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1

Which substance would undergo two changes of state when heated from -20°C to

65°C?
substance melting point / °C boiling point/°C
A. -18 60
B. -24 18
C. -115 56
D. 42 108

Which of the following statements about a pure substance during boiling is correct?

A. The distance between the particles increases.

The kinetic energy of the particles increases.

B
C. The size of the particles increases.
D

The strength of the forces of attraction between the particles increases.

The models and formulae for some molecules are shown below.

R2S4

e o0

ST

Which is the correct model for a molecule of a compound formed between R and

T?
A.

e 0
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What is the total number of atoms in 36.04 g of water molecules?
A. 3.01x 1022 atoms

B. 9.03 x 10% atoms

C. 12.04 x 1023 atoms

D. 36.12 x 1022 atoms

Which of the following contains the greatest number of ions?
A. 10.0 cm? of 2.5 mol dm of K2COs solution
B. 20.0 cm?3 of 2.0 mol dm of KNO3z solution
C. 30.0 cm?3 of 1.5 mol dm- of K2SO4 solution
D. 40.0 cm?® of 1.0 mol dm of KzsPO4 solution

200 cm?® of water is added to 50.0 cm?® of 4 g dm agueous ammonium nitrate,
NH4NO:s.

What is the new molar concentration of the ammonium nitrate solution?
A. 0.0100 mol dm-3

B. 0.0125 mol dm3

C. 1.28 moldm™

D. 1.60 mol dm3

15 cm?® of ethane burns in 35 cm?® of oxygen to form carbon dioxide and water.
2C2He (g) + 702 (g) — 4CO02 (g) + 6H20 (1)

What is the total volume of gases remaining after the reaction?

All gas volumes are measured at room temperature and pressure.

A. 20cmd

B. 25cm?d
C. 30cmd
D. 100cm?3
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10

0.175 g of a dibasic acid requires 25.0 cm? of 0.200 mol dm of aqueous sodium
hydroxide to react completely.

What is the molar mass of the acid?
A. 22.0gmol?
B. 35.0g mol?
C. 44.0gmol?
D. 70.0 g mol?

Dinitrogen tetraoxide, N20a4, is a liquid at room temperature and pressure.
The following statements were made about dinitrogen tetraoxide.

I. It has a molar volume of 24 dm?® at room temperature and pressure.
II. The empirical formula is NO2.
lll. The percentage mass of nitrogen in the molecule is 30.4%.

Which statements are correct?
A. I and Il B. landlll
C. Il and Il D. |, Ilandlll

When nuclear reactions take place, the elements produced are different from the
elements that reacted. Nuclear equations, such as the one below, are used to
represent the changes that occur.

In the equation, the nucleon (mass) number total is constant at 31 and the proton
number total is constant at 15 where jn is one neutron.

AL+ 2He —— 3P + In

In another nuclear reaction, as seen below, nitrogen is reacted with a neutron, gn.
An isotope, J, is formed as well as a hydrogen atom.

YN+ in— 3+ H
What is isotope J?
C. 14N D 15N
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12

13

14

Four electronic configurations are shown below. Three of these belong to atoms of
lithium, chlorine and calcium.

Which electronic configuration belongs to an atom of another element?
A.  1s?2st

B. 1s%2s?2p?
C. 1s22s22pb3s?3p°®
D. 1s°2s%2p63s23p®4s2

What is the condensed electronic configuration for the sulfur atom in its ground
state?

A.  [Mg] 3p* B. [He] 2s?2p®3s23p*
C. [Ne] 3s?3p* D. [Ne] 3p®

Which statement about the ions ¢3Cu?* and ®°Cu* is correct?
A. Both ions have the same number of protons.

B. Both ions have the same number of electrons.

C. Both ions have the same number of neutrons.
D

Both ions have the same ionic radius.

Element X has a giant metallic structure. Which of the following shows its
properties?

electrical conductivity physical state of

in the solid state in the liquid state the Oxri(:‘;mc X at
" v v solid
i Y “ liquid
c . M gas
0 . a solid
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16

17

Which of the following structures depicts the arrangement of particles in a pure
solid metal?

@ (® positive ions

negative ions

e electrons

B.

Yorxollilc}
©

Which diagram correctly shows the arrangement of ions in solid sodium chloride?
A. Na* cr- B.

