction involving ethene.

Mame the substance that reacts with ethene to produce ethanol.

............................................................ [1]

(iii) State two of the reaction conditions needed for the reaction in (b)(ii).

www.SmashingChemistry.com
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(iv) MName the type of reaction in (b)(ii).

(c) Ethanol, C,H.O, reacts with a compound X to produce a mixture containing ethanoic acid,
C,H,0,, which is a compound found in vinegar.

H H

H—C—C—0O—H + compoundX

H H
heat
H
| O
Z
H—C—C\ +  other compounds
| 0—H
H
Fig. 9.2

The reaction between ethanol and compound X is a redox reaction.

Use the information in Fig. 9.2 to explain why X is reduced.

iGdal3w3l
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10 (a) A gaseous hydrocarbon X contains 4 carbon atoms in each of its molecules.

A sample of X was bubbled through some bromine solution.

hydrocarbon X — y

o

o
o

(o]
a

e “| - bromine solution

\

Bromine did not react quickly with X at room temperature.

Name hydrocarbon X and the homologous series to which X belongs.
name .Df x IEEE NN NN VNI N N NN A NN SN NN NN N N NN N NN SR NN NN N N N N AN RN R A

[2]

name of homologous series

(b) Ethene, C:H,, is an unsaturated hydrocarbon.

Fig. 10.1 shows structures of the molecules involved when ethene reacts with bromine.

H H H H
/ -

E—=C + Br—Br —» Br—C—C—Br
/ \ |
H H H H

Fig. 10.1
(i) Describe the colour change that is observed when ethene reacts with bromine.
from to [1]

(ii) Name the type of chemical reaction shown in Fig. 10.1.
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(iii) The reaction between ethene and hydrogen chloride, HCI(g), is similar to the
reaction shown in Fig. 10.1.

Complete the equation below to suggest the structure of the molecule that is

produced.
H H
C= + H—CI —»
H H
[2]
(iv) Name the compound that is made when ethene reacts with steam.
[1]

(c) Methane, CH,, reacts with steam in the presence of a catalyst to produce carbon
monoxide, CO, and hydrogen gas.

Construct a balanced symbol chemical equation for this reaction.

iGda 13s31
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4 Petroleum (crude oil) and rock salt occur naturally in the Earth’s crust.

(a) Petroleum is a mixture that contains thousands of different compounds. Many of these
compounds are alkanes.

Draw the structure of the alkane molecule that contains eight hydrogen atoms. Use
short lines to represent covalent bonds.

[2]

(b) When petroleum is refined, it is separated into simpler mixtures.

Fig. 4.1 shows a simplified diagram of a distillation column that is used to refine
petroleum.

;‘m

A

2

ﬁ

]
I

hot petroleumn —»

L

Fig. 4.1

(i) Describe how the temperature inside the apparatus changes from position D to
position A.
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(ii) Explain, in terms of intermolecular forces and the size of molecules, why the
average boiling point of the fraction at B differs from the average boiling point of

the fraction at C.

[3]

iGdal2w31l
12 (a) (i) MName the two elements which are combined together in most of the compounds
found in petroleum (crude oil).

2 [1]

(ii) Draw four straight lines to connect each process or reaction in the left hand
column with its meaning in the right hand column.

. process or
type of process or reaction :
reaction
reaction that produces ethane addition
from ethene and hydrogen
reaction that causes protein molecules catalytic
to break up into amino acids cracking
reaction that produces fractional
unsaturated compounds distillation
process that su_nplrﬁes a hydrolysis
complex mixture

[2]

(b) Fig. 12.1 shows apparatus that a student uses to investigate what happens when
gaseous decane, CigHz, is heated in the presence of a catalyst.

The catalyst is made of small pieces of aluminium oxide which are heated strongly.

www.SmashingChemistry.com
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small pieces of
aluminium oxide

gaseous 7 74 "
decane

T 4E Jb
strong
heat
" [l
o
O
bromine \:_f'i’-
solution -
Fig. 121

When the gaseous decane passes through the heated catalyst, the solution of bromine
rapidly changes colour from orange to colourless.

(i) Explain why this observation shows that decane has undergone a chemical
reaction.

(c) When ethene, C.H,, is heated and pressurised in the presence of a catalyst, it is
converted into a white compound which becomes solid when it cools.

(i) Complete the diagram below to show a small section of one of the molecules in the
white solid.

www.SmashingChemistry.com
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[2]

(i) Suggest why it is not possible to state an exact value of the relative molecular
mass of the molecules in the white solid.

iGdal2s31
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12 The element carbon is combined with other elements in millions of different compounds.

Chemists have organised carbon compounds into families which have similar chemical
properties to one another.

(a) (i) The structures of three molecules together with the names of three families of
carbon compounds are shown below.

