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Which of the following will increase the rate of diffusion?

A. decrease in polarity of molecules

B decrease in relative molecular mass
C. decrease in concentration gradient
D

decrease in temperature

Which of the following statements is not true about freezing?

A. A pure substance freezes at a constant temperature.

B Particles lose energy to the surrounding during freezing.
C. Particles stop moving.

D Freezing is a physical process.

Which statement is true?

A. N3~ has the same number of electrons as P*.
B S? has the same number of electrons as K*.

C. Ca* has more electrons than Ca.
D

Na* has more electrons than Mg?*.

Which particles are isoelectronic with one another? [Q, R, S and T are not the actual
chemical symbols.]

A, '§Q>and 1GR
B. BRand3iT

C. #s?and R
D

4Qzand 23s%

Which atom has a half-filled p sub-shell?

A.  Ne
B

C.

D. O

Page 3 of 32



The electronic structures of atoms Q and R are shown.

—
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Q and R combine chemically to form an ionic compound.

What is the formula of the compound?

A R/Q
B R4Q2
C. RO
D. ROQ;

Which formula represents the empirical formula of a compound?

A.  CyH.O
B. C:HiO:
C. CeHw
D. H20:

Which of the following hydroxides contains the smallest percentage of metal in one mole
of the compound?

A. Fe(OH);
B Ni(OH):

C. PDb(OH),
D Mg(OH)2

The number of ions produced when 3.45 g of LiNO3 dissolves completely in water is
A.  0.3x10%

B 0.6 x 10%
C. 09x10%
D 1.2 x 10%

4.00 g of solid sodium hydroxide is added to water to make a solution with a concentration
of 0.200 mol dm3,

What is the volume of water used?

A, 05cm?
B. 20cm?®
C. 500cm?
D. 2000 cm?®
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11

12

13

14

15

Which compound contains both ionic and covalent bonds?

A.  MgCl;

B HCl

C. CHsCOOH
D NH4CL

Three statements on metallic bonding are shown.

l. They are electrostatic in nature.
Il. The metal ions are delocalised.
lll. Its strength is directly proportional to the magnitude of the charge of the ions.

Which statement(s) is/are correct?

A. | only B. landllonly
C. [ and 11l only D. llandlll only

Which statement is correct for magnesium fluoride?

A. It has low melting point.

B It can conduct electricity in all states.

C. The electronic configuration of both ions in the compound is the same as neon.
D

It is soluble in non-polar solvents.

Three substances have the properties shown.

e X conducts electricity in solid and molten states.
e Y is soluble in water and the solution conducts electricity.
e Z only conducts electricity in molten state.

What could be substance X, Y and Z?

X Y y4
A. Cu Zno KOH
B. Cu KOH ZnO
C. ZnO Cu KOH
D. ZnO KOH Cu

Which property do all metals have?
A.  They have high melting point.
B They form amphoteric oxides.
C. They react with dilute acids.
D

They conduct electricity.
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Which trend is correct down group 1 metals?
A.  atomic radius decreases

B. density decreases

C. electronegativity decreases

D.

melting point increases

hen_t o5 Br_Br*_and Br- Lin order of i ingsizewhich is_t

|

A~ Br<Br'<Br
B- Br<Br<Bf
S B <Br<Br
bB-

A
B-
G  So&
B AgSO4

Which reactants can be used to prepare the highest yield of lead(ll) sulfate?
A.  Pb+ H2SO4

PbCl; + H2SO4

PbO + H,SO4

Pb(NOs), + H2SO4

O 0w
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21

23

24

The solubility of three substances are shown.

e P is sparingly soluble in water.

e Qs soluble in water.

¢ R insoluble in water.

What could be the substances P, Q and R?

oo wmp»

P Q R
Ca(OH) FeCl, BaSO.
Ca(OH): FeCOs3 BaSO,
Ba(OH). FeCOs; BaCl,
Ba(OH). FeCl, BaCl,

Which salt is best prepared by titration?

A.

O 0O W

Three positive tests for gases are shown.
l.

CuSOq4
NaNO3;
ZnCl>

CaCOs

Moist blue litmus turns red.