Na* ci-
/! / /| /
Na*—; cr Cl-— Na*
Clr--—-- }Na* (of }Na*
/ /
Cr Na* Na* Cl-
C. Na* Na* D. Na* Na*
s / | /
Cr- Cr Na* Na*
‘ Na®------ }Na+ Clm------ *Cl
/ /
cr Cl- cr- o

What happens when potassium bromide melts?

A. Covalent bonds in the giant lattice are broken.

B Electrons are released from atoms.
C. Electrostatic forces of attraction between ions are overcome.
D

Molecules are separated into ions.
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19

20

21

22

Which pair will conduct electricity because they both contain mobile ions?
A. aqueous copper(ll) sulfate and molten sodium chloride

B. solid copper metal and aqueous copper(ll) sulfate

C. solid copper metal and solid graphite

D. solid graphite and molten sodium chloride

The melting point of calcium oxide is much higher than the melting point of sodium
oxide. Which statement explains this?

A. Calcium atom has a higher first ionization energy than sodium atom.
B. Calcium ion has a bigger charge than sodium ion.

C. Calcium ion has greater shielding effect than sodium ion.

D

Calcium ion has lesser protons than sodium ion.

Which of the following statements provides the best explanation for the solubility
of ionic compounds in water?

A. Like dissolves like.

B. The positive and negative ions are attracted to different regions of the polar
water.

C. There are delocalised particles in the aqueous state.
D. There are positive and negative ions present in the substance.

Ethene, C2Ha4, has very low melting and boiling points.

H\ /H
/C:C\
H H

Based on the structure above, this is because of

A. weak covalent bonding between atoms in the molecules.
B. weak dipole-dipole interactions between molecules.

C. weak hydrogen bonding between molecules.
D

weak London dispersion forces between molecules.

Each of the four molecules below is isolated in the gaseous state.
Which species has an atom that does not obey the octet rule?

A. BFs B. CO:

C. CL D. NH3
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24

25

The Lewis structure for HzO* is shown below.

H—Cj—HT
.
What is the shape of HzO*?
A. Bent

Tetrahedral

B
C. Trigonal planar
D

Trigonal pyramidal

Based on the VSEPR theory, which bond angles correctly correspond to the
diagram below?

CHs :0 |
LI
H—N—C—-——C—O0—H
arl Kb
H H
a b C
A. 90° 90Q° 120°
B. 109.5° 90° <120°
C. <109.5° 109.5° 120°
D. 109.5° 109.5° <120°
SFe molecule is shown as below.
. F.. ..F [ ]

.'. \ / ...

:F —S—F:
21
g RN

Which of the following statements are correct about the molecule above?

|. The compound would be named sulfur hexafluoride.
Il. The octet rule is obeyed by all atoms in this Lewis structure.
lll. The central sulfur atom shows an expanded valence-shell octet observed
in some compounds containing Period 3 elements.

A. landllonly B. landlll only
C. lland Il only D. L lland 1l
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27

30

Which statement about group 1 elements is correct?

A. The density generally decreases down the group.

B. The melting point generally increases down the group.
C. The oxidizing power increases down the group.
D

The reactivity increases down the group.

Across a period, the elements show a trend from being metallic to non-metallic.
Which of the following best explains this trend?

A. Anincrease in the nuclear charge.

B An increase in the number of valence electrons.

C. Anincrease in the distance between the nucleus and the valence electrons.
D

An increase Iin the shielding effect of the inner electrons.

A.  Car<Mg* B. Na<Na”
G S*<gcb B: Si<Al

What is the ionic equation for the reaction between sodium carbonate solution and
dilute sulfuric acid?

A.  2Na* (ag) + SO4% (aq) ——> Naz2S0s (s)

B. Na2COs (aq) + 2H* (aq)——> 2Na" (aq) + CO2 (g) + H20 (I)

C. COs*(aq) + 2H* (ag) —— CO2 (g) + H20 (1)

D. Na2COs (aq) + H2S04 (aq) —— Na2S04 (aq) + 2H* (aqg) + COs? (aq)
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32

33

34

Assuming that the concentration of hydrochloric acid, HCl and ethanoic acid,
CH3COOH is the same, which statement about these two acids is correct?

A. The pH value of CH3COOH is higher as it contains a higher concentration of
hydrogen ions.

B. The pH value of CH3COOH is lower as it dissociates partially in water.

C. CHsCOOH reacts with Mg faster than HCl as it contains a higher
concentration of hydrogen ions.

D. CHsCOOH reacts with Mg slower than HCL as it dissociates partially in
water.

Which statement about the reaction between agueous ammonium carbonate and
sodium hydroxide solution is correct?

