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The reactlon scheme shows how hydrated copper(ll) sulfate CuSO4 5H-20, changes

h h ated. -
when heate ‘ 90 °C 7 ) 250 °C ‘
CUSO4 5H20—~—————’ CUSO4 HzO"——’ CuSOq4

A little water was. accudentally spilled into a dish’ containing hydrated copper(ll) sulfate

What could be done to remove the water, leaving pure, dry CuSO4 5H207

A Heat the dish over a bo;llng water—bath

Heat the dish to a constant mass.

B ,
C . Heat the dish with-a Bunsen burner.
D

Let the dish stand in direct sunlight.

* Aluminium sulfate is sometimes used in water treatment to remove impurities Aqueous

aluminium sulfate is acidic. The table shows the results of tests on four dlfferent
samples of treated water. : : T
To which sample had an excess of alumlnlum sulfate been added?

sample ~ |- pHof sample reaction with an excess of aqueous ammonia
A 3 white precipitate
B 3 | v no reaction
c 7 : “no reaction
D 1M1 white precipitate

An acld X was added to a solution of the mtrate of ametal, Y. A dense whlte prec1p|tate
was formed : :

What are X and Y? 2 L
: acid X . metal Y
A - hydrochloric calcium
B “nitric: o zinc :
c ksulf'urie : aluminium.
D sulfuric barium

A student tested a solution by adding aqueous sodium hydromde A precnpltate was not

~seen because the reagent was added too quickly.
~ What could not have been present in the solution? ‘
A Al3+ . B Ca** -C NHs* D Zn?*

BP-308
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5 The graph gives the melting points (m.p.) of mixtures of lead and tin.
| 400~ -400
mf« of
pure lead
300+ -300
melting I :
point / °C s mgltmg
200 500 point / °C
100~ : -1 O
0 50 100

% of tin in the mixture
The graph shows that any mixture of lead and tin must have a melting point that is

A above that of tin.
B below that of lead.
C below that of both tin and lead.
D between that of tin and lead.
6 The isotopes of carbon and oxygen are given in the table.
Isotopes of carbon 12C 13G 140
Isotopes of oxygen 180 70 180

A molecule of carbon dioxide with molecular mass 46 could contain

one '2C atom and two '®Oatoms.
one "C atom and two 80 atoms.
one 2C atom, one 80 atom and one 80 atom.
one C atom, one 80 atom and one 80 atom.

gow>»

7 Particles with the same electron arrangement are said to be isoelectronic.
Which of the following compounds contains ions which are isoelectronic?

A CaCl
B KBr

C MgCl
D Na;S

Apply past knowledge to past knowledge to new situations 3
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The table shOWs information about particles X and Y

g | number of protons | number of neutrons | electronic structure
X 9 10 2,8

Which statement is correct for both X and Y?

A They are atoms of metals.
‘B They are atoms of noble gases.

C Theyare |sotopes of the same element.
D They are negative ions.

The table shows some properties of four substances.
-~ Which substance is an ionic compound? -

|- oonducts electricity

" dissolves

conducts electricity

' melting

- | point/°C when solid in water in aqueous solution
A -102 no yes. o yes

B 801 no yes / yes

C 842 yes yes yes

D 3000 yes no no

The shapes and names of some molecules are shown below.

e_‘*fﬁwuo o ,\_ ‘ e
\@ 0/ \e =Q/ \Q 1

tetrahedral

pyramidal bent

. linear

Phosphine is a compound of phosphorus an element in Group V, and hydrogen The

shape ofa molecule of phosphlne is Ilkely to be

A bent

"B linear.
C pyramldal

D tetrahedral.

Apply past knowledge to past knowledge to new situations - .
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Which sulfide contains the greatest mass of sulfur in a 10 g sample?

sulfide formula mass of one mole /g
A NiS 91
B FeS; 120
c MoS. 160
D PbS 239

Two of the reactions used in the manufacture of nitric acid, HNOs, are shown.

2NO + 02 > 2NO:
4NO; + 2H,0 + O2 > 4HNO3

What is the maximum number of moles of nitric acid which could be formed from one
mole of nitrogen monoxide, NO?

A 05 B 1.0 C 20 D 4.0

A piece of chalk has a mass of 23.0 g. Chalk ié impure calcium carbonate. When
analysed, the chalk is found to contain 0.226 moles of calcium carbonate.
What is the percentage purity of the piece of chalk?

A 0.983% B 1.02% . C 77.0% D 98.3%

Which element requires the smallest number of electrons for one mole of atoms to be
liberated during electrolysis?

aluminium
calcium
copper
sodium

oo w>»

Apply past knowledge to past knowledge to new situations
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15 The diagrams show an electrolysis experiment using inert electrodes.

o oY

liquid Y

. lE"E" '
before electrélysis , ‘ after electrolysis

Which could be liquid Y?
1 aqueous copper(ll) sulfate
2 aqueous sodium nitrate
~ 3" concentrated aqueous sodium chloride
4 dilute sulfuric acid

4 only

1 and 4 only
2and4only
2,3and4only -

L o0wWw>

16 A student carries out a single experiment to determine the speed of reaction between
calcium carbonate and an excess of hydrochloric acid. -
Which of the following does not change during the course of the reaction?

concentration of the hydrochioric acid solution
mass of the calcium carbonate

volume of carbon dioxide evolved

volume of hydrochloric acid solution

gow>»

“Apply past knowledge to past knowledge to newvsitbations IR ] : SO B 6
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17 The graph shows how the rate of a reaction varies with the concentration of one of the

reactants.

0-3
Rate (1/t) /s™

0-2

0-1
0

o)

by
b}
=

i 1
rordrh

'g 0-2% 0-50 075 1-00 4.7% Concentration /mol/dm?

