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READ THESE INSTRUCTIONS FIRST

Do not open this booklet until you are told to do so.
Write your name, register number and class in the spaces at the top of this page and on any separate
answer paper used.

Section A (40 marks)
Answer all questions.
Write your answers in the spaces provided on the question paper.

Section B (30 marks)
Answer all questions including questions B8, B9 and B10 Either or B10 Or.
Write your answers on the separate writing paper provided.

At the end of the examination,
1. Fasten all your work securely together;

2. Circle B10 Either (for Either) or B10 Or (for Or) in the grid Paper 1 /30
on the right to indicate the question you have answered;

3. Hand in Section A and Section B separately. Paper 2
INFORMATION FOR CANDIDATES Section A /40
The intended number of marks is given in the brackets [ ] at B8 /10
the end of each question or part question. You are advised to B9 /10
spend no longer than 60 minutes on Section A and no longer
than 45 minutes on Section B. B10 Either/ B10 Or /110
The use of approved scientific calculators is allowed. Total /100
A copy of the periodic table is found on page 15.
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Section A (40 marks)

Answer all questions.
Write your answers in the spaces provided.

A1 A colourless liquid was left on a chemistry laboratory table.
Arthur collected the colourless liquid and conducted a few tests on it.
(@) He collected a drop of the colourless liquid and used paper chromatography

with water as the solvent. He obtained the following chromatogram with 3
spots, with the help of a locating agent.

50cm

spot A ——6\5’"------ 4.1cm

spotB —T———@------ 3.6 cm

spot C —

0.0cm

Suggest what can be deduced about the solubility of the three spots in water.  [1]

(b) Arthur then heated a sample of the colourless liquid until it completely boiled,
while measuring its temperature. Suggest and explain what he would observe
in the readings obtained. [2]

Total [3]
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A2 Calcium and sulfur are two elements in the Periodic Table.
(a) State the number of protons and valence electrons of a sulfur atom. [2]

number of protons

number of valence electrons

(b) The two elements react to form calcium sulfide.

(i) Draw a Lewis diagram to show the bonding in calcium sulfide. [1]

(ii)  Explain if you would expect calcium sulfide to conduct electricity at
room temperature, referring to its bonding and structure. [2]

Total [5]
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A3 Arsenic acid, HzAsQy, is a tribasic acid.

The table below shows the concentration of H" ions in solutions of different pH.

concentration of H* / mol dm™
0.1
0.01
0.001
0.0001
0.00001
0.000001
0.0000001
0.00000001

®|~|o |0~ W[N] [T

0.0005 mol dm™ of arsenic acid was found to have a pH of 3.

Using the information in the table, explain if arsenic acid is a weak or strong acid.
Show all necessary working. [3]

Total [3]
A4  Sucrose is a carbohydrate that is found in cane sugar.
(a) Sucrose contains the elements carbon, hydrogen and oxygen.
In order to determine the ratio of the elements, 1 mole of sucrose was
combusted with 12 moles of oxygen. It was found that 12 moles of carbon

dioxide and 11 moles of water vapour were produced.

(i) Name a suitable apparatus for measuring the volumes of carbon
dioxide and water vapour produced. [1]

(ii)  Using the information above, state the molecular formula of sucrose. [1]
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(iii) The empirical formula method could also be employed to find the ratio
of the elements in sucrose. Given that a sample of sucrose has 41.5%
of carbon, 6.40% of hydrogen and 52.1% of oxygen by mass, find its
empirical formula. [2]

(iv) With reference to your answers in (a)(ii) and (a)(iii), suggest a
limitation of using the empirical formula method to find the ratio of the
elements in sucrose. [1]

(b) Raw sugar is a mixture of sucrose, inorganic ash and other organic matter
that includes amino acids, gums and colour impurities obtained during
extraction from sugar cane.

The flowchart below shows the main steps in the refining of raw sugar.

1 2 3
The raw sugar is mixed Sugar crystals are Solid activated charcoal is
with saturated syrup. redissolved. added to the mixture. The
Impurities dissolve in the | > - | inorganic ash sticks to it.
syrup and are removed, Amino acids, gums and
while sugar crystals are colour impurities remain as a
obtained. precipitate.

Suggest method(s) of separating:

(i) amino acids, gums and colour impurities from dissolved sugar crystals

in step 2; and (1]
(i)  dissolved sugar from its solution after step 3 has been completed. [1]
Total [7]
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A5 Arsenic contamination of groundwater is a problem that affects millions of people
across the world.

