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Answer ALL questions.

1 Use the Periodic Table on page 2 to help you answer this question.
(a) Give the symbol of the element that has an atomic number of 14.

. .18

(b) Give the symbol of the element that has a relative atomic mass of 14.

P

(c) Give the number of the group that contains the noble gases.

A8

—

.

L

(d) Identify the group whose atoms form ions with a charge of +1.

A
Os
ac
0D

e &

(e) Identify the group whose atoms form ions with a charge of -1.

OA
N
0c

Ko

I = B N

(Total for Question 1 = 5 marks)
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2 The diagram shows the arrangement of particles in the three states of matter.

Each circle represents a particle.

=

O

O ®

X Y z

(a) Use the letters X, Y and Z to give the starting and finishing states of matter for
each of the changes in the table.

The first one has been done for you.

Change Starting state = Finishing state
ice to water Z ¥
solid iodine to iodine gas R4 X
molten iron to solid iron 4 =
ethene to poly(ethene) > 4 2

(b) Which of these changes takes place when solid iodine is heated to form iodine gas?

O A crystallisation
[0 B evaporation

0 € melting
)3( D sublimation

(Total for Question 2 = 4 marks)
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3 Astudent places a few purple crystals at the bottom of a beaker containing some cold water.

The crystals start to dissolve.

A 4

| _— cold water

| purple crystals

e @)

(a) State how the appearance of the crystals and the water change as the crystals dissolve.

Gy L T b KL Y LS
water COIOWIES S 10 PAr P e

(b) Which process occurs as the crystals dissolve to form a solution?

O A condensation
O B crystallisation
E( C diffusion
0 D melting

AN O S0 U T
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(c) The student repeats the experiment using hot water instead of cold water.

(i) State how the change in the appearance of the water differs when hot water
is used instead of cold water.

(ii) Explain, in terms of particles, why the change differs when hot water is used
instead of cold water.

s ParbcleS howe more RBr ) 108 ve doste~

% -"Ht*bu*tt{wuvtﬂj

(Total for Question 3 = 6 marks)
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4 The maximum mass of a solid that dissolves in 100 g of water at a given temperature
is called its solubility.

The table gives the solubility of potassium nitrate at six different temperatures.

Temperature in °C 20 30 40 50 60 70

Solubility ing per 100gof water 41 52 65 83 106 135

(a) Plot the points on the grid and draw a curve of best fit.

140 -
130 -
120 -
1101
100 4

90 -+
solubility in g
per 100 g of water X
80 - :

70 +
60 -
50

40 - ¥

30 I 1 1 1
10 20 30 40 50 60 70 80

temperature in °C

O 0 0 O



(b) Extend your curve to find the solubility of potassium nitrate at 10°C.

(32-33)
solubility = ... ? 'Z‘ v @ PEr 100 g Of Water
(c) Use your graph to find the maximum mass of potassium nitrate that could O .00

dissolve in 50g of water at 35 °C.

A‘t 35'd<} 5.727- czc';ra/vgr ‘n /O% e v

S5F .
= z5-5

maximum mass =

(Total for Question 4 = 7 marks)
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5 Crude oil is a liquid that contains a mixture of many hydrocarbons.
The diagram shows a fractionating column used in the distillation of crude oil.

The six fractions obtained are shown. One use for each of four of the fractions is also shown.

refinery gases P
uel for
_>
| camping stoves
gasoline
_’
kerosene

——bl fuel for aircraft |

—Pl fuel for lorries |

crude oil —»—— | theloil

—>| fuel for ships |
(_bitumen

—>

(a) Describe what is done to the crude oil before it enters the fractionating column.

(b) State how the temperature changes from the top of the column to the bottom.

ACLeL.Se 5

(c) Give a use for gasoline and a use for bitumen.

gasoline....... F(’L el dor cars

bitumen Ma kA :_-} roOCLoLS

...................................................................................

(d) Name the fraction that contains the largest molecules.

Rituumen

(e) State the physical property that allows the different fractions to be collected at
different heights in the column.

(Total for Question 5 = 7 marks)
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6 This question is about elements in Groups 1 and 7 of the Periodic Table.

