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Name: ( ) Class: 306

Section A [20 marks]
Answer all the questions in this section.
Indicate your answers on the Optical Answer Sheet provided.

1 The rate of diffusion of soluble substances X (M: = 59.5) and Y (M; = 160) in water at 25 °C and
50 °C were compared. '

Which substance would have the fastest rate of diffusion?

solid X at 25 °C
solid X at 50 °C
solid Y at 25 °C
solid Y at 50 °C

o0 @

2 A student measured the rate of reaction between calcium carbonate and dilute hydrochloric acid.

A graph showing the volume of gas produced against time is shown.

volume / cm?
|

0 » time/s

Which apparatus were used to measure the variables shown on the graph?

buretie and pipetie

gas syringe and stopwatch
mass balance and gas syringe
pipette and stopwatch

oaw>
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3 The diagrams show three methods of collecting gases.

| i il
Ammonia gas is highly soluble in water and has a low density.

Which method(s) is/ are suitable for collecting ammonia gas?

A lonly
B landllonly
C land Il only
D llonly

4 The boiling point of solid X is 948 °C and it is soluble in water.

What is the most likely boiling point of water if it contains a small quantity of X?

A 98°C

B 102°C
C 946°C
D 950°C

5 Which set of substances contains an element, a compound and a mixture?

A carbon dioxide, steel, graphite
B dry air, tap water, petrol

C ethanol, crude oil, steel

D iodine, copper, ice

6 Some brown powder is placed in a test tube. After water is added, the test tube is shaken and the
contents are then filtered. A black solid is left on the filter paper. After evaporating the fillrate,
orange crystals are left behind.

What do these observations suggest?

The black solid is an element.

The brown powder is a compound.
The brown powder is a mixture.
The orange crystals is a mixture,

ocoOwp
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7

10

The diagrams show the structures of the atoms of two elements, P and Q.

8p

K o
N

P Q

What is the relative molecular mass of the compound formed when these two elements combine?

A 24
B 40
C 55
D 62

Antimony oxide has the formula Sb2Os while sodium phosphate has the formula NasPOs,

What is the formula of antimony phosphate?

A SbPOs

B SbaPO4

C  SbxPOu)s :
D SbsPOs

The elements |, M and N in the Periodic Table have consecutive increasing atomic numbers.
Given element N is a noble gas, which is the symbol for the ion of element L?

L-!
L2
L.

Lz

oOwWrP

The diagram shows the structure of a molecule.

H O H
I
Cl—C—C—N
| Ny
H . H

How many valence electrons of the atoms are not used in covalent bonding?

A 6
B 8
c 10
D 12

4 {Turn over
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1

12

13

14

15

Element X reacts with dilute hydrochloric acid to form a salt and hydrogen gas.

Which types of bonding are present in element X and the salt produced?

type of bonding
element X salt produced
A covalent covalent
B covalent ionic
C metallic covalent
D metallic lonic

What is the number of aluminium ions, AP*, present in 0.3 moles of aluminium oxide, ALO3?

A 1.8x10%
B 36x10%
C 54x10%
D 3.0x10*

The table gives information about three indicators.

indicator colour at pH 1 PH atc':lv;ali_lc:gi;golour colour at pH 12
congo red blue 5 red
phenolphthalein colourless 10 red i
thymol blue red 3 yellow

Which set of colours would be obtained when each indicator was added separately to distilled

water?
congo red phenolphthalein thymol blue
A blue colourless yellow
B blue red red
Cc red colourless red
D | red colourless yellow

The pH of an aqueous solution of hydrochloric acid is 2.

What will be the pH of the acid after the addition of 10 g of sodium chloride?

A pH1
B pH2
C pH7?
D pH9

Which pair of salts can be prepared using the same method?

oOm>»

aluminium sulfate and ammonium sulfate
barium sulfate and barium chloride
calcium nitrate and copper(ll) chloride
lead(ll) chloride and zinc sulfate
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16 The equation shows the reaction between X(OH), and sulfuric acid.