What is the reaction time, in seconds, when the concentration of the reactant was

0.50 mol/dm3?
A 0.2 B 05

C 20 D 5.0

18 A diagram for the energy change during a chemical reaction is shown.

i
reactants

energy

products

. For which reaction(s) would this be an appropriate diagram?
1 CH4 + 20, - CO2 + 2H20
2 CgH1205+ 602, = 6C0O2 + 6H20
3 2C + 02 > 2CO

1 only

1 and 2 only
1.and 3 only
1,2and 3

ooOow»

Apply past knowledge to past knowledge to new situations
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- The oxide of titanium, TiO2, is used as a ‘Whitener’ in' toothpaste. It is obtained from the. -

ore iron(ll) titanate, FeTiOs. What is the change, if any, in the oxidation number of
titanium in the reaction FeTiOs - TiO2?

A lItis oxidized from +3 to +4.
B ltis reduced from +3 to +2.
C ltis reduced from +6 to +4.

D There is no change in the oxidation number.

The pH of an aqueous solution of hydrochloric acid is 2.
What will be the pH of the acid after the addition of 10.0 g of sodium chloride?

A2

B 5

c7

D9

Which row in the tabl.e correctly shows the properties of 0.100 mol/dm? hydrochloric acid
when compared with 0.100 mol/dm? ethanoic acid? o

BP-314

pH- conductivity Rate of reaction with magnesium
A lower lower / - slower '
B - hi'gher higher faster
|c lower higher faster
1D higher lower slower

Consider the three reactions below.
¢ reaction between nitric acid and calcium hydroxide

¢ - ethane burning in air

e reaction between ethanoic acid and ethanol

A student made three statements about the three reactions above.
1 carbon dioxide is produced in all reactions -

2 water is produced in all reactions
3 asaltis produced in all reactions

ogow>»

2only - .
1 and 2 only
2 and 3.only
1,2and 3

* Which statement(s) is/are true?

- Apply past knowledge to past knowledge to new situations
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Methylamine, CHsNH_, has very similar chemical properties to ammonia, NH3;.
Methylamine reacts with hydrogen chloride fo form a white crystalline salt,
methylammonium chloride.

CHsNH2 + HCI = CH:NH3*Cl-

A sample of methylammonium chloride is heated with aqueous sodium hydroxide.
What are the products?

ammonia, sodium chloride and water

ammonia, sodium hydrogencarbonate and sodium chloride
methylamine, hydrogen chloride and water

methylamine, sodium chloride and water

oow>»

A student has five reagents.
e dilute hydrochloric acid
e dilute sulfuric acid
o dilute nitric acid
¢ solid calcium carbonate
o solid copper(il) carbonate

How many soluble salts can be prepared?
A 3 B 4 C5 D 6

How can a pure sample of barium sulfate be obtained from barium carbonate?

A Dissolve it in dilute hydrochioric acid, add dilute sulfuric acid, filter and crystallise.
B Dissolve it in dilute hydrochloric acid, add dilute sulfuric acid, filter and wash.

C Dissolve it in water, add dilute sulfuric acid, filter and crystallise,

D Dissolve it in water, add dilute sulfuric acid, filtler and wash.

An alloy of copper and zinc is added to an excess of dilute hydrochloric acid. The
resulting mixture is then filtered.
Which observations are correct?

filirate residue
A colourless solution none
| B colourless solution pinkish brown
Cc blue solution grey
D biue solution none

Apply past knowledge to past knowledge to new situations

BP-~315



27

28

29

306

BBSS/2018 O Prelim ’/sec 4E{ Chem 6092 P1

In the apparatus shpwn, gas P is passed over solid Q.

ld_
, heat
No reaction occurs if P-and Q are IR
, P . - aQ
A hydrogen T lead(ll) oxide

B hydrogen magnesium oxide

C oxygen ' carbon -

D bxygeh ‘ sulfur

The period 4 elements gallium (Ga), germanium (Ge), arsenic (As) and selenium (Se)
are elements below aluminium, silicon, phosphorus and sulfur in the Periodic Table, a
portion of which is shown below. -

period 3 elements Al Si P S
period 4 elements Ga Ge As Se

The properties of each period 4 elem_e_ht-resemble those of the period 3 element directly
above it. Lol R TR ST
Which period 4 elements form oxides that dissolve in water to give an acid solution?

A As and Se
B Gaand Ge
C GaandSe
D Seonly

When a mineral was heated in a Bunsen flame to a constant mass, a colourless gas that
produced a white precipitate in limewater, was given off. The remaining solid was
cooled and then added to aqueous hydrochloric acid. Vigorous effervescence was seen.
What was the mineral?

A aragonite, CaCOs

B artinite, MgCO3.Mg(OH)2.3H20
C Dbarytocalcite, BaC0O3.CaCOs
D dolomite, CaC03.MgCOs

-Abply past knowledge to past knowledge to new situations ‘ , 10
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Listed below are four solutions.
1 aqueous sodium hydroxide
2 aqueous silver nitrate
3 aqueous potassium sulfate
4 dilute hydrochloric acid

Which of the following solution(s) will react with magnesium metal?

4 only

1and 4

2 and 4 only
2,3 and 4 only

Attaching pieces of magnesium to underground iron pipes can protect the iron from
corrosion.
Which reaction protects the iron from corrosion?

A Fe?(aq) > Fe**(aq)+e
B Fe(s)> Fe*(aq) + 2e
C Mg#(aq) + 2e > Mg(s)
D Mg(s) > Mg*(aq) + 2e

An experiment to find the percentage of oxygen in 150 cm? of polluted air is shown.

damp
fror wool

B T~ measuring cylinder

~150em® of
polluted air

~water

The apparatus is left for one week.
After this time, the volume of gas in the measuring cylinder is 122 cm?.
What is the percentage of oxygen, to the nearest whole number, in the polluted air?

A 19% B 21% - C28% D 81%

The depletion of the ozone layer in the upper atmosphere reduces the Earth’s natural
protection from harmful ultraviolet radiation.
Which compound would cause the most depletion of the ozone layer?

A CCLF B CF. C CHCIF; D CHaF>

Apply past knowledge to past knowledge to new situations 11
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34 -~ The compbund, CsH1s undergoes the following process.

Proceséx ; _ ‘
CeHig ————> Ethene + Compound Y

- ‘Which row in the table correctly identifies Process X and Compound Y?

