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You may use a soft pencil for any diagrams, graphs, tables, or rough working.

Do not use staples, paper clips, highlighters, glue or correction fluid.

Section A

There are twenty questions on this paper. Answer all questions. For
each question there are four possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft
pencil on the separate Answer Sheet.

Each correct answer will score one mark. A mark will not be deducted
for a wrong answer.
Any rough working should be done in this booklet.

SectionB and C
Answer all questions.
Write your answers in the spaces provided on the question paper.

The use of an approved scientific calculator is expected, where
appropriate. You may lose marks if you do not show your working or if
you do not use appropriate units.

A copy of the Periodic Table is printed on Page 20.
At the end of the examination, fasten all your work securely together.

The number of marks is given in brackets [ ] at the end of each
question or part question.
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Section A /20
Section B /30
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SECTION A: MULTIPLE CHOICE QUESTIONS [20 MARKS]
ANSWER ALL THE QUESTIONS.

1 The following table shows the boiling points of some gases present in a mixture.

gas boiling point / °C
—-286
-369
—-346
—296
-283

m|f Ol O W »

When the mixture of gases is cooled to —300°C, some of these gases liquefy.
Which of the above gases liquefy?

A ABandC
B ADandE
C BandC

D B,CandD

2 The following diagram shows the arrangement of particles in two different physical states.

state A state B

What is the name of the process that represents the change of state from A to B?

A condensation
freezing

melting

O 0O W

boiling
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3 Which statement about the molecules of hydrogen gas is correct?

5

A

B
o
D

The molecules possess low kinetic energy.
The molecules vibrate in fixed positions.
The molecules are diatomic.

The molecules slide over one another.

The diagram shows three pieces of apparatus used for measuring volumes of liquids.

Which apparatus can be used to measure 25.0 cm? of distilled water?

A

B
o
D

| only

[l only

I and Il
Iand IlI

Air is a mixture of oxygen, nitrogen and other gases.

Which statement explains why oxygen can be separated from nitrogen by the fractional

distillation of liquid air?

A

B
C
D

Oxygen is denser than nitrogen.
Oxygen is more reactive than nitrogen.
The two elements have fixed melting points.

The two elements have different boiling points.

©yYI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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6 A coloured ink M was compared with three different dyes P, Q or R, using water and

(4]

ethanol as solvents. The chromatograms produced are shown below.

Development with ethanol

Solvent front

0

Which does M contain?

A

B
Cc
D

7 A student added acid from a burette to 20.0 cm? of alkali in a conical flask. The diagrams

either Qor R
either P or Q
P only
Q only

Development with water

Solvent front

below show the acid levels in the burette at the start and end of the addition.

start

Trrrprrrrprr

&

end

What volume of acid did the student add to the alkali?

A

B
Cc
D

16.70 cm3
18.10 cm3
18.90 cm?®
19.10 cm?®
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Which of the following best represents a mixture of elements and compounds?

A%.C?% C
oo B

The formulae of the ions of four elements are shown below.

0> F- Lt

Which statement about these ions is correct?

Mg?+

A They all have the same number of electrons in their outer shells.

O 0w

Which of the following correctly describes the relative atomic mass of an electron and its

location in the atom?

They all have more electrons than protons.

They all have the same number of protons in their nuclei.

They all have the same electronic structure as a noble gas.

relative atomic mass location in atom
1

—_— ide th |
A 1840 outside the nucleus
B —1—— inside the nucleus

1840
C 1 outside the nucleus
D 1 inside the nucleus
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11 The following bar chart shows a property of the elements found in Period 3.

property

Na Mg A/ Si P S G Ar

Which property of these elements is represented in this chart ?

A  proton number
number of electron shells

number of electrons used for bonding

OO0 W

number of valence electrons

12 The following table shows the number of neutrons, protons and electrons of six atoms.

pe— number of sumber of protons number of
neutrons electrons
U 7 6 6
\Y 7 7 7
W 10 8 8
X 6 6 6
Y 10 9 9
Z 8 8 8
Identify two pairs of isotopes.
1t pair 2" pair
A Uand X WandY
B WandY UandV
C Vand Z Xand Z
D Uand X W and Z

©YI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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[7]
13 Which two statements about a covalent bond are correct?
It can be formed between two metal atoms.