17

18

19

X(OH)(s) + H2SO04(aq) > XSO4(aq) + 2H20(/)

Which metal could X be?

A barium
B calcium
C lead

D magnesium
Which statement explains why aluminium is a better conductor of electricity than magnesium?

A Aluminium has a higher density than magnesium.

B Aluminium has a higher melting point than magnesium.

C Aluminium has more free electrons than the same number of atoms of magnesium.
D Auminium has more mobile ions than the same number of atoms of magnesium.

X, Y and Z are melals. Red hot carbon will reduce both the oxides of X and Y but not the oxide of Z.
The metal Y can remove.the oxygen from the oxide of metal X.

Which option shows the order of increasing reactivity for the three metals?

XY &

Z
x’
Y

oOm>
N X

N
X < <

L, M, N are three elements found in the third period of the Periodic Table. The properties of their
oxides are shown in the table.

oxides properties
oxide of L __forms a salt with aqueous sodium hydroxide
oxide of M soluble in hydrochloric acid but insoluble in aqueous sodium hydroxide |
oxide of N soluble in hydrochloric acid and sodium hydroxide

Which option shows the order of decreasing proton numbers for the three elements?

oCOmP
-
=z
r~=Z

ZZ
zz

6 [Turn over
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20 A new element with the chemical symbol Jj has been discovered. An atom of Jj has seven valence
electrons.

Which statements best describe the properties of Jj?

I It conducts electricity.

t} It exists as diatomic molecules.

il It forms positive ions with the chemical symbol Jj*.
IV It forms a covalent compound with hydrogen.

I and |l only

Il and 111 only
il and IV only
Ill and IV only

oOow>
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Section B [50 marks]
Answer all the questions in this section.
Write your answers in the spaces provided.

21 In the Olympic games, athletes are chosen at random to undergo drug tests. The athlete’s urine
sample was tested against known drugs that are banned using paper chromatography. In an
investigation, an athlete’s urine, sample U, is tested against three known drugs X, Y and Z.

The first test is done using water as the solvent. The resuit is shown in Fig. 21,1. The second test is
carried out using hexane as the solvent. The result is shown in Fig. 21.2.

7] P 9
@09 @ — @9 @
U X Y zZ U X Y z
Fig. 21.1 Fig. 21.2

(a) With reference to Fig. 21.1 and 21.2, state and explain if the athlete consumed the banned
drugs.

(b) Explain why the spots on the two chromatograms are at different positions even though the
urine sample U and the known drugs used are the same.

(c) State and explain a precaution that should be taken to ensure proper separation will take place
on the paper chromatogram.

8 [Turn over
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21 (d) The experiment was repeated, using 2-methylphenol as the solvent. Drug X produces a spot
which has a Revalue of 0.45. Drug Y produces a spot which is 1 cm further from spot X as
measured from the baseline. Drug Y has a Ry value of 0.55.

Calculate the distance travelled by drug Y and the distance travelled by the sclvent
respectively.

(2]
[Totatl: 6]
22  Two isotopes of sulfur are 328 and 32S.
(a) Define isotopes.
.......................................................................................................................... 1
(b) Complete the table for 32 S.
number of neutrons
number of protons
electronic configuration
A
[3]
{c) Sulfur forms simple molecules which have a relative molecular mass of 256.
Suggest the formula of a sulfur molecule.
.......................................................................................................................... 1]
(d) (i) Explain why sulfur has a low melting point.
.................................................................................................................. (1]
(i) Explain why sulfur does not conduct electricity
.................................................................................................................. [1]
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22 (e) Sulfur reacts with sodium to form sodium sulfide.

®

Write the formula and the electronic configuration of the positive and negative ions in sodium
sulfide.

positive ion:

{51111 || ERTSE RO and electronic configuration .............ccoooeeiiiiiiiiiians [1]
negalive ion:

{07 17111 LS. and electronic configuration .........covviiiiiiniiiiiiannn. [1]

Sulfur reacts with hydrogen to form hydrogen sulfide, H.S.