(a) The diagram shows two ways in which potassium can be converted into potassium chloride.

add water add acid Z

g y otassium chloride
potassium > colourless solution Y » P

solution

heatin gas X

v
potassium chloride
solid

Give the names of gas X, colourless solution Y and acid Z.

colourless solution Y................0OE&SS i | i‘}l OQFLAC . s

acidZ HYM O ChlOn S

(b) When sadium is burned in iodine gas, sodium iodide is formed.

(i) Write a chemical equation for the reaction between sodium and iodine.

(i) Give a test to show that an aqueous solution of sodium iodide contains iodide ions.

testforiodidejons... = Adel  AitiC b‘L‘('L e e o

Add Silver  pitrate

(Total for Question 6 = 7 marks)
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7 Copper pyrites is an ore of copper that contains copper, iron and sulfur,

(a) The percentage composition by mass of copper pyrites is

Cu 34.60% Fe 30.52% S 34.88%

Show, by calculation, that the empirical formula of copper pyrites is CuFeS,

3460 30.52 34 33
2.y 5¢ 22
Mol 0.54S 0.S4s  |.09
Smefjest Ne, O.Suy 0.5Ly O.S4y§

Reho

t' ' [‘ s 72

Er\«pi neal formula © Cw Fe,-S;,_
(b) Copper is obtained from copper pyrites in a two-stage process.

Stage 1 Copper pyrites is heated in air.
2CuFeS, + 30, —» 2CuS + 2FeO + 250,

Stage 2 The copper(ll) sulfide is separated and then heated in air. It reacts with
oxygen to form copper and sulfur dioxide.

(i) State why the sulfur in the reaction in stage 1 is described as being oxidised.

Guinedk  oxyaen

(ii) Write a chemical equation for the reaction that occurs in stage 2.

P53 2 7 5 A 0 1 2 3 2
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(c) Sulfur dioxide dissolves in water to form an acidic solution.

(i) Identify the ion that causes this solution to be acidic.

(i) State how litmus paper can be used to show that the solution is acidic.

231

2-28

(iii) Give two observations that are made when a piece of magnesium ribbon is
added to the acidic solution.

0.00
oo Edderve scence.

(Total for Question 7 = 9 marks)
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8

In an experiment, a student adds a piece of zinc to some dilute hydrochloric acid in a test tube.

dilute

/ hydrochloric

Sine acid

N

The student measures the temperature before adding the zinc.

&/

After adding the zinc, he stirs the mixture and measures the highest temperature reached.

The diagram shows his results.

3 35
— 30
3 30
— 25
3 25
— 20
| 1 | 4420
before after

(a) Use the readings to complete the table, giving all values to the nearest 0.5°C.

Temperature in °C after adding the zinc 3N2.5
Temperature in °C before adding the zinc 27.0
Change in temperature in °C 5.5

14

O O



VRITE IN

.
AHE

THIS

Ik

DO NOT

ITE IN

DO N

3. Rode o Stirning (Mu)

(b) The student wants to find out if there is a relationship between the reactivity of a
metal and the temperature rise.

He repeats the experiment four times, using a different metal each time.

The table shows his results.

Metal added Temperature rise in °C
magnesium 7.5
gold 0.0
iron 3.0

calcium 10.5

(i) State three factors that the student should keep constant in each experiment.

12Si2e  of metal 0R Amount od moleS (Mi1)

2.o.Concent cabon  od  acA M2\ o yolume of acd (M3)

(ii) Using information from the table, state the relationship between the reactivity
of a metal and the temperature rise.

More.  reachve the . .metud the  grectes  the

(iii) State why there is no temperature rise when gold is added to the acid.

(Total for Question 8 = 7 marks)

3.08

2.1%#
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9 Theions present in ionic compounds can be identified using simple tests.

* some cations (positive ions) can be identified using a flame test

* some anions (negative ions) can be identified by observing reactions in
solutions of the compounds

Table 1 shows the flame test colours for four cations.

Cation Flame test colour
caesium blue
rubidium violet
strontium  red
tantalum blue
Table 1

Table 2 shows the results of three tests used to identify anions in solution.