Draw straight lines to connect the molecules with the family to which they belong.

| alkene

|

=C alcohol
|
H

alkane

(2]

(ii) Complete the molecular structure below to show a hydrocarbon molecule which
contains four carbon atoms and eight hydrogen atoms combined together.

|
H—c|:—

[2]
(c) In many countries, ethanol, C;HzO , is added to hydrocarbon fuels such as gasoline.

(i) Describe briefly how the compound ethene, CzHy, is converted into ethanol.

(ii) State one use of ethanol other than as a fuel.

iGda11s31Q5
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(c) Steel is used to make both the frames and the chains of bicycles. In order to prevent

rusting, the frames are painted and the chains are covered in an oil made of
hydrocarbon molecules.

steel chain

(i) The oil used to protect the bicycle chain contains mainly alkanes. Alkane
molecules are described as being saturated.

Explain, in terms of chemical bonding, the difference between saturated and
unsaturated hydrocarbon molecules.

You may draw a diagram to help your explanation.

www.SmashingChemistry.com
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(i) Explain why this observation shows that decane has undergone a chemical
reaction.

(c) When ethene, C.H,, is heated and pressurised in the presence of a catalyst, it is
converted into a white compound which becomes solid when it cools.

(i) Complete the diagram below to show a small section of one of the molecules in the
white solid.

[2]

(ii) Suggest why it is not possible to state an exact value of the relative molecular
mass of the molecules in the white solid.
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(ii) The paint used to protect the bicycle frame from rusting often contains substances
made by addition polymerisation of suitable monomers.

Use the simplified diagram of a monomer molecule below to explain what happens

in addition polymerisation.

iGdalow3l

4 |In jet engines, hydrocarbon molecules from the jet fuel mix with air and burn. This releases

a large amount of energy and produces a mixture of waste gases. These waste gases pass
out through the back of the jet engine into the atmosphere.

waste gases

air

|et engine

(a) Fig. 4.1 shows a molecule of octane, which is a typical hydrocarbon molecule in jet
fuel.

octane
key
. carbon atom
O hydrogen atom

Fig. 4.1

(i) State the chemical formula of octane.

[1]

www.SmashingChemistry.com MF
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(ii) Complete the word equation below for the complete combustion of octane.

octane iF — -

(2]

(b) The mixture of waste gases coming from the jet engine contains a large amount of the
free element nitrogen, N2, which exists naturally in the air.
The atoms in a nitrogen molecule are held together by a triple covalent bond as shown
in the displayed formula below.

N=N
(i) State the number of outer electrons in a single nitrogen atom.

(ii) Complete the bonding diagram below to show how the outer electrons are
arranged around the atoms in a nitrogen molecule.

[2]
(iii) The temperature inside the jet engine is very high.

Suggest why most of the nitrogen molecules which pass through the engine do not
break up into individual atoms.
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iGdal0s31

7 Polymer molecules exist in both natural substances and in materials which have been
made in industry.

(a) Starch, cellulose and protein are all natural substances made of polymer molecules.

(i) State the name of the monomer which forms starch.

(ii) A sample of one of the natural substances was bumed in pure oxygen. The
mixture of gases which was formed was analysed and found to contain carbon
dioxide, water vapour, nitrogen dioxide and sulfur dioxide.

Which one of the three natural substances had been burned?

Explain your answer.

(b) Nylon and melamine resin are polymers produced industrially. Nylon is a
thermoplastic and melamine resin is a thermoset.

(i) Nylon is often formed into fibres which are used to make clothing, rope and guitar
strings. Fig. 7.1 shows a simplified diagram of an industrial process which is used
to produce nylon fibres.

small pieces of
solid nylon

heated
container

= -;’x\;- = metal plate containing
7/ j_/ many small holes

fibres cool as they
move through the air

nylon fibres wrap
around rotating drum
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Explain, in terms of the forces between molecules, why it is possible to form nylon
fibres from solid nylon using the process in Fig. 7.1.

(ii) Melamine resin is made into flat sheets for use as working surfaces in kitchens,
where hot saucepans may come into contact with the surface.

working surface made
from melamine resin

e

Explain, in terms of molecules, why melamine resin is a suitable material for
working surfaces.

iGda09w31
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9 Fig. 9.1 shows a process carried out at an oil refinery.

rT — refinery gas

— gasoline
1
| _ — naphtha
I
7 ~ — diesel ail
— — — fuel ail
petroleum — "
‘L — bitumen
Fig. 9.1

(a) State one way in which the properties of gasoline are different from those of diesel oil.

(b) Gasoline (petrol) is used as car fuel.

(i) Name a poisonous carbon compound which is found in the exhaust gases from
cars.

(ii) Describe briefly how the amount of this gas entering the air is reduced in modern
cars.
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(c) Alkenes are unsaturated hydrocarbons produced by the catalytic cracking of alkanes
from petroleum (crude oil).