Draw the ‘dot and cross' diagram to show the: bonding in hydrogen sulfide. Show only the
valence electrons.

2]
[Total: 11]

23 Ammonium nitrate is commonly used as a fertiliser. When heated, ammonium nitrate decomposes
into nitrous oxide and water vapour.

NHaNOs(s) > N2O(g) + 2H.0(g)

(a) 4.0 g of ammonium nitrate was heated.

Calculate the total volume-of gases produced, measured at room temperature and pressure.

[2]

10 [Turn over
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23 (b) Another compound can also be used as a fertiliser.

This fertiliser has the following compaosition by mass.

element percentage/ %
Ca 17.1
H 17
P 26.5
0 54.7

(i) Calculate the empirical formula of this compound.

)

(i)  Suggest the formula of the anion present in the fertiliser.

(¢) Describe how a pure and dry sample of ammonium nitrate crystals can be prepared from
aqueous ammonia and dilute nitric acid.

B T
...............................................................................................................................
...............................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------

[Total: 12}

11
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24 Weak acids dissociate according to the general equation:

HA=H'+ A

where HA is the undissociated acid molecule, H* is hydrogen ion and A" is the anion from the acid.

The strength of a weak acid is determined by the extent of the molecule dissociating. The acid
dissociation constant (Ki) measures the strength of an acid in a solution using the following
equation:

K, = concentration of H* x

concentration of A”
concentration of HA

Table 24.1 shows the K, values of some' common weak acids.

()

(b)

()

Table 24.1
acid ' K
formic acid, HCOOH 1.78 x 104
acetic acid, CH;:COOH 1.74 x 10°
lactic acid, CHsCH(OH)COOH 1.38 x 10

Explain what is meant by a weak acid.

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

Based on the equation given and the information in Table 24.1, state which of the acids is the
weakest. Explain your answer.

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

Using the kinetic particle theory, slate and explain hew the K, velue of 2 weak acid changes
with temperature.

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

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

[Total: 6]

12 [Turn over
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25

Cement comprises a mixture of quicklime, clay, calcium sulfate and other mineral additives.
Table 25.1 shows the typical constituents of a type of cement know as Portland cement.

(@)

(b)

(c)

Table 25.1
constituents of cement mass / %
calcium oxide 64
silicon dioxide 22
aluminium(l1f) oxide 6
iron(lll) oxide 4.5
calcium sulfate 35

Workers are advised to wear protective coverings when handling the wet cement to prevent
damage to their skin.

Using the information given in Table 25.1, suggest the kind of damage that can occur, Explain
your answer.

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

The main raw material used to manufacture Portland cement is limeslone. It is ground and
heated strongly in a kiln together with small amounts of other minerals.

Explain the purpose of using limestone as a raw material.

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

(i) In a naturally occurring process, silicon dioxide reacts with water to form a weak acid
called silicic acid, HsSiOs. This causes an alkali-silica reaction (ASR) to occur over time in
concrete. During the reaction, a crystalline salt, CaH,SiOs, formed from the reaction
between silicic acid and the basic cement expands as it absorbs water. This exerts a
great outward pressure from the inside of the concrete and causes it to crack.

State the name of the alkali involved in the ASR.

(i) Write a balanced chemical equation, with state symbols, for the formation of the
crystalline salt.

[Total: 8]

13
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26 The first ionization energy is defined as the energy required to remove the most loosely bound
electron in an atom to form an ion with a +1 charge. Table 26.1 shows the first ionisation energy for

the elements in Group 1.

Table 26.1
element ionisation energy/ MJ mol?
lithium 0.526
sodium 0.502
potassium 0.425
rubidium 0.409
francium 0.382

(a) Describe and explain the frend in the first ionisation energy down Group .

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

(b) Describe the relationship between the first ionisation energy and the reactivity of Group |
metals.

(¢) Predict the general trend of first ionisation energy for the elements across Period 2. Explain
your answer.

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

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

[Total: 7]

14
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Section C [30 marks]
Answer all the questions in this section.
Write your answers on the lined paper provided.