Test and Result

fnion Hydrochloric Magnesium chloride = Methyl orange
acid added solution added added

carbonate effervescence = white precipitate forms = yellow
chloride no change no change orange
hydrogencarbonate  effervescence no change yellow
hydrogensulfate no change no change red

hydroxide no change white precipitate forms = yellow

Table 2

Use the information in the tables to answer these questions.

(a) In the tests, compound X gives a red flame and produces effervescence when
hydrochloric acid is added.

Suggest two possible identities for compound X.

e Strophum

C. o bhonode

16
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(b) (i) In the tests, compound Y gives a blue flame and produces a yellow colour
when methyl orange is added.

A student concludes that compound Y is tantalum hydroxide.
Give two reasons why this conclusion may not be correct.
ANY 2
LeCatsium  akso  gives  blue dlame

(ii) Which additional test from Table 2 would show that the only anion in
compound Y is the hydroxide ion?

(c) An aqueous solution contains either carbonate ions or hydrogencarbonate ions.

Using only information from the tables, explain how you could decide if the solution
contains carbonate or hydrogencarbonate ions.

(Total for Question 9 = 8 marks)

N

v HU:L"G_L‘JQA Covhonate_ funs yelow with Mmefyl f—’"’“@”‘-j‘f—
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10 A student uses this apparatus to investigate the heat energy released when nitric acid
is added to potassium hydroxide solution.

:/nitric acid

=1 _burette
/

polystyrene
cup

potassium hydroxide solution

She uses this method.

* put 25.0cm’ of potassium hydroxide solution into the polystyrene cup
* measure the temperature of the potassium hydroxide solution

¢ add 5.00cm’ of nitric acid from the burette

= stir the mixture and measure the highest temperature reached

* add further 5.00cm’ samples of nitric acid, stir and measure the highest
temperature reached after each addition

(a) Name the piece of apparatus that should be used to measure the 25.0cm’ of
potassium hydroxide solution.

(b) The table shows the student’s results.

Total volume of acid added in cm?® 0.00 5.00 10.00 15.00 20.00 25.00

Highest temperature reached in°C 180 220 250 290 310 370

AP 00 D 0 O 0

30.00

40.00
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(i) The result for 20.00cm? of acid is anomalous.

Suggest two possible mistakes, other than misreading the thermometer, that
the student might have made to produce the anomalous result.

ANY 2

:
- .7
Scm” od o

L

(ii) Suggest a true value for the temperature when 20.00cm” of acid is added.

3.08

(c) In another experiment, the student records these results.

volume of potassium hydroxide solution 25.0cm’
starting temperature of potassium hydroxide solution 16.0°C
total volume of acid added 25.00cm’

highest temperature reached by the mixture 35.0°C

Calculate the heat energy released using the equation

Q=mx418 x AT

Q = the heat energy released in J
m = mass of the mixture in g
AT = change in temperature in °C

[assume mass of 1.00 cm”® of the mixture is 1.00g]

A= 38 <l R= 50,04 4.18x 19.© 3.0%
= R:0'C = 39307

heat energy released = ..

(Total for Question 10 = 7 marks)

19
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11 This question is about titanium and its compounds.

(a) Titanium is a metal.

The diagram shows the arrangement of the particles in titanium.

metal
cations delocalised

electrons

(i) State why metals such as titanium are good conductors of electricity.

(ii) Explain why metals such as titanium are malleable.

20
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(b) Titanium(lV) chloride, TiCl,, and titanium(lV) oxide, TiO,, are both covalent compounds.
TiCl4 is a liquid at room temperature. TiO, is a solid with a high melting point.

Explain these properties in terms of the structures of the two compounds.

ITi CLL}-

« Simple.  moleculors (mi)

[y

e covekent | boads | .. TiOg

(¢) (i) A mixture of titanium(lV) oxide and carbon reacts with chlorine to form
titanium(IV) chloride and carbon dioxide.

Write a chemical equation for this reaction.

(ii) Titanium(IV) chloride reacts with magnesium to form titanium and
magnesium chloride, MgCl,

Write a chemical equation for this reaction.

(Total for Question 11 = 11 marks)

R R 00T S0 O S0 .
P55 3 2 7T 5 A0 2 1 3 2 T awer
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12 A mixture of carbon monoxide, carbon dioxide and hydrogen is known in industry as
synthesis gas.