Process X - RS Compound;Y
1A cracking‘ B hexané
B cracking ' hexene
1€ distillation } . hexane

D distilaon |~ hexene

35 How many moles of hydrogen chloride are formed when one mole of methane is added
to.a large excess of chlorine in the dark?

A 0O : B 1 C2 B D4

36 Three members of the cycloalkene homologous series are shown:

Ho H HoH
. T? N Ho | | _H
H—C—C—H P W H
AN "= ™ HN_
H H : / Y =0

H H H H

Which of the following is the general formula for th’is‘ homologous series?

A CrHzna
B CnHan2
C CpH2n
D CrHans2

Apply past knowledge to past knowledge to new situations o ~ 12
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Oil contains carbon-carbon double bonds which can undergo addition reactions with
iodine. The iodine number of an oil is the mass of iodine in grams that will react with
100 g of ail.

Which row in the table shows the oil that is likely to have the lowest melting point?

oil jodine number
A corn 123
B linseed 179
C olive 81
D soya 130

A compound has the following structure.

Which reaction(s) will occur with this compound?
1 Bromine water will decolourise.
2 It will react with an alcohol to form an ester.
3 It will react with sodium metal.

A 1 only

B 1and 2only
C 2 and 3 only
D 1,2and 3

Polyvinyl chioride (PVC) is a man-made polymer used mainly in the manufacture of
pipes. PVC pipes are strong, lightweight and does not rot.
Which statements correctly describe the polymer, polyvinyl chloride, PVC?
1 Combustion of PVC waste produces a highly acidic gas.
2 PVC molecules are saturated.
3 The empirical formula of PVC is the same as the empirica| formula of its
monomers.

A 1and 2 only
B 1 and 3 only
C 2 and 3 only
D 1,2and3

Apply past knowledge to past knowledge to new situations 13
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g 40." - Asection ofa con,densation; polymer is Shown- below.

| B
One of thre;rﬁ_dnomers is -

0 O

B R
Hm0~—C—CH~C—0—H

" The structural fofmul_a of the o'th‘erfnionome_r is
o f , 0 o
A b A I—D—(CH), —0~—C—H

B FBI—(CH), m{}—ﬁ

fg |
€ FC)I—C—(CH), —O—H

I R
H D —C—(CH), —C—0—H

e

End of paper -

' ,_Apply' past knowledge to past knowledge to new situations .

~ !t
=L CH— C—0—(CHy),— 0 — C~CH~C—
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Section A _
Answer all the questions in this section in the spaces provided.
The total mark for this section is 50 -

A1(a) The grid below represents part of a blank periodic table, the numbers being the proton
number of the elements.
In the grid below, write
(i) P ina space which could be occupied by a noble gas which is used to fill weather

balloons. (1]
(ii) Q in a space which the most reactive non-metal would occupy. [1]
(iii) R in a space which could be occupied by a metal with the lowest density. 1]
(iv) S in a space which could be occupied by an element forming an amphoteric
hydroxide. ' 1]
(v) T in a space which could be occupied by an element with an isotope that can be
represented by 1¢X. : 1]
1 2
3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18

(b) (i) Describe how the metallic character of the elements in Period 3 changes across
the period from left to right. :

................................................................................................................ [1]
(ii) State how the metaliic character of an element is related to its electronic
structure.
............................................................................................................... 11
(c) Explain what is meant by the term periodicity.
................................................................................................................ (1]
[Total: 8]

Awnanles mnmot bnnindedne to newn situations 2
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: A2 Carbon atoms can bond to each other to produce a variety of different structures
: mcludlng dramond graphrte and buckmmsterfullerene

A(a) Theére are srmllarltres and differences i 'II’] the' structure and bonding in kdiamondv and

graphite. .

(i) - Describe two features of the structure and bonding in- dlamond that are similar to
graphite.

............................................................................................................
P L R L R R N R N RN RN E P YRR Y

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

(i) Describe two features of the structure and bonding in diamond that are different
from graphite.

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

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

(b) Buckmrnsterfullerene is a form carbon with the formula Ceo. If itis burned
SR completely in oxygen, it forms carbon dioxide as the only product. -
Calculate the mass of carbon dioxide that is released when 51 g of .
buckmlnsterfullerene is completety burned in oxygen ‘ [2]

" Apply past knowledge to new situations " 3
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(c) The structures of graphite and boron nitride are shown below.

Key

« = carbon atom ® nitrogen atom
@ boron atom
graphite _ boron nitride
(i) What is the chemical formula for boron nitride? ..........cccoviiiiiiiiiiiinnns 11

(ii) Like graphite, boron nitride feels slippery to the touch.
Explain, in terms of bonding and structure, why boron nitride feels slippery to
touch.

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

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

........................................................................................................ 2]
(iii) The diagram below shows the structure of a solid form of carbon called
graphene. Graphene contains one layer of carbon atoms.
Graphene is made from graphite but it is harder than graphite.
Explain, using ideas about structure and bonding, why graphene is hard.
...................................................................................................... 1]

[Total: 10]

AmanTes ot bennrnledne to new situations 4

BP~325



BP-326

316
BBSS/ 2018 O Prelim/sec 4E/Chem 6092 P2

A3 Alkanes like propane and butane aré found in Liquefied Petroleum Gases(LPG).

(a) Anexperiment shows that complete COmbu'stiOn of 1.0 dm? (measured at room
- temperature and pressure) of butane produces 120 kJ of energy.
" Calculate a value for the enthalpy change of complete combustion (kJ/moI) of butane,

giving the correct SIgn

[1]

(b)(i) The alkane with 5 carbon atoms, pentane exists as several isomers shown below.
- One is straight chain pentane while the other two are branched chain pentane.

- Will the two isomers which are branched chain pentane have the same enthalpy -
change on complete combustion as the straight chain pentane?
Explaln your reasoning.

--------------------------------------------------------------------------------------------------------

...................................................................................................... 1
(i) The table shows the enthalpy changes of combustion of hexane and heptane.
name | - formula enthalpy change of combustion / kd/ mol
hexane CeHu . -4163
heptane “CiHi T 4817

Using the data glven estimate the enthalpy change of combustion in kJ/mol of
octane, CsH1s. Explain the method you use to arrive at your answer.

