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Materials
For this paper you must have:

aruler
a calculator
the periodic table (enclosed).

Instructions

Use black ink or black ball-point pen.

Pencil should only be used for drawing.

Fill in the boxes at the top of this page.

Answer all questions in the spaces provided. Do not write outside

the box around each page or on blank pages.

If you need extra space for your answer(s), use the lined pages at the end of
this book. Write the question number against your answer(s).

Do all rough work in this book. Cross through any work you do not want

to be marked.

In all calculations, show clearly how you work out your answer.

Information

The maximum mark for this paper is 100.

The marks for questions are shown in brackets.

You are expected to use a calculator where appropriate.

You are reminded of the need for good English and clear presentation
in your answers.
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[o]1]
[ol1].(4]

Tick (v') two boxes.

Diamond
Magnesium
Poly(ethene)
Sodium chloride

Water

This question is about structure and bonding.

5
K

‘ [2] Table 1 shows the structures of three compounds.

Which two substances have intermolecular forces between particles?

[2 marks]

Table 1

Diagrams not to scale

t | Compound

Structure

‘\ Carbon dioxide

Key
&—C—=19 0o
@ c

[ Magnesium oxide

Key

® o

O Mg2*

w Silicon dioxide

Key
@ o
@ si

L
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Do not wrrite |

outside the
Compare the structure and bonding of the three compounds: box

e carbon dioxide
» magnesium oxide

o silicon dioxide.
[6 marks]

Cosbon dioxio? and Silican_dioide are bath made
6f  okons ot magMMMMLM‘-.
Sdicon dioxide ond mgngtf
Siockuteg  but  casbon  diaxide is SM@M
Weak intrer maeonas  forces. Al 3 _CQ_\’AMDQE_\SOL"S
Srong honds  but bot casben doride and_sucon
dioxide  are made [om ngn-tnerols So the bonds
dre Coxaent aod So shore  elechans hexudn aroly,
Mogneswm cfide i's fomel (0N Q raekal andla
“on -tekal So  UWNEED kS bendy ase ionic, magresum
donaxes 7 ekeehions ko Gxygers In Silicon

dioxde eadh siicon foims Y siegle bonds axd.
eadn okigen foiMs 2 Single bends bok (n castn

dioxice _eaoh carbn fams 7 dodtdie bondg ond |L 2
€Al ¢ Lygen lotms one dduble ‘tond . '

Turn over for the next question

Turn over b
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This question is about metals and the reactivity series. box

Which two statements are properties of most transition metals?
[2 marks]

Tick (v') two boxes.

They are soft metals.

They form colourless compounds.

They form ions with different charges.

They have high melting points. |

They have low densities.

A student added copper metal to colourless silver nitrate solution.

The student observed: a
o pale grey crystals forming

o the solution turning blue.

Explain how these observations show that silver is less reactive than copper. j
[3 marks]

The grey ayskals  oue SiWesr and  fhe

Copper 1onS  XoguCed ase bwe  becange the
oppes_cispuaces the siwer [aming (oppes
ntake  onde StWes - |
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[_T_] A student is given three metals, X, Y and Z to identify. box
The metals are magnesium, iron and copper.
Plan an investigation to identify the three metals by comparing their reactions with j
dilute hydrochloric acid. ‘

Your plan should give valid results. ‘
[4 marks] !

Start 63 meaSwir13 cut the same  Canealiahon w‘d!

\) owme  of h\ddmdr\loﬂc acid nto 3 separare \

beakess- Then add the same mass and pashde l

size 6f each meral o the heake(s (i mi
pel teaker) . Measv@  the tegpeiate Gaange
before  and after the ekad (S added |
and Cacv\ake  tne @Wﬁgggmw for |
eachh yneral: Copper will _nat react with \h(:!
hydiodnladc  Geid _so there Wil ke no 1
Femperatoie  dnonge. - Magnesiom and Lion Wl |

Lot _inherealse Une tenoperatue bot magnosium |
Will  inoreate & Mae  Yaan \fon- |

Question 2 continues on the next page

|
|
|
|

Turn over »
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IZ_] Metal M has two isotopes.

IR

Table 2 shows the mass numbers and percentage abundances of the isotopes.

Table 2

Mass number

Percentage abundance (%)

203

30

205

70

Calculate the relative atomic mass (Ar) of metal M.

Give your answer to 1 decimal place.

[2 marks]

(203 %30)+ (105 x10) = Lok -4

00

Relative atomic mass (1 decimal place) = 10W . \,\,

Do not write
outside the
box
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E@ This question is about silver iodide.

Silver iodide is produced in the reaction between silver nitrate solution and
sodium iodide solution.