It can be formed between two non-metal atoms.
It is formed by the transfer of electrons between atoms.

B W N -

It is formed by sharing electrons between atoms.

1and 3
1and 4
2and 3
2and 4

O o0 m >

14 The electronic structures of atoms P and Q are shown.

P and Q can react to form a compound. What is the formula of this compound?

A QP2
B Q2P
C Q2Ps
D QsP2

15 What is the total number of shared electrons in the ethene molecule?

10
12

o0 m >

©YI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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16 Which of the following structures correctly represents the arrangement of particles in

sodium chloride?

A Cc

17 In the circuit below, the lamp lights up.

_—lamp

| _—substance X

What could substance X be?

A  a solution of ethanol in water

B  a solution of potassium fluoride in water
C liquid ethanol
D

solid potassium fluoride

©YI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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18 Potassium hydroxide and sulfuric acid react to produce potassium sulfate and water.

Which of the following shows the ionic equation for the reaction?

A H*(aq) + OH-(aqg) > H20())
B 2K*(aq) + SO42-(aq) > K2S04(aq)

c 2K*(aq) + SO42-(aq) = K2S0a(s)

D K*(aq) + SO4?-(aq) + H*(aq) > KHSO4(s)

19 Iron (Ill) oxide reacts with carbon monoxide according to the following equation:
wFe203 + xCO > yFe + zCO2

What values of w, x, y and z would balance this equation?

o O W »

-l wl wl N X
= = NN
N[N W W N

w
1
1
1
2

20 A hydrocarbon molecule CxHy has a relative molecular mass (Mr) of 42.
What are the values of x and y?
[Relative atomic masses: Ar: H, 1; C, 12]

X ¥

A 1 2

B 3 6

Cc 6 3

D 6 6
End of Section A
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SECTION B: STRUCTURED QUESTIONS [30 MARKS]

ANSWER ALL THE QUESTIONS.
WRITE YOUR ANSWERS IN THE SPACES PROVIDED.

Fig. 1 contains information about five substances K, L, M, N and O.

K is a solid which melts
on heating to form a
yellow liquid that cannot
be made into a simpler
substance.

L is a blue liquid that
can be separated into
three dyes by
chromatography.

M is a black solid
formed by burning
copper in oxygen gas.
Heat is liberated in this

process.
N is a white solid that O is a colourless
can be separated into substance with a fixed
two different substances melting point and a
by adding water and fixed boiling point.
filtering.
Fig. 1

Classify each of the substances as either an element, a compound, a mixture or
either an element or a compound.

Complete Table 1 by placing ticking (v') the correct box for each substance.

©YI THE FIRST PRESIDENT SCHOOL

SCIENCE (CHEMISTRY)

substance element compound mixture eoitrhsgrﬁ:)eorgﬁgt
K
L
M
N
o
Table 1

(5]
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Table 2 below shows the melting points and boiling points of two different

substances, R and S.

substance | Melting point/ | boiling point / physical state
°C °C at 25°C at 100°C
R 35 120
S 23 95
Table 2

(@) Complete Table 2 to indicate the physical states of the substances at 25°C
and at 100°C.

(2]

(b) A pure sample of substance R was heated from 25 °C to 150 °C. Sketch,
on the axes below, the heating curve that would be obtained. Label all

critical values clearly. On the graph, also label the regions where melting

and boiling will occur.

Temperature / °C

A

» Time / min [3]

(¢) Would the same heating curve be obtained if an impure sample of

substance R was heated instead? Explain your answer.

©yYI THE FIRST PRESIDENT SCHOOL

SCIENCE (CHEMISTRY)
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3 A mixture of two white solids, sodium chloride and sugar, were mixed together
by accident. A student was tasked to recover sugar crystals from this mixture.