------------------------------------------------------------------------------------------------------

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

Applij past knowledge to new situations
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(c) Some students studied the graph below that shows the amount of fossii fuel
burned in the world between 1960 and 2010.

12000
11000
10000
000
8000 = 2
Fassil 7000 o
fusel bumed 6000

{millions of
fonnes) 5000 e

4000
3000
2000
1000

{

1080 1970 1980 1990 2006 2010 2020
Year

Fig 3.1

(i) One student says that the amount of fossil fuels burned has increased by the
same amount every ten years.
Is the student correct? Use data from the graph to justify your answer.

(ii) Another student says that itis very difficult to estimate the amount of fossil
fuel we will use in 100 years’ time. Suggest reasons the student could give to
justify this statement.

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

-----------------------------------------------------------------------------------------------------

—onter cmmnt bsvnredodno tn netis .éihmtions 6

BP~327



BP~328

318 )
BBSS/ 2018 O Prelim/sec 4E/Chem 6092 P2 .

(i) The graph below shows the changes in average global témpérat_ure from
1960 to 2010. o 3 '

‘ ,ﬁ."Bff

"O.? o ‘ , i A

.08 - , _

i e | Iy
Incregsein = T I : :

average global 54 ' ; AN f\j V

average gl 0.4 , N

‘temperatura o » ' . Vv
o sl 1 1A N

R AA
o024 - -
1880 1970 1986 - 1890 2000 2010
"~ Year
Fig3.2

Describe the link between the trends shown in the graphs in Fig 3.1 and Fig 3.2.

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

- [Total: 8]

" Apply past knowledge to new situations 7
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The diagram shows a simple cell, with two different metals as electrodes dipped in
dilute nitric acid. A student did an experiment using the simple cell below.
The voltages were recorded in the table. A
e If the voltage measured is positive then metal 2 is more reactive than metal 1.
¢ [f the voltage measured is negative then metal 1 is more reactive than metal 2.

. Vvoltmeter
o

metal 1 . metal 2
electrolyte
metal 2
beryllium | cobalt | nickel silver vanadium
berylium | 0.0V -18V j-16V | notmeasured |-0.7V
cobalt 0.0V 0.0V |14V 0.9V
metal 1 | nickel 1.1V 09V

20V

silver
vanadium

(a) (i) Inthe simple ceil containing nickel and silver, it was observed that the electrolyte
- slowly turned pale green. Write the ionic equation to explain the colour change.

........................................................................................................... [1
(ii) What happened to the mass of the nickel electrode?
............................................................................................................ 1]
(b) (i) Using the data given, state the most reactive metal in the table above.
Explain your reasoning.
.............................................. s [2]
(ii) Predict the voltage produced by a simple cell with beryllium as metal 1 and silver
as metal 2.
............................................................................................................. (1

1 sk Tenmv il as tn norn THIAGHONS 8
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(c) (|) The student wanted to rank the metals Ilsted in the table accordmg to thelr
- reactivity’ but he was- not able to do S0, Why'?

~(ii). Briefly describe one simple experiment the student can do which will'help him to -
solve the problem in ¢(i). - '

[Total: 7]

Ab5 The rate of reaction of i iron with aqueous bromnne is determined by usmg the
apparatus shown below. S o
' : medhamcai '
© o slirrer
Seonnected to
iron rod

on ——l

aguecus bromine
rod | EEsetl

‘The iron is removed at regular mtervals ltis washed dried and then welghed

- The'iron is then replaced in the solution. :
The experiment is repeated twice, each time with a dlfferent concentratlon of aqueous
bromine at room temperature, 25 °C. The results are shown in the table below.

Experiment concentration of aqueous bromine speed of reaction
, mol/dm® - mg iron reacted/min

1 e ~ 0.050 9.2

2 _ = 0.10 4 , 18.1

3 015 | 27.2

(a) Descrlbe how and explain why the speed of this reactlon changes with
concentratnon of bromine. :

-------------------------------------------------------------------------------------------------------------

- Apply past knowledge to new situations : . o ‘ - 9
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(b) (i) Experiment 1 is repeated after aqueous bromine has been cooled in an ice
bath to 15°C.
Predict the speed of reaction, with appropriate unit...................cocoioviviiieienennes [1

(ii) Using collision theory, explain your answer in (b)(i).

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

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

(c) Suggest another method for measuring the speed of this reaction.

............................................................................................................... 11
[Total: 6]

A6 Ammonia, NH3, is a colourless, pungent-smelling gas which has been known to man
from the beginning of recorded time. Chemists have discovered a novel way of “fixing’
atmospheric nitrogen (converting nitrogen gas into its compounds). Moist nitrogen is
passed over a TiO; plate which has been coated with other chemicals. The nitrogen is
thought to react with moisture in the air at room temperature and pressure to form
ammonia.

A possible equation for the reaction is given below.

5N2(g) + 6H20(g) == 4NHj3(g) + 6NO(g) AH = +1808 kJ/mol
(a) (i) Explain why there are only a few reactions that 'fix’ nitrogen.

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

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

............................................................................................................ 21
(ii) Suggest and explain one advantage and one disadvantage of the process given
in the equation above as a method of making ammonia compared with the
Haber process.
................................................................................................................ 2]

Avenles wnimnt lenninlodne tn new situations 10
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(b) 1.20 dm? of ammonia gas was dissolved in water to form 200 cm3 of aqueous alkali at
- room temperature and pressure.

(i) Calculate how many moles of NHa(g), was dissolved in water.

[1]

(i) Write the equation for the neutrahsatlon of aqueous ammonia, NH3(aq) by
dilute sulfuric a0|d

(c) The decompdsition of ammonia is represented by the following equation.'
2NHs(g) == Na(g) + 3Ha(Q) AH =+ 92 kJ/mol '
The activation energy, E. for the uncatalysed: reactlon is 335 kJ/moI

The actlvatlon energy, E.” for the reactlon when tungsten is used asa 'catalyst is
163 kJ/mol. »

(i) On the grid provided on page 12, draw a labelled energy prof‘ ile dlagram for the

Include the necessary information given.