The equation for the reaction is:

AgNOs(aq) + Nal(ag) — Agl(s) + NaNOs(aq)

m A student investigated the law of conservation of mass.
This is the method used.
1. Pour silver nitrate solution into a beaker labelled A.
2. Pour sodium iodide solution into a beaker labelled B.
3. Measure the masses of both beakers and their contents.
4. Pour the solution from beaker B into beaker A.

5. Measure the masses of both beakers and their contents again.

Table 3 shows the student's results.

Table 3

Beaker A and contents 78.26 108.22

Beaker B and contents 78.50 48.54

i
1
|
l
Mass before mixing in g | Mass after mixing in g |
|
1
i
\
1

Explain how the results demonstrate the law of conservation of mass.

You should use data from Table 3 in your answer.
[2 marks]

7€ 26171¢-5= 1 56: 16 = tgta) mass begore

108-27 + g Sk = ISb-Tb = botg) oS abrer

The mass 6F the  pradwmcks  equals the  tasy
ot the (eckanks

L
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0 :TJ@ Suggest how the student could separate the insoluble silver iodide from the mixture at

the end of the reaction.

Filbration

[1 mark] |

|

The student purified the separated silver iodide.
This is the method used.
1. Rinse the silver iodide with distilled water.

2. Warm the silver iodide.

E Suggest one impurity that was removed by rinsing with water.

Sodigm nikrate  <olukion

[1 mark] |

lz‘ Suggest why the student warmed the silver iodide.

[1 mark]

T6 remove  wakel {flom ik .

Question 3 continues on the next page

I

Turn over »
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| Do not write
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03 ]@ Calculate the percentage atom economy for the production of silver iodide in | box

this reaction. '

The equation for the reaction is:

AgNOs(aq) + Nal(ag) — Agl(s) + NaNOs(aq)
Give your answer to 3 significant figures.
Relative formula masses (M,): AgNO; =170 Nal=150 Agl=235 NaNO;= 85
[4 marks]

M desired p(Od-b‘Q”f
M¢ ol reoctomis 20O

u

_ QYO0 ecor\ormj

235
Ho+aso X 10O

n

_axom -QCO(‘\OM\&

i 235
* 326 *loo

S35

Percentage atom economy (3 significant figures) = 7134 %

i

5

@ Give one reason why reactions with a high atom economy are used in industry. {

; [1 mark]

For  sustamnabhie  development

L
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0 4 ‘ This question is about electrolysis.
A student investigated the electrolysis of copper chromate solution.
Copper chromate solution is green.
Copper chromate contains:
« blue coloured Cu?* ions
o yellow coloured CrO42 ions. ,
Figure 1 shows the apparatus used.
Figure 1 ,
|
dc power supply 5
{
i
U-tube |
Green copper chromate solution j
1
|
The student switched the power supply on.
!
The student observed the changes at each electrode. ‘
g
Table 4 shows the student’s observations. ‘
Table 4 “
|
Changes at positive electrode Changes at negative electrode \
Solution turned yellow Solution turned blue 1
Bubbles formed at the electrode Solid formed on the electrode 1
|
|!]“|\I2\| \“l 1B/M/Jun20/8462/1H
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iyt
04 E Explain why the colour changed at the positive electrode. S -
[2 marks] |
e chiomate ions  (CcOy ¥) moved Ko the
—posinve__elecfade beCanse they are negabirly
—(hafged @nd__oppositesme®  Chouges aktack.
@ The gas produced at the positive electrode was oxygen.
The oxygen was produced from hydroxide ions. i
Name the substance in the solution that provides the hydroxide ions. |
[1 mark]
Wates
E] Describe how the solid forms at the negative electrode.
[3 marks]
; 24 ) :
The  cagper icns  (Cu®™) gain 1 elecHons
Ec  fotm  Copper gtans.
E The student repeated the investigation using potassium iodide solution instead of
copper chromate solution.
Name the product at each electrode when potassium iodide solution is electrolysed.
[2 marks]
Negative electrode Hgld_[ Og@ﬁ
Positive electrode | O cA\ine 8
Turn over >

L
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[ﬂﬂﬁli 5 ] This question is about the development of scientific theories. box

Figure 2 shows a timeline of some important steps in the development of the
model of the atom.

Figure 2
1890 1900 1910 1920 1930 1940
| r | L. TI 1 ; |- oo |
Electrons Protons Neutrons ‘
discovered discovered discovered ‘
Bohr
model

Plum pudding Alpha particle
model scattering
experiment and
nuclear model

‘ m The plum pudding model did not have a nucleus.

Describe three other differences between the nuclear model of the atom and |

the plum pudding model. f

[3 marks]

1_The pucleaf model 19 Mostly empty spae
but ke pom ;momrj model Nas na empty
Space .