He decided to use an organic solvent, ethanol, to separate the two solids.

(@) By considering the type of bonding present in sodium chloride and sugar,

explain why ethanol is a suitable solvent to use for this separation.

................................................................................................... [2]
(b) The steps that the student takes are illustrated in Fig. 3 below.
step 1 step 2 step 3
add ethanol and stir filter the mixture
filtrate B is left to
residue A evaporate
mixture
B — solid C formed
filtrate B W
Fig. 3
(c) What substance is present in the following?
(i) it 1112 - OO S e ————
(i) filtrate B
(iii) solidC [3]
(d) Suggest why the student decided to leave filtrate B to evaporate in the
open, instead of heating it.
................................................................................................... [1]

©yYI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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Fig. 4 below represents the nuclei of five different atoms, F, G, H, | and J. These
letters are not the chemical symbols of the elements.

Key: . proton

O neutron

Fig. 4

Using the letters F to J, answer the following questions. Each letter may be used

once, more than once or not at all.

(a) Which element has a nucleon number of 6?

................................................................................................... 1]
(b) Which element is a noble gas?
................................................................................................... [1]
(c) Which element is an isotope of hydrogen?
................................................................................................... (1]
(d) Which element is most likely to form an ion of +1 charge?
................................................................................................... 1]
(e) Which two elements have the same electronic configuration?
................................................................................................... 1]

©yYI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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5  Sulfur dioxide is a toxic gas that dissolves readily in water to form sulfurous acid,

H2S0s. This is represented by the chemical equation:

SOz (g) + H20 (/) > H2S0s3 (aq)

(a) Calculate the relative molecular masses (Mr) of sulfur dioxide and
sulfurous acid. Show all your working clearly.
[Relative atomic masses: Ar: H, 1; O, 16; S, 32]
(i) SO2

(i) H2S03

(2]

(b) At room temperature and pressure, 1.8 dm? of sulfur dioxide gas was

dissolved in 100 cm? of water.

(i) Calculate the number of moles of sulfur dioxide gas involved in this

reaction.

(1]

(ii) The number of moles of sulfurous acid formed was the same as the
number of moles of sulfur dioxide reacted in (b)(i).

Calculate the concentration, in mol/dm?3, of the sulfurous acid formed.

(2]

©yYI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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(c) In general, gases which have a relative molecular mass that is less than
30 are less dense than air.
Using this information and your answer in (a)(i), draw a diagram to show
how a dry sample of sulfur dioxide gas can be collected.

Name this method of gas collection.

[2]

End of Section B
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SECTION C: FREE RESPONSE QUESTIONS [20 MARKS]

ANSWER ALL THE QUESTIONS.
WRITE YOUR ANSWERS ON THE SPACES PROVIDED.

6 Chlorine has two naturally-occurring isotopes, 3;Cland};CI.

(a) Define isotopes.

(b) Complete Fig. 6.1 and Fig. 6.2 below to show the electronic structure of
»Cland },Cl. Indicate on both diagrams:

(i) the number of protons (p) and neutrons (n) in each isotope;
(i) the electronic configuration of each isotope;
(iii) the arrangement of electrons in each isotope.

1Cl 1Cl

Electronic configuration = .........  Electronic configuration = .........

Fig. 6.1 Fig. 6.2 [4]

(c) With reference to Fig. 6.1 and 6.2, describe the similarities and differences

in the atomic structure and electronic structure of ;;C/and ;,C/ .

©YI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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(d) Define relative atomic mass.

(e) The natural abundance of };Clis 75.8% while the natural abundance of

f;Cl is 24.2%. Calculate the relative atomic mass of chlorine, giving your

answer correct to 3 significant figures.

(1]

(f Silicon has three naturally-occurring isotopes, silicon-28, silicon-29 and
silicon-30.
Given that the relative atomic mass of silicon is 28.0855, which isotope

occurs in the greatest abundance?

©yYI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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7 When elements react with oxygen, a compound called an oxide is typically
formed. For example, carbon reacts with oxygen to form carbon dioxide. Sodium

reacts with oxygen to form sodium oxide.