Appiy past knowledge to new situations = - ‘ 7 11

- uncatalysed and catalysed reactions. [3]
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A
500
400t
00 A
enthalpy
kd/mol 200
100
0
NH3
-100
progress of reaction
(i) When osmium is used as a catalyst, the activation energy is 197 kJ/mol.
Which catalyst, osmium or tungsten, will cause ammonia to decompose
at a faster rate? Explain your answer using ideas about particles.
....................................................................................................... [11
(iii) State the activation energy for the uncatalysed reaction of the followmg
N2(g) + 3Hz(g) < 2NHa(g)
...................................................................................................... 1]
[Total:11]

Annl naet kenariledae to new situations 12
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- Section B
Answer all three questions in this section.

The Iast questlon is in the form of an elther/or and only one of the alternatives should be attempted.

B7

Composition. of sea water

The Earth’s ocean holds about 1.5'x 108 tonnes of water, which in turn contains
0.05 x 108 tonnes of dissolved salts. The table below shows eight most common ions
in the sea.

ion , % by mass of total concentration in
_ ‘ - dissolved solids mol/dm?®
Chioride, CF 55.04 0.535
Sodium, Na* 30.42 0.457
- Sulfate, S04 - - 7.69 ' 0.028
Magnesium, Mg?* : 3.91 0.056
Caicium, Ca?* | 1.16 0.010
Potassium, K* | 1.10 ~ 0.0097
Carbonate, CO3Z v 0.41 0.0023
Bromide, Br- 0.19 0.00081

The dissolved ions in the sea form an essentially free source of materials to anyone
with access to the sea. Evaporation of sea water produces sodium chioride and
potassium chloride. The two other elements that can be obtained from sea water are
bromine and magnesium.

Uses of Magnesium

Magnesium is the lightest structural metal used today, some 30% Iighter than
aluminium. Magnesium is the third most used metal in construction (after iron and

aluminium).” Nearly 70% of the world production of magnesium is used to make alloys.

One example is Magnox which is an alloy of magnesnum with small amount of
aluminium-and other metals.

Extraction of magnesium

The first stage in the production of magnesium is to mix the sea water with a slurry of
calcium hydroxide. This precipitates magnesium hydroxide.

This reaction can be represented as follows.
Mg*(aq) + Ca(OH)z(aq) > Mg(OH)z(s) + Ca?*(aq)

Magnesium hydroxide is then separated and heated to produce magnesium oxide.

Apply past knowledge to new situations , 7 ; 13
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The flow chart summarises the process mentioned

sea water limestone, CaCO3
"heat
water
l«——  slaked lime «————quicklime
Ca(OH)2 Ca0o

v
magnesium hydroxide

1. separate from sea water
2. heating

v
magnesium oxide

Conversion to magnesium chloride is achieved by heating the oxide, mixed with
carbon, in a stream of chlorine at a high temperature in the furnace.

2MgO(s) + C(s) + 2CIl2(g) > 2MgClz(s) + CO2(g)

The resulting anhydrous magnesium chloride is fed into electrolytic cells.

A schematic diagram of the electrolytic cell is shown below in Fig 7.1

graphite anode

chlorine gas
inert gas out

inertgasin W&—m—-—m

molten magnesium i - molten magnesium

molten magnesium chloride

1. i
(with some NaCl and CaCk) iron cathode

-

chlorine gas

Fig 7.1
The design of this cell considers the following properties of both magnesium metal and
magnesium chloride: '

molten magnesium reacts vigorously with oxygen

o at the temperature of molten magnesium chloride, magnesium is a liquid

¢ molten magnesium has a lower density than molten magnesium chloride and forms a
separate layer on the surface.

Annlis nact knmbledae to new situations - 14
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(@)  Name the most abundant ionic compound in sea water and determine the effective
concentration of this compound in mol/dm3,

1]
(b) (i) From the information given, deduce the trend in solubility of the Group Il metal
hydroxide as the proton number increases.
LT T P PP [1]
(i) Calculate the mass of magnesium hydroxide precipitated when an excess of
calcium hydroxide is added to 1000 dm? of sea water. [2]
() (i) Write an ionic equation for the reaction at the cathode in the electrolytic cell.
............................................................................................................... [1]
(i) How does the design of the cell shown in the Fig 7.1, take into consideration
the reaction of molten magnesium with oxygen?
............................................................................................................ - [1]
(d) Electrolysis is an expensive process as high consumption of energy is needed.
Using the information given, what is being done to lower the cost in industrial
process?
............................................................................................................... [1]

Apply past knowledge to new situations 15
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A technician accidentally replaced'the graphite electrode with a piece of silver
metal. :

How would the products of electrolysis be affected? Explain your answer.
Write an ionic equation to support your answer.

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

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

......................................................... TR TO PSR ROORPTTTION )|

State an example of recycling that is given in the information.

............................................................................................................ 1
The aluminium atoms in Magnox form a metallic structure with magnesium.

The figure below represents a simple illustration of the bonding in Magnox.

Use your knowledge of atomic structure and metallic bonding to label the

boxes. 1

-
rressssumimnassissassnnimasssoss NOT

;
DURTRFRRHNIMIIRVR | & 1

[Total: 12]

Aunli nnct knownledae to new situations 16
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B8 (a) A student reacted together an alcohol and a carboxyhc acid under appropriate
conditions to produce an ester.
A sweet smelling organic liquid, Q, with the empirical formula C2H4O was produced.
The M; of Q was found by experiments to be 87.5.
(i) What is the molecular formula of Q? Show the necessary calculation. [1]

(ii) In the boxes below, draw the structural formula of two isomers with this formula
that are straight chain esters. [2]

A sample of Q was heated with aqueous sulfuric acid. The product obtained was a
mixture of the original alcohol and carboxylic acid. This mixture was heated under
reflux with acidified potassium manganate(VIl) to give a single product, R.

The product, R, was collected and subjected to the following tests:

o A sample of R gave no reaction with aqueous bromine.
+ A second sample of R gave an effervescence with sodium carbonate.
¢ A third sample of R is.completely miscible with water.

(iii) What is the identity of single organic compound R?

