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1 Table 1.1 below shows a list of elements and their atomic and mass numbers.

2

Section A

Answer all questions.

Table 1.1
element A B C D E F G H
atomic 8 12 16 17 18 28 31 35
Number
mass 16 24 32 37 40 59 70 80
Number

Using only the elements from Table 1.1, choose an element which matches the following
descriptions. Each element can only be used once.

(a)

(b)

(c)

(d)

(e)

Forms coloured compounds.

[Total: 5]
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3

Fig. 2.1 describes reactions involving a pale green solid, A.

Pale green solid A heat . Black solid B + Gas C
Acid D Limewater
v A J
Pale green =solution E White precipitate

Excess agueous
sodium hydroxide Nitric acid and aqueous

barium nitrate

Dirty green White precipitate G
precipitate F

Left to stand for a
few minutes

A 4

Reddish brown
precipitate H

Fig. 2.1

(@) Name A, B, C and D.

D e, [4]

(c) Explain why precipitate F changed to form reddish brown precipitate H when left to
stand for a few minutes.

[Total: 6]
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3  The diagram in Fig. 3.1 shows the formation of boron ftrifluoride. Only valence electrons

are shown in the diagram.

Fig. 3.1

(a) Using the information from the above diagram, explain if you would classify boron as
a metal or non-metal.

................................................................................................................. [1
(b) State what is unusual about the bonding in boron trifluoride.
................................................................................................................. [2]
(c) Using your knowledge of chemical bonding, predict whether the melting point of
boron trifluoride will be generally high or low. Explain your answer.
................................................................................................................. [2]

[Total: 5]
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4  Vanadium and manganese are metals which can form variable oxidation states and
compounds of different colours.

(a) Table 4.1 shows the colours of vanadium in different oxidation states. Complete the
oxidation states of vanadium in the table.

Table 4.1
oxidation state of
substance colour .
Vanadium

[V(H20)e]** green

VO] yellow
[V(H20)e]?* violet

[VOP?* blue

(2]

(b) Manganese nitrate, Mn(NOs),;, decomposes upon strong heating to form
manganese oxide, MnO,, and nitrogen dioxide gas.

(i) Write a balanced chemical equation for the decomposition of manganese
nitrate.

(ii) Is the decomposition of manganese nitrate a redox reaction? Explain your
answer using oxidation states.

[Total: 6]
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6

The graph in Fig. 5.1 shows the relative concentrations of oxides of nitrogen and carbon

monoxide discharged from the exhaust system of a car against the air : fuel ratio in a moving
car.

(a)

(b)

key

(arbitrary unit)

relative concentration

oxides of nitrogen emission
fuel consumption
carbon monoxide emission

air : fuel ratio

Fig. 5.1

State the relationship between air : fuel ratio and relative carbon monoxide

concentration emitted by the car. Explain your answer.

Why does the concentration of oxides of nitrogen increase when air : fuel ratio

increases?
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(c)

Catalytic converters are used in cars to remove pollutants like carbon monoxide and

oxides of nitrogen. The use of catalytic converters increases the amount of carbon
dioxide in the atmosphere.

Describe how carbon dioxide contributes to environmental problems. Give two specific
examples of the problems caused.

[Total: 10]
6

Air contains a mixture of gases including the noble gases neon, argon, krypton and xenon.
These noble gases are monoatomic elements.

(a) State what is meant by monoatomic.

(b) State why noble gases are unreactive.

(11
(c) State why fractional distillation can be used to separate a liquid mixture of neon, argon,
krypton and xenon.
................................................................................................................. [11
(d) State and explain which noble gas has the fastest rate of diffusion at 20 °C.
................................................................................................................. [2]

[Total: 5]
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Chromium, iron and manganese are separately added to solutions of chromium (lll) nitrate,
iron (ll) nitrate and manganese (ll) nitrate. The colours of the solutions are recorded in Table
7.1.

Table 7.1
salt solution

metal

chromium (Ill) nitrate iron () nitrate manganese (ll) nitrate

chromium green solution turns solution remains pink
purple
. solution remains . . .
iron solution remains pink
purple
purple solution turns | green solution turns
manganese . .
pink pink

(a) Using the results, place the metals in decreasing order of reactivity. Explain your answer.

(b) Write an ionic equation for the reaction between manganese and iron (Il) nitrate solution.
Include state symbols.

