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20 cm?® of a hydrocarbon was completely combusted in 110 cm?® of oxygen gas. The resultant
gases, when cooled to room temperature, was passed through aqueous potassium hydroxide,
and the total volume decreased by 60 cm®to 10 cm?.

What is the molecular formula of the hydrocarbon?

A CzHs B CsHg C CsHs D CiHg

Which of the following statements about 1 mole of carbon dioxide gas is correct?

A It contains 1.81 x 10 atoms.

B It contains 2 moles of O% ions.

C It has a relative molecular mass of 44 grams per mol

D It occupies a volume of 68.1 dm? at standard temperature and pressure.

25.0 cm?® of 1.00 mol dm~3 KMnQ; was reacted against 1.00 mol dm= potassium iodide, KI, in
an alkaline medium to form brown precipitates MnO. and L.

* What volume of potassium icdide was required for a complete reaction?

A 250cm? B 375cm? C 750cm? D 125 cmd

Use of the Data Booklet is relevant to this question.
Which of the following species are isoelectronic with ZNa*?

A O™ B OF- C 2Ne' D 2Mg

When a beam of lithium-6 ions, SLi*, were passed through an electric field, the beam deflected
by an angle of 6.0°.

What is the angle of deflection when a beam of *N* ions was passed through the same electric
field?

0.9°
7.7°
14.0°
42.0°

o0 w >
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Use of the Data Booklet is relevant to this question.

The energy required for the following ionisation process of A was found to be +2366 kJ mol™.
A(g) — AZ(g) + 2e

What is the identity of element A?

A Magnesium
B  Aluminium
C  Silicon

D Phosphorus

Which of the following best explains why graphite has a high melting point?

Graphite has a giant covaient structure.
The electrons in graphite are delocalised.
There are extensive intermolecular forces of attraction between the layers of graphite.

o0 | >

The covalent bonds between carbon atoms are very strong.

Which of the following has the largest bond angle?

A CCL B NO; C SFs D SO

Which of the following compounds has the least exothermic lattice energy?

A LiF B Mgo C NaCl D NaO
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10 Catechol and hydroquinone have the following structures.

1

12

OH
OH
OH
OH
catechol hydroquinone

Which of the following statements are correct?

1

T om»

Hydroquinone has a higher boiling point than catechol as the —OH groups are further apart
in hydroquinone than in catechol.

Hydroquinone has a higher melting point than catecho! as the molecules of hydroquinone
can stack closer together in the solid state.

Both catechol and hydroquinone are able to conduct electricity as they have delocalised
electrons.

1 only

2 only

1 and 2 only
1,2and 3

Which of the following equatlons correctly represents the standard enthalpy change of
neutralisation?

o0 w >

HC/(g) + NHa(g) — NH.CI(s)

HC#Kaq)} + H.O{aq)} — Hz0"(aq) + Ci(aq)

HCX(aq) + NaOH(aq) — NaCl(aq) + H20(!)

HCl(aq) + Y2 Na.COs(aq) — NaCl(aq) + Y2 H20(1) + %2 COs(g)

Sulfur molecules exist as Ss molecules. The enthalpy change of combustion of Ss(s) to SOx(g)
is ~2376 kJ mol'. '

VWhat is the enthalpy change of formation of sulfur dioxide?

o0 m >

+2376 kJ mol™’
+297 kJ mol™'
—297 kJ moi™!
—2376 kJ mot™!
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13

14

isopropyl alcohol, CsHeO, is commonly used as a disinfectant but is highly flammable. To
determine its enthalpy change of combustion, 6 g of isopropy! alcohol was completely bumnt
under a copper can filled with 1000 cm?® of water and its temperature rose by 47.9 °C.

Assuming no heat loss to surroundings, what is the enthalpy change of combustion of isopropyl
alcohol, in kJ mol*?
[relative molecutar mass of C3HO = 60.0]

A 1000 x 4.18 x 47.9
B 0.1

B 418%479
X

c 4.18 x 47.9
-

D 1000 x 4.18 x 47.9
- 60

Chiorate ions, CIO-, dissolved into swimming pool water can react with chloride ions, CI, to
release the characteristic smell of chiorine gas.