Tost S0 .
i B ot I ¥ Fwhich disaolves
E NHs-(ag)rtoform-a-deep-blue-solution:
Hoah = : : el
Adding-excess-NaOH(ag)-and-Al A-pungentand-colouress-gas-was-evolved:
ol ot I o hich ¢ : O blue.
Whatis-substanee 2
A- CuBr
B: CuNOs)
G  FeBr
B: FeNOs3)

l. White ppt is observed in lime water.
II.  KMnO4 changes colour from purple to colourless.

Which will be observed if the gas tested is carbon dioxide?

A.
C.

| only

| and Il only

B. Ilonly
D. Ilandlll only
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25

26

27

28

29

Which compound would most commonly be added to soil to reduce its acidity?
A.  aluminium hydroxide

B calcium hydroxide

C. magnesium hydroxide
D

sodium hydroxide

A solution of hydrochloric acid, HCL, has a lower pH than a solution of methanoic
acid,HCOH, of the same concentration.
Which statement(s) explain(s) this?

l. HCO2H molecules dissociate to a greater extent than HCL molecules do.
Il. HCL is monobasic while HCOH is dibasic.
lll.  Methanoic acid is a weaker acid than hydrochloric acid.

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

100 cm? of a solution with pH 3 is mixed with 100 cm? of a solution with pH 5. What is the
final pH of the resulting solution?
A 3.3 B. 3.7

C. 40 D. 43

Which statement about oxides is correct?

A. A solution of magnesium oxide has a pH less than 7.

B Magnesium oxide reacts with nitric acid to make a salt.

C. A solution of sulfur dioxide has a pH greater than 7.

D Sulfur dioxide reacts with hydrochloric acid to make a salt.

Which statement is always correct for an oxidation reaction?
A. Itinvolves the gain of oxygen by an element.

B It involves the loss of hydrogen by an element.

C. The atom or ion being oxidised will gain electrons.
D

The oxidation number of the element being oxidised will increase.
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30

31

32

33

Silver chloride decomposes to its elements when it is exposed to light.

Which pair of half-equations is correct?

half-equation Type of reaction
l. Ag*+e — Ag oxidation
Il. Ag'+e — Ag reduction
Il 2Cl - Cl2 + 2¢ oxidation
V. 2Cl'—> Cl2 + 2 reduction
A.  land IV B. landll
C. llandlll D. lland IV

Hydrogen sulfide can be oxidised to form sulfur dioxide.
2H,S + 30; —» 2S0, + 2H0

Which statement(s) is/are correct?

I. The oxidation number of sulfur increases by 6.
Il. The oxidation number of oxygen increases by 2.
lll. The oxidation number of hydrogen decreases.

A. | only B. landll only
C. Il and Il only D. I, II, and Il

When KCLO:s is heated, the following reaction occurs.
4KClO3; — 3KClO4 + KCL
Which statement(s) is/are correct?

I. The oxidation state of Cl in KClOs is +5.
II. The oxidation state of some Cl atoms decreased by 6.
lll. The reaction involves disproportionation.

A. | only B. landll only

C. [l 'and Il only D. L ll,and 1l

Fluorine and iodine are Group 17 elements. Their melting points are different due to the

differing strengths of intermolecular forces between the molecules.

Which of the following is correct?

. . strength of intermolecular
melting point
forces between molecules
A. F.>1, F,> 1o
B. F2>1; F<ly
C. F2 < |2 F2 < |2
D. F <l Fo> o
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34

35

The diagram shows the structural formula of citric acid.

H

I - )
H_T_C“O—H

H-0—C—C7 "
T ~O-H

gc-c?
| ~0-—H
H
Which of the following intermolecular forces are present between the molecules?

l. London dispersion forces
Il. Dipole — dipole forces
lll.  Hydrogen bonding

A. | and Il only B. il only
C. Il and Il only D. I 1Il,andlll

Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some
pesticides.

What is the approximate C—N=C bond angle between the bonds formed by the N atom in
a molecule of methyl isocyanate?

N=—C=0

A | 4/‘900

HsC

=C=0

B. /N

H,C ™ 1090

=C=0

C. [

HSC 120°

H,C—N=C=0
U

180°
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Read the following information carefully to answer questions 36, 37, 38, and 39.