27 (a) Silicon carbide has been mass produced since 1893 for its use in the manufacturing industry,
Fig. 27.1 shows part of the structure of silicon carbide.

e

Fig. 27.1

(i)  Based on the structure shown in Fig. 27.1, state and explain one physical property that
allows sHicon carbide to be used as ceramic plates in bulletproof vests.

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

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

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

15 [Turn over
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27 (b) Part of the structure of palladium chloride is shown in Fig. 27.2.
@ palladium, Pd

O chilorine, i

Fig. 27.2

(i) Deduce the empirical formula for palladium chloride.

(i) Using your answer in (b)(i), draw a ‘dot and cross’ diagram to show the bonding in
palladium chloride. Show only the valence electrons.

(2]

(iii) Would you expect palladium chloride to have a high or low melting point? Explain your
answer.

................................................................................................................. [2]

[Total: 10]

16
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28 (a) The relative atomic mass of magnesium can be determined in the laboratory by finding the
volume of hydrogen gas given off when magnesium reacts with hydrochloric acid.

Mg + 2HCI = MgCl + H;

0.036 g of magnesium reacts at room temperature and pressure with excess hydrochloric acid
to produce 36 cm?® of hydrogen.

(i) Write the lonic equation for the reaction between magnesium and hydrochloric acid.

(i) Show by calculation that the relative atomic mass of magnesium is 24.

(2]

(b) Magnesium reacts with oxygen in air o produce magnesium oxide.
2Mg + Oz = 2MgO

Given that the yield of the reaction is 65%, calculate the mass of magnesium oxide formed
when 12 kg of magnesium burns in excess air.

{2

17 fTurn over
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28 (c) Aqueous polassium hydroxide, of concentration 0.150 mol/dm3, is added to 25.0 cm® of sulfuric
in a flask. :

Fig. 28.1 shows how the pH of the mixture in the flask changes as aqueous potassium
hydroxide is added to it.

14

12

10

pH

0 10 20 30 40 50
volume of potassium hydroxide/cm3

Fig. 28.1

(i) Using Fig. 28.1, deduce the volume of aqueous potassium hydroxide required to
neufralise 25.0 cm? of sulfuric acid.

18
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28 (¢) (i) Calculate the concentration of the sulfuric acid used used for the neutralisation reaction.

[2]
(ili) The experiment was repeated using nitric acid instead of sulfuric acid.

Would you expect a change in the volume of aqueous potassium hydroxide required to
neutralise the nitric acid? Explain your answer.

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

------------------------------------------------------------------------------------------------------------------------

[Total: 10]
29  Aluminium and iron are both pure metals.
Iron rust in the presence of oxygen and water. Rusting involves a series of reactions.
Initially, iron atoms lose electrons to form iron(ll) ions. !
Fe(s) > Fe?*(aq) + 2e”
At the samne time, oxygen and water molecules react to forrn hydroxide ions.

0a(g) + 2H:0() + 4e” > 40H(aq)

iron(ll) ions then react with hydroxide ions to form solid iron(ll) hydroxide. Finally, the iron(ll)
hydroxide is oxidised to give hydrated iron(llf) hydroxide (rust).

(a) (i) Write the ionic equation for the reaction between iron(ll) ions and hydroxide ions.

(iiy  Explain why aluminium does not corrode even though it undergoes a series of reactions
similar to that of iron when exposed to oxygen and water.

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

19 [Turn aver
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29 (b) Table 29.1 shows part of the reactivity series.

(©

Table 29.1
melal relative reactivity
zinc most reactive
iron
tin least reactive

(i}  Explain how does plating iron with zinc or tin prevents it from rusting.

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

(i) - Describe and explain what would happen if an iron object plated with tin is scratched.

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

Steel is an alloy of iron and carbon.

Describe and explain how changes in the carbon content can affect the strength of steel.