CIO+CFr+2H* - CL + H0
In an experiment to find out the rate in which chlorine gas is released, the concentrations were

varied and the following data was collected.

Experiment | [CIO™]/ moldm™ | [CI]/mol dm= | [H*]/mol dm™ Initial rate /
mol dm™ h!
1 0.10 0.10 0.10 1.3x10°
2 0.20 0.10 0.10 26x10°
3 0.20 0.20 0.20 52 x10°°
4 0.20 0.20 0.40 52 =107
Which of the following statements are true?
1 The order of reaction with reépect to [CIOT] is one
2  The order of reaction with respect to [Cl] is one
3 The order of reaction with respect to [H*] is zero
A 1and2only
B 1and3only
C 2and3only
D 1,2and 3
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15

16

The reaction between (CHs)sBr and OH™ is first order with respect to the concentration of

(CHs):Br. In one experiment, it was found that 2 minutes was taken for the concentration of
(CHa)sBr to decrease from 1.0 mol dm-3 to 0.25 mol dm™.

How much time does it take for the concentration of (CH3)sBr to decrease to 0.25 mol dm™3 if
the starting concentration was doubled to 2.0 mol dm=3?

A 1 minute

B 2 minutes
C 3 minutes
D 4 minutes

Which of the following affects the equilibrium position of the reversible reaction below?
S0,(g) + 20:(g) = SOs(g) AH <0

Concentration

Pressure

Temperature

Catalyst

AN -

4 only

1 and 3 only

1, 2 and 3 only
1,2,3and 4

oW P
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17  The concentration-time graph of a reversible reaction is shown below.

A(g) = B(g)
&
B
g [A]
c
g
[B]
0 t ti:ne

What is a possible change made to the reaction at time t?

Change in concentration of reactant
Change in volume of the reaction vessel
Change in surface area of reactants

OO0 w >

Change in temperature of the system

18 The thermal decomposition of ammonium chloride is an endothermic reaction.
NH4CI(s) = NHs(g) + HCi(g)
A 0.1 mol sample of NHsC! was placed in an evacuated gas syringe and allowed to reach
equilibrium at room temperature and pressure, during which the total volume increased by
1440 cm?. It was found that 0.07 mol of the NH4C!/ sample remained.

Calculate the value of the equilibrium constant, K., for the decomposition reaction.

4.34 x 107
9.00 x 10*
1.00 x 102
2.08 x 102

O W >
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19  Which of the following underlined species is acting as an Arrhenius acid?

20

21

1 H0() + NHs(ag) — NH4'(aq) + OH™(aq)
2  AICI(g) + NHi(g) — AICI-NHas(s)
3 HCi(aq) + NaOH(aq) — NaCi(aq) + H20()

A 1and2only

B 1 and 3 only

C 2and3only
‘D 3only

Carbonic acid is known as a diprotic acid as it can dissociate twice in water.
H2C0z(aq) + H20(7) = HiO*(aq) + HCOs(aq) Kat
HCO3 (aq) + H20()) = HsO*(ag) + COs*(aq) Kez

Given that K1 > Ka2 > Ky, which of the following species is the strongest acid?

H2COs3
HCO3~
COs*
H:O

o0 W P

Which of the following has a pH of 17
1 A solution of 1 mol dm= of HCI(aq)
2 A solution of 0.1 mol dm= H2SO.(aq)

3 A solution of which the hydroxide ion concentration is 10-** mol dm™3.

2 only
1 and 3 only
2 and 3 only

OO W >

3 oniy
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22 The following graph shows a certain trend of Period 3 elements.

M

L | 1 1 l 1 L~
! | I I T ¥ 1 r4
11 112 13 14 15 16 17 proton no.

Which of the following is the correct label for the y-axis?

o0 w >

atomic radius
electronegativity

first ionisation energy
lonic radius

23  Which of the following elements form chlorides that will produce an acidic solution when

dissolved in water?