Synthesis gas is converted to methanol, CH;OH, by passing it over a heated solid catalyst.
The equations for the two reactions are

Reaction 1 CO(g) + 2H.(g) = CH,OH(g) AH = -91 kJ/mol
Reaction 2  CO,(g) + 3H.(g) = CH;OH(g) + H,0O(g) AH=-49kJ/mol

(a) Assume that both reactions reach a position of equilibrium.

(i) Forreaction 1, predict whether using a high or a low temperature would produce
the higher yield of methanol.

Give a reason for your choice.
B

C') ' 1% (ii) Forreaction 2, predict whether using a high or a low pressure would produce
the higher yield of methanol.

Give a reason for your choice.

prediction ...

wo

3. 1ULC
(3.i7)

(b) The catalyst increases the rate of both the forward reaction and the backward reaction.

Suggest why the catalyst has no effect on the position of equilibrium.

.21 IncceansSesS  hoth  Cotes u;ww“«j

22
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(c) Reaction 1 can be represented by a reaction profile diagram.

enthalpy
CO + 2H,

CH*SC,f'l.

(i) Complete the profile by showing the products of the reaction and the
enthalpy change, AH, for the reaction.

3C
(i) Draw an arrow on the profile to represent the activation energy for the
forward reaction.
Label this arrow E.
N INE
(iii) State the effect, if any, of the catalyst on the enthalpy change for the reaction.
&L,

(Total for Question 12 = 7 marks)

23
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13 Calcium carbonate decomposes when heated. The equation for the reaction is
CaCO; —» Ca0 + CO,

(a) Calculate the maximum mass of CaO that could be obtained when 20 tonnes of CaCO;
is decomposed.

Give the unit.
[M,of Ca0=56; M, of CaCO, = 100; 1 tonne = 10°g]
- 20% Ix1®

119 o
“ A (cacoy )
129

2 x 1o? mol

m C(Lc\ U‘) = 2 MCS»& x4
= 11.2 +OnAeS massof CaO=__. ‘' &

(b) Slaked lime, Ca(OH),, forms when water is added to calcium oxide.
Give the chemical name of slaked lime.

(c) Slaked lime is often added to soil to raise the pH of the soil.
A chemist neutralises 25.0 cm”® of 0.500 mol/dm? hydrochloric acid with slaked lime.
Ca(OH); + 2HC — Cacl, + 2H,0

(i) Calculate the amount, in moles, of HCl that is neutralised.

n(HL) s 28 o
(00C

i-34C

Z 0.0|28 mo]

amount of HCl = OOI?‘S_ mol
i 1 Ol (i) Calculate the minimum mass, in grams, of Ca(OH), required to neutralise the HCl.

[M, of Ca(OH), = 74]

N\ ('C\.(CH)&T e Cozs M[CCL(C'H)&) =0 00625 ¥ -79'

>
- D ‘1*6.'35

= 0.006LSmol

minimum mass of Ca(OH), = ... O"*(’g .......... g

24
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(d) A clear solution of slaked lime is made by dissolving Ca(OH); in an excess of water,
This solution is left exposed to air. The solution slowly goes milky as a faint white
precipitate forms. '
: Y s 244
Explain why a faint white precipitate forms.
+ Co(OH), reacds itk Co, to form

La €Oz (Mt ppE) e R

(Total for Question 13 = 10 marks)
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14 The table shows the displayed formulae of six hydrocarbons, Q, R, S, T, U and V.

Q R S
Y H H H H H H H
N \C/ | | |
/ | H—C——C—H |
H H | | H H H
H H
T U v
HHHH H HH H H
1] LT |
H—C—C€—H H—C——C—-C:C\ H—C—C—H
I | | ||
HHHH H H H H—¢|:—C—H
I
H H

(@) Which two hydrocarbons will instantly decolourise bromine water?
O A
; ﬂ .
¢ [ 5=
O Db

Rand V :
QandU _
Sand T :
QandT

(b) Which two hydrocarbons have the general formula C H,,.;?
O A
OB
K c

O b

RandV
Qand U
SandT
QandT

(c) Which hydrocarbon is an isomer of U?