(a) Using spdf notation, state the electronic configuration of an arsenic atom. [1]

(b) A sample of arsenic has 2 stable isotopes identified in it, ">’As and "*As.

(i) Describe a difference between the two isotopes. [1]

(i)  Using information from the Periodic Table, calculate the percentage of
the "°As isotope present. [2]

(c) Arsenic sublimes at 614°C and at atmospheric pressure. Describe and
explain the changes in arrangement and movement of arsenic molecules
during the sublimation process. [3]
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(d) Arsenic is in group 15 of the periodic table, which contains non-metals like
nitrogen and metals like bismuth.

Suggest why the metallic character of the elements increases down group 15. [1]

Total [8]

A6 Some tests were carried on a mixture of two solutions that contained 2 cations and
1 anion. The flowchart below shows the tests conducted on the mixture.

blue mixture of solutions

addition of excess
NaOH

\
light blue precipitate W
in colourless solution
observed

filtration

N

solid colourless solution X

. bubbling of chlorine
warming gas into solution

colourless, pungent gas

Y observed which black solid Z observed

turned damp red litmus
paper blue

(a) Identify precipitate W and gas Y. [2]

precipitate W

gasY

(b) State the formulae of the 2 ions in solution X that came from the original
mixture. (2]
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(c) Identify solid Z and write a chemical equation, with state symbols, for its
formation. [2]

(d) State another reagent(s) that could have been added to solution X to identify
the anion present and the expected observation(s). [1]

(e) Acidified barium nitrate was added to another unknown solution and a white
precipitate was observed. When acidified calcium nitrate was added to the
same solution, there was no precipitate formed.

Suggest a possible reason for this observation. [1]

Total [8]

A7  Transition metal compounds are commonly used in paints.

(a) State what is meant by the term “compound”. [1]

(b) Suggest why transition metal compounds are suitable used in paints. [1]

(c) “Chrome yellow” contains the compound lead(ll) chromate(IV), PbCrOs.
PbCrO4 is an insoluble salt that can be prepared by reacting sodium
chromate(IV) with lead(II) nitrate.

Write the ionic equation for the formation of lead(Il) chromate(IV) via the
reaction above. [1]

Setters: CDT/CWJ Chemistry
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(d) “Titanium white” is a white pigment made up of titanium dioxide, TiO,, which
is produced from titanium tetrachloride, TiCls.

The table below shows some properties of TiCls.

melting point/ °C -24 .1
boiling point / °C 136.4
electrical conductivity does not conduct in any state
Suggest the structure of TiCly, giving reasons for your answer. [3]

Setters: CDT/CWJ
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Section B (30 marks)
Answer all three questions from this section on the writing paper provided.

The last question is in the form of either/or and only one of the alternatives should be attempted.
B8 Magnesium sulfate was discovered in water at Epsom, England in 1695. It is used

to flush toxins from the body. The colourless crystalline heptahydrate, MgS0O,4.7H,0

is known as ‘Epsom salt’.

It can be prepared in the laboratory by reacting magnesium carbonate with sulfuric

acid, followed by filtration and crystallization. In a laboratory preparation, 4.03 g of

magnesium carbonate was reacted with 250 cm® of 0.200 mol dm™ sulfuric acid.

(@) (i) Identify the limiting reagent and calculate the mass of magnesium
sulfate formed. (3]

(ii)  Explain why the mixture is stirred after each addition of magnesium
carbonate. [1]

(ili) Suggest why, if the evaporating dish is heated to dryness, crystals of

Epsom salt are not obtained. [1]
(b) Calculate the percentage by mass of water of crystallization in hydrated
magnesium sulfate, MgS0O4.7H,0 (Epsom salt). [1]
(c) Name one other substance, that can be reacted with sulfuric acid to
prepare hydrated magnesium sulfate. State the method used. [2]
(d) Explain why calcium sulfate cannot be prepared by reacting calcium
carbonate with sulfuric acid. [2]
Total [10]
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B9 Napoleon died in 1821 and analysis of his hair samples later showed high levels of
arsenic. Arsenic exists in three common allotropes: metallic grey, yellow, and black
arsenic. Arsenic is prepared by heating arsenic(Ill) oxide with carbon. The
poisoning could have been deliberate or accidental.

If deliberate, arsenic(Ill) oxide was probably used. It could have been accidental if
the poisonous gas arsine, AsHs;, was released from the blue copper(Il)
arsenate(I1I) used to decorate his prison cell.