Hydrocarbons are covalent molecules made of carbon and hydrogen only. These are
commonly used as fuel and they burn in air (assumed to contain 20% oxygen) to have the

following unbalanced combustion reaction:

CaHg(g) + O2(g) = CO2(g) + H20(g)

36  Two hydrocarbons have the formulae C,H, and C;Hs.

Which row is correct when comparing the two hydrocarbons?

37 What are the shapes of the molecules of methane (CH,4) and its combustion products?

empirical formula | molecular formula relativ?nrgsoslecular
A. different same different
B. different same same
C. same different different
D. same different same

methane carbon dioxide water
A. | trigonal pyramidal | V-shaped (bent) linear
B. tetrahedral linear V-shaped (bent)
C. V-shaped (bent) trigonal pyramidal tetrahedral
D. trigonal planar tetrahedral trigonal planar

38  Which coefficients would balance the complete combustion equation for propane (CsHsg)?

propane oxygen (cj:iei)r)l()i%r; water vapour
A. 1 10 3 4
B. 2 5 6 8
C. 1 5 3 4
D. 2 10 6 8

39 If 24 cm?® of CsHg(g) is burned in 100 cm?® of air, what volume of carbon dioxide will be
produced at r.t.p.?

A 72cmd
B 12 cm?®
C. 60cm?d
D. 24cm?®
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40

Which statements about the periodic table are correct?

Elements in period 3 have similar chemical properties.
Elements in group 17 increase in atomic radii down the group.
Elements become more electronegative across period 3.

I and Il only
Il only

Il and Il only
[, I'and 11l
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The diagram below shows the positions of elements T, U, V, W, X, Y and Z (not their
actual chemical symbols) in a simplified Periodic Table.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1
2 | T vV |U
3 w X
4 Y Z
@ (@ Write the chemical formula for the compound formed between element  [1]
W and V (using the letters W and V only).
(i) Predict the observation made if the compound from (a)(i) is added to [2]
sodium hydroxide. Hence, state the chemical nature of the compound.
(b) (O Z is a transition metal that can form ions of two different oxidation [2]

states. Write the chemical formula of the two different oxides of Z (using
the letters Z and O only).

(iii) Z can form the following complex ions. State the oxidation state of Zin  [2]
each ion.

complex ion oxidation state of Z

[Z(H20)e)**

ZCls
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2

Oxalic acid, H.C,04, reacts with acidified manganate(VIl) ions according to the ionic

equation below:
2MnO4(aq) + 16H*(aq) + 5C,04%(aq) — 2Mn?*(aq) + 10CO,(g) + 8HO(l)

(a) Explain, in terms of oxidation state, whether MnO,~ is oxidised or reduced. [2]
State any colour change you may observe.
(b)  State the oxidation state of manganese in each of the following ion/ formula [2]
unit.
ion/ formula unit oxidation state of
containing manganese manganese
Mn?2*
MnO,
MnQO4~
MnO42‘
(c) Draw the Lewis diagram for CO. and predict its shape and bond angle. [4]
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@)

(b)

An important method for the study of long-term climate change involves [1]
isotope geochemistry. Oxygen-16, 10, and oxygen-18, 20, are isotopes of
oxygen.

0] Define the term isotopes.

180 is the most abundant isotope while 80 is extremely rare in the Earth’s
atmosphere. Table 1 shows the relative abundance of oxygen isotopes.

Isotope Relative abundance / %

%0 99.8

180 0.2
Table 1 Relative abundance of oxygen isotopes

(i) Calculate the relative atomic mass of oxygen. Give your answer correct
to 5 significant figures.

[1]

In the climate change study, scientists would measure the proportion of heavy
water (H2'20) and light water (H2'®O) in the oceans and glaciers. Table 2
shows the boiling points of light and heavy water.

Species Boiling point/°C
Light water 99.98
Heavy water 101.4
Table 2 Boiling points of water

[1]
() Describe the relationship between the relative molecular mass and the
boiling point of water.

(This question is continued on the following page)
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(c)

(d)

(e)

(i) Describe, in terms of the Kinetic Particle Theory, the change in the [2]
movement of water molecules when evaporation takes place.

The diagram below shows how ice in glaciers originally came from water
evaporated from the oceans. Light water evaporates more readily than heavy
water. The water vapour condenses to form clouds. At colder temperatures at
high altitudes, it snows and the ice compacts to form glaciers.

Condensation
Clouds and Vapor Solar

Radiation

I

“Q‘Watef Stor. _ ' Plant  Evaporation
Yinice and s %, Transpiration

Surface

Runoff Water Storage
in Ocean

Predict whether a sample of water from the ocean will have higher or lower [1]
relative abundance of 20 isotopes compared to the figures in Table 1.

The ice in glaciers melts to form the surface runoff. State whether energy is [1]
given out or taken in during that physical change.
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Barium carbonate reacts with dilute hydrochloric acid.

(&) Write a balanced chemical equation with state symbols for this reaction. [2]

(b) 9.85 g of barium carbonate were added to 250 cm?® of 0.100 mol dm® [3]
hydrochloric acid. Calculate the volume, in dm?, of the gas formed at r.t.p..

(c) Explain, in terms of intermolecular forces, why the two simple covalent [2]
products formed in (a) exist as different states of matter at r.t.p..
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5 A compound X contains carbon, hydrogen, and oxygen only.

@ X contains 54.54% of carbon by mass and 9.09% of hydrogen by [2]
mass. Calculate the empirical formula of compound X.

(ii) Compound X has a relative molecular mass of 88. Deduce the [2]
molecular formula of compound X.

(b)  The starting compound used to make compound X is ethene, C;H4. Ethene [2]
reacts with steam to form ethanol in the presence of an acid catalyst.

ethene + steam — ethanol

H H
H .
H / H |
c= + HO —— H—C—C—H
AN

AN
& & H OXH

State the H-C—-H bond angle in ethene and C—O—H bond angle in ethanol.

H-C—-H bond angle in ethene: ................... C-O-H bond angle in ethanol: .............
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Mixture containing

snlid A and R
[

Add water and filter

—

Black residue

o |
Excess Salt F
L NaOH(ag Acidified
White ppt. C AGNOs NaOH(aq

that is insoluble -
White ppt.

in excess
. Green ppt. H,
Al foilf which forms a
y Varm reddish-brown ppt
Colourless and pungent gas, D, which on standing

turns moist red litmus paper blue

&y Wrie theformulae ot substances AtoH- )
A E:
B: E
G G:
B:
®) @ he ion ion for the f : F -~ . 2
g I_ .‘ By lingin-aif_H-cl tdish-l o
precipitate:
Th — . i he follow ;
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{&) Outlinethe stepsio-prepare-apure-sampleotAgNOs-using-suitablereactants: [3]
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1200 X
1000 X x
ionli:zI;S'[Eon 800 X
ke 600 x
400
200
0
Na Mg Al Si P S Cl
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8

Metals tend to have high melting and boiling points because of the strength of the
metallic bond.

1000
800
Melting 600
point/ K 400
0
Na Mg
(@) State and explain the difference in melting point between sodium and [3]

magnesium.

(b) Metals consist of giant structures of atoms held together by metallic bonds. The
metal atoms are closely packed - that is, they fit as many atoms as possible into
the available volume. The following table describes 2 types of packing in giant
metallic structures.

12-coordination 8-coordination
- Each atom has 6 other atoms - No atoms are touching each
touching it in each layer. other within a particular layer
- 3 atoms touching any particular | - 4 atoms touching any particular
atom in the layer above and atom in the layer above and
another 3 in the layer another 4 in the layer
underneath. underneath.

- Most metals (including - Group 1 metals
magnesium)

(This question is continued on the following page)
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0] Suggest the relationship between the packing of atoms and melting [1]
point.

(i) The boiling points of sodium and magnesium are 1156 K and 1364 K [2]
respectively. The boiling point of sodium is not unusually low
compared to magnesium like their melting points.

Based on your answers in (a) and (b)(i), state, with reason, which factor does
not contribute to the strength of the metallic bonds of metals in molten state.

(c) State one other physical property of Period 3 metals. [1]
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9  Calcium chlorate(V), Ca(ClOz3),, is made by reacting calcium hydroxide with chlorine
gas.

6Ca(OH), + 6Cl, — Ca(ClOs), + 5CaCl, + 6H,0

@ () 8.88 g of calcium hydroxide and 7200 cm? of chlorine gas are mixed 2]
together. Determine the limiting reactant. Show your working.

(i) What is the maximum mass of calcium chlorate(V) that can be made [2]
from this mixture?

(iii) The actual mass of calcium chlorate(V) obtained from the reaction in [1]
(a) is 3.11 g. Calculate the percentage yield.

(This question is continued on the following page)
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(b)  Chloric acid, HCLO3, is a strong acid. It can be made from calcium chlorate(V).  [1]
Define what is a strong acid.

() Define the term acid in terms of proton transfer and complete the [2]
equation given to show HCLOz; behaving as an acid in water.
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10 When thionyl chloride SOCL,, is reacted with a carboxylic acid CnH2n+1COOH, where n is a
whole number an acyl chloride, CnH2,+1COCL and two acidic gases are formed.

SOCIl; + CyH2n+1CO2H — CrH21+1COCL + SO, + HCL

(a) A 1.00 g sample of a carboxylic acid underwent the above reaction and the [1]
gases produced were absorbed in 60.0 cm?® of 0.500 mol dm= NaOH(aq).
0] Calculate the number of moles of NaOH at the start of the reaction.
(i) The unreacted NaOH from (a)(i) was titrated with 0.500 mol dm-3 [1]
HNOgs(aq). It required 10.8 cm?® of HNOs(aq) solution to reach the end-
point.

Calculate the number of moles of unreacted NaOH in (a)(i).

(iii) When HNO:s is titrated with NaOH in (a)(ii), name a suitable indicator to  [1]
use.

(iv) Sketch the expected titration curve for the reaction in (a)(ii). [2]
A

pH

v

Volume of HNOs (cm?)

(This question is continued on the following page)

Page 27 of 32



(b)

(V) Hence, calculate the number of moles of NaOH that reacted with the [1]
gases using answers from (a)(i) and (a)(ii)

0] If the number of moles of CyH2,+1:COOH = 0.01136 mol, calculate the M, [1]
of the carboxylic acid.
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Anglo-Chinese School (Independent) Year 3 IP Chemistry Final Exam 2019 Answers

Paper 1
1 2 3 4 5 6 7 8 9 10
B C B A B C D B C
11 12 13 14 15 16 17 18 19 20
D C C B D C D A B D
21 22 23 24 25 26 27 28 29 30
A B B C B B A B D C
31 32 33 34 35 36 37 38 39 40
A D C D C C B C B C
Paper 2
1 |(@) |WaVs (1]
The white solid will dissolve. [1]
It is an amphoteric oxide. [1]
(b) | ZO [1]
72503 [1]
Both are insoluble [1]
complex oxidation state of Z
[Z(H20)6)?* +2 [1]
ZClgy +3 [1]
2 (@) | MnOy is reduced as the oxidation state of Mn decreases from +7 in MnO4~to +2 | [1]
in Mn2*,
Solution changes colour from purple to colourless. (4
(b) | [1m: 2 — 3 correct] ; [2m: all correct] [2]

ion/ formula unit oxidation state of
containing manganese manganese
Mn2* +2
MnO2 +4
MnOg4 +7
MnO4? +6
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(c)

Correct structural formula
2 lone pairs on each C atom

shape: linear

bond angle: 180°

[1]
[1]
[1]
[1]

(@)

(i) Isotopes are different atoms of the same element that have the same atomic
number (number of protons) but different mass numbers (number of neutrons).

[1]

(ii) 16.004

[1]

(b)

(i) Higher the molecular mass, higher the boiling point.

[1]

(if) The particles in a liquid slide over one another

but the particles in gas will move randomly and rapidly.

[1]
[1]

(c)

higher

[1]

(d)

Taken in

[1]

(e)

1s22s22p*

[1]

(@)

BaCOs(s) + 2HCl(aq) = BaClx(aq) + CO2(g) + H20(1)
Balanced chemical equation;

state symbols

[1]
[1]

(b)

M: of BaCOz = 197

nBaCOsz = 9.85/197 = 0.0500 mol
nHCI = 0.100 x 0.25 = 0.0250 mol
HCI: COzis 2:1

nCO, = 24.0 x 0.0125 = 0.300 dm?

ECF given if: method correct even though value used is wrong.

[1]
[1]

[1]

(c)

Carbon dioxide has weak London (dispersion) forces between its molecules.
However water has stronger hydrogen bonding between its molecules.
Thus, a larger amount of energy is needed to overcome the stronger
intermolecular forces in water and it has a higher boiling point.

NOT ACCEPTED: greater/higher/lower instead of stronger/weaker; undergo
bonding; hydrogen bonding in molecules; uses hydrogen bonding; break the
bonds; joined together

[1]
[1]
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(i)

a
@ C H 0]
% 5454 9.09 36.37
Mr 12.01 1.01 16
mole 4.54 9 2.27 [1]
ratio 2 4 1 [1]
Empirical formula C2H4O
(i) M; of C2H40 = 44 [1]
n=288/44 =2
molecular formula = C4HsO- [1]
ECF given if method correct from wrong answer in (i)
(b) | Bond angle in ethene: 120° [1]
Bond angle in ethanol: <<109.5° (Accept 104° - 105°) [1]
@) | A-CatNOg: E-HCH @
B+-Feo FFech
C-CaloH): GAgcl
BNH- Bleaeh o0 o0
b)) | ()Fe*(ag)+20H (ag)y>-Fe(OH)(s)
bal Lioni o o
state-symbels Bl
{i)-Fe(OH),is-oxidised-to-Fe(OH);:- OWTTE Bl
) | Add-excess-Ag.O-teafixed-volume-oFHNO;—Stir- Lk}
Filterreaction-mixture-to-obtain-the filtrate. B
Heat filrate-until saturation-and-leave-it-to-cool/erystallize—Then wash-erystals | )
with little cold distilled water.
) 1400 B
1200 X
1000 X x
First >
ionization X
energy / 600 I} X
kd mol? 400
200
0
N Mg Al Si P S C
I
o) | Akgr>A(g+e B
© hird ionisati o
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Fhenumberof shellsincrease: N
Altraction between the valence electron-and the nucleus decrease. {1}
8 (@) | Magnesium has a higher melting point than sodium as its metallic bonding is | [1]
stronger.
Increasing number of delocalised electrons per atom [1]
Increasing cation charge [1]
(b) 0] The higher the packing efficiency, the higher the melting point. [1]
(i) When the solid melt, the rigid structure/lattice is broken. [1]
Packing efficiency of group 1 metals will not affect the boiling point. [1]
(c) | Malleable/ ductile/ high thermal condictivity/ high electrical conductivity [1]
9 @ () nCa(OH); = 8.88/74.10 = 0.120 mol
nCl, = 7.200/24.0 = 0.300 mol [1]
Calcium hydroxide is limiting reactant. 111
Ca(OH);: Ca(ClO3)2=6: 1 [1]
nCa(ClO3), = 0.0200 mol
(i) mass of Ca(ClO3), = 0.0200 x 206.98 = 4.14 g (accept 4.13 g (3 s.f.) if [1]
more s.f. given earlier)
(iii) (3.11/4.14) x 100 = 75.1% (accept 75.2 % (3 s.f.) if more s.f. given earlier) [1]
(b) | A strong acid is a substance which dissociates completely in water to produce | [1]
(high concentration of) H* ions.
(c) | () HCIOs + H,0 > ClOs + H3O". Acid is a proton donor. ][1][1
(i) ClOs" (1]
10 | (a) 0] Nnaow (at start) = 0.500 x (60.0/1000) = 3.00 x 102 mol or 0.0300 mol [1]
Nnaon (at end) = 0.500 x (10.8/1000) = 5.40 x 10 mol or 0.000540 mol [1]
(i)
(iii) Methyl orange / screened methyl orange / bromothymol blue / [1]
thymolphthalein
iv
(iv) /\\ [2]
1 emd - Peer:
) —
\0-8
Shape [1]; labelling of pH and volume of HNO3 used at endpoint [1]
(v) Nnaon reacted = 0.0246 mol = 2.46 x 10 mol [1]
[ =1.00/(0.01136) = 88.03 (2 d.p.
(b) (i) ‘ ( ) (2d.p.) [1]

(i)  12.01n+ (2n+ 1) (L.01) + 12.01 + 16.00 x 2 + 1.01 = 88.03

14.03n + 1.01 = 43.01
n = 3 (nearest whole number)

[1]
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