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A sample of nitrogen dioxide gas I1s cooled and the temperature is measufed °

Paper 1: Multiple Cholce Questions [40 marks]

every minute The following graph is obtained

Temperature/°C

> Time/min

Which describes the arrangement and movement of the particles In the
region C — D7

Arrangement of particles

Movement of particles

Closely packed n orderly

A Vibrate about fixed positions
arrangement
Closely packed in disorderly Moving at high speeds
arrangement
Closely packed in disorderly
arrangement Moving freely over each other

Mixture of particles closely
packed in orderly and disorderly
arrangement

Some particles are vibrating about
fixed positions while some are
movmg freely over each other

At -200°C, a mixture of liquid oxygen, nitrogen and xenon is heated up by
15'C. The balling points of some gases are glven in the table below,

Gases Boiling point/ €
Nitrogen -196
Xenon -108
Oxygen -183

Which of the substances will be in the liquid state at this higher temperatura?

o0 »

nitrogen only
xenon only
a mixture of nitrogen and oxygen
a mixture of xenon and oxygen
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A gaseous mixture of ammonia, oxygen, carbon dioxide and chlonne was
passed through the set-up shown in the diagram below Only one gas was
collected in the gas jar

mixdture —
of
gases

acidified aqueous sodium water
potassium fodide hydroxide

Which statement describes a propenly of the gas collected In the gas jar?

A it bleaches moist blus itmus paper

B It forms a white precipitate when bubbled into imewater
c It relights & glowing splint.

D it turns molst red itmus paper blue

The apparatus can be used to show the diffusion of gases Two beakers
containing gas P were placed over two porous pots containing gases Q and
R respectively The results are shown below.

. P —

gasP 4—\]33'3ker ¢~ baaker

7

-2 n
- pargus pot >
§ RS

— porovs pot

What is the correct order of the relative molecular mass of gases P, Q and
R?

Lowest M, ~—— Highest M,

58

A R p Q
B R Q P
Cc Q P R
D P Q R
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Solid samples of ammonium chloride, lead(II) chlonde and sodium chloride
were acadentally mixed together. Which of the following sequences outlines
the best method to obtain the pure dry sample for each substance?

A dissolving, filtration, sublimation, crystallisation
dissolving, fractional distillation, filtration, evaporation

B
C  sublmaton, dissolving, filtration, evaporation
D sublimation, filtration, evaporation, crystallisation

The diagram shows the chromatogram obtained by analysis of a single dye
Three measurements are shown

final positon of
solvent front

YT — -~ final posion of dye

| onginal spot of dys

angmnal level
of solvent

Which expression shows the Ry value of the dye?

X
A .
X4y
Y
B
Xty
X
c
X+y+z . :
Y
D
X+y+z
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When a salurated solution of copper(]I) sulfate is allowed to cocl from 80'C
to room temperature, crystals separate out from the solutien

The following statements were made about crystallisaton

The concentration of the solution remains the same

The mass of the dissclved copper(ll) sulfate in the solution changes
The mass of the solvent in the solution remains the same.

The solubility of copper()l) solfate decreases as the temperature falls

il

BN =

Which statement(s) isfare correél?

A

B
<
D

1 and 2 only
1 and 3 only
2, 3and 4

4 only

Which of the following suﬁg.tances contém delocalised mobile electrons?

oo Wy

.

I Copper

Il Graphite

Il Molten copper(Il) chionde
Iv  Sold copper{ll) chicride

land il

I and

Il only

I Wand IV

e

K

o’
ey <

[
P
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9  Which graph shows the solution formed when one male of a weak acid, HX s
dissolved in 1 dm? of water? .

A Coneantratlon {melidm?
2

Koy
1 bafora dissoiving

Il sfter dissclving

B
Koy
O before dissolving
1 M after dissolving
HX HX H* X
C Consantrafion {maldm?)
2
Koy
] before dissalving
1 B ofter dissolving
NN
HX HX H* X
B conrntation (et
2.
Koy
[T} before dissolving
14— Il sfter dissolving
HX X H % :
Page 6 of 24
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1¢ Phosphine has the formula PH; It has similar properttes to ammonia What
are the 1ons produced when phosphine dissolves in water? )

A

B
Cc
D

PH)", H*
PHs' H
PHs".OH
PH4",OH" -

11 A new indicator has just been produced In the laboratory It changes colours
according to the table below

N

pH Colour
0-3 Red
4-7 Green
8-14 Dark blue

- This indicator would be suitable to distinguish between

A

B
C
D

AR -

+ aqueous ammonla and sodium hydroxide

aqueodus sodium chlorde and water
agqueous sodium nitrate and sedium hydroxide
dilute hydrochlone acid and dilute sulfunc acid

-~

42 When excess calcium carbonate pleces are added to dilute hydrochloric acid,
the reaction gradually becomes slower and finally stops

Which statement best explains why the rate of reaction becomes slower?

A

B
Cc
D

An insoluble layer of calcium chloride ts formed on calcium carbonate
The concentration of hydrochloric actd gradually reduces to zero

The mass of calcium tarbonate decreases throughout the reaction
The pleces of calcium carbonate gradually become simaller

60
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Three substances were added separately to aqueous potassium sulfate and
agueous potassium carbonate, The three substances were

I aqueous ammaonia
i1 barum nitrate solution
Il dilute hydrochloric acid

Which substance{s) .would give different observations when added.
separately to agqueous potassium sulfate and aguecus polassium carbonate?