(c) Chromium metal is added to another solution of copper (Il) sulfate solution. Describe
two observations.

[Total: 7]
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9
Cyclopropene is an organic hydrocarbon with the structural formula as shown in diagram
Fig. 8.1 below. Although not often used directly, some of its derivatives are used in the ripening
of fruits.

Cyclopropene also reacts with chlorine gas to form 1,2-dichloropropane as shown in Fig. 8.2.

C/H _ C‘\C/H
AL SR
H & " H

Fig. 8.1 Fig. 8.2

(@) Write a balanced chemical equation to show the reaction between cyclopropene and
chlorine.

(b) The table below shows some bond energies measured in kdJ/mol.

bond bond energy (kJ/mol)
c-C 348
C-H 413
c=cC 614
Cc-Ci 330
Cl-ClI 243

Calculate the enthalpy change, AH, of the reaction between cyclopropene and
chlorine.

[3]
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10

(c) Draw a labelled energy profile diagram for this reaction.

(2]
[Total: 6]
Fig. 9.1 shows three electrolytic cells.
1]
copper —3 silver— X
oo aqueous—+= aqueous
acid i nitrate
solution cell 1 solution cell 2
Fig. 9.1
Cell 3 uses an unknown metal X as the electrodes and an electrolyte containing metal X
ions. Metal X has a relative atomic mass of 52.
a enti e electrodes where the following observations will be made
Identify the electrod here the followi b ti ilnb d
i) a layer of copper metal deposited.
i I f tal d ited
............................................................................................................................. [1]
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(b) Write the half equations for the reactions that take place at the following electrodes.

(i) electrode B

............................................................................................................................. [1]
(ii) electrode C
............................................................................................................................. [1]
(c) The same amount of current flows through the three electrolytic cells. 2.56 g of copper
and 1.04 g of metal X are obtained.
(i) What is the mass of silver obtained?
mass of silver obtained ... g [3]
(ii) Determine the charge of the ions X and hence write the half equation for the
discharge of solid X.
charge of ions X ... [2]
half eqUAtioN ... [1]

[Total: 10]
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10 Acid-base indicators and end-point

Certain chemicals have the special property of appearing one colour when in a solution of one
pH and a different colour when in a solution of a different pH. Such chemicals are known
as acid-base indicators, or simply as indicators because, when a few drops of indicator are
added to a solution, the colour of the solution serves as an indication of its pH. An endpoint is
the point whereby an indicator changes colour during a titration. The table below shows the
colours of three indicators at different pH values.

Table 10.1

yellawi

mcthy! orange #—M —f k::’ gradual colour

change

bromothymol blue

phenolphthalein fu

pH

Equivalence point

An equivalence point is the point at which the ratio of the number of moles of acid to that
of the base is the same as that in a balanced chemical equation. The following graphs are
obtained from the titrations of acids and bases of the same concentration using a pH
probe and data logger.

End-point and equivalence point

The endpoint of a titration is not the same thing as the equivalence point. The equivalence
point is a single point defined by the reaction stoichiometry as the point at which the base (or
acid) added exactly neutralizes the acid (or base) being titrated. The endpoint is defined by
the choice of indicator as the point at which the colour changes. Depending on how quickly the
colour changes, the endpoint can occur almost instantaneously or be quite wide.

Titration curves

A plot showing the pH of the solution as a function of the quantity of base added is known as
a titration curve. These plots can be constructed by plotting the pH as a function of the volume
of base added. Although the strength of an acid has no effect on the location of the equivalence
point, it does affect the shape of the titration curve and can be estimated on a plot of the curve.
The figures below are examples of titration curves.
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Titration 1 Titration 2
Titration between a strong acid (HC/) and a | Titration between a weak acid (CH3zCOOH)
strong base (NaOH) and a strong base (NaOH)
pH pH
\ ]
14F I
12t ZF
10f i
8 : 8F Equivalence
5 — Equivalence point
6 point 6 H
4 : 4 i
2k /i 2F '
B Volume of L : Volume of
N T (B () [ (3OS (NN (ORS (N HNE 8 NaOH(aq) L 11111111, NaOH(aq)
0 10 20 30 40 50 g4ded/em® | O 10 20 30 40 SO  s4ded/em’
Fig. 10.1 Fig. 10.2
Titration 3 Titration 4
Titration between a strong acid (HC/) and a | Titration between a weak acid (CH3COOH)
weak base (NHs (aq)) and a weak base (NHs (aq))
pH pH
[}
141 14
12} 12 :
W 10}
8t gl
6 i Equivalence
. 6 point
Equivalence :
4 point 4 :
2 :
Yolume of 2F :
T OO L T N (NN (NS NN (NN (N LA | NH (ﬂq) - ! Volume of
05 15 25 35 45 55 gdded/em’ o G 1L NH,(aq)

L
0 5 15 25 35 45 55 added / cm?