1

R W N

w B o T - I

sodium
magnesium
aluminium

phosphorus

1, 2 and 3 only
1, 3and 4 only
2,3 and 4 only
1.2, 3and 4

24  Which of the following statements heips to explain why hydrogen bromide is unstable to heat
and breaks down but not hydrogen fluoride?

oo m >

The bond energy of the F~F bond is higher than that of the Br-Br bond
The bond length of the F—F bond is shorter than that of the Br—Br bond
The bond energy of the H-F bond is higher than that of the H-Br bond
The bond length of the H-F bond is fonger than that of the H-Br bond
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25  Which of the following is the IUPAC name for the following structure of CsH100?
o

c
HO” | “CH,
Ha

2-methylpropan-2-ol
2-hydroxypropane
2-hydroxypropanol

o0 m>

trimethylmethanol

26 How many cis-frans isomers does the following compound exhibit?

o O W >

16

27  Which of the following reactions will not give ethene, H.C=CHa, as the product?
1 CH;CH:Br, ethanolic KOH, heat
2  CHsCH:0H, H2S04aq), heat
3 CHaCHjs, excess O3, heat

1 only
3 only
1 and 2 only

o0 m P>

2 and 3 only
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28 The following shows a repeating unit of a polymer.

TeorH Ry
0-C-C-0-C~C~0-C—C—
H H H

Which of the following are possible identities of the monomers?

toofne
H—?m?—C—OH
H H
2
HOW?—?—OH
H H
oo R
Hom?—c-OH
H
4 0 0

1 and 2 only
2 and 3 only
3 and 4 only
2, 3 and 4 only

0O w >
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30

BP~333

12

1-bromopropane can undergo a two-step reaction to form propanoic acid.

/\/Br Step 1 Step2 /\H/OH

0
1-bromopropane propanoic acid
What are the possible reagent and conditions for steps 1 and 2?
Step 1 Step 2
A alkaline KMnOy4, cold aqueous NaOH, heat
B aqueous KOH, heat acidified KMnOg, heat
C | NaCH in ethanol, heat acidified KMnQ., heat
D LiAIH,, r.t. HBr, r.t.

Car tyres are made from a type of polymer. They are strong enough to withstand high pressures
and the heavy weight of the car, yet are able to deform slightly when the wheels encounter
bumps in the road.

Which of the following statements are incorrect about the polymer in car tyres?

Itis a thermoset

There are strong covalent crosslinks 7

It can be remoulded when heated to a high temperature
Used car tyres are usually incinerated and not recycled

o0 mw>»

END OF PAPER 1

Partnerinl_earning

More papers at W\:IBV\?v?estpapersfree.com




BP-334

13

BLANK PAGE

PartnerinLearning
More papers at V\Mestpapersfree.com



BP-335

14

BLANK PAGE

Partnerinl.eaming

More papers at wv:\?\AZZastpapersfree.com




Class Adm No

Candidate Name:

millennia
Iinstitute

2020 End-of-Year Exams
Pre-University 2

H1 CHEMISTRY 8873/02
Paper 2 Structured Questions 16 Sep 2020
2 hours

Candidates answer on the Question paper.
Additional materials: Data Booklet

READ THESE INSTRUCTIONS FIRST

Do not turn over this question paper until you are told to do so

Write your name, class and admission number on all the work you hand in.
Write in dark blue or black pen.

You may use an HB penci! for any diagrams or graphs.

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

Answer all questions in Section A and answer any one of the two questions in Section B.
The use of an approved scientific calculator is expected, where appropriate.
A Data Booklet is provided.

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.

Section Total

Question 1 2 3 4

Marks

11 18 14 17 20 80

This question paper consfsﬁ%ﬁig’gﬁﬂ&:ages and 2 blank pages.
More papers at Mestpapersfree.com

BP~336



1

Section A
Answer all the questions in this section in the spaces provided.

The Chemnobyl disaster was one of the worst nuclear disaster in history near the city of Pripyat at
Ukraine. The accident started during a safety test on a reactor. On one of the tests, a large amount

of energy was suddenly released, rupturing the reactor core in a highly destructive steam
explosion.

The reaction involved in the first explosion reaches dynamic equilibrium as shown below, involving
two flammable gases, Ha{(g) and CO(g).