A L only

B [and I
c It and 1Ml
D Il only

The scheme below shows some reachions of salt Y

+ dilute

+ BaNQa)k
HNO.
Salty : Colourless @0 .|  wnite
solution “| precipitate
+ excess
agueous NH;
\d
White
precipltate
What is salt Y?
A aluminium sulfate
B calcium chloride
C lead(II) chloride
D zinc sulfate

Page' 8 of 24
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When a muxture of iron{II} sulfate, potassium hydroxide and banum chlonde 1s
stirred with some water, a mixture of green and white solids 1s formed ..

What are the identities of the solids?

Green solid White solid
A jron(Il) chionde banum hydroxide
B~ wron(Il}hydroxide barwnrsulfate
c banum sulfate sron(Tl) chlonde
D potassium chioride banum sulfate

A textbook writes ‘Nitnc acid, HNOj, is a strong oxldising agent’

Which of the following cannot bse a product of nitric aci¢ [n its reaction with a
reducing agent?

A Nz
B~ NiOs
c NO
D NO2

Zinc oxide 1s produced by heating ziné carbonate

ZnCO3 — Zn0O + CO»

What is the percentage yield of zinc oxide if 125 g zinc carbonate produces 75
g of zinc oxude when heated?

75
A EI-’HUD
g1
=—=x100
B 75*1
81
C 125*ﬁx100

75
D 1256 % ria 100
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A pure compound contains 24 g of carbon, 4 g of hydrogen and 32 qof -
oxygen What is the empincal formula of the compound?

A CHO

B CH:0

Cc CH4«C

D CzH,0 - -

50 dm?® of sulfur dioxide Is reacted with 3.0 dm® of oxygen at rocm
temperature and pressure The equation for the reaction is given balow.

280; (g) + Oz (g) — 2503 (g)

What 1s the total volume of gas(es) at the end of the reaction?
(Assume that the reactron goes to complstion)

40dm®
5.0 dm®

55 dm®

o 0O ®w >

6 0dm?

Page 10 of 24
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21

Two identical flasks, A and B, have been filled up with gases X and Y and
they are placed on a balance at rcom temperature and pressure The results .
are shown below

Flask A Flask B

Which of the following statements can bé deduced from the results?

A The molar mass of gas particles in flask A is greater than the molar
mass of gas particles in flask B

B  The molar volume of gas particles in flask A Is grealer than the molar
volume of gas particles in flask B.

C  The number of gas particles in flask A is greater than the number of gas
particles in flask B

D  The number of moles of gas particles in flask A 1s greater than the
number of moles of gas partcles in flask B

The schems shows four stages [ to IV In the conversion of solld candlewax
Cag Hgzinto carbon dioxide and water

| n 1 v

CagHea(s) — CagHezl) — CaoHex{g) — 30CO:(g) — 30CO2A)
+31H,0(q)  +31H;00)

Which of the following stages are exothermic?

A land il

B {,and 1l

c tand IV

D Jand IV -

62
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22 The decomposion of hydrogen peroxide:1s camed out under different
conditions i three expenments at room temperature and pressure” A’
common catalyst used for decompositon reaction 1s manganese(IV) oxde
{MnO2) An equation for the reaction is given below

MnO.
2 HaOx{ag) ———> 2 H,O(i) + O4(g)

Expenment- - Conditions
1 i} Absence of catalyst
2 Presence of MnO; powder
3 Presence of MnOs lumps

Which graph shows how the volume of oxygen gas produced varies with time
in each expenment?

A B
Voluma of Qg s Volume of 0,
preduced / cm produced / cm®
2
: 2/ 3 1
Time - > Time
c D
“Volume of O, Volume of O, ,
produced / em® produced / cm
2,3
1
’ > Time ’ Time
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23 The graph shows the consumption of different metals in United States in

24

2007 It also shows the percentage of metals recycled and mined in order to
meet the consumption levels

US METAL CONSUMPTION [2007}

/
Which of the following statements may be true?

A Demand for nickel is higher than for copper

B Less pollution is generated when lead’ls recycled compared to when it
1s mined

C Recychng zinc is cheaper than extracting zinc from s ore.

D The mass of magnesium mined is approximat'ely equal to the mass of
iron mined. '

Equal masses of iron(Il) oxide were healed separately in oxygen and
hydregen What changes {if any) would you expect i the masses of the

ron(H) oxde after heating? .
Mass after heating in oxygen . Mass after heating in hgdl:ogen
A decrease ‘ lncrea'se .
B Increase decrease
C Increase Increase
D unchanged decrease

Page 13 of 24



25 Gaseous chlorine was passed through the following apparatus The
apparatus was continuously heated and the observations were recorded
below

chleorina gas In ' to pump

- - ‘ e cotton wool plug -

gel beads containing
blue Ltmus solution

potassium
bromide

potassium jodide

Which of the following observatons would be made at regions 1, 2 and 37

Reglon 1 Reglon 2 Reglon 3
A red-brown gas black solld violet gas
B red-brown gas violet gas black solid
] yellow-green gas red-brown gas viclet gas
D yellow-green gas violet gas brown gas

26 Rubidium is an elemen't- in Group | of the Perjodic Table The following
statements were made about rubidium

1 Rubtdium conducts electricity only when it is In solid state

2 Rubidium s soft and can be cut easily with a knife

3 Rubidium reacts wath chlonne to form a white compound rubidium
chlondes.

4 Rubldium reacts explosively with water to form an acidic solution

Which statements about rubidium are true?