(a) Write a balanced chemical equation, including the state symbols, for the

formation of sodium oxide from sodium metal and oxygen gas.

..................................................................................................... 2]

(b) Draw a ‘dot and cross’ diagram to show the arrangement of electrons in a
molecule of carbon dioxide in the space below. Show only the valence
electrons of each atom. [Proton numbers: C, 6; O, 8]

(2]

(c) Draw a ‘dot and cross’ diagram to show the arrangement of electrons in
sodium oxide in the space below. Show all the electrons in each atom.
[Proton numbers: O, 8; Na, 11]

(2]

©yYI THE FIRST PRESIDENT SCHOOL SCIENCE (CHEMISTRY) MID-YEAR EXAMINATION 2017
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(d) With reference to the structure and bonding, explain why sodium oxide is a

solid and carbon dioxide is a gas at room temperature and pressure.

End of Paper
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The Periodic Table of Elements

Group
[ no| | IV v vi [ vl Q0
1 2
H He
hydrogen helium
Key 1 4
3 4 proton (atomic) number 5 6 7 8 9 10
Li Be atomic symbol B C N @) F Ne
lithium beryllium name boron carbon nitrogen oxygen fluonne neon
7 9 relative atomic mass 11 12 14 16 19 20
11 12 13 14 18 16 17 18
Na Mg Al Si P S Cl Ar
sodium [magnesium aluminium silicon phosphorus sulfur chlonne argon
23 24 27 28 31 32 35.5 40
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium | calcium scandium | titanium | vanadium | chromium |manganese iran cobalt nickel copper zinc gallum | germanium | arsenic selenium bromine kryptan
38 40 45 48 51 52 55 56 59 89 64 65 70 73 78 79 80 84
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Z Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te ] Xe
rubidium | strontium yttnum zirconium niobium  |molybdenum| technetium | ruthenium | rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85 838 39 91 93 96 - 101 103 106 108 112 115 119 122 128 127 131
55 56 57 -71 72 73 74 7o) 76 77 78 79 80 81 82 83 84 85 86
Cs Ba |[lanthanoids Hf Ta W Re Os Ir Pt Au Hg Ti Pb Bi Pa At Rn
caesium barium hathium tantalum | tungsten thenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
133 137 178 181 184 186 190 192 195 197 201 204 207 209 - - -
87 88 |89-103| 104 105 106 107 108 109 110 11 112 114 116
Fr Ra actinoids Rf Db Sg Bh Hs Mt Ds Rg Cn F/ Lv
francium radium F vy | dubnium | seaborgium | bohrium hassium | meitnerium |darmstadtium|roentgenium| copemicium flerovium livermonum
lanthanoids 57 58 59 60 61 62 63 64 65 66 67 68 69 70 M
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er ™ Yb Lu
lanthanum cerium |71ty | neodymium |promethium| samarium | europium | gadolinium terbium | dysprosium| holmium erbium thulium ytterbium lutetium
139 140 141 144 - 150 152 157 159 163 165 167 169 173 175
actinoids 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa ) Np Pu Am Cm Bk Cf Es Fm Md No Lr
actinium thorium | protactinium | uranium | neptunium | plutonium | americium cunum berkelium | californium | einstainium | fermium  [mendelevium| nobelium | lawrencium
= 232 231 238 — — — — = — N — = = -

The volume of one mole of any gas is 24 dm? at room temperature and pressure (r.t.p.)