[Total: 10]

20
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TS KATNG

3E Chemistry EQY 2016 Mark Scheme

1. B 2. B 3. A 4. B 5. A
6. C 7. D 8. A 9. D 10. D
11. D 12, B 13. D 14. B 15, C
16. D 17. C 18. A 19. B 20. 6
21a | Yes, sample U contains two spots at the same position as
drugs Y and Z; 1
A: same distance/ Ry values
21b | The substances have different solubility in different solvent; 1
21¢ | Starting line should be drawn in pencil; 1
" | Pencil lead is insoluble in water and will not undergo
separation/pen ink is soluble in water and will undergo
separation; 1
OR
Water/solvent level should be below lhe starting line; 1
To prevent sample spots from dissolving into solvent
! pool/sample spots will dissolve into solvent and no separation
would be carried out; 1
21d | distance travelled by Y = 5.5 cm; 1
: distance fravelled by solvent = 10 cm; 1
22a | Atoms of the same element with the same number of proton a
hut different number of neutrons; ' 1
22b
1 for each correct
number of neutrons 17 ——
number of protons 16
electronic configuration 2,86
22c | Sg; 1
22di | Little energy needed 1o overcome the weak intermolecular
forces between suifur molecules; 1
22dii | No mobile electrons to conduct electricity; 1
22e | Positive ion
Na*and 2, §; 1
Negative ion
S* and 2, 8, 8; 1
22f 1 for correct




arrangement of
atoms :

1 for correct
arrangement of
electrons

-1m if
wrong/missing key

23a | No. of mole of ammonium nitrate = 4,.0/80 = 0.05 mol; 1
No. of mole of gases = 3 x 0.05 = 0.15 mol
Volume of gases = 0.15 x 24 = 3.6 dm*/3600 cm?; 1
23b Ca H P 0 1 for mole ratio row
Mcie 7. 1.7 26.5 54.7 i I 1
R DA | My | B8, 2L 1 for simplified ratio
04275 17 08548 | 419 row %
Bimpifod | 04275 | 1.7 | D854a | 4418 1 for empirical
ratio 04276 | 04275 | 04275 | 0AZ75 formula
f i ;| i
1 4 2 8
Empirical fermula: CaHaP20g or Ca{H:P0)2
formula of anion: HzPOs/HiP2052/P04>; 1
23c | Carry out tifration with aqueous ammonia/add acid to agueous
ammonia using a burette or vice versa with an indicator; 1
Note volume of acid/alkali usedffind the end-point; 1
Repeat experiment without the use of indicator (using same
volumes); 1
Heat the resultant solution until saturation; 1
Cool to allow for crystailisation to take place; 1
Filter to collect the crystals, wash with a little distilled water and
dry between pieces of filter paper; 1
24a | Aweak acid is one that is badiaily ionised in aqueous solution; |1 o
A: partially dissociated in water/solution/solvent
24b | Acetic acid; 1
It has the lowest K; value, suggesting that it has the least H*
ions after dissociation; 1
A: lowest K, value, smallest extent of dissociation
24c | As temperature increases, acetic acid molecules gain kinetic
energy and dissociate more readily; 1
Cancentration of ions increases while concentration of
undissociated molecules decreases; 1
K, increases; 1

OR




As lemperature decreases, acetic acid molecules lase kinetic
energy and dissociate less readily,

Concentration of ions decreases while concentration of
undissociated molecules increases;

K, decreases;

25a

The workers can suffer from chemical burns/skin will be burnt
by strong alkali;

Calcium oxide dissalves readily in water to form calcium
hydroxide/a strong alkali/is alkaline;

Strong alkalis are corrosive;

A: skin irritation/ skin will be corroded
R: skin will be burnt/ skin infection

25b

Limestone is added to provide calcium oxide for the
manufacturing of Portland cement;
Limestone will decompose when heated strongly in the kiln;

25c¢i

Calcium hydroxide;

R: calcium oxide

25¢i

Ca(OH)x(aq)* HiSi0x(aq) > CaMySiOs(s)+ 2H,0());

2 (1 for correct
batanced eqn, 1 for
corredt state
symbols)

26a

First ionisation energy decreases down Group |;

Down the group, valence electron is found further away from
the nucleus/ valence electron not as strongly attracted to the
nucleus;

Lesser energy is energy needed to overcome electrostatic
forces of attraction between nucleus and valence electrons;

1

1

26b

As first ionisation energy decreases, reactivity of elements in
Group | metals increases;

26c

First ionisation energy increases across Period 2;

Across the period, nuclear charge increases /valence electron
is more strongly attracted to the nucleus;

More energy is required to overcome these electrostatic forces
of attraction;

27ai

Hard;

Silicon carbide has a giant molecular structure in which silicon
and carbon atoms are held together by strong covalent bonds;
A lot of energy is needed to overcome these strong attractive
forces; '

A: strong, particles instead of atoms
R: break/ difficult lo overcome, molecules/ ions instead of
atoms S

1>




“**marks will be awarded for explanation only if property stated

is high melting and/ or boiling point

27aii | Does not conduct electricity in any state; 1
All valence electrons are used in bonding, no mobile electrons 2
to conduct electricity; 1
A: 0 conductivity/ poor electrical conductivity/ low electrical
conductivity
A: delocalised electrons
R: heat conductivity
R: any mention of ions
27bi | PdCh; 1
27bii 1 for each type of
ion correctly drawn,
ratio must be 1:2
-1m for
missing/wrong key
27biii | High melting point; 1
A lot of energy required to overcome the strong electrostatic
forces of altraction between oppositely charged ions; 1
28ai | Mg (s) + 2H*(aq) > Mg?(aq) + Hz(g); 1
(no state symbols/
wrong state
symboals no mark)
28aii | No. of mole of Hz = 36/24000 = 0.0015 mol -
No. of mole of Mg = no. of mole of H2 = 0.0015 mol; 1
Ar of Mg = 0.036/0.0015 = 24 (shown), 1
28b | No. of mole of Mg = 12000/24 = 500 mol
No. of mole of Mg = no. of mole of MgO = 500 mol, 1
Mass of MgO formed = 65 % x 500 x 40 = 13000 g/13 kg; 1
R: ¥ mol or 0.5 mol instead}of 500 mol
28ci | 24 cm3; 1
28cii | No. of mole of KOH = 0.150 x (24/1000) = 0.0036 mol; 1 (allow ECF)
No. of mole of H28O4 = %2 x 0.0036 = 0.0018 mol
Conc. of H;S04 = 0.0018/(25/1000) = 0.072 mol/dm?; 1
28ciii | Yes, volume of potassium hydroxide required will be 1

lesser/halved;
as nitric acid has lesser/ half the amount of H* ions compared
to sulfuric acid;




A: 1 mol required for nifric acid but 2 mal required for sulfuric
acid

A: nitric acid and sulfuric acid have different concentration of
H* ions (1m only)

R: different pH, different strength thus different volumes

R: sulfuric acid low pH/ nitric acid higher pH, thus smaller
volume needed

R: sulfuric acid stronger acid/ nitric acid weaker acid

R: different number of mole and concentration

R: nitric acid is a weak acid

29ai | Fe?*(aq) + 20H(aq) > Fe(OH)(s);

29aii | An inert/protective layer of aluminium oxide will be formed;
A: prevents water and oxygen from being exposed to iron
R: air and oxygen

28bi | The layer of zinc or tin acts as a barrier to keep oxygen and/or
water away from the iron;

29bii | Iron will start to rust/corrode faster than usual;
Iron is more reactive than tin, iron will corrode in place of
tin/corrode more readily;
A: if faster not mentioned

29biit | Iron will not rust;
Zinc is more reactive than iron, zinc will corrode in place of
iron/corrode more readily;

29c | As carbon content increases, strength of steel increases;

Increase in carbon content results in greater disruption to the
regular arrangement of the iron atoms;

More difficult for atoms f{o slide past each other when a force is
applied;

R: strong and malleable to strong but brittle
R: harder (question stated strength)