A 1 and 2 only
1,2and 3only
2 and 3 only
2,3 and 4 only

[ B o -]

Page 14 of 24
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27 Which statement about groups in the Periodic Table i1s correct?

A All groups contain both metals and non-metals

B Atoms of elements in the same group have the same number of
electron shells

c In Group !, reactwty decreases with increasing proton (atomic)
number.
D In Group VII, the meling point of the elements Increases with

increasing proton (atomic) number

28 Which one of the following properties Is true for all metals?

A All metals are good electrical conductors.

B All metals form coloured compounds

~
c*

D All metals show vanable oxldation states

All metals react with dilute aclds to produce hydrogen

29 -The table below shows some propertles of four metals and thelr compounds

.

Action of dilute Effect of hydrogen | Action of metal on
Metal sulfuric acld on on heated metal a solution of the
metal oxide sulfate of J
G hydrogen evolved reduced ™ no reaction
H no reaction reduced - no reaction
I hydrogen evolved . o reaction, J formed
J hydrogen evolved no reaction no reaction

Which of the following shows a descending order of the thermal stability of
the meta!l carbonates?

64

Most stable > Least stable
A H G J I
B H J G . X
[ I J G H
D I H G Jd
Page 15 of 24




30 The diagram shows the processes that take place during the prOdUCllol-‘l of
ammonia

cracking

substance W

fractonal
disbilation

substance X

What are substances W, X and Y?

w X Y
A air ol ron
B ar oil nickel
c ol ar ron
D all ar mckel

31 Methane, sulfur dioxide and carbon dioxide are gases which affect the
atmosphere and the environment

In what ways do these gases affect the environment?

Methane Sulfur dioxide Chlorofluorocarbons
A Global warming Acid rain Ozone layer depletion
B Global warming Ozone layer depletion Acid rain
C | Ozone layer depletion Acld rain Global warming
D | Photochemical smog Global warming Acid rain
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32 The diagram shown Is not complete

congentrated
hydrochloric acid

graphite
electrodes

fime?

3
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33

34

35

Constder the following chemical cell.

LEL W m Y

\

!

-

Y

[N .
L T

zinc electrode

Which of the following changes would lead to an ingrease in the voltage of

the cell?

L
1%

~i i [

A

v r
pic— (g W

X ¥ é 2

—
fr. £
LY

Az

Tork.

G

5

]
:

L4
s

it

Fisl

_~
g

et

e M

copper electrode

sodium chlonde solution

| The copper electrode is raplaced with an iron electrode
Il The sodium chlonde solution s replaced with a sugar sclution
Il The zine electrode 1s replaced with a magnesium electrode

lonly
LWand
land NI
1t only

= o I ++ D ]

In an eleclrolysis experiment, the same amount of charge deposited 54 0 g

of silverand 14 9 g of tin

What was the charge on the tin 1on?

A 1+
B 2+
Cc 3+
D 4+

Which row correctly descnibes the electrodes and electrolyte used during the

electroplating of a chromlum bracelet with silver?

Anode Cathods Elactrolyte
A bracelst silver chromium nitrate
B bracelet sliver sllver nitrate
c silver - bracelet chromiumn nitrate
D sliver bracelet silver nitrate
Page 18 of 24
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36 Fouralkanes, H, I, J and K were extracted from a sample of crude oll.
Some properties of the alkanes are listed below ;

« K is more viscous compared to I
» J burns with a less sooty flame compared to Tand K
» Hisless flammable than K.

What is the order in which the alkanes were collected from the fractional
distillation? - -

Alkane — Alkane
collectad first collected last
A H K 1 J
B J H K 1
[ J I K H
D K H J 1

37 The structure of an organic compound is shown below

H H

N7

C—Ce—=—=C——C

H——0 0—-H

Which one of the following statements is not correct?

A Its aqueous solution reacts with sodium carbonate

B It decolourises an aqueous solutfon of bromine,

Cc It turns acidified potassium dichromate(VI) from orange to green
D Itis an unsaturated compound

66
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38 Compound 1 has a structure shown below.

—
H H H #
1
g

2 3
I *r
H—C—H L
iiguesd
T H—C—C=C
] | 11|
& D) H H H
4 5
H: 7 s ..z_é I J I
" H—CI:—-,CEC--(IE-—H
H
Gt H R

A 2and3 B 2and5 C 3and4 D 4and$5
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When an alkene reacts with two moles of bromine, the product formed 1s

[T 11
Br—T_T— — C—Br
H H Br H

This implies that the onginal strutture of the alkene i1s

—_— 0 — T

Page 21 of 24



A condensation polymer i1s made from the two monomers below
o o] N P

H—0—C——C—0—H H H

Which dragram shows part of the structure of the polymer formed?