[oz]

glv~-d9g
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SECTION A: MULTIPLE CHOICE QUESTIONS [20 MARKS]

Qn 1 2 3 4 5 6 7 8 9 10
Ans B A c c D D D D c A
Qn 11 12 13 14 15 16 17 18 19 20
Ans c D D B D c B A B B
SECTION B: STRUCTURED QUESTIONS [30 MARKS]
Qn | Answer Marks
1 . 1 mark
. either element
substance element compound mixture or compound for
each
K 4 correct
L % substa
nce
M v
N v
0 v
2 |(a) substance | Melting boiling physical state f1 mark
point/°C | point/°C at 25°C at 100°C or
each
R 35 120 Solid Liquid substa
. nce
S 23 95 Liquid Gas
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(b) Temperature / °C
A

150

1204 ---------nsemm oo

35 |- melting

25

» Time / min

1m — correct shape of graph
1m — correct melting and boiling points labelled (35°C and 120°C)
1m — correct labelling of melting and boiling

(c) | The heating curve obtained would be different. 1
Impurities would cause the substance to melt/boil over a range of 1
temperatures, instead of at a fixed temperature.

(a) | Sodium chloride is an jonic compound hence it will be insoluble in 1
ethanol. Sugar is a covalent compound hence it will be soluble in ethanol. | 1
Answers such as: Ethanol will only dissolve one of the solids — award 1Tm

(b) | (i) Sodium chloride 1
(ii) | Sugar solution 1
(ifi) | Sugar crystals 1

(c) | Sugar will decompose upon heating. 1

(@) |H 1

(b) |G 1

(c¢) | F 1

(d) |H 1

(e) |land J 1

(a) | (i) M: of SO2=32+2x 16 = 64 1
(i) | MrofH2SO3=2x1+32+3x16=82 1
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(b)

(M) 1.8 dm®

No. of moles of SOz = 5= 0.075 mol
24 dm

(ii) | No. of moles of H2SO3 = 0.075 mol
100 cm® = 0.1 dm?®
_ 0.075 mol

Concentration of H2803 = ——————=0.75 mol/dm®
0.1 dm

(c)

M: of SO2 = 64
Hence SO: is more dense than air and the method of gas collection used
should be downward delivery.

Diagram:
“— gas
delivery tube
gas jar
gas

SECTION C: FREE RESPONSE QUESTIONS [20 MARKS]

(@)

Isotopes are atoms of the same element with the same number of protons
and electrons but different number of neutrons.

()

7 Cl 17Cl

17 p, 1 17 p, 20

Electronic configuration = 2.8.7  Electronic configuration = 2.8.7

Fig. 6.1 Fig. 6.2

1m each — correct no. of protons and neutrons for each isotope
1m — correct arrangement of electrons for both isotopes
1m — correct electronic configuration for both isotopes
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(c)

Similarities: Both CI and },CI have 17 protons found in the nucleus,
and 17 electrons found in electron shells around the nucleus.

Difference: ;,CI has 18 neutrons found in the nucleus, whereas 7Cl has
20 neutrons found in the nucleus.

If students wrote something to the extent of “same number of protons and
electrons but different number of neutrons”, without being specific about
the number of sub-atomic particles found in each isotope, award 1m only

(d)

The relative atomic mass of an atom is the average mass of one atom of

that element compared to % the mass of one carbon-12 atom.

(@) | A, of chiorine = 22 x 35+ 242 + 37 =355 (to 3 5.1)
100 100
(f) | Silicon-28 occurs in the greatest abundance.

(a)

4Na (s) + O2 (g) = 2Naz20 (s)
1m — correct chemical formulae of all substances
1m — correctly balanced with correct state symbols

(b)

e e ® -represent electron of C atom
X -represent electron of O atom

1m — correct type of bonding (covalent) + correct ratio (2 C to 1 O)
1m — correct number of electrons

(c)

©

1m — correct charge of ions + correct ratio (2 Nato 1 O)
1m — correct number of electrons

- represent electron of Na atom
- represent electron of U atom
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(d)

Sodium oxide is an ionic compound where the ions are held together in a
giant lattice structure [1].

A large amount of energy is required to overcome strong electrostatic
forces of attraction between oppositely charged ions [1]; hence, sodium
oxide has a high melting and boiling point and exists as a solid at room
temperature and pressure.

Carbon dioxide is a covalent compound with a simple molecular structure

[11.

Little amount of energy is required to overcome the weak intermolecular
forces between the molecules [1]; hence, carbon dioxide has a low
melting and boiling point and exists as a gas at room temperature and

pregsure.
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