A Q
1B

O c
]Z(D

R
T
Vv

26
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(d) Which two hydrocarbons have the empirical formula CH,?

KA Randv
(0B QandS
JC RandS
OD TandU

(e) The substitution reaction between hydrocarbon T and bromine is similar to the reaction
between methane and bromine.

(i) State a condition, other than temperature, that is required for this reaction to
take place.

(i) Suggest a displayed formula for a possible organic product of the reaction
between hydrocarbon T and bromine.

(Total for Question 14 = 6 marks)

Turn over
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15 The flow diagram shows the main stages in an industrial process to manufacture ammonia.

Gas A _ = Gas B
(obtained from air) (made from natural gas)
Y

compressor =

reactor unreacted gases

v
condenser —b—,

Y

ammonia

NOT (a) Give the name of this industrial process.

IN |
SPEC A DRSS B TR HUJ“‘ ST

(b) Identify gases A and B.

GAS B HZ_ R B R R R R R

(c) State the purpose of the condenser.

R ptwj e ammonia
o ™

ANY 2

- OGO O A0 LSOO
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The reaction to make ammonia is reversible and can reach a position of equilibrium.

The graph shows the percentage yield of ammonia at equilibrium, and at different
temperatures and pressures.

80

350°C
70 —
60 —
450°C
50
Percentage yield
of ammonia 40
at equilibrium (%)
30 - 550°C
20
10 |
|
0 T | T !
0 100 200 300 400

Pressure in atmospheres

(i) State the conditions of temperature and pressure that would produce the
largest percentage yield of ammonia.

400 atm

(i) Find the percentage yield of ammonia at equilibrium, at a pressure of
200 atmospheres and a temperature of 450 °C.

(iii) Suggest why, in the industrial process, the percentage yield of ammonia at
200 atmospheres and 450°C is only 15%.

. Reacton does not reech  equilibium

(Total for Question 15 = 11 marks)
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16 The mineral rozenite contains crystals of hydrated iron(ll) sulfate, FeSO,.xH,0
A student wants to find the value of x.

She uses this apparatus to remove and collect the water of crystallisation from a sample
of iron(ll) sulfate crystals.

iron(ll) sulfate crystals tube A =

tube B

heat

water ice + salt mixture

She uses this method.

* weigh empty tube A to find its mass

* place a sample of hydrated iron(ll) sulfate crystals into tube A and reweigh
* heat tube A

* allow tube A to cool and reweigh

* repeat the process until the mass no longer changes =
Heating until the mass no longer changes is known as heating to constant mass.
When iron(ll) sulfate crystals are heated gently, they decompose according to this equation. >

FeSO,.xH,0 — FeSO, + xH,0

These are the student’s results.

mass of tube A 11969
mass of tube A and FeSO,.xH,0 17.569g

mass of tube A and contents after heating to constant mass  15.76g

(a) State why it is necessary to heat the crystals to constant mass.

o Make Sure. ol of e woter phas

heen removech

N 000 O 30T R A



(b) (i) Calculate the mass of FeSO, formed after heating to constant mass.
m(Feso,) = 15.76 ~11-96
1]

3 X0¢ T ‘ >
o stiass BF FasO, Farmad = 2. 80 (.29

IN THI
o)

(i) Calculate the mass of water collected in tube B after heating to constant mass.
m(H20) = 17561526
= SL;_'. 9 - [ 29

= mass of water collected = ... 'IBC g
(iii) Calculate the value for x in the formula FeSO,.xH,0
Give your answer to the nearest whole number.
[M, of FeSO, = 152; M, of H,0 = 18] ;
| .31
' Fe Soy . 3.%0
L ( = ¥ 1 |
’ | S e
0.025%
= —0.025 Mol =
- 3 ~ - q
A(H0) = 18
8

{
= 0.1mol

(c) When the student adds the water from tube B to anhydrous copper(ll) sulfate, she observes
that the mixture gets hot and that there is a colour change from white to blue.

Explain these observations.

2.01

n Mydrabed  copper () Sulfote.  dormedk |% B

(Total for Question 16 = 8 marks)

TOTAL FOR PAPER = 120 MARKS
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