4] 0 - Q Q
A I Il It i
-—C%C*—T—CH;*C}-CH,—T—C%C“T"
H H H
(o] 0 Q O
B i 1l il i
—G-%-—C—T-D—T-——C*@*C—T—"
H H H
T 1
]
c ——c-—r_'l——c-llu—-cu,—%—cn,—-ri:—-c—[j—c-ri‘l—-
H H
o] O H H O 8]
il [ I i
D —c%c—-?—{j—?—c—%c-
NH; NH,
- End of Paper1 -
Page 22 of 24
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72

Section A (50 marks)
Answer all questions in the spaces provided.

A1 The data in the table below describe two propérties of some substances.

- . The letters are not the actual symbols of the_elements in the Periodic Table. -
Element/ Appearance at room Products of
Compound temperature and burning in oxygen
pressure
A Black solid Carbon dioxide
B Colourless gas Water
(Does pot burn in
C Colourless gas :
oxygen)
D Yel!ovy solid ‘ §glfqr Dioxide
e Carbon Dioxide and .,
E Colourless liquid S )
. AT « - waler

You may use the letter once, more than once or noné at all to answer the ’
questions below. I "

(a) (i) Which substance is mostly likely to be hydrogen? ...... ...... ... . ... ... [1]
(ii) Which substance is most likely to be a compound? ... .......c.ccoceeeee oo ]
(b) Carbon monoxide is an atmosphenc poliutant that may be produced
when substance A burn in oxygen.
What harmful effect does carbon monoxide have on human health? [2]

Page 2 0f12”




(¢) (i) Gas Cis an element that does not bum in oxygen. Suggest the name of [1]

this substance C.

= (ii) Explain your answer in.{c)(). 11 -

{Total marks: 6]

A2 The diagram shows the electrolysis of three different solutions using inert

electrodes.

A

@ il ——

- Copper (H.l Concehtrated Silvér hitrate
sulfate solution Sodium: géiﬁifsﬁ_ = .
chlofide EREE
solution

{a) (i) Wirite equations for the reactions that happen at each electrode inCell B |2]
during electrolysis. include state symbals.

S0t pninaunres s nnsast e s snehaag

Page 3 of 12
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74

(i) Describe two observations that take place in Cell B. Explain your 4]
observations.

(b} If 6.0 dm® of oxygen is hberated from Cell A at room temperature pressure,
(i) Calculate the increase in mass of the cathodes in Cell Aand CellC I3]

(i) What is another observation in Cell A? Explain your observation. [2]

(c) The experiment is repeated and the electrodes in Cell C have been changed  {2]
to silver electrodes. How would you expect the results for this experiment to
differ from the first experiment? Explain your answer.

[Total marks: 13]

Page 4 of 'iJ‘2




A3 A student carried out a sernes of experiments to determine the rate of reaction
between zinc and dilute hydrochloric acid (HC/) by measuring the volume of
gas produced per unif time.

In Expenment 1{conducted at 25 °C), he used 5 g of zinc granules and 30 cm®
of 0.5 mol/dm?3 dilute hydrochlonc acid.

The expenments were repeated two more times, with different variables.
Expériment 2. 5 g ofzmc powder and 30 cm *of 05 molfdm of HC/, 25 °C
Experiment 3:5 g of ziric granules and y cm® of Z mol/dm?® of HC/, 25 °C

The graph below shows the volume of gas produced over ime.

&

o«

£ * Experiment 1
@

w©

[e)]

E Expenment 3
5

O

]

>

Tmme [ minutes

(a) * Complete the diagram below with the appropnate apparatus used in the

expenment

Page 50f 12
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(b)

(d)

(e)

Write a balance equiation for the reaction between zinc and dilute hydrochl_bp‘c' Ik

acid.

On the graph above, sketch and label the graph for Experiment 2. - - 1]

Taking reference from the graph above, suggest appropriate values foryand [2]
z

Z= i . i eriivis vere mOldM®

The student repeated the experiment at 50 °C. Explaln in terms of energy and  [3]
particle collisions how an increase in temperature increases the rate of a
reaction.

[Total marks: 8]

Pagefé of 12




A4 The table below shows the results of some of the chemical reachions of four
unknown metals.

Metals Thermal decomposition of metal Reaction of
carbonates metal with "
cold water
A ] Greenish-blue solid tums black. White No reaction
precipitate formed when gas produced is A
being passed through limewater . .
B | White solid remains. No gas was produced. | Very vigorous
reaction
C | White solid tums yellow, tums back to white | No reaction
after when cooled. White precipitate formed
when gas produced is being passed through
liméwater, . . ... . ‘2
D | White solid remains whlte Whlte prempitate Litﬂe bubbles
formed when ¢ gas produced is being passed | formeéd on the
through limewater surface of the
metal

*

{a) Arrange the metals in ascending order of their chemical feactivity.

" (b} Metal Aand D are placed into two separate beakers of iron(II) sulfate
solution. Describe the observations you will see in each beaker.

———

Page ‘7~of 12
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(c)

(d)

A5

(a)

Pure iron can be extracted using the Blast furnace in the presence of carbon
monoxide,

(1) State the three raw materials needed for the extraction of pure iron using  [2]
the Blast furnace.

- -

(ii) Wnte a balanced equation, with state symbolis, for the reaction mentioned [2]
n (c).

Iron oxidises to form iron(I0T) oxide, which is also known as rust.

(i) State the conditions needed for rusting to take place. if

(i)} Using your knowledge of the reactivity series of metals, describe and . [2]
explain how rusting can be prevented.