C(s) + H:0(g) < Ha(g) + CO(g)  AH = + 131 kJ mol

(@) (i) Define dynamic equilibrium. M

(i)  State Le Chatelier’s principle. [1]

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

{b) The explosion was due to the increased outflow of water from the reactor. Howsever, the rate
of heat removal from the reactor was slowed down due fo low water level in the steam

separator and that caused a large increase in temperature.

The high temperature and the surplus of steam produced caused the first explosion as shown
in the equation above. With the containment broken, air began to enter the reactor. Graphite
reacted with the air to cause a second explosion. Following the days of explosion, liquid
nitrogen was injected to reduce further explosion risk.

()} Explain why the high temperature of the reactor and the surpius of steam caused the
first explosion. 3]

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

---------------------------------------------------------------------------------------------------------------
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(ii) Suggest, with the aid of an equation, how the second explosion could have occurred.
2]

{d) (i} Write the expression for the equilibrium constant, K for the reaction involved in the
first explosion. [1]

(i1) At 730 °C, the percentage conversion of steam was found to be 30%.
Given that the initial concentration of steam was 0.1 mol dm=, calculate the value of
K. at 730 °C. [2]

[Total: 11]
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2 Figure 1 shows the set-up of how values of energy changes of combustion for different substances
can be obtained in a school laboratory.

- cancontaining water

Figure 1

The higher heating value (HHV) can be measured by knowing the initial mass of the fuel sample.
HHV of a fuel is defined as the amount of heat released per mass of fuel once the fuel is combusted
and the products have returned to the temperature of 25 °C.

The HHV of solid hexanedioic acid, CeH1004(s), was investigated and the data collected is found
in Table 1 and Figure 2.

Table 1
Mass of empty beaker / g 137.5
Mass of beaker and hexanedioic acid / g 140.1
Volume of water / cm? 400
Partnerinl.earning
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Temperature / °C

(a)

50

45

40

35

30

25

U]

(i)

t Time/s
Figure 2

Write the equation for the combustion of 1 mole of solid hexanedioic acid, including
state symbols. [2]

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

Figure 2 shows the cooling curve of the combustion of hexanedioic acid. In order to
determine the maximum temperature, the cooling portion of the curve is extrapolated
to the point at t;.

Determine the maximum change in temperature based on Figure 2 by extrapolation.

[2]

BP~340
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(iif)

(iv)

v)

(vi)

Calculate the heat evoived from the reaction. |

Hence, calculate the higher heating value (HHV), in kJ g, of hexanedicic acid. [1]

State and explain the impact on the HHV value calculated in (a)(iv) if exirapolation
was not carried out. [2]

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

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

Suggest a data which is necessary to obtain an accurate HHV value if extrapolation
was not carried out. ' [1]

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

...............................................................................................................
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Nylon-66 is a polymer which is most common for textile and plastic industries. It is made from

the two monomers, hexanedioic acid and 1,6-diaminohexane.

BP~342

(i) Draw the skeletal formula of the two monomers. [2]
hexanedioic acid 1,6-diaminohexane.
(i) Draw one repeat unit of Nylon-66. i

(iii)  State the type of polymerisation that produces Nylon-66 and name the bond formed
during this polymerisation. [2]

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

PartnerinLeaming
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(V)

v)

Based on your answer in (b)(iii), suggest and explain the disadvantage of using
nylon-66 to make fabric, in terms of bonding, with the aid of a diagram. (3]

Given that nylon is a thermoplastic polymer, state one property which makes it a good
material to be used in clothings. 1

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

[Total:18]
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3 Aluminium makes up about 8% of the Earth's crust by mass, where it is the third most abundant

element and also the most abundant metal.

(a) State the number of protons, neutrons and electrons in an atom of Al [1]
27 -
(b} (i)  Statethe full electronic configurations of an aluminiumion and 13A”* and gF . [1]
27,
L LY A T T T R A AR
Gm
L4V OO OO TSRO RO
(ii) Based on the answer in (b){i), state the relationship between the two ions. 1
(i)  Draw labelled fines to Figure 3 to represent the path of beams of aluminium ions and
fluoride ions in an electric field, showing the relative angle of each species.
+
lon source
Beam of aluminium ions and
fluoride ions
Figure 3

[2]
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10

(¢) Magnesium and aluminium react with chlorine to form magnesium chloride and aluminium
chloride respectively.