A. An acidic gas is produced.

B. An alkaline gas is produced.

C. A neutral gas is produced.
D

No gas is produced.

Hydrazine has the formula H2NNHz2. It has similar properties to ammonia.
Which property will hydrazine have?

A. It can conduct electricity only in solid state.

B. It dissociates in water to produce hydrogen ions.

C. ltis asolid at room temperature.
D

It reacts with an acid to form a salt.

The formulae of some oxides are shown below.

MgO PbO ZnO CcO SO2

How many oxide(s) listed above can react with aqueous sodium hydroxide?
A 1 B. 2

C. 3 D. 4
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35 An unknown pH indicator is added to separate samples of hydrochloric acid,
vinegar, and aqueous ammonia of the same concentration. The resulting colour of
the indicator are shown below.

hydrochloric acid vinegar agueous ammonia

red purple purple

The indicator is observed to change colour in the following pH:

pH range colour
A red
4-13 purple

Which statement about the pH indicator is not correct?
A. It can distinguish a strong acid from a strong alkali.
B. It can distinguish a strong acid from a weak alkali.
C. It can distinguish a weak acid from a strong acid.
D. It candistinguish a weak acid from a weak alkali.

36 Chlorine can react with sodium hydroxide as shown. The resulting mixture can be
used as bleach.

Clz (aq) + 2NaOH (aq) — NacCl (aq) + NaClO (aq) + H20 ()
Which statement about this reaction is correct?
A.  Chlorine is both oxidised and reduced.
B. Chlorine is neither oxidised nor reduced.
C. Chlorine is oxidised only.
D

Chlorine is reduced only.

37 Which of the following would be correct for the reaction below?
K2Cr207 (aq) + 3S02(g) + H2S04 (aq) —— K2S0a4(aq) + Crz(S0a4)3 (aq) + H20 (1)

[. Sulfur dioxide is the oxidizing agent.
[I. The solution turns from orange to green.
lll. The potassium ions are spectator ions.

A. land Il only B. landlll only
C. llandlll only D. I llandlll
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39

40

One way of recovering tin from old printed circuit boards is to dissolve it in a mixture
of concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves
because it reacts with the mixture of these concentrated acids.

Sn + 4HCL + 2HNO3 —— SnCls + NO2 + NO + 3H20
Which statements about this reaction are correct?

I. Nitrogen is present in three different oxidation states in the reactant and
products.

II. The oxidation state of tin increases from 0 to +4.

lll. The oxidation state of chlorine remains the same.

A. landll only B.
C. lland Il only D.

I and Il only
[, Iland Il

When acidified potassium manganate(VIl) is added to an aqueous colourless
solution of compound X, the colour of acidified potassium manganate(VIl) changes
...1.... This colour change shows that X is ...2....

Which words correctly fill in the blanks 1 and 2?

1 2
A. from colourless to purple oxidized
B. from colourless to purple reduced
C. from purple to colourless oxidized
D. from purple to colourless reduced

The equation for the reaction between iron(ll) sulfate and bromine is shown.
6FeS0O4 + 3Bra—— 2Fe2(S04)3 + 2FeBrs

Which row identifies the oxidizing agent and the reducing agent?

Oxidizing agent Reducing agent
A. Brz2 FeSOs4
B. FeSOa4 Br2
C. FeBrs Fe2(S04)3
D. Fe2(S0a)3 FeBrs

END OF PAPER
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1

The graph shows the heating curve of an impure sample of solid calcium
chloride.

1000
800
600

400

temperature / °C

200

v

0 2 4 6 8 10 12

time / hours  (t)

(@ (@) What is the effect of the impurity on the melting temperatures of [1]
calcium chloride?

(i)  Explain, in terms of bonding and structure, why calcium chloride has [3]
a high melting point.

(b) Describe the arrangement and motion of the particles at t=0. [2]

(This question continues on the following page)
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(c) Excess hydrochloric acid was added to 40.0 g of impure calcium [3]
carbonate to produce calcium chloride, carbon dioxide, and water. 14.8 g
of carbon dioxide was produced. The mole ratio of calcium carbonate
reacted to carbon dioxide produced is 1:1.

Calculate the percentage purity of calcium carbonate. Give your answer
correct to 3 significant figures.

An unknown group 2 element X is present in the form of a carbonate, XCOs.
An investigation was carried out to identify this element where 5.68 g of XCO3
was added to 25.0 cm? of 2.00 mol dm-3 sulfuric acid. The mixture was stirred
continuously until effervescence stopped.