Apply past knowledge to new situations _ 17
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(b) Cyclopentene is a cyclic alkene with the formula CsHs. It is a colourless liquid with a
petrol-like odour. It is used as a monomers for synthesis of plastics.
The figure below shows some reactions involving cyclopentene .
(i) Complete the partial structures of compounds X and Y which are the products of

the reactions. ' , 2]
_ f{’:\
H, with Ni catalyst C
-l
C—¢G
cyclopentene
compound X
'{3
o “x
Wi
G0
compound Y

(i) Write a balanced chemical equation to show the reaction between cyclopentene
and agueous bromine.

..................... P A I
(iii) Cyclopentene can be polymerised to give poly(cyclopentene). Draw a section
of poly(cyclopentene) to show two repeat units. ‘ 11
[Total: 8]

Annli nast knowledae to new situations ' 18
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B9 Either : : o »

Aqueous iron(ll) bromude is a pale green solutlon containing |ron(ll) ions and bromide ions. v
When chlorine is passed into aqueous lron(ll) bromlde the colour of the solution changes from
pale green to orange-red.

When the orange-red solution is heated, it gives off a brown vapour, Ieavmg a yellow solution

S. The brown vapour forms a dark orange liquid T on cooling. When ethene gas is bubbled
-into T, the dark orange colour disappears.  Sodium hydroxide solution is added to solution 8
and a reddish brown precipitate was obtained.

(@) () NEME HQUIA T. cvvetiereeeietieie e e e e s et esae e et e saeeeneesse e aeesbeesbesiaeeaseeasane 1]
(ii) Draw ‘dot-and-cross’ diagram to show the electron arrangement in T.
Show only the outer electrons. ' [1]

(b) Name the yellow compound present in solution S.

(c) (i) Construct a balanced chemical equation for the reaction in which 8 and T are formed
.................. e s [1]
(ii) In this reaction in which S and T are formed, name the oxidising agent.
Explain your answer, using electron transfer.
............................................................................................................. [2]

Apply past knowledge to new situations : ‘ : 19
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(d) A student uses chromatography to analyse the food dyes used in a packet of
sweets. The packet contains three different coloured sweets. He tests one sweet of
each colour. He uses two known safe food dyes and one known unsafe dye as
references.

The chromatogram below shows his results.

solvent front
O @ @
&
@ ®
) 9
start fine ———t——"; - ¥ %3 A 20 e
sweet = sweel swest safedye safedye unsafe
1 2 3 1 2 dye

(i) The student looks at the results and makes this statement:
“The results show that it is possible that two of the sweets contain an unsafe dye.”
Explain how the results of the chromatogram support the student’s conclusion.

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

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

........................................................................................................... [2]
(ii) Calculate the Ry value of the unsafe dye given in the chromatogram above.
(1l
(iii) The student also uses chromatography to identify the flavourings used in the
sweets. He sprays his chromatogram with a locating agent.
Why does he need to use a locating agent?
.......................................................................................................... M

Awnnlis smmet bnminledne to new situations 20
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B9 Or : v
Both calcium and barium are elements in Group Il of the Periodic Table. The trend of the
reactivity of the elements in Group Il is similar to that in Group |. Like Group | elements,
calcium and barium form salts with the halogens.

The salt, calcium chloride, CaCl;, can be made by different reactions.
A student prepared hydrated calcium chloride by carrying out the following experiment.

Step 1 The student added an excess of a solid calcium compound, X, to dilute
hydrochloric acid. The mixture fizzed as the solid reacted.

Step 2 The student filtered the mixture to give an aqueous solution of CaClz.

Step 3 On evaporation, colourless crystals of hydrated calcium chloride were formed.

(a) Why is calcium chloride an example of ‘salt’?

................................................................................................................. [1]
(b) A friend of the student suggested that solid X was caicium oxide. State one reason
why the student’s friend was incorrect and suggest a possible identity of solid X.
................................................................................................................. [2]
(¢) Hydrated calcium chloride has a molar mass of 219 g/mol.
Determine the formula of hydrated calcium chloride.
You must show your working. [2]

Apply past knowledge to new situations 21
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(d) Calcium chioride can also be formed by directly reacting calcium with chlorine gas.
Explain, using oxidation states, why the formation of calcium chloride from its
elements, is a redox reaction.

............................................................................................................. [2]
(e) The student decided to prepare barium sulfate, BaSO4, by adding barium metal
to dilute sulfuric acid . Another student said this method should not be used to
prepare the salt, barium sulfate.
Give two reasons why the other student is correct.
............................................................................................................ 2
() Barium atom has the electron arrangement 2, 8, 18, 18, 8, 2. Write the electron
arrangement of the barium ion.
............................................................................................................ [1]

End of paper
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s
\‘% ; % '

28 6% 8 b Vil s
N N

No. | Ans | Remarks
1 D A) A boiling water bath has a temperature of 100°C, so if heat over water bath,
' CuS04.H;0 obtained (see eqn)
B) This will convert hydrated copper(ll) sulfate to the anhydrous form.
C) Same as (B)
2 A (See QA notes)
3 D X has sulfate ion reacts with bariumion to form insoluble barium sulfate. This
is not the reaction of the hydrogen ion in the acid. :
4 B Both aluminium ion and zinc ion forms white ppt which dissolves in excess aq
NaOH giving colourless solution. Calcium ion forms white ppt that does not
dissolve in excess aq NaOH.
5 B
6 C {add up nucieon no. given in the options and compare to 46)
7 D (write down electron arrangement of ions glven in the optionand compare)
Electron arrangement for:
Ca?*2,8,8 Cl28,8 -
8 D {compare no. of protons and no. of electrons)
X: 9 protons, 10 electrons so X is negative i jon .
Y: 17 protons, 18 electrons, so Y is negative ion
9 B (see the column for ability to conduct electricity in-solid and in aqg state)
10 C (compare with N which is in Group V, compound of N and H is NHs, so
compound of P and H is PHs Check. the no. of white dots which represent
| hydrogen atoms) :
11 B Mass of S =no. of S atom x Arof § x mass of sample
Mr
12 B ' :
13 D - | Mass of calcium carbonate in the chalk = 0.226 x 100 = 22.6g
' - | % purity =22.6723.0 x 100 = 98.3%
14 D | (compare the charge of the positive ion, eg Na* + e > Na)
15 C Oxygen and hydrogen gas given off (see volumes of gas produced), so
hydromde ion and hydrogen ion discharged.
In (1), copper(ll) ion discharged instead of hydrogen ion.
In (3), chloride ion discharged instead of hydroxide ion due to higher [Cl]
16 D As reaction progresses:
(A) Concentration of acid drops
(B) More carbonate used '
~(C) More gas produced
17 D Reactiontime,t=1/rate=1/02=50s
18 D (2) is respiration which is exothermic. (see glucose react with oxygen.
Both (1) and (3) are combustion of fuel so exothermic.