- [Total marks: 11]

Hydrazine, N2Ha, is used as rocket fuel. The equation for the combustion of
hydrazine is as follows:

NzHa (@) + 02 (g) > 2H0 (@) + N2 (g)  AH =-622 kdimol

Explain, in terms of bond breaking and bond forming, why the above reaction  [3]
is an exothermic reaction.

.................................................................
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{b} Draw the energy profile diagram, for the reaction between hydrazine and
oxygen. Label clearly, the

- AH of reaction,
- achvation energy, E,,
~ reaclants and products.

-
- -—

(c) Hy{i_razine also undergoes another reaction with fluorine
) NzHa (g) + 2 F2 (9) > 4 HF (g) + N2 (g)
Use the following data to answer the questfion that follows:

Bond Bond Energy (kJ/mol)
- N-N 163
o N-H 390
F-F 158
H-F 565
N=N 945

Calculate the AH for the reaction between hydrazine and fluorine.

Page9of 12
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(d) Hydrogen fluoride is a highly dangerous gas, forming corrosive and
penetrating hydrofluoric acid upon contact with living tissue. The gas can also
cause blindness by rapid destruction of the corneas.

(i) Hydrofluonc acid is a-strong acid.- Define the ferm strong acid. -~ - 1]

(i) A student claims that hydrofluoric acid conducts electricity, therefore [2]
hydrogen fluoride is an ionic compound. Do you agree with the student?
Explain your reasoning.

XS

[Total marks: 12]

- End of Section A -
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The Periodic Table of the Elements

) ; Group
L] L v T v [Tw [ vi 0
e | ¢ 1 o 3
H He
hytiragen helium
N 1 2
7 . 9 11 12 14 16 19 20
Li Be B c N ] F Ne
hhium | beryllien boron' carbon nltrogen onygoen fluorine neon
3 4 B & 7 8 g 10
23 24 27 28 31 32 355 40
Na | Mg i Al St P s Ct | Ar
sodlum  |mapheswm aluminlum { silican  {ghosphorus|  salfur chiorino argon
1 12 13 14 |18 16 17 18
39 40 45 48 51 &2 95 58 59 59 64 &5 70 73 75 79 B0 84
K Ca S¢ Ti v Cr Mn Fa Co Ni Cu Zn Ga Ge As Se Br Kr
potassium | caloum | scandium | tieniuta | vanadium | chromium |mengeness|  iron cabalt nickel coppar 2y galium |germaniumy| arsenlc | sulenum | bromine | kryplon
19 20 21 22 23 24 25 26 27 28 29 an 13 32 33 34 ' 135 {36
85 88 89 91 93 96 - 101 103 ) 106 108 112 115 119 122 128 127 131
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cq In Sn Sb Te I Xe
rubldivm | strontium | yittium | alrconlum | nioblum [ malytidanu | tethnetium | ruthanium | thodium | pattadium sllver cadmium | i tin antimony | telurum lodine xenon
ar 38 39 40 41 42 m 43 44 45 46 47 48 49 50 51 52 53 54
133 137 138 178 181 184 186 190 192 1985 197 20 204 207 209 - - -
Cs Ba La Hf Ta w Re Os Ir Pt Au Mg T/ Pb Bi Po At Rn
cansium | barium |lanthsnum | hafnlum | fantaum | tngsten | rhenfum | osmum | pigum | platoum gola merctry | matiym lead bismuth | polonfum | astaline radan
5 56 57 |72 73 74 o 75 76 77 78 79 B0 81 82 83 84 85 86
Fr Ra Ac
francluin | radium actinlum
B7 88 8s T .
*58<71 Lanthanoid series .
190~103 Actinbld serles _
140 141 144 - 150 152 157 1568 162 165 167 169 173 175

Ce Pr Nd Pm Sm Eu Gd b Dy Ho Er Tm Yb Ly

cofum | pressodymbi [nebdymium|promethium]| samasium | curoplum |gadollatuen | teblum  Ndysprosium| hotmum | erblum fhullum | ytterblum | litellum
58 89 @ 60 B1 62 63 64 65 68 67 6B 69 70 Ial

Key| a a= relative alomlc mass 232 - 238 - - - - - - - - - = -
x X = atomle symbol MTh Pa u Np Pu Am Cm Bk Ff| Es Fm Md No Lr
b 17 tium  |pratactnh uranlum | Repluntum | plutonium | ameadcum | eudom | barkefiudy | callfornfum |efnslelnium] formlum |mendelaviu| nobelivm |lawrencium
" prolon fetomic numbver | o 3= ¥Ry oz g3 |ea a5 ee (e aeee ] 100 o |102 [103
b

The volume of one mole of any gas Is 24 dm® at room temparature and prassure (r.tp ). )

LR
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B6

Section B (30 marks)
Answer all three questions in this section. The last question is in the form of an
either/or and only one of the alternatives should be attempted.

Mass 'spectrometry is an |mportanl technique which can identify the amount and
type of chemicals present in a sample by using a machine called a mass
spectrometer. In general, the two quantities that can be measured are the
mass/charge ratio (m/z) and the relativé abundance of particles in the sample.

Massicharge (m/z) ratio: this is calculated by dividing the mass of an ion by its
charge. E.g. a sodium-23 ion, #*Na*, would have a miz value of 23. Hence, the m/z
of an ion with a charge of 1+ is effectwely its relative mass.

Relative abundance: this refers to the percentage of a particular isotope which
occurs in nature. E.g. in a sample of chlorine, the relative abundance of chlorine-35
is 75% and chlorine-37 is 25%.

The steps below show how mass spectrometry is done:

Step 1: lonisation — the sample is vapourised. Energy is then used to knock off one
or more electrons from atoms or molecules in the sample, changing them into
positive ions. If enough energy is supplied, some bonds of molecules are broken
and smaller posmve lOl’]S are formed

- s

“ a . i a4t g

Step 2: Acceleration — the ions formed from Step 1 are accelerated through the
spectrometer by the use of negatively-charged plates: - ) . T

Step-3: Deflection and detection — the ions are deflected by a magnetic field and
are detected electrically.

Step 4: Mass spectrum — the mass spectrometer records the m/z and relative
abundance of all ions in the form of a histogram, called a mass spectrum.

Figure 1 below shows the mass spectrum of a pure sample of lithium:

Relative abundance (%)

A
96.25+4
Additional information
it is known that all ions analysed in
this sample have a charge of 1+.
3.75+4 I

6 7 > miz

Figure 1: Mass spectrum of a pure sample of lithium
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Figure 2 below shows the mass spectrum of a pure sample of chlorine:

Relative abundance (%)
A
75.0+

2501

a charge of 1+.

Additional information
It 1s known that all ions
analysed n this sample have

35 37

> miz
70 X y

Figure 2: Mass spectrum of a pure sample of chlorine

-—i_

Figure 3 below shows the mass spectrum of a pure sample of an unknown

hydrocarbon:

" Rélative abundance (%)
o A

Additional information

It is known that all ions
analysed in this sample have
a charge of 1+.

14 15 26 27 28 29 30 37 38 39 40 41 42 43 44

> mfz

Figure 3: Mass spectrum of a pure sample of an unknown hydrocarbon

pa_ga 2 AF4AD

85




86

Figure 1
(@

(ii)

Figu::e 2
{b) (i)
(ii)

Explain how the data in Figure 1 shows that there are two isotopes  [2]
of lithium.

Show that the average relative atomic mass of lithium is 6.96 [1]
rounded off to 3 significant figures. Show your working clearly.

Statethevaluesof xandy. ....... ...... oo oo ol L. Ll B (2]

There aré only two known isotopes of chlorine, CI-35 and CL-37. [2]
Use the data in Figure 2 to suggest why there are 3 additional
peaks of 70, x and y on the mass spectrum of chlorine
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Figure 3

(c)

(i)

{i)

(iii)

87

A student comments that the unknown hydrocarbon is propane [2]
Explain how the data in Figure 3 shows that this is true.

Suggest the formula of the ion which has a m/z value of 14. [}

Another mass spectrometry analysis was carried out on a sample [2]
of butane. Suggest how the results of the mass spectrum of butane
would differ from that of propane.

[Total marks: 12]
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B7

The table below provides some information on four organic compounds:

Compound | Molecular formula { Decolourises brown | Turns moist blue
aqueous bromine? | litmus paper red?
A CaF4 Yes No
B CsHeOz No Yes
C --|- CaHgO2 Yes - XNo
D HO,C — CsH4— COsH No Yes
(a) (i) Compound A can be polymerised to make polytetrafluoroethylene, [1]
also known as PTFE.
Draw the structure of PTFE.

(ii)  There are high and low grades of PTFE. [11
Molecules of hlgh-grade PTFE typically have a relative molecular
mass of 1.2 x 10°.

Calculate how many repeat units there are in a typical molecule of
high-grade PTFE. Show your working clearly. ~

(iii) Low-grade PTFE molecules typically have a relative molecular [1]
mass of 1.4 x 10*.

Explain why low-grade PTFE has a lower melting point than high-
grade PTFE.

(iv) Describe and explain a pollution problem caused by getting rid of [2]

substances made of PTFE.
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(b) Compound B can react with another organic compound to form ethyl - -
propanoate,

(i) Draw the structure of the organic compound which can react with B [1]
to form ethyl propanoate.

(i)  Draw the structure of ethyl propanoate. 1]

(ciz Compound C can be polymerised with Compound D. {1
During this polymerisation process, small molecules of water are
eliminated.

" Draw the structure of the polymer formed when G is polymerised with D,
showing 2 repeat units.

[Total marks: 8]
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EITHER

B8 This question concerns the chemistry of carbon and silicon, elements from Group IV
of the Periodic Table.
The table below provides some information on two different forms of carbon
(allotropes) and silicon:

Substance | Melting point/°C Electrical Uses
conductivity

Carbon Above 3000 Poor Cutting tools,
allotrope A drill bits

Carbon Above 3000 Good Lubricant
allotrope B

Silicon 1414 Good Semiconductors

in electronics

Table 1- Some information on carbon and silicon

(a) Carbon tends to form covalent compounds. [3]
By drawing the dot-and-cross diagram of a carbon compound of your
choice, describe how a covalent bond is formed. You only need to show
valence electrons.

(b) Explain, in terms of bonding, why carbon allotrope A can be used as a [2]
drill bit while carbon allotrope B can be used as a lubricant.
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(c)

{d)

.29

(e)

Carbon is commonly used as a reducing agent. For example, it can “[1]
reduce zinc oxide to form zinc.

Explain, using oxidation states, how carbon 1s acting as a reducing agent

in the reduction of zinc oxide.

-
- -— -

Stlicon has the structure has shown below: [2]

Legend:
@ represents a
silicon atom

Figure 4: Structure of silicon
This structure of silicon in Figure 4 above alone is unable to account for

one of its physical properties stated in Table 1.
State this physical property and explain why.

Silicon reacts with oxygen to form silicon dioxide. ) 21
Describe one similarity and one difference between the structures of
silicen and silicon dioxide.

[Total marks: 10]

DNDemn ) £ 40
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OR

B8 This question concerns the cﬁemistry of some elements in Group II of the Periodic

Table.

(a) Magnesium is in Group II of the Periodic Table. It tends to form ionic  [3]
compounds.
By drawing the dot-and-cross diagram of a magnesium compound of
your choice, describe how an ionic bond 1s formed. You only need to
show valence electrons. - -

(b) Magnesium reacts with oxygen to form magnesium oxide. ~ - °

)

(i)

. \
P L YO A T e

. -
PTA T TaTerl pan o (IR PR

In terms of bonding, “strong electrostatic forces of attraction” exist
i both solid magnesium and solid magnesium oxide, but different
kinds of particles are involved.

State these particles.

Both solid magnesium and molten magnesium oxide conduct
electricity differently.

Explain how solid magnesium conducts electricity differently from
molten magnesium oxide.

[2]

[11
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(c) Both magnesium and calcium metals are reducing agents.

{d)

[¥

Some chemical reactions show that calcium is a stronger reducing agent

than magnesium.

Write a single, chemical equation to represent one such reaction.

The table below provides some information on some salts of Group I  [3]

elements:

Name of salt Solubility
(maximum grams dissolved in
100 cm® of water at r.t.p)

Magnesium sulfate 35.1
Calcium sulfate 021
Barium sulfate 2.45x10™
Radium sulfate ?

From the information give in the table above, suggest how you would

- End of Section B -

-Page-+i-of42

~ prepare a pure, dry sample of radium sulfate. Name the starting
reagents in your answer.

[Total marks: 10}

U3
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2015 Prelim Answers

Paper 1
1C 2D 3c 4 A 5C 6B 7C 8A gA i0C
11C |12C 13D 114D |15B 16 8B 17A “[18B [19A [20A
21D (22B 23C [24B 25C |26C |27D |28A {29C |30C
31A |32B 33D |34D |35D [|36C [37B [38B (39C |40A
Paper 2 Sectlon A

Marking schame Remarks
Alai |B
ii E
b Carbon monoxide binds irreversibly with Reject breathing difficulty

haemoglobin [1] to form carboxyhasmoblobin
which prevents transportation of oxygen to
the whole body, causing respiratory
difficulty {1]

Cl

Any nobls gas

Nobla gases is unreactlve/full valence
shellfoctet or duplet structure {1]

AZal

Cathode: 2H*(aq) + 2e” =2 Hz(q)
Anode 2CI (aq) > Clz (g) + 2¢°

-1 mark if no state symbols

Effervescence of a colotirless gas produced
at cathode. [1] Hydrogen Is [ess reactive
than sodium In the reactivity series, therefare,
H* lons [s preferentlally discharged [1]
Effervescence of a greenish vellow aas
produced at angde. {1] CI" lohs are
preferentially discharged because itis a
concentrated solution [1]

Reject chlorine
ions/chlonde atoms.

Reject hydrogen is
prefarentially discharged

(b))

No. ;g w3\ % C-l
-9 3-541\0\ (7
%e, - 0-Dmo|

e i
Ao - oflmo{

(Y 42 A 7
Mass & (= 250« 6%

= \b-

ECF from A2al
ECF from within questlon.

L)
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Sclution will turn from blue to colourless [11
Copper lons are preferentlally discharged

from the solution [1]

Sllvaer anoda will dissolve compared to
seelng effervescence seen at the ancde [1}
Silver anode Is a reactive electrode compared
fo Inert carbon electrode [1]

Comparison must be
made

Markings must be shown

(b)

2HCi(aq) + Zn(s) <> ZnClx(aq) + Hx(g)

=1 mark for no state
symbol

No marks for wrongly
balanced equation

g6



{c)

¥

i
]
i

Volume of gas / em®

Experiment 1

Experiment 3

Time [ minutes

)

Y = 30.0 cm®
Z=0.26 mo/dm®
Or

Y =60 0 cm®

2 =0 125 molidm®

(e)

Increase In temperature, Increases the
kinetic enerqy of the particles [1], more
particles have ensray gqreater or equal to
the activation energy [1], higher frequency

of effactive colllston [1] increase speed of
reaction

Ada

ACDB

Metal A. No visible observation [1}

Metal D: Metal D dissolves/brown sotution
becomes colourless/Grey solld produced (Any
2 for 2 marks)

[(2]0)

Coke, Haematite and Limestone

(i)

Fez04(s) + 3CO(g) = 3CO;(g) + 2Fe(l)

-1 mark if no state symbols

[()10)]
@

Oxygen and water

Relest air

Sacrificial Protection A more reactive metal
like magnesium or zinc can be placed beside
iron [1] It will corrode In place of Iron [1]

Bond energy absorbed to break the bonds
of NH and O3 {1] Is lesser [1] than the
anargy released for the bond formation of
H;0 and Nz [1]

96



(b)

1m - Shape of the graph
2m - For enthalpy change,
activation energy and
correct reactants and
products. (<1 m if one or
t#o is missing) ™

AITow Wrong = wrong

(©)
i""ﬁ‘j a;,g,fw b3 3% (4)
+15819)
- 2031153 T,‘,J
ey asel =550 1445
- 3906 K] Dj
2
o= 20%4-3
& . - 166 18] M i]
(dX) | A strong acldIs an acid that dissoclates
completely in water to produce H* fons
(i) The statement Is false. Hydrogen fluonde 1s

made up of non-metals [1] therefore itis a
covalent compound [1]




Paper 2 Sectlon B

Marking scheme

Remarks

I'B6an

Isotopes have the same number of protons but  _
different number of neutrons

In Figure 1, there are 2 1ons detected which have
different m/z values of 6 and 7 [1] This indlcates that
fhese 2 lons have different numbers of neutrons [1]

_[ACCEPT

“particles” in place
of lons

REJECT different
“mass numbers”

aif)

375100 x 6 + 96 25/100 x 7 = 6.96 (3sf)

No marks if no
working Is shown

bl}

X=T2[1], y=7411

bil)

Chlorine exists as diatomic molscules [1]
There are 3 possible combinations

2 atoms of CI-35

1 atom of CI-35 and 1 atom of CI-37

2 atoms of CI-37 [1]

OWTTE

ci}

The largest m/z value Is 44, which belongs to the lon

formed by the largest molecule This molecule would

be that of the unknown hydrocarbon as it is unbroken
1]

Emgage has a relative molecular mass of 44 [1]

OWTTE

cii)

CH;

ciif)

Tha highest m/z value recorded would be 58 [1]
There would ba more peaks [1]

B7ai)

T %
¢

ACCEPT 2cr
maore repeat unlts

all)

M:of one repeatunit=12x2+19x4 =100
No of repeat units = {1 2 x 10%) / 100 = 12000

aifl)

Low-grade PTFE molacules are smaller, and hence
there are fewer electrons.

There are weaker Intermolecular forcas In low-grads
PTEE which require less hieat to overcome [1]

alv)

Substances made of PTFE are non-blodegradable
Ml

If they are disposed by buming, toxic gases ars
released [1] OR If they are disposed by burying,
valuable land space has to be used as fandfills [1]

bt)

Ay
H-C- G0+
H H




bil)

‘?‘H [ P'f H
H’C—C,-—C 0 c,-c—H
4

- H K FEE

c)

Structuneofcr( kﬁ ‘#
H-0~- =C~¢— 0~
e

Polymar

‘(C C'],HL{—"U o —C;Hq—-o);\

ACCEPT 2 or
more repeat units

EITHER
8a)

Any appropriate compound

1 mark for correct number of electrons on carbon
atom

1 mark for correct number of electrons on the other
atom(s)

Explanation. the carbon atom and X atom ghare a
pair of electrons to attain a noble gas electronic
configuration [1]

0 marks for ionfc
compound

b)

In allotrope A, every carbon atom is bonded to 4 other
carbon atoms by strong covalent bonds This makes
the whole structure very hard.

In allotrope B, every carbon atom Is bonded tg 3 other
carbon atoms_In hexagonal |avers. Little force Is
naeded to overcome these weak Intermolecular
forces of attraction betwsen layers, making B

slippery.

To discuss mark
allocation

c)

Carbon causes the oxidation state of zinc to decrease
from 42 in ZnO to,0 in Zn, henca reducing zinc oxide

d)

Good electrical conductvity [1]

Every carbon atom Is bonded to 4 other carbon
atoms, all valence electrons are used in bonding and
there appears to be no moblle delocallsed electrons
or lons

e)

Similarity. both sllicon and sllicon dloxlda have glant
covalent tetrahedral [1] structures

Difference: the structure of silicon only Involves silicon
atoms while there are silicon and o, atoms

present in silicon dioxide [1].

L6



OR
B8

a)

Any appropriate compound

1 mark for correct number of electrons and charga on
magnesium fon

1 mark for correct number of electrons and charge on
tha cther ion{s)

Explanation the magnesium atom transfers 2 valence
elactrons fo X atom_Both lans attaln noble gas
glectronic configurations [1]

bl}

In solid magnesium, strong electrostatic forces of
attraction exist between positive and negative lons [1]
In solld magneslum oxide, strong electrostatic forces
of attractlon exist betwaen posifive lons and “"sea” of
moblle, delocalised electrons {1]

bif)

Salid magneslum conducts elactricity because of the
*sea” of mohile, delocalised elecirons
Molten magnesium oxlde conducts electnerty because

of mobils ions

o)

Any appropriate reaction, e g displacement reaction
Involving calelum and magneslum

d

Add any soluble radium salt, e g aquecus radlum
nitrate to any solubla sulfate salt, e.g. agueous
sodium sulfate {1]

Fllter the mbdure and keep the residua 1]

Wash residue with distiled water and press dry
between sheets of filter paper [1]
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