2 _In e nooleas thoder , Mase 15 Con@atiated (n
the hucleos  hob in the Plun pudding model
Mmass 1S <Seread  Quk .

3_1n _the noudear todel the elecHons ate in |
ocoitS asornd P nwaews ok in Yhe  pwm

poo\d(r\g model  lections afe  embedded

e Bl b

KT
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Do not write

LQE@ Niels Bohr adapted the nuclear model. om’:ﬁ'w
Describe the change that Bohr made to the nuclear model.
[2 marks]
_Cleaons ot the nudens ak Spedac |
CAISaNCes  from the  puclens - }
|
|
\
@ Mendeleev published his periodic table in 1869. ‘
Mendeleev arranged the elements in order of atomic weight.
Mendeleev then reversed the order of some pairs of elements.
A student suggested Mendeleev's reason for reversing the order was to arrange
the elements in order of atomic number.
Explain why the student's suggestion cannot be correct.
Use Figure 2. (
[2 marks] j
AromiC  pumbesr & the  Numbes of PIQEONS
bot  protons  wee ot dicovered vkl |
laxer
.
E Give the correct reason why Mendeleev reversed the order of some pairs of elements.
[1 mark]
So__kbnei  poperties  matched the ®st of | phs
the grovp 2

Turn over »
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[0 G,] This question is about displacement reactions. box
06 . The displacement reaction between aluminium and iron oxide has a high
activation energy.
What is meant by ‘activation energy'? \
[1 mark]
T™he  minmum  eneigy needed fof a |
|
feaction O Roceurs |
1
@ A mixture contains 1.00 kg of aluminium and 3.00 kg of iron oxide.
The equation for the reaction is:
2Al + Fe03 — 2Fe + AlO3
Show that aluminium is the limiting reactant.
Relative atomic masses (A): O=16 Al=27 Fe=56 i
[4 marks] |
MNassS |
moles = M¢ i
moles o Feq,03= 230060 O b Y i
db+56+ 14\t lh l
|
\OQOC o
moleS OF RBL = 73 T e, \‘
i == W85 |
'1
. 1
lcop oxide is \n ey becone I€-75 mal
1S fore  dron the VS-S mol . am noedeQl -
i
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Magnesium displaces zinc from zinc sulfate solution.

3 . Complete the ionic equation for the reaction.

You should include state symbols. :
[2 marks]

2t ;
Mg(s) + Zn?*(aq) — Mg (aq) + Lo (s

E Explain why the reaction between magnesium atoms and zinc ions is both oxidation |
and reduction. :
[2 marks] ‘

_Magnesiom _akoras ase deLLecL_bf_mme_.H\;chﬂ
__loSe electionf  and_zinC NS are reduced |
be cow se they gain edectrons |

Do not write
outside the
box

Turn over for the next question
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0!8 This question is about the halogens.

Table 5 shows the melting points and boiling points of some halogens.

Table 5

\ Element \ Melting point in °C

Boiling point in °C

h:luorine \ =220

-188
\£h|orine ‘ -101 -35
\E)mine \ -7 59

. What is the state of bromine at 0 °C and at 100 °C?

Tick (v') one box.

State at 0 °C State at 100 °C
Gas Gas
Gas Liquid
Liquid Gas
Liquid Liquid
Solid Gas
Solid Liquid

A

2 2

B
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{ 0 Lﬂ@ A teacher investigated the reaction of iron with chlorine using the apparatus

L

in Figure 5.
The word equation for the reaction is:

iron + chlorine — iron chloride

The teacher weighed:

¢ the glass tube
o the glass tube and iron before the reaction

« the glass tube and iron chloride after the reaction.

Table 6 shows the teacher’s results.

Table 6
Massing
Glass tube 51.56
Glass tube and iron 56.04
Glass tube and iron chloride | 64.56

Calculate the simplest whole number ratio of:
moles of iron atoms : moles of chlorine atoms
Determine the balanced equation for the reaction.

Relative atomic masses (A): Cl=35.5 Fe=56

[6 marks]

MASS of \(on = 560w -S) .Sb= 4l ¥4 |

: chiof in€, LL.5b - 51:56 |

0SS of mem—omendke > GESt=SESh= €524

__onoles = MNASS ey Fe = ’H?Zg‘ =0 .OF ‘1

™ recles bl = S5 S04 |

D OBai. O l!

B Vot 8 |
Moles of iron atoms : moles of chlorine atoms = ‘ : 3

Equation for the reaction Dhe. 3 SELy 77 SPre Cl3

Turn over »
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[o]9] This question is about citric acid (CsHsO?).

box

Citric acid is a solid.