Apply past knowledge to pust knowledge to new situations 16
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Remarks

No. | Ans

19 D {assign oxidation numbers)
In FeTiOs, oxidation number of Ti is +4, in TiO-, oxidation number is +4

20 A Sodium chioride is neutral, does not react with hydrogen ions. in the acid, so
pH unchanged '

21 C Hydrochloric acid is strong acid, total ionization. ethanoic acid is weak acid,
partial ionization.

22 A Carbon dioxide is only produced in 2" reaction. Salt is produced .in 1%
reaction.

23 D (Recall properties of ammonium compound, apply this to methyl ammonium
chioride) when ammonium chioride react with ag NaOH, ammonia gas, salt
(sodium chioride) and water produced.

24 C With: calcium carbonate, soluble salts will be calcium chloride, calcium nitrate.
NOT calcium sulfate as it is insoluble
With copper(ll) carbonate, soluble salts will be copper(Il) chloride, copper(ll)
sulfate, copper(ll) nitrate

25 B Barium sulfate is insoluble, so need two soluble startingieagents. Banum
carbonate is also insoluble.
Add barium carbonate to dilute hydrochloric acid to form soluble barium
chloride, before reacting with the second soluble reagent.

26 B Copper will not react, remain as residue. Zinc react with dil hydrochloric acid
to form colourless solution zinc chloride.

27 B (A) Lead(ll) oxide wili be reduced by hydrogen gas to form lead and water
(B) Magnesium is higher up in the reactivity series, so hydrogen is not able to

- reduce magnesium oxide
| (C) Carbon react with oxygen toe form; carbon dioxide

(D) Sulfur react with oxygen to form sulfur dioxide

28 A Both P and S are non-meétals, so form acidic oxides which dissolves in water to
form an acid.

29 C . | Going down group ||, the carbonate becomes more difficult to decompose.
Both magnesium carbonate and calcium carbonate decomposes, but not

- | barium carbonate. _
130 C (2) magnesium will displace silver from silver nitrate

(4) magnesium will react with acid to form salt and hydrogen

31 D Magnesium is a more reactive metal, so loses electron more easily.

32 A Rusting uses up oxygen. Volume of oxygen used = 150 — 122 = 28 cm?
% of oxygen =28 /150X 100 =18.7%

33 A Chlorine atom reacts with the ozone molecules, so choose the option with
largest no. of chlorine atoms.

34 A Y is CgHyg, 501t is hexane

35 A Absence of uv light, so no substitution occurs

36 B Cyclobutene — C4Hg, cyclopentane — CsHs, cyclohexene — CgHig

37 B The oil with the lowest bp will have the largest no. of C=C bonds.

Apply past knowledge to past knowledge to new situotions 17
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No. | Ans | Remarks
38 D It has C=C so will react with ag bromine
With the -COOH, it is an organic acid, soreact with metal and alcohol
3 D (1) True, Hydrogen chloride gas produed
(2) True, nomore C=C in addition poymers
(3) True, only the polymer is produced
40 B '

Apply past knowledge to past knowledge to new situations
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Sec 4E GCE O Prelim Chemlstry 65092
Answers & mark scheme

The paper was

Ala(i)y P —box 2 Q-box 9; R -box 3; S—-box13 T-box6 [1] each’
(b) (i) elements becomes less metallic. [1] :

(i) metallic elements have fewer outer / valence electrons. [1]
(¢) periodicity is a repeating pattern (across different periods) [1]

[Total: 8]
A2a(i) Both Co;nsists entirely of carbon atoms joined by covalent bonds; (1]
Both have giant lattice (or giant molecular) [1]

ii. In diamond every carbon atom is bonded to four other carbon atoms, but in graphite,
each carbon atom is bonded to 3 atoms;
diamond has a tetrahedral arrangement of atoms but graphite has alayered

amrangement;
graphite has delocalised electrons uniike diamond which do not [any 2]
b. No. of mole of Cgp =51/720 = 0.0708 {(egn — optional}
No. of mole of CO; = 60 x ho. of mole of Cgs = 0.0708 x 60 = 4.24 1]
Mass of Cen= 4.24x 44 =187 ¢ : (11
c(i) BN - [1]
ii. weak Van der Waal (or lntermolecular) forces of attractlon between layers, (1
layers of atoms can slide over each other. ' [1]
iii. graphene has many strong covalent bond between carbon atoms. Xl
. [Total: 10]
A3a.  AH=-24x 120 = - 2880kJ/moal [reject if no unit and sign) [1]
b{i)  Yes, same(not similar) type bond and same number of bond [1]
ii. difference in AH = 4817.— 4163 = 654 kJ [1]
from hexane to.heptane, increase in one CH; group
from heptane to octane, same increase of one CH2 group
- 50 AH for octane'= (4187 +654) = -5471 kJ/mol [1]
c(i)  No, quote any two data that shows a difference for every ten years. [1]

Egs of data that can be used: 1960 -70, 2000 millions of tons bigger that 1970 to 80
which has increase 1200 millions of tons,» or 1990 — 2000, increase of 800 millions of
fons smaller than 2000 — 2010 increase of 1300 millions of fons.

i alternative / renewable forms of energy being used, 1]
fossil fuel running out. [1]

iii. As the amount of fossil fuel burnt increase, the increase average global temperature is
higher. M
[Total: 8]
Ada(i) Ni(s) > Ni?*(aq) + 2e ' [
ii. mass decrease [1]