(a) Arsenic is often classified as a metalloid. State the meaning of this
term. [1]

(b) Identify the allotrope which is most likely to be an electrical conductor
and suggest a reason for its high conductivity in its solid state. [2]

(c) (i) Draw a Lewis diagram, showing the arrangement of the valence
electrons in a molecule of the covalent compound, arsine, AsHs. It has
a simple molecular structure. [1]

(ii)  Explain, in terms of bonding and structure, why arsine is a gas at room
temperature and is insoluble in water. [3]

(d) The formula of the arsenate(Ill) ion is AsO3>". Write an ionic equation
for the reaction:

copper(Il) ions + arsenate(Ill) ions — copper(Il) arsenate(Il)
(State symbols are not required) [1]

(e) Arsenic(Ill) oxide reacts with carbon to form carbon dioxide and
arsenic: 2As;03 + 3C — 3CO; + 4As.

8.87 kg of arsenic(Ill) oxide is used in the reaction and 5.33 kg of
arsenic is produced. Calculate the percentage yield. Show your
working. [2]

Total [10]
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EITHER

B10 In traditional non-digital photography, photographic film is coated with small lumps
of light-sensitive silver bromide, AgBr. On exposure to light, colourless silver
bromide is converted to silver atoms that appear as dark areas to form the
negative.

The negative is placed in developer solution which reacts with the particles of silver
bromide. The table below shows the effect temperature has on the time needed to
develop the film.

temperature of developer /°C time needed to develop the film /s
38 200
37 220
36 250
35 280

The developer solution is a mixture of chemicals including sodium hydroxide.

(a) Silver is a transition metal. State one property of its compounds thatis [1]
not typical of transition metal compounds.

(b) (i) Estimate the time needed to develop a film at 34 °C. [1]

(i)  Using collision theory, explain the effect of temperature on the rate of
film development. [3]

(ili)  Using collision theory, predict and explain the effect of using a more
concentrated developer solution (at the same temperature) on the rate
of film development. [2]

(iv) Predict and explain the effect of using powdered silver bromide,

instead of lumps of silver bromide, on the rate of film development. [2]
(c) Suggest why some areas of the film are darker than others. [1]
Total [10]
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OR

B10 A student carried out an experiment in a laboratory to investigate the displacement
reaction between bromide ions (limiting reactant) and chlorine gas:

2Br (aq) + Ch(aq) — Bry(aq) +2C/ (aq)

Chlorine gas was bubbled through dilute, aqueous sodium bromide for 6 minutes.
Samples of the reaction were removed every 30 seconds and the colour intensity
of each sample was measured using a colorimeter. The darker the colour of the
solution, the more light is absorbed and the higher the absorbance reading on the
colorimeter. There is a linear relationship between absorbance and concentration
of a coloured chemical species.

| ) (
|
| >
O — -
|
SN >
: |
light I -
source sample being detector
tested absorbance

reading
The results of the experiment are shown in the graph below.

1.0
0.9+
0.8+
0.7+ ———o—
0.6-

absorbance 0.5

0.4
0.3
0.2
0.1

0.0 I T T T
0 1 2 3 4 5 6

time/minutes
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Four additional experiments were carried out to determine the effect temperature
has on the time taken for the reaction to complete. The same volume but varying
concentrations of sodium bromide solution was used.

The table below shows the results of the four experiments.

experiment | temperature /° C | absorbance reading | time taken for reaction to
at end of reaction finish/ s
1 25 0.40 360
2 25 0.80 300
3 35 0.80 150
4 25 0.90 150
(a) Explain why aqueous bromine has a very high absorbance value but
aqueous chlorine (at the same concentration) has a much lower
absorbance value. [1]
(b) Describe and explain the changes, using collision theory, in the rate of
the displacement reaction between chlorine gas and bromide ions as
shown by the graph of absorbance against time. [4]

(c) (i) Using the information from the table, deduce which two experiments
can be used to investigate the effect temperature has on the rate of
displacement reaction between chorine gas and bromide ions. [1]

(i)  Using collision theory, explain the effect temperature has on the rate of

displacement reaction. [3]
(d) Explain why there is no reaction when bromine gas is reacted with
chloride ions. [1]
Total [10]