(i) Complete the graphic (displayed) formulae for the alkane and the alkene which
have three carbon atoms per molecule.

ALKANE ALKENE
H H
o o
¢ L

[2]

(ii) The apparatus in Fig. 9.2 can be used to test a gaseous hydrocarbon to discover
whether it is an alkane or an alkene.

Name solution X and describe what would be observed if the gaseous
hydrocarbon is an alkene.

gaseous —w»
hydrocarbon \

o¥ o0 44— solution X
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(d) Ethanol, C:HgO, is an important chemical which is made from ethene, C:H,, in the
presence of a catalyst.

Write a balanced symbolic equation for the conversion of ethene to ethanol.

iGda09s31Q6 (c)
(iii) Describe how bromine is used to test hydrocarbons to find out whether or not they
are unsaturated.

(iv) Complete the displayed formula to show the alkene which contains four carbon
atoms in each of its molecules.

[2]
iGda08w31
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6 Fig. 6.1 shows crude oil (petroleum) being extracted from sedimentary rock under the sea.

oil drilling rig

sea bed

natural gas

crude oil

A
layers of
- B sedimentary
rock

C

Fig. 6.1
(a) The oil shown in Fig. 6.1 is found only in rock layer B and not in layers A or C.

Suggest the property of rock B which is different from rocks A and C, and which allows
it to contain oil.
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(b) Crude oil is a mixture of different hydrocarbon molecules. A typical hydrocarbon
molecule is shown in Fig. 6.2.
hydrocarbon molecule
key

. carbon atom

(O hydrogen atom

Fig. 6.2

Write the graphical (displayed) formula of the hydrocarbon shown in Fig. 6.2, and
explain whether it is an alkane or an alkene.

(c) Fig. 6.3 shows a simplified diagram of an important industrial process involving
hydrocarbons.

catalyst in the form of very
small pieces of solid

e g e
sigatasds — - S N

“
w ——
mixture of s e mixture of
large alkane T t T alkanes and
molecules high temperature alkenes

Fig. 6.3
(i) Name the process shown in Fig. 6.3.

alkenes.
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(iii) A research chemist is investigating two catalysts, P and Q, for use in the process
shown in Fig. 6.3.

Describe a simple chemical test for alkenes. Suggest how the chemist could use
this test to discover which catalyst, P or Q, produces a mixture containing the
larger amount of alkenes.

Topic 14 MS
iGda 15s31
12 (a) coal/petroleum/natural gas ; [1]

(b) cannot be replaced once used ; [1]

(c) (one named) alternative energy sources ;
insulation ;
low-energy appliances/equipment ;
more public transport/less use of cars ;
less use of/ recycling of plastics ;

AVP ; [max 2]

[Total: 4]

iGdal4w3l
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9 (a (i)

(ii)

(iii)

(b) (i)

(i)

(i)

(iv)

ethane and ethene ;
contain only hydrogen and carbon ;

(ethene)

contains (C to C) double bond /does not contain maximum possible

hydrogen ;

orange / brown solution decolourised ; (reject red)

any two from: solvent/fuel /in drinks/other correct ;;
water ; (allow water vapour/steam)

moderate / high temperature /300— 350 °C ;

high pressure/60—70 (atmospheres) ;
catalyst/phosphoric(V) acid ;

addition (reaction) ;

(c) X, loses oxygen/gains hydrogen, (and so is reduced) ;
ethanol gains oxygen/loses hydrogen, (and so is oxidised) ;

idea of, if one reactant is oxidised the other must be reduced ;

iGdal3w31l

10 (a) butane ;
alkanes ;

(b) (i)
(ii)
(iii)

(iv)

orange /yellow to colourless ;

addition ;

(2 carbons connected by a single bond 1 mark, all else correct 1 mark)

ethanol ;

(c) CH; +HO0 - CO+3H;;;

(LHS formulae 1 mark, RHS formulae 1 mark, balanced 1 mark)

iGda 13s31
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[2]

[1]
[1

[max 2]

[1]

[max 2]

[1]

[max 2]

[Total: 12]

[2]

[1]
[1]

[2]

[1]

[3]

[Total: 10]
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4 (a) chain of three carbon atoms joined by single bonds ;
pight hydrogen atoms correctly bonded to carbon ;
ie. & o
H—C—C—G—H.
oW oW

[max 2]

(b) (i) decreases(fromDtoA); [1]

(ii) (boiling range)/boiling point, is lower at B than C ;
(average) molecular size is lower at B/the smaller the molecular size the
lower the boiling point.;
(mean) intermolecular attraction lower at B/the lower the intermolecular force
the lower the boiling point.;
so less (heat) energy needed to separate molecules/ boil the mixture ;
intermolecular attraction is lower for smaller molecules ; [max 3]

iGdal2w31
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