Apply past knowledge to new situations 24
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b{i) - beryllium; ‘ [1]
It has the largest voltage with cobalt/nickel (1
ii. 27V (V+Ag)+(V+ Be) [17
c(i). both nickel and cobalt has the same reactivity [1]
ii. Place a piece of nickel in cobalt nitrate solution. If nickel displaces cobalt, nickel is
more reactive than cobalt. 1
- [Total: 7]

ABa. As concentration increases, the speed of this reaction increases. VWhen
concentration increases, there is greater number of particles in the same volume [1]
Particles are closer to each other so frequency of effective collision increases.  [1]

b(i) 4.5 -5.0mgiron reacted/min (units needed) ,

ii. As temperature drops, particles loses energy, move slower. (1]
Number of particles with energy equal to or greater than activation energy drops. [1]
Frequency of effective collision decreases.

C. measure the colour intensity of aqueous bromine. (1
‘ [Total: 6]
ABa(i) N=N triple bond; U ‘ (1]
A lot of energy is needed to break the (strong covalént) bond (1]
ii. Advantage: lower temperature / lower pressure so save energy, lesser fossil fuel, or
water, instead of hydrogen, water is used, so. cheaper 1
Disadvantage: hitrogen oxide produced reacts with oxygen to form
hitrogen dioxide which confribute to acid raln fan air pollutant (1]
b(i)  no. of moles of ammonia = 1.20 / 24 = 0.05 [
(i) 2NHs(aq) + H2804(aq) > (NH4)QSO4(aq) (state symbols not needed)
‘ {1 ; A
c(i) correct shape and location for. both graphs [1m each]
correct labels of Ea, Ea” and AH 1

Acmentes vt bmneilord e tn et stficfions . 25
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b(ii) - Tungsten: with it; the reaction has a Iower activation energy, ,
which means the higher proportion of collisions that are successful between ammonia.

molecules will be higher (not more collisions, both pomts needed)  [1]
iii) Ea 243 kJ!mol {units needed) e . 1] -
_ e - [Total: 14] -
Sectmn B
B7a. - sodium chloride, Conc{mol/de) 0 457 (sodium ion is the limiting reactant): [1]
b{i)  as the proton number increases, the group Il metal hydromde becomes N
~ morésoluble - - 1
i. no. of mol of Mg2* in 1000 dm?® sea water = 0.056 x 1000 = 56 mols [1]
no. of mol of Mg{OH)2 = no. of mol of Mg?* = 56 mol s
mass of Mg(OH), = 58 x 58 = 3248 g . Ml
ci)  Mg¥(l) + 2e-> Mg() i}
i - aninertgas, instead of air, is blown through'the cathiode: ‘compartmentabove moiten
magnesium ' [1]
d.  sodium chioride and calcium chloride is addedto molten magnesium:chloride to lower:
the melting point, saving energy. ~ [1]

'e'»., at the anode, silver will be oxidised insteat

chiofide ion, ‘Silverion would:be:

produced rather than chiorine at the at e, v ]
Agis)> Agl) + e M
the silver ion would move to the: cathode; get-discharged and silver.is: produced instead:
at'the cathode. . , [1]

tencintedns: D6
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f. chlorine gas produced during electrolysis is used to convert magnesium oxide to
magnesium chloride at the furnace.

g.  magnesium ion, aluminium ion, delocalised electron [ all three correct -1]

1]

[Total: 12]
B8a(i) relative mass of CoHsO = 44
Mr ~ 88
N=88/44=2
Relative molecular formuia is C4HgsO2 1]
ii. ethyl ethanoate H H © H
H O H H | i
.l b H—C—C—C—0—C—H
H—?—C—O—?—?—H [ |
H H H H H H
O Methylpropanoate
//
e BT
O_CIZ—$_CI:—H propyl methanoate  [any 2]
H H H :
il. ethanoic acid [1]
b(i) '
"\ / "\ /
" \C/ c/ \C
’/\‘ /\Wi % g
. . o --._“
H H Br
Compound X compound Y [1m for each, all H atoms needed]
ii. C5HB + Bry 2 GsHgBrs [1]
iii.
CH;z CH
~R A

HC

H H H
[Must have at least two repeat units and the free bonds at the end. All carbon-carbon
bonds in the polymer chain must be shown.] (1
- [Total: 8]

[ . S . SRy .
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B9 Either ,
a(i) bromine - ' - 1
i {dot-cross diagram of bromine molecule, " * XX [1]
‘ OBF . B{ b4
L X ‘
b. iron{lil) chloride [1]
ciy 3Cl, + 2FeBr, = 2FeCls + 2Br '
(1]
ii. chlorine [11
chlorine removes electrons from iron(il) ion and bromide ion. [1
-d(i) sweet2 contains an unsafe dye; - [1
unknown dye in sweet 3 does not match up with a safe dye [1]
i 0.8/5.2=0.154 (or 0.15) _ S [1]
iii.  tosee the spots /make the colourless spots visible [1]
(ignore ‘find / identify the spots’)
[Total: 10]
B9 Or )
a Hydrogen ion / H* ion in acid replaced by calciumrion / Ca2* jon or metal ion. ~ [1]
b. The reaction produced a gas /calcmm oxide does not produce a gas in reaction with
acid. : . [1]
calcium carbonate. S - o 1]
c. Mr of CaCly - 111. ' '
No. of water molecules= 219 = 111 - 1
}. 18 R
; » . =6.
Formula CaClg 6H.0 [6 and CaClg 6H.0 score the 27 mark, allow no dot,
CaClh6H,0] 4 ' [1]
d. Calcium is oxidised as: ox&da‘non state of calcium increases from 0 to +2 (1]
Chlorine is reduced as .oxidation state of chlorine decreases from 0 to -1 [1]
e barium is very rea_ctlve metal, so react violently with the acid, reaction not safe; [1]
' barium sujfate formed is insoluble, so form a barrier on barium, preventing further
reaction. = - (1]
(i) 2,8,18,18,8 [1]

[Total:10]
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