The unreacted sulfuric acid required 23.00 cm?® of 1.00 mol dm aqueous
sodium hydroxide for complete neutralisation.

(@ (i) Calculate the number of moles of sulfuric acid that reacted with [2]
agueous sodium hydroxide. Give your answer correct to 3
significant figures.
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(i) Hence, calculate the number of moles of sulfuric acid that reacted [2]
with XCOs. Give your answer correct to 3 significant figures.

(iif)  Construct a chemical equation for the reaction between XCOs and  [1]
sulfuric acid.

(iv) State the number of moles of XCOs that reacted. Give your answer  [1]
correct to 3 significant figures.

(v)  Calculate the molar mass of XCOs and hence identify the element  [2]
X. Give your answer correct to 2 decimal places.
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Cyanogen, a highly toxic gas, is composed of 46.2% carbon and 53.8%
nitrogen by mass. At room temperature and pressure, 1.30 g of cyanogen
occupies 0.600 dm3.

(@ Calculate the molar mass, in g mol?, of cyanogen. Give your answer [2]
correct to 1 decimal place.

(b) Determine the empirical formula and molecular formula of cyanogen. [3]

Empirical formula ..............................

Molecular formula .............c.
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4 The positions of the element W, X and Y are shown in the outline of part of the
Periodic Table.

(@) State one similarity and one difference in the properties between [2]
elements W and X.

S [0 11F= U1 PP UPUUURPRURTRRR

(b) Element Y and Z are in the same group.

(i)~ When an aqueous solution of Y2 was added to an aqueous solution [2]
of NaZ, the solution turned darker and some black precipitate was
also observed.

Explain the observation.

(i) On the Periodic Table above, mark the position of element Z with [1]
the letter ‘Z'.
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7000 — " ——- second ionisation energy
_;" '] —— firstionisation energy
6000 — ]
1
i
5 5000
E
S 4000
=
=
2 3000
=
w
2000 —
1000 —
O 7T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12

MNumber of electrons

(@ (@) Complete the ‘electron-in-box’ orbital diagrams for the nitrogen and [3]
oxygen atoms. State the type of subshell below the boxes.

(2

1s 2 O Q... .y ... 090 @ ...

N atom:

O atom: ﬂ/ 1|/

(b) () Complete the full electronic configuration for the Na* and the Mg* [2]
ions in their ground state.

Nation : 1s2 2s?

Mg* ion : 1s? 2s?
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6  Group 15 elements react with hydrogen to form hydrides. The type of bond

formed can be determined by the difference in electronegativity.

electronegativity difference type of bond
0.0-0.2 non-polar covalent
0.3-14 polar covalent
>1.5 ionic
(@) Define the term electronegativity.

(b)  The boiling points of some hydrides are shown in the graph below.
Penod

2 3 4 5
0 7 T |

o

2

:

-90 PH,
-100 -
(i)

State and explain the boiling point trend seen in the graph above [2]
from PHs to SbHs.

(This question continues on the following page)
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(i)  Explain why NHs is an exception. [1]

(c) Using the VSEPR theory, draw the Lewis structure of the NH3 molecule  [4]
and state its bond angle and shape.
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The ‘lead’ in a pencil is made of a mixture of graphite and clay.

‘lead’—__

)

(@) When the percentage of graphite is increased, the pencil ‘lead’ slides [2]
across the paper more easily. Explain this observation using the structure

and bonding present in graphite.

(b) Electrolysis is a process where electricity is used to break down or
decompose a substance. Pencil ‘lead’ can be used as an electrode for
electrolysis. The diagram below shows how two pencils are used in this

process.
Pencil ‘lead’
used as
electrodes
Electrolyte
e e
Batter
y AvAR V4
=

Explain why pencil ‘leads’ can be used in the above set-up successfully. [2]

(This question continues on the following page)
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(c) Graphite is an allotrope of carbon. Carbon nanotubes are also allotropes [2]
of carbon as shown below.

Based on the structure above, would you expect its melting point to be
high or low? Explain.

(d) Tin (Sn), is another element in group 14 that has different allotropic forms.

a-Sn (grey tin) is the stable form below 13°C and has a diamond-like
structure.

B-Sn (white tin) is metallic and has a close-packed lattice.

(i) Deduce which allotrope of tin is malleable. (1]

(i)  Based on the information above, suggest a use for the allotrope in  [1]

(d)(@).
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Group 1 metals, also known as Alkali Metals, are very reactive metals.