END OF PAPER

Setters: CDT/CWJ Chemistry



Nanyang Girls’ High School

15

2017 End-of-Year Examination

Secondary Three

- - - - - - - - - - - 08€z 0'L€z 0zZ€T -
winiouaime| wnijagqou winIAg|spuaw wniuwua} wniulgisuia wniulojijed wniayiaq wnund wniouswe E:_couj_n_ E:E:Emc wniuein Es_:_«omaoha wnuoyy wniunoe
n ON PN w4 s3 %) g wo wy nd dN n ed uL oy sploupoe
€0l c0l 101 00l 66 86 16 96 G6 6 €6 c6 16 06 68
0G.L Lesl 6891 €91 6v9L G'Z91 6851 €51 0'ZS) 7051 - R4 6'07) Loyl 6'8€1
wnpan| wnigJapA wninyy wnigJe wniwjoy wnisoidsAp wniqJa} wniuijopeb wnidoina wnuewes | wniyjowoid | wniwAposu |wniwAposseld wnuao wnueyjue|
n aA wy i3 OH 1% aL PO n3 ws wd PN id %) e Sploueuue]
YA 0L 69 89 19 99 G9 9 €9 9 19 09 69 8G 1S
WINIOWLIBA]| wininoJ8|} wnoluledod |wniuabiusol {wnppejswiep| wnuauyaw wnissey wnuyoq wniBloqeas wniugnp  |wnipJouayini wnipes wniouely
AT E| ud 6y sd N SH ug bs aa JbY splouyoe ey i
9Ll 1423 43" Ll oLl 601 801 101 901 GolL 0ol €01—-68 88 /18
- - - 0602 | TL0z | v¥0Z | 900 | 0.6l l'G6lL | TT6L | ZO06L | ¢98L | 8¢€8L | 608l | G'8LL €leL | 6L
uopel aunejse wnjuojod yinwsiq pes| wnijjey} Ainosaw plob wnuped wnipLt wnjiwso wnjuayJ ua)sbuny wn|ejue} wniujey wnueq wn|ssed
uy W od 19 ad L BH ny d 1 SO ay M el H spoueyue | BY sD
98 g8 14 €8 8 18 08 6. 8/ 1l 9/ Gl V. €l IA 1.-1S 99 Gs
elel 692} 92l gLzl 18LL 8vil A 620L ¥'901 6201 L'LoL - 6'G6 626 Z'L6 688 9.8 g's8
uousx aulpol wnunje} Auownue un wnipul wnjwpes J9A|IS wnipejed wnipoyJ wniuayng | wnpauyos} |wnuapgAjow wniqoiu wniuooJiz wnupk wnijuoss wnipignu
ax I 8l as us u1 [s70) By Pd uy ny o] oW aN 1z A IS ay
S €5 s LS 0S 6 8 Ly 9 S a4 4 zy Ly o 6 8¢ €
8'c8 661 06 6v. 9z, 169 ¥'59 G'e9 18§ 685 8'G5 6V 025 605 6Ly 0'Sy Loy L6
coua?_v_ aulwouq wniua|ss olussie E:ENE‘_mm rc:___mm ouiz Jaddoo 19)01u 1leqod uoul asauebuew wniwoJayo wnipeuea wniuej} wnipueds wnioed E_.__wwEOQ
)Y g 8s sy 89 e9 uz no IN 0D o4 un 1D A 1L I e) M
o¢ Ge e € ze Le o¢ 62 8z 1z 9z 14 v €z 44 [k 0z 61
6°6€ g'qe (A o'Le 182 0.2 Zl Ll oL 6 8 ] 9 [ v [ €ve 0°ee
uobie auLolyo nyns snioydsoyd uool|Is wnjuiwnie wnisaubew wnipos
Iy o) S d IS v BN eN
8l Ll 9l Gl vl gl zZl Ll
zoz 06l 09l 0Vl 0zl 801 SSEW o|Woje aAle[a) 06 69
uoau auuony uabAxo uabouu uogJeo uoloq aweu wnyjiAiaq wniyy
eN E| 0 N o} g logwiAs olwoye eg 1
0l 6 8 A 9 S Jaquinu olwoje ¥ €
(0% 0l Aoy
wnizy uaboipAy
oH H
4 |
8l L1 9l Gl vl €l Z L
dnoig

Ssjuswa|3 Jo 9|qel Olpouad ayL

[Turn Over]

Chemistry

: CDT/CWJ

Setters



2017 End-of-Year Examination 16 Nanyang Girls’ High School
Secondary Three

BLANK PAGE

Setters: CDT/CWJ Chemistry