(i) Write equations to show what happens when samples of each of these chlorides are
added separately to water. in each case, state the likely pH of the resulting solution.

[3]
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

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

{im Account for the difference in pH of magnesium chloride and aluminium chloride. [2]

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

(d) A diagonal relationship exists between certain pairs of diagonally adjacent elements in the
second and third periods of the Periodic Table. An example of a pair of such elements is Be

and Al

{i) Based on the position in the Periodic Table, describe the structure and bonding of
beryilium chioride. [2]

(ii) Predict the pH of beryllium chloride and explain the reason. [2]

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

[Total: 14]
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Question 4 starts on the next page.
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4 (a)

12

Photochemical oxidation of arsenic, As(Ill) ion, to the less toxic As(V) ion, using
peroxydisulfate ions, S:0s*", as the oxidising agent proved to be a simple and efficient
method.

The oxidation takes place according to the following equation.
S20g% + H3ASO03 + HoO — 28042 + HaAsO4 + 2H*

20 cm?® of 0.5 mol dm™2 solution of potassium peroxydisulfate was mixed with 200 cm? of a
solution of arsenic(0) acid, HsAsO; of the same concentration. At fixed time intervals, small

portions of the reaction mixture were analysed to determine the concentration of

peroxydisulfate ion.

The results are shown in Table 2.

U]

Table 2
Time / min [S2062] / mol dm™

0.50

0.38

8 0.27

12 0.20

16 0.16

20 0.11

Write the ion-electron equations for the reaction in an acidic medium.

(2]

[ L=T o L1 T (103

OXIdAation: ... T
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(ii) On Figure 4, plot the graph of the concentration of peroxydisulfate ion against time.

Figure 4
(2]

(iii) Hence, deduce the order of reaction with respect to potassium peroxydisuifate based

on (a){ii). (2|

PartnerinLearning
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(iv)

v)

{vi)

14

The experiment was repeated using 20 cm?® of HiAsO3 and 20 cm?® of K;S;0; at
different concentrations.

Table 3
[S:0s*] /mol dm?® | [H:AsO:] / mol dm? | Initial Rate / mol dm™ min”
0.5 1.0 0.120
05 05 ' 0.060

Using the information given in Table 3, deduce the order of reaction with respect to

H3AsOs. [1

Hence, write the rate equation. [1]

Calculate the value of rate constant, including its units. [1]
PartnerinLeaming
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(b} The Singapore Food Agency (SFA) has recalled Pure Tassie Organic Apple & Raspberry
Juice on 30 April 2020 as the samples were found to contain patulin at levels exceeding the
maximum limit as stated in the Singapore Food Regulations.

OH

O =

#Z 0

0

Patulin

The lethal dose of patulin on human is 25 mg kg™ body weight. The maximum limit for patulin

in fruit juice as stated in the Singapore Food Regulations is 50 parts per billion (ppb).

[1 ppb = 108 g per litre]

(i) A sample of 1.5 litre bottle of apple juice from another brand was found to contain
0.047 mg of patulin.

Determine if this sample is within the safety limit suggested by the Singapore Food
Regulations. 2]

(ii) Determine the maximum number of botties of apple juice that a 50 kg woman can
consume before the lethal dose kicks in. [2]

PartnerinLeaming
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16
(i)  The purity of patulin can be determined by reacting patulin with aqueous bromine or

phosphorus pentachloride.
Name the type of reaction between patulin and aqueous bromine. [1]

(iv) Draw the structure of the product for the reaction between patulin and aqueous

bromine. ]
(v) RCH + PCls — RCI + POCI3 + HC! where ROH refers to patutin
Calculate the percentage purity of a sample containing patulin if 2.45 g of the sample
reacts with 0.015 mol of PCls. [M: of patulin = 154.0] 2]
[Total: 17]
END OF SECTION A
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Section B

Answer one question from this section in the spaces provided.

(a) Chlