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SECTION A
The total mark for this section is 20.

Gas L is less dense than air and is soluble in water.
There are four common methods to collect gases:

| displacement of water

Il using a gas syringe

Hl upward displacement of air

IV downward displacement of air

Which of the four methods above is/are suitable to collect gas L?

I, Hand Il
land IV
It and il
Iland IV

ogoOom)»

Which of the following apparatus is most appropriate to measure 35.0 em? of a liquid?

A beaker
B burette
C conical flask
D pipette

Paper chromatography is used to test the urine samples (X, Y and Z) of three athletes to
determine if banned substances (B1, B2 and B3) are present in the urine samples.

0 O
O
O
O o)
0 O
—¢ 00— 0 0 &
X Y z B1 B2 B3

Which of the urine samples contain(s) banned substances?

none of the samples
X only

XandY

Yand Z

oOom>
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Excess water is added to a mixture of two solids. The resulting suspension is stirred and
filtered. After filtration, a white residue and blue filtrate are obtained.

solid colour solubility in water
W blue. soluble
X blue insoluble
Y white soluble
Z white insoluble

Using information in the table provided, which two solids were present in the mixture?

WandY
WandZ
XandyY
Xand Z

oow»

Which of the following substances are pure?

BP~125

Ooé) o @O

| v
A 1andiVonly
B IlandIll only
C lland IV only
b H,MandIV only
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At -100 °C, the particles of a substance vibrate about fixed positions. At 1000 °C, the
particles of the same substance are able to slide over one another.

Which of the following could be the melting and boiling points of the substance described
above?

melting point / °C boiling point / °C
A -110 -35
B -40 350
c 800 1450
D 1440 2600

A solid substance is heated until it has completely melted. The molten substance is then
allowed to cool, as shown in the cooling curve below.

Temperature/°C
(o -
~ F
60 r———————————% G
H

> timefs
Which of the following statements must be true?

A From E to F and from G to H, the particles of the substance take in energy.
B From F to G, the average distance between particles decreases.

C The substance has a boiling point of 60 °C.

D The substance is impure.

Which of the following elements is made up of atoms with the greatest number of electron
shells?

fluorine
magnesium
neon
potassium

cCOm>»
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The number of neutrons in the atoms of four elements (K to N) and their corresponding
nucleon numbers are shown below.

element numbeiz; t;i:r:utrons nucleon number
K 2 4
L 10 19
M 10 20
N 13 25

Which elements are in the same Group of the Periodic Table?

A KandlL
B KandM
C KandN
D LandM

The formulae of four ions are shown below.
0> F Na* Be*
Which statement about these ions is correct?
A  They all do not form compounds as they have fully filled valence electron shells.
B They all have the same number of electron shells.

C They ail have the same number of valence electrons.
D They all have fully-filled valence electron shells.

Two atoms, X and Y, have the chemical symbols $Xand LY respectively.

Which of the following statements is true?

X and Y are atoms of the same element with different numbers of neutrons.
X and Y are atoms of different elements with different numbers of neutrons.
X and Y have similar physical properties but different chemical properties.
X and Y have different physical and chemical properties.

com>»

Elements Y and Z form an ionic compound of formula YZ.

What could the proton numbers of Y and Z be?

Y Z
A 1 9
B 9 11
c 13 7
D 17 9
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Magnesium oxide has a higher melting point than sedium oxide.
Which of the following statements best explains why this is so?

Magnesium is from Group Il whilst sodium is from Group .

Magnesium oxide has a greater charge than sodium oxide.

Magnesium oxide has a greater relative formula mass than sodium oxide.
Magnesium and oxide ions attract each other more strongly than sodium and oxide
ions.

oOw>

Which of the following pairs of elements forms a compound by sharing electrons?

carbon and neon
helium and hydrogen
lithium and oxygen
silicon and chlorine

oompP

The structural formula of propane, CsHs, is shown below.

1y
oGk
H HH
in a molecule of propane, how many electrons are involved in bonding?
A 10
B 18
C 20
D 26

What is the chemical formula of sodium nitrate?

A NaNOs
B NazNOs
C NaNOj
D Na'NOj;
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An unbalanced chemical equation is shown below.

wFe203 + xCO — yFe +zCO2

Which values of w, x, y and z would balance the chemical equation?

oow>»

W
1
1
2
2

B i
- = N M
P A WIN

Which of these correctly defines relative molecular mass?

A

B
c
D

The average mass of 1 atom of a substance compared with 1/12 the mass of a
carbon-12 atom.

The average mass of 1 atom of a substance compared with 1/12 the mass of 1 mole
of carbon-12.

The average mass of 1 molecule of a substance compared with 1/12 the mass of a
carbon-12 atom.

The average mass of 1 molecule of a substance compared with 1/12 the mass of
1 mole of carbon-12,

Which of the following substances has the largest relative molecular or formula mass?

A

B
c
D

Copper(ll) carbonate, CuCOs
Phosphorus(V) oxide, P20s
Sodium hydroxide, NaOH
Sulfuric acid, H2S04

Which of the following gives the greatest number of moles?

oOomwP

72 dm?3 of ammonia gas
100 g of calcium carbonate
6.0 X 102 ions of sodium
1.2 X 102?* atoms of neon

END OF SECTION A
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SECTION B
Answer all the questions in this section in the spaces provided.
The total mark for this section is 40.

The set-up shown below is used to separate a mixture of ethanol and water.

water in

e’

water out .
&
&
i} ,. mixture of
. - ethanol and
heat water

......................................................................................................... [1]
(b) Suggest why ethanol and water can be separated using the set-up above.

......................................................................................................... [1]
(c) Identify a mistake in the set-up above and suggest a suitable modification.

......................................................................................................... [2]
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(d) As ethanol and water are being separated, name the main physical change
occurring inside the round-bottomed flask.

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

(e) How can the student make use of the set-up shown to determine if the ethanol or
water collected is pure?

.............................................................................................................
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B2 The boxes below contain descriptions of four different substances, W, X, Y and Z.

W, a colourless substance at room o
temperature, has a fixed composition. X, e:jcolourlebs S ggs, pdums :; alrtto
W has a melting point of 10 °C, produce carbon !IOXI e and water
and a boiling point of 80 °C. ony-
Y is an unreactive gas consisting Z, a blue liquid, can be separated by
only of single atoms, with a simple distillation to obtain a
boiling point of =220 °C. colourless liquid, and blue crystals.

(a) Decide whether each substance should be classified as an element, compound,
mixture, or either an element or a compound. Place a tick {v) in the correct box for
each substance in the table below.

either an
substance element compound mixture element or a
compound

W
X
Y
Z

(4]

(b) Which of the four substances is a noble gas? Explain your answer.
......................................................................................................... [2]

(c) Describe what happens to the distance, attraction, movement and energy
between/of the particles in W when it is heated from 25 °C to 85 °C.

.............................................................................................................
.............................................................................................................
..............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
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Nitregen can be chemically combined with other elements such as lithium and fluorine.
{a) When nitrogen is chemically combined with lithium, lithium nitride, LisN, is formed.

Draw a “dot-and-cross” diagram to show how electrons are arranged in lithium
hitride. Show only the outermost electrons.

2]

(b) Nitrogen can also be chemically combined with fluorine to form nitrogen triflucride,
NF3.

(i)  Describe how a nitrogen atom combines with fluorine, in terms of the number
of electrons gained, lost or shared.

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

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

(i)  Hence, draw a “dot-and-cross” diagram to show how electrons are arranged
in nitrogen triflucride. Show only the outermost electrons.

[2]
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(c) Lithium nitride has a melting point of 813 °C while nitrogen trifluoride has a melting
point of -207 °C.

By using ideas related to structure and bonding, explain why the melting points of
both compounds are so different.

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

.............................................................................................................
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Pure zinc metal can be extracted from solid zinc blende, ZnS, via a two-step reaction
described below.

Step 1: Zinc blende is roasted in excess oxygen. The oxygen reacts with the zinc blende
to produce solid zinc oxide and gaseous sulfur dioxide.

Step 2: Zinc oxide is heated in the presence of solid carbon to obtain zinc metal and
carbon monoxide.

(a)

(b)

Wirite balanced chemical equations for the two steps used in the extraction of zinc.
include state symbols in your answer.
2] U= o e O
e ] (= o 3 RPN [4]
97 tonnes of zinc blende was reacted with excess oxygen. The resulting zinc oxide
was reacted with excess carbon to obtain zinc.
(1tonne =1 X 108 g)
Calculate
(i} the number of moles of zinc blende which was used.
................................................................................................. {1
(i)  the number of moles of zinc oxide which was produced from the reaction
between zinc blende and oxygen.
If you were unable to complete (a), you may assume that 1 mole of zinc
blende produces 2 moles of zinc oxide.
................................................................................................. [1]
(iii) the mass of carbon which was required to completely react with the zinc

oxide.

If you were unable to complete (a), you may assume that zinc oxide and
carbon react in a 2:1 ratio.

....................................................................................................
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(iv) the mass of zinc which was extracted at the end of the reaction.

If you were unable to complete (a), you may assume that zinc oxide and
carbon react in a 2:1 ratio.

....................................................................................................
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B5 A white solid is known to be a mixture of zinc carbonate and sodium carbonate.

(a) Tofind the percentage by mass of zinc carbonate in the mixture, 5.0 g of the mixture
was heated strongly until no further changes were observed. '

When zinc carbonate is heated strongly, it decomposes according to the equation
below.

ZnCOs — Zn0O + CO2
However, when sodium carbonate is heated strongly, it does not decompose.

When the heating had completed, 0.48 dm® of carbon dioxide gas had been
produced.

Calculate

(i)  the number of moles of carbon dioxide which was produced from heating the
mixture.

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

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

(ii) the mass of zinc carbonate present in the mixture.
................................................................................................. [1]

(iii) the percentage by mass of zinc carbonate in the mixture.
................................................................................................. {11
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(b) 1.25gof solid zinc carbonate was reacted with excess dilute nitric acid to produce
aqueous zinc nitrate, carbon dioxide and water.

(i) Write the ionic equation for the reaction of solid zinc carbonate with dilute
nitric acid.

(i) A 100 cm® gas syringe was used to collect the carbon dioxide produced in
this reaction.

By calculating the volume of carbon dioxide produced in this reaction, show
that the volume of the syringe would be insufficient to contain the carbon
dioxide produced.

(1 dm® = 1000 cm?)

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

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

END OF PAPER
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‘The Periodic Table of Elements
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The vokene of one mole of any gas s 24 dm” st room tempersture and pressure (r.Lp.).
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SECTION A
The total mark for this section is 20.

Gas L is less dense than air and is soluble in water.
There are four common methods to collect gases:

| displacement of water

Il using a gas syringe

I upward displacement of air

IV downward displacement of air

Which of the four methods above is/are suitable to collect gas L?

A Lllandiil
B landlV
1
D landiVv

Which of the following apparatus is most appropriate to measure 35.0 cm? of a liquid?

beaker

conical flask
pipette

O OE>

Paper chromatography is used to test the urine samples (X, Y and Z) of three athletes to
determine if banned substances (B1, B2 and B3) are present in the urine samples.

0 0
0
0
0 0
0 0
— 00— 00—
X Y 2z B1 B2 B3

Which of the urine samples contain(s) banned substances?

A none of the samples

E X on!i

YandZ
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Excess water is added to a mixture of two solids. The resulting suspension is stirred and
filtered. After filtration, a white residue and blue filtrate are obtained.

Using information in the table provided, which two solids were present in the mixture?

oom>

solid colour solubility in water
W blue soluble
X blue insoluble
Y white soluble
Z white insoluble

WandY

Xand¥Y
Xand Z

Which of the following substances are pure?

mo m)>»

&

l and IV only
1l and Il only

Hand IV onli
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At -100 °C, the particles of a substance vibrate about fixed positions. At 1000 °C, the
particles of the same substance are able to slide over one another.

Which of the foliowing could be the melting and boiling points of the substance described
above?

melting point / °C boiling point / °C
A -110 -35
B ~40 350
N ] .
D 1440 2600

A solid substance is heated until it has completely melted. The molten substance is then
allowed to cool, as shown in the cooling curve below.

Temperature/°C -

A E

60 F G

H

> time/s

L}

Which of the following statements must be true?

A  From E to F and from G to H, the particles of the substance take in energy.

C The substance has a boiling point of 60 °C.
D The substance is impure,

Which of the foliowing elements is made up of atoms with the greatest number of electron
shells?

A fluorine
B magnesium
ﬁ neon

PartnerinLeaming
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The number of neutrons in the atoms of four elements (K to N) and their corresponding
nucleon numbers are shown below.

element numb?ll; c;ft:;utrons nucleon number
K 2 4
L 10 19
M 10 20
N 13 25

Which elements are in the same Group of the Periodic Table?

A KandL
|

C KandN
D LandM

The formulae of four ions are shown below.
0 F Na* Be?
Which statement about these ions is correct?

A They all do not form compounds as they have fully filled valence electron shells.
B They all have the same number of electron shells.

ﬁ Thei all have the same number of valence electrons.

Two atoms, X and Y, have the chemical symbols $Xand 7Y respectively.

Which of the following statements is true?

X and Y are atoms of different elements with different numbers of neutrons.
X and Y have similar physical properties but different chemical properties.
X and Y have different physical and chemical properties.

ool

Elements Y and Z form an ionic compound of formula YZ.

What could the proton numbers of Y and Z be?

Y z
A 1 9
B g 11
i _ |
D 17 9
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Magnesium oxide has a higher melting point than sodium oxide.
Which of the following statements best explains why this is so?

A Magnesium is from Group Il whilst sodium is from Group 1.
B Magnesium oxide has a greater charge than sodium oxide.

ﬁ Mainesium oxide has a ireater relative formula mass than sodium oxide.

Which of the following pairs of elements forms a compound by sharing electrons?

A carbon and neon
B helium and hydrogen

i lithium and Oﬁien

The structural formula of propane, C3sHs, is shown below.

in a molecule of propane, how many electrons are involved in bonding?

A 10
B 18
i N
D 26

What is the chemical formula of sodium nitrate?

i N
B NazNQO3
c NaNO;
D Na'NO;
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17 An unbalanced chemical equation is shown below.

18

19

20

wFe203 + xCO — yFe + 2CO2

Which values of w, x, y and z would balance the chemical equation?

w

ooOw

B0 b x

2
1
1

NN — e
£ W D EEN

Which of these correctly defines relative molecular mass?

A

B
i
D

The average mass of 1 atom of a substance compared with 1/12 the mass of a
carbon-12 atom.

The average mass of 1 atom of a substance compared with 1/12 the mass of 1 mole
of carbon-12.

The average mass of 1 molecule of a substance compared with 1/12 the mass of 1
mole of carbon-12.

Which of the following substances has the largest relative molecular or formula mass?

A

c
D

Coiierilli carbonatel CuCOs3

Sodium hydroxide, NaOH
Suifuric acid, H2504

Which of the following gives the greatest number of moles?

B
c
D

100 g of calcium carbonate
6.0 X 102 jons of sodium
1.2 X 10%* atoms of neon

END OF SECTION A
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SECTIONB
Answer all the questions in this section in the spaces provided.
The total mark for this section is 40.

Bt The set-up shown below is used to separate a mixture of ethanol and water.

(a)

(b)

(€)

(d)

(e)

thermometer water in

3

water out

;nExture of
& ethanol and
Héat water

Name the separation technique shown.
Fractional distillation [1]

Do not accept ‘distillation’.

Suggest why ethanol and water can be separated using the set-up above.
They have different boiling points. [1]

Identify a mistake in the set-up above and suggest a suitable modification.
Water is entering the condenser from the top and leaving from the bottom, [1]
The direction of water entry and exit should be reversed. [1]

As ethanol and water are being separated, name the main physical change
occurring inside the round-bottomed flask.
Boiling [1]

Do not accept ‘'evaporation’,
How can the student make use of the set-lp shown to determine if the ethano! or

water collected is pure?
Take the thermometer reading. If the liquid has a fixed boiling point, it is pure. [1]

PartnerinLearning
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B2 The boxes below contain descriptions of four different substances, W, X, Y and Z.

BP-~150

W, a colourless substance at room
temperature, has a fixed composition.
W has a melting point of 10 °C,
and a boiling point of 80 °C.

X, a colourless gas, burns in air to
produce carbon dioxide and water
only.

Y is an unreactive gas consisting
onty of single atoms, with a
boiling point of —=220 °C.

Z, a blue liquid, can be separated by
simple distillation to obtain a
colourless liquid, and blue crystals.

(a) Decide whether each substance should be classified as an element, compound,
mixture, or either an element or a compound. Place a tick (v') in the correct box for

(b)

{c)

each substance in the table below.

Which of the four substances is a nobie gas? Explain your answer.

Y 1]

it exists as single atoms, showing that it must be a noble gas. [1]

gither an
substance element compound mixture element or a
compound
w v
X v
Y v
Z v
[4]

Describe what happens to the distance, attraction, movement and energy

between/of the particles in W when it is heated from 25 °C to 85 °C.
As liguid W boils,

Distance between the particles increases. [1]

Attractive forces between the particles decreases/weakens. [1]

Energy of the particles increases. [1]
Particles move quickly and randomly in all directions, from sliding past each other.

[1]

PartnerinLearning
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B3  Nitrogen can be chemically combined with other elements such as lithium and fluorine.
(a) When nitrogen is chemically combined with lithium, lithium nitride, LiaN, is formed.
Draw a “dot-and-cross” diagram to show how electrons are arranged in lithium

nitride. Show only the outermost electrons.

+ 3-

[1] - valence electrons correctly displayed
[1] — ionic charges and coefficients correctly displayed

{b) Nitrogen can also be chemically combined with fluorine to form nitrogen trifluoride,
NF3.

(i) Describe how a nitrogen atom combines with fluorine, in terms of the number
of electrons gained, lost or shared.
Each nitrogen atom shares three electrons with fluorine atoms, and each
fluorine atom shares one electron with a nitrogen atom. [1]
The end resuit is that all atoms have a fully-filled valence electron shell. [1]

(ii) Hange, drgw'a "dot-and-cross” diagram to show how electrons are arranged
in nitrogen trifluoride. Show only the outermost electrons.

[1] — valence electrons correctly displayed
{11 — shared electrons correctly displayed
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(¢) Lithium nitride has a melting point of 813 °C while nitrogen trifluoride has a melting
point of ~207 °C.

By using ideas related to structure and bonding, explain why the melting points of
both compounds are so different.

Strong electrostatic forces of attraction exist between oppositely charged ions in
lithium nitride [1], whereas weak intermolecular forces of attraction are present in
nitrogen friflucride {1].

it takes a large amount of energy to overcome the strong electrostatic forces of
attraction in lithium nitride and a small amount of energy to overcome the weak
intermolecular forces of attraction in nitrogen trifluoride [1], (resulting in a high
melting point for the former and a low melting point for the latter). ‘

PartnerinLearing
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Pure zinc metal can be extracted from solid zinc blende, ZnS, via a two-step reaction
described below.

Step 1: Zinc blende is roasted in excess oxygen. The oxygen reacts with the zinc blende
to produce solid zinc oxide and gaseous sulfur dioxide.

Step 2: Zinc oxide is heated in the presence of solid carbon to obtain zinc metal and
carbon monoxide.

(a)

(b)

Write balanced chemical equations for the two steps used in the extraction of zinc.
Include state symbols in your answer.

Step 1: 22nS (8) + Oz (g) — 2Zn0 (s) + 25802 (g)
Step 2: ZnO (8) + C (s) — Zn {(s) + CO (g)
For each equation:

[1] for correct chemical species and balancing
[1] for correct state symbols

97 tonnes of zinc biende was reacted with excess oxygen. The resulting zinc oxide
was reacted with excess carbon to obtain zinc.

(1 tonne =1 X 108 g)
Calculate

(i) the number of moles of zinc blende which was used.
97 x10°

No of moles of zinc blende = 65+32
=1 X 10°% mol [1]

{(ii) the number of moles of zinc oxide which was produced from the reaction
between zinc blende and oxygen.

If you were unable to complete (a), you may assume that 1 mole of zinc
blende produces 2 moles of zinc oxide.

Comparing mole ratios, number of moles of zinc oxide = 1 X 108 mol [1]

(lii} the mass of carbon which was required to completely react with the zinc
oxide.

If you were unable to compiete (a), you may assume that zinc oxide and
carbon react in a 2:1 ratio.

Mass of carbon = 1 X 108 X 12
=1.2X 107 g OR 12 tonnes [1}
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(iv) the mass of zinc which was extracted at the end of the reaction.

If you were unable to complete (a), you may assume that 2 moles of zinc
oxide produces 1 mole of zinc.
Mass of zinc extracted = 1 X 108 X 65

= 6.5 X 107 g or 65 tonnes [1]
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B5 A white solid is known to be a mixture of zinc carbonate and sodium carbonate.

(a)

(b)

To find the percentage by mass of zinc carbonate in the mixture, 5.0 g of the mixture
was heated strongly until no further changes were observed.

When zinc carbonate is heated strongly, it decomposes according to the equation
below.

ZnCO3 — Zn0 + CO2
However, when sodium carbonate is heated strongly, it does not decompose.

When the heating had completed, 0.48 dm?® of carbon dioxide gas had been
produced.

Calculate

(i}  the number of moles of carbon dioxide which was produced from heating the

mixture.
0.48
No of moles of carbon dioxide = 24
= 0.02 mol [1]

(if) the mass of zinc carbonate present in the mixture.
Mass of zinc carbonate present = 0.02 X (65 + 12 + 16 X 3)

=259g{1]
(iii) the percentage by mass of zinc carbonate in the mixture.
23 100%
Percentage by mass = 5.0
= 50% [1]

1.25 g of solid zinc carbonate was reacted with excess dilute nitric acid to produce
aqueous zinc nitrate, carbon dioxide and water.

{i) Write the ionic equation for the reaction of solid zinc carbonate with dilute
nitric acid.

ZnCOs (s) + 2H* (ag) — Zn?* (aq) + GOz (g) + H20 {))

[1] — correct chemical species
[1] — correct balancing
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(i} A 100 cm?® gas syringe was used to collect the carbon dioxide produced in
this reaction.

By calculating the volume of carbon dioxide produced in this reaction, show
that the volume of the syringe would be insufficient to contain the carbon
dioxide produced.

(1 dm? = 1000 cmd)
1.25

No of moles of zinc carbonate = 65+12+16x3
- = 0.01 mol [1]

No of moles of carbon dioxide = 0.01 mol {[no marks]

Volume of carbon dioxide = 0.01 X 24
= .24 dm?® or 240 cm? [1]

Therefore, the volume of the syringe is insufficient. [no marks]

END OF PAPER
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