Fig. 10.3 Fig. 10.4
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(a) State whether the pH at the equivalence points of all the titrations always coincides with
neutral pH. Explain your reasoning using the given information.

(b) Calculate the volume of hydrochloric acid used in titration 1 given that the concentration of
the acid and the base is the same.

volume of hydrochloric acid used ..., cm? [2]
(c) Bromothymol blue is used for titration 4.
Using Table 10.1 and Fig.10.4, find the volumes of NHs (aq) to reach end-point and
equivalence point.

Hence, calculate the difference between the volume of NH3 (aq) added between the end-
point and the equivalence point.

difference in volume of NHz (aQ) .......coooviiiiiii cm?® [2]
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(d) Phosphoric acid, HaPO4 is a weak acid that releases its H* in three different stages. The
first two equivalence points when phosphoric acid was titrated with NaOH are shown in the
graph in Fig. 10.5.

pH
14
12
I —
10
8
6 |
4 |
2 | |
5 I L L+ Volume of NaOH(aq)
0 5 10 15 20 25 30 35 40  added/cm®
Fig. 10.5

(i) The following is the chemical equation for the first equivalence point.
NaOH (aq) + HsPOs(aq) > NaH:POs(aq) + H20 (/)

Write the chemical equation for the second equivalence point.

......................................................................................................... [1
(ii) What is the pH values of the first two equivalence points?

First equivalence point ...

Second equivalence point ... [1]

(iii) State which indicators will be suitable to be used for the first and second
equivalence points and explain why the three indicators cannot be used to find all
three equivalence points.

[Total: 10]
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Section B
Answer one question from this section.

1 A student investigated the reaction between 0.120 g of magnesium with 80.0 cm? of dilute
hydrochloric acid.

The results of the experiment are shown in Table 11.1.

Table 11.1
concentration of | temperature (°C) form of time taken for
experiment acid before after maanesium magnesium to
(mol / dm3) 9 react (s)
1 1.0 20 32 ribbon 100
2 1.0 20 32 small pieces 55
3 2.0 20 32 powder 10
4 2.0 40 50 ribbon 10

(a) (i) Calculate the maximum volume of hydrogen gas produced in experiment 2.

maximum volume of hydrogen .............cccooiiiiiiiiiints dm? [2]

(ii) Explain how the total volume of hydrogen gas evolved would be affected with an
addition of 20.0 cm? of copper (ll) sulfate.
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(b) Another student decided to use aluminum ribbon instead of magnesium ribbon. It was
found that the reaction took several minutes before bubbling starts. Explain this
observation.
.............................................................................................................. [2]

(c)

The experiments were repeated in an identical manner but with sulfuric acid instead

of hydrochloric acid. Explain how the initial rate of formation of hydrogen gas will be
affected.

[Total: 10]
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12 Styrene-butadiene rubber is a synthetic rubber. It is made by polymerising a mixture of the
monomers butadiene and styrene. The structural formulae of the monomers are given.

1]
Hy CgHs

c=c’ c—0

H/ " “H ]

H C.H,

styrene butadiene

(@) What type of polymerisation will take place when the monomers polymerise? Explain
your answer.

.............................................................................................................. [2]
(b) One possible structure for the polymer is shown below.
— styrene butadiene styrene |— butadiene |——
Give the full structural formula for the repeating unit in the polymer structure.
(1]

(c) When the mixture of styrene and butadiene polymerises, the polymer is unlikely to
contain only this regular repeating pattern. Explain why.
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(d) Butadiene can be made by cracking butane in a cracking tower.

(i) Butane cracks to form butadiene and one other product. Write an equation to show
this reaction.

(e) 2.90 kg of butane entered the cracking tower. After the reaction, 2.16 kg of butadiene
had been made. Calculate the percentage yield of butadiene.

Percentage yield of butadiene..................... [3]

[Total: 10]

End of Paper



20

1-loW ¢z0L X 20'9 = 7 ‘Juejsuod oipebony ay |

*(*dy1) ainssaid pue ainjeladwa) wool Je ¢wp pZ S! seb Aue Jo sjow suo Jo swn|oA ay |

= = = = = = = P = = = 8€Z 1€Z 2eT =
I | Ijleqou IAB|@puUBsW I ) Ul JIo | wniuoyed wnieyeq wnund wnouswe ED_COS_Q EE:EQOC wniuein Ez_:_«usoa wnuoyy wniugoe
n oN PI w s3 10 g wo | wy nd dN n ed uL oy e
€0l 2ol L0l 001 66 86 16 96 G6 6 €6 26 16 06 68
SLL €Ll 691 91 S9L €91 661 151 2] 051 & vyl Iyl ovl 6L
wnpen| wniqiepk wniny wniqe wniwioy | wnisosdsAp wniqie) wniuopeb | wnidoine wnuewes 1y id IwAp wAp d  wnued wnueyue|
m aA wy 3 oH Aa aL PO n3 ws | wd PN id 90 el SRS
74 0L 69 89 19 99 S9 ¥9 €9 29 19 09 6S 8G 1S
uosseueBo | BuUISSEUUS) | WNUOWIBAI | WNIACISOW | WNIAOIBY wniuoyiu | wniuiedod | wniuebiueos wnipejswiep wnusujew Issey Luyoq 16109 wniugnp T ITEINT wnipes wnouey
60 sl A N 14 uN o) 6y sa W SH ug Bbs aa 54 | spoupoe | BY E|
8Ll Ll 9Ll Gl il €Ll 141 L (123 601 801 201 901 S0l 0l £€01-68 88 18
- - - 602 102 v0Z 102 161 S61 261 061 981 8L 181 8Ll LEL eel
uopel aunejse E_-._:O_OQ ynwsiq pe9g| wnijeyy Ainosew U—Om E::_«EQ wnipul wniwso wniuays CO—wu::« wnjejue} wniujey wnueq wniseed
uy v od g qd 11 BH ny d Bl SO 3y M el JH  |spioueyue; BQG sO
98 S8 v8 €8 28 18 08 6L 8L LL 9L SL 7] €L 2L | vms | 9 ss
LEL Lzl 8zl zzl 611 Shi Zil 801 901 €01 L0l - 9% €6 16 68 88 S8
uouex eulpol wnunje} >=°E_~:ﬂ uy wnipul wniwpeds JOAlIS Ez_vn__mn wnipoys wniuayjni wnipeuyoe) 14~. 1qoiu I [r4 53.5; wnpuons wnipigru
ax I ol qas us uI PO By Pd yy ny o1 ON aN 1z A IS qy
S €5 [4Y] 1S 0S 6v 8y JA4 14 S 144 194 {44 (34 04 6€ 8¢ L€
v8 08 6. 7 €L 0L jeic) ¥9 6G 6G 96 GG 4] 1S 214 414 oy 6€
uojdAny sulwoiq wniusjes oluesse wnjueuusb wnyjeb ouiz Jeddoa 1e%oIu J|eqoo uoy eseuebuew | wniwoiyd | wnipeueA wniue wnip 19| I d
M 19 es sy ED) B9 uz no IN %) o uw 1 A I 28 2D pY
9€ GE Ve €€ [4> L€ 0€ 62 8¢ px4 92 *14 vZ €C [44 74 (V14 6l
:wmv._n am:m_mO :m_.mm mEo"%moza :owo_N__m Ez_m_m.z_a cl b 0l 6 8 L 9 S L4 € E:_nwmaae E_mmow
Iy 10 S d IS v BN eN
8l Ll 9l Sl 142 €l cl Ll
0z 6l 9l 14 cl Ll Sseuwl ojwoje aAne|al 6 L
uosu auuony uabAxo uaboniu uoqied uoloq aweu wnkieq wniyyy
aN 4 o} N o g |oquiAs olwoje ag 1
oL 6 8 L 9 S Jaqunu (ojwoje) uojoid 14 €
v | Aoy
wniay uaboiphy
oH H
4 I
8l Ll 9l Sl 145 €l 4 L
dnoio

SjuaWal3 JO 3|qeL dIPoLad YL