A student investigated the temperature change during the reaction between citric acid
and sodium hydrogencarbonate solution.

This is the method used.

1. Pour 25 cm?® of sodium hydrogencarbonate solution into a polystyrene cup.
2. Measure the temperature of the sodium hydrogencarbonate solution.
3. Add 0.20 g of citric acid to the polystyrene cup.

4. Stir the solution.
5. Measure the temperature of the solution.

6. Repeat steps 3 to 5 until a total of 2.00 g of citric acid has been added.
The student plotted the results on a graph.

Figure 6 shows the student's graph.

Figure 6
SR A 1;;
18 e
FEE P PR 1L J
H AR T S ¥ H
18 S e R
Temperature | KPS R s
of solution HEH 4
in°C ” N R e T
~ \ H R
12- '_,l_.., L0 I N o B M YV
g
S | |
%0 05 1.0 15 20

Mass of citric acid in g

i
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[, 0/9.| 1,,| Figure 6 shows an anomalous point when 0.60 g of citric acid was added. box

This was caused by the student making an error.

The student correctly:
« measured the mass of the citric acid
« read the thermometer

« plotted the point.

Suggest one reason for the anomalous point.

[1 mark]
Didnt stic the solobon epongh
@ Explain the shape of the graph in terms of the energy transfers taking place.
You should use data from Figure 6 in your answer.
[3 marks] |

Inikioly the tempel atue_decreases becawse Enegy i
Laken in by the reachan. After .59 of atn acd
has beon added dhe Scdivm hydiogen casbonak
haS ol reacted so the CitaC acd s in
exass. The temperatue staifs to inCrease atef

-Sq beause energy if franspaed from the
rocom %o e solobion.

{__3] A second student repeated the investigation using a metal container instead of the
polystyrene cup. The container and the cup were the same size and shape.

Sketch a line on Figure 6 to show the second student's results until 1.00 g of
citric acid had been added. The starting temperature of the solution was the same.

Explain your answer. j
[3 marks] |

Metal i a bekrel  condictar  bhan |
po\gst’ldra\,e Y ,mow,%w m\\\,be_abso&bedg
_for the S\Mo\:r\diﬂgs andl the  selubon |
Wl (ool ess.

|

Turn over »
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The student used a solution of citric acid to determine the concentration of a solution bos
of sodium hydroxide by titration.

The student made 250 cm? of a solution of citric acid of concentration 0.0500 mol/dm’

Calculate the mass of citric acid (CsHsO) required.

Relative atomic masses (A,): H=1 C=12 0=16

[3 marks]
M¢ (itic_acid = FEER (12 x6) +(V x8) +( 7 x\k)
,,,,,, ik | {2 )0 ) il - e
=4 8 A s}
_moeles = Concenftahon X Vo€ = (.65 X Toc
g =00l .
masS=Males xme = O.0125 %X 1472 = 2:% 4
Mass= T Ly 9
This is part of the method the student used for the titration.
1. Measure 25.0 cm® of the sodium hydroxide solution into a conical flask
using a pipette.
2. Add a few drops of indicator to the flask.
3. Fill a burette with citric acid solution.
Describe how the student would complete the titration. j
[3 marks] |

|

The Shident  Showld add_the citnc acd to the
ask of sdum hydroxide diopwise , switling
the  flasic affer exen) Ai0p to mix the |
Soluhan:  Skop When  pam_a calaus dr\wr\ge
S nohiced 10 khe [lafK  and  mgaere teasuse |
how mMudh has been  addad  [uolome Gf Gmc |

a0d needed for cdovr Changp ) |
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olalle i i d for the citric acid solution.
0 [ 9] 6] Give two reasons why a burette is use (2 marks)

1 %6 _Hhe  cme acd con _bhe added in
SppaM) Aancrements (Lo PRI B
BocerteS Gue ware accuiate. t\rcm e sy

_,qj&mdef_s_ SRR R S e DL S

. 13.3 cm? of 0.0500 mol/dm? citric acid solution was needed to neutralise
25.0 cm?® of sodium hydroxide solution.

The equation for the reaction is:
3NaOH + CgHsO7 — CeHsO7Nas + 3Hz0

Calculate the concentration of the sodium hydroxide solution in mol/dm?
[3 marks]

Mo\es = concn. X yolume 5
hales of C HgOa = 1886 X ©-05 = 0-006665
2%) ravo n eqgpakdon SO,

moleS of Mol = 0.000LLS X 3 =G.caldaS
S . ©O-colaqs _ 0-ooras

oncenmaren of N oot = Tome 2571600 ©:035

= o.0198

Concentration = £) 01 q g mol/dm?

END OF QUESTIONS
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