(@) Write a balanced chemical equation, with state symbols, for the reaction [2]
between lithium and water.

(b) Potassium is below lithium in Group 1. Its hydroxide is typically reacted
with iodine to prepare potassium iodide as shown below.

3l2 + 6KOH — 5KI + KIO3 + 3H20
(i)  The completion of the reaction can be determined by a colour [1]

change in the solution. State the expected observation in the
reaction mixture.

(i)  Potassium iodide is commonly used as a test reagent. State [1]
whether it is expected to be an oxidising agent or a reducing agent.

(c) Sodium is between lithium and potassium in the group.

(i)  State the order of reactivity for the three metals starting from the [1]
least reactive to the most reactive.

(i)  State whether Alkali metals have reducing or oxidizing power and [2]
determine which amongst lithium, sodium, and potassium would be
the strongest one.
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The element antimony, Sb, is usually found in nature as its sulfide ore, stibnite,
having the formula Sb2Ss. This ore was used two thousand years ago by ancient
Egyptian women as a cosmetic to darken their eyes and eyelashes.

(@ One method of extracting antimony from its sulfide ore is to roast
stibnite in air. This forms antimony oxide and sulfur dioxide:
Reaction 1: 2Sb2S3 + 902 — 2Sb203 + 6S02
The antimony oxide then undergoes the following reaction with carbon:
Reaction 2: 2 Sb203 + 3C — 4Sb + 3CO:2

(i)  Explain, using oxidation states, if the sulfur in Sb2Ss is reduced or [3]
oxidised in reaction 1.

(i) Determine whether carbon behaves as an oxidising agent or a [1]
reducing agent in reaction 2.

(b)  Antimony reacts with concentrated nitric acid to form another oxide. [2]
4Sh + 20HNO3 — SbaO10 + 20NO2 + 10H20

Determine the oxidation state of antimony in its oxides and fill in the table
below.

oxide oxidation state of antimony

Sh203

Sb4010
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10  Sulfuryl chloride, SO2Cl2 is a colourless liquid with a pungent smell. It reacts with
water to form hydrochloric acid and a dibasic acid.

a colourless liquid
SO,Cl,

reacts with water

hydrochloric dibasic acid
acid S

Reacts with magnesium

k4

saltT

i Further reacts with magnesium

! !

magnesium gas U
sulfate

(a) Construct a chemical equation, including state symbols, for the reaction [2]
between sulfuryl chloride and water.

(b) Give the name of salt T produced. (1]

(c) Identify gas U and describe a test to confirm the gas. (2]
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11 (a) Both hydrochloric acid and ethanoic acid, CHsCOOH are monobasic
acids. Hydrochloric acid is a strong acid while ethanoic acid is a weak
acid.

(i) With the aid of a chemical equation, explain why ethanoic acid isa [3]
weak monobasic acid.

(i) Ethanoic acid has a degree of dissociation of 1%. (2]

Calculate the pH of 0.200 mol dm2 ethanoic acid. Give your answer
correct to 1 decimal place.

(b) Sodium ethanoate can be prepared by reacting sodium metal with [2]
ethanoic acid. Sodium ethanoate is soluble in water as shown below:

CHsCOONa (aq) — CH3COO~(aq) + Na* (aq)

With the help of a reversible equation, state whether sodium ethanoate
is a basic or acidic salt.
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Anglo-Chinese School (Independent) Year 3 IP Chemistry Final Exam 2020 Answers

Paper 1
1 2 3 4 5 6 7 8 9 10
A A B D D A B D C B
11 12 13 14 15 16 17 18 19 20
B C A A C B C A B B
21 22 23 24 25 26 27 28 29 30
D A D C B D A B D C
31 32 33 34 35 36 37 38 39 40
D B D C D A C D C A

Paper 2

1  The graph shows the heating curve of an impure sample of solid calcium chloride.

N

1000
O 800
®
5 600
©
8
g 400
8

200

0 2 4 6 8 10 12

time / hours  (t)

@ () What is the effect of the impurity on the melting temperature of calcium [1]
chloride?

EITHER decreases the melting point of pure calcium chloride
OR melting occurs over a range of temperatures
Accept:
- Melting temperature increases with time
- The temperature continues to increases as it melts
- Melting temperature is not constant.

(i)  Explain, in terms of bonding and structure, why calcium chloride has a [3]
high melting point.

It has a giant ionic_structure (accept: giant crystal lattice; giant lattice structure)[1] held
together by strong electrostatic attraction between oppositely charged ions. (accept:
strong ionic bond between ions) [1] Hence, a lot of energy is required to overcome (accept:
more energy required) the strong electrostatic attraction between the oppositely charged
ions.[1]

(b)  Describe the arrangement and motion of the patrticles at t=0. [2]

Particles are closely packed in orderly manner for pure sample or disorderly manner for impure
sample [1]. Particles vibrate about their fixed position [1].

(c) Excess hydrochloric acid was added to 40.0 g of impure calcium carbonate to [3]
produce calcium carbonate, carbon dioxide, and water. 14.8 g of carbon dioxide
was produced. The mole ratio of calcium carbonate reacted to carbon dioxide
produced is 1:1.
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Calculate the percentage purity of calcium carbonate. Give your answer correct
to 3 significant figures.

No. of moles of CO2 = 14.8 / 44.01 = 0.336287 mol [1]
No of moles of CaCOsz = 0.336287 mol

Mass of CaCOsz = 0.336297 X 100.09 = 33.65899 g [1]
% purity = 33.65899 /40 X 100% = 84.1% [1]

An unknown group 2 element X is present in the form of a carbonate, XCOs.

An investigation was carried out to identify this element where 5.68 g of XCO3; was
added to 25.0 cm® of 2.00 mol dm sulfuric acid. The mixture was stirred continuously
until effervescence stopped.

The acid remaining in the mixture requires 23.00 cm?® of 1.00 mol dm aqueous sodium
hydroxide for complete neutralisation.

: Calculate the number of moles of sulfuric acid that reacted with aqueous
(@ . \ - e . (2]
sodium hydroxide. Give your answer correct to 3 significant figures.

No. of moles of NaOH = 0.0230 X 1.00 = 0.0230 mol [1]
No. of moles of H2SO4 = 0.0230 mol /2 = 0.0115 mol [1]

(i) Hence, calculate the number of moles of sulfuric acid that reacted with 2]
XCO:s. Give your answer correct to 3 significant figures.

Total number of moles of H2SO4 = 0.025 X 2 = 0.0500; [1]
No. of moles of H2SO4 that reacted with XCOz = 0.0500 — 0.0115 = 0.0385 mol; [1]\

(iii) Construct a chemical equation for the reaction between XCO3 and sulfuric [1]
acid.

XCOsz + H2SO4 2 XS04 + CO2 + H20

State the number of moles of XCOs that reacted. Give your answer [1]
correct to 3 significant figures.

No. of moles of XCO3z = 0.0385 mol

Calculate the molar mass of XCOs and hence identify element X. Give 2]

(v) :
your answer correct to 2 decimal places.

Molar mass of XCO3 = 5.68 / 0.0385 = 147.53 g mol-* ; [1]
Molar mass of X = 147.53 — 12.01 - 3(16.00) = 87.53
Element X is strontium or Sr.

Cyanogen, a highly toxic gas, is composed of 46.2% carbon and 53.8% nitrogen by
mass. At room temperature and pressure, 1.30 g of cyanogen occupies 0.600 dm3,

(@) Calculate the molar mass of cyanogen. [2]

No. of moles of cyanogen = 0.600 / 24.0 = 0.0250 mol [1]

Molar mass of cyanogen = 52.0 g mol-! [1]

(b)  Determine the empirical formula and molecular formula of cyanogen. [3]
C N

Mass/g 46.2 53.8

No. of moles 3.8468 3.8401 [1]

Simplest ratio 1 1

Empirical formula: CN [1]
(12.01 + 14.01)n =52.0

n = 2 (nearest whole number)
Molecular formula: C;N» [1]
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4

The positions of the element W, X and Y are shown in the outline of part of the Periodic
Table.

(a) State one similarity and one difference in the properties between elements W [2]
and X.

Similarity: Both are good conductors of heat/ good conductors of electricity/ react with acids to
form salts and hydrogen; [1]

(Accept: Malleable/ ductile/ form cations/ reacts with non-metal to form (ionic) compound/ loses
electron to form cations.)

Difference: X has a higher melting point/ higher density/ forms coloured compound/ can have
variable oxidation states (must show comparison); [1]

(Accept: Compare reactivity/ reaction/ electropositive/ electronegative)

(b) Element Y and Z are in the same group.

()  When an aqueous solution of Y, was added to an aqueous solution of [2]
NaZz, the solution turned darker and some black precipitate was observed.

Explain the observation.

Y2 is more reactive than Z; [1] (accept: Y is more oxidising than Z)
thus it displaces Z from its solution; [1] (accept: change in oxidation state)

(ii)  On the Periodic Table, mark and label the position of element Z with a [1]
letter.'Z!. (accept any position’below Y in the same group)

1 ——- second ionisation energy
1 I

[N = first ionisation energy
1

Energy (kJ/ mol)

Na

O r—T—T—7T T T T T T T T 7T

1 2 3 4 5 6 7 8 9 10 11 12
Number of electrons
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@ @ Complete the ‘electron-in-box’ orbital diagrams for the nitrogen and [3]
oxygen atoms. State the type of subshell below the boxes.

N atom: /I I/ /I I/ ,‘ /\ 1
1s 2s 2e. .

O atom: /II/ /II/ 1‘, /] ,l

(b) () Complete the full electronic configuration for the Na* and the Mg* ions in  [2]
their ground state.

Na* ion : 1s2 2s? 2p°®

Mg* ion : 1s? 2s? 2p® 3s?!

Group 15 elements react with hydrogen to form hydrides. The type of bond formed can
be determined by the difference in electronegativity.

electronegativity difference type of bond
0.0-0.2 non-polar covalent
03-14 polar covalent
>1.5 ionic
(@  Define the term electronegativity. [2]

Electronegativity is the relative attraction that an atom [1] has for the shared electrons in a
covalent bond. [1]

Page 32 of 36




(b)  The boiling points of some hydrides are shown in the graph below.

Period

Boiling point/ "C

(i)  State and explain the boiling point trend seen in the graph above from [2]
PH; to SbHs.

Boiling points increases [1] going down the group (from PH3 to AsH3 to SbH3)
Relative molecular mass / number of electrons increases down the group leads to
stronger London dispersion forces [1]

(i)  Explain why NHs is an exception. (1]

NH3 has a higher boiling point than expected due to the intermolecular hydrogen bonding
which is stronger than dipole-dipole forces holding other hydride molecules together.

(¢)  Using the VSEPR theory, draw the Lewis structure of the NHz molecule and

state its bond angle and shape. [4]
® e H
\
correct bonds between H and N [1] H

lone pair of electrons on N [1]
Bond angle: < 109.5° [1]
Shape: trigonal pyramidal [1]

The ‘lead’ in a pencil is made of a mixture of graphite and clay.

(@  When the percentage of graphite is increased, the pencil slides across the paper [2]
more easily.

Explain this observation using the structure and bonding present in graphite.

Weak London dispersion forces exist between the layers of carbon atoms in giant molecular
structure of graphite. [1]

As the percentage of graphite increases, there are fewer clay particles to disrupt the structure so
the layers of atoms can slide over each other more [1]

(b)  Electrolysis is a process where electricity is used to break down or decompose [2]
a substance. Pencil ‘lead’ can be used as an electrode for electrolysis. The
diagram below shows how two pencils are used in this process.
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Explain why pencil ‘leads’ can be used in the above set-up successfully.

The graphite in the pencil can conduct electricity [1]
due to the presence of mobile delocalised electrons that act as charge carriers. [1]

(c) Graphite is an allotrope of carbon. Carbon nanotubes are also allotropes of [2]
carbon as shown below.

Based on the structure above, would you expect its melting point to be high or
low? Explain.

High melting point [1]
Large amount of energy is required to gvercome the strong covalent bonds between the
carbon atoms in giant molecular structure [1]

(d)  Tin (Sn), is another element from Group 14 that has allotropic forms at r.t.p. [2]
a-Sn, (grey tin) is the stable form below 13°C and has a diamond-like structure.
B-Sn (white tin) is metallic and has a close-packed lattice.

Deduce which allotrope of tin is malleable and suggest a use for it.

White tin or 3-Sn is malleable [1] and can be used to make metallic sheets, cans, soldering, alloys
such as bronze, sculptures, hammer [1]

Group 1 metals, also known as Alkali Metals, are very reactive metals.

(@ Write a balanced chemical equation, with state symbols, for the reaction [2]
between lithium and water.

2Li (s) + 2H20 (I) — 2LiOH (aq) + Hz (g)
[1 — balanced chemical equation] ; [1 — state symbols]

(b)  Potassium is below lithium in Group 1. Its hydroxide is typically reacted with
iodine to prepare potassium iodide as shown below.

3l2 + 6KOH — 5KI + KIO3 + 3H,0

() The completion of the reaction can be determined by a colour change in  [1]
the solution. State the expected observation in the reaction mixture.

Brown solution turned colourless.

(i)  Potassium iodide is commonly used as a test reagent. State whether itis [1]
expected to be an oxidising agent or a reducing agent.
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Reducing agent

(c)  Sodium is between lithium and potassium in the group. [1]

(i)  State the order of reactivity for the three metals starting from the least
reactive to the most reactive.

Reactivity: Li<Na <K

(i)  State whether Alkali metals have reducing or oxidizing power and (2]
determine which amongst lithium, sodium, and potassium would be the
strongest one.

Reducing power [1]
Potassium will be strongest one [1]

The element antimony, Sh, is usually found in nature as its sulfide ore, stibnite having the
formula Sh,Ss. This ore was used two thousand years ago by ancient Egyptian women
as a cosmetic to darken their eyes and eyelashes.

(@)  One method of extracting antimony from its sulfide ore is to roast stibnite in
air. This forms antimony oxide and sulfur dioxide:

Reaction 1: 2ShyS3 + 902 — 2Sb>03 + 6S0-
The antimony oxide then undergoes the following reaction:
Reaction 2: 2Sh,03 + 3C — 4Sb + 3CO»

(i) Explain, using oxidation states, if the sulfur in Sb,Ss is reduced or [3]
oxidised in reaction 1.

Sulfur in Sb,Ssis oxidised [1] as the oxidation state of sulfur increases from -2 in Sb,S; [1] to
+4.in SO, [1]

(i)  Determine whether carbon behaves as an oxidising agent or a reducing [1]
agent in reaction 2.

Reducing agent

(B)  Antimony reacts with concentrated nitric acid to form another oxide. [2]
4Sb + 20HNO3 — Sb4O10 + 20NO> + 10H.0

Determine the oxidation state of antimony in its oxides and fill in the table

below.
oxide oxidation state of antimony
Sb,0s +3
Sb4O10 +5
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10

Sulfuryl chloride, SO2Cl: is a colourless liquid with a pungent smell. It reacts with water to
form hydrochloric acid and a dibasic acid.

& colouriess liquid
50,61,
ts with water

(@) Construct a chemical equation, including state symbols, for the reaction [2]
between sulfuryl chloride and water.

SO.Cl; (I) + 2H20 (I) = 2HCI (aqg) + H2SO4 (aq)
[1 — balanced chemical equation] ; [1 — state symbols]

(b)  Give the name of salt T produced. (1]

magnesium hydrogensulfate (accept: magnesium bisulfate)

(c) Identify gas U and describe a test to confirm the gas. [2]

Hydrogen or Hz [1]
The gas extinguishes a lighted splint with a ‘pop’ sound. [1]

11

(@ Both hydrochloric acid and ethanoic acid, CHsCOOH are monobasic acids.
Hydrochloric acid is a strong acid while ethanoic acid is a weak acid.

(i)  With the aid of a chemical equation, explain why ethanoic acid is a weak [3]
monobasic acid.

CH3COOH (aq) = H* (aq) + CH3COO™ (aq) (Arrhenius definition) or
CH3COOH (aq) + H20 (I) & H30" (aq) + CH3COO™ (aq) (Bronsted-Lowry definition) [1]

Weak — Ethanoic acid dissociates partially in water to produce a low concentration of
hydrogen ions as compared to strong acid of the same concentration; [1]

Monobasic — Each ethanoic acid molecule contains one ionisable hydrogen atom per
molecule that can form H* ion; [1]

(i)  Ethanoic acid has a degree of dissociation of 1%. [2]

Calculate the pH of 0.200 mol dm= ethanoic acid. Give your answer
correct to 1 decimal place.

Concentration of H* = 0.200 X 1% = 0.00200 mol dm=3[1]
pH = -Ig (0.00200) = 2.7 [1]

(b)  Sodium ethanoate can be prepared by reacting sodium metal with ethanoic [2]
acid. Sodium ethanoate is soluble in water as shown below.

CH3sCOONa (aq) — CHsCOO™ (aq) + Na* (aq)

With the help of a reversible equation, state whether sodium ethanoate is a
basic or acidic salt.

Sodium ethanoate is a basic_salt. The ethanoate ions hydrolyse in water to give an alkaline
solution/hydroxide ions. [1]
CHsCOO™ + H,0 = CH3COOH + OH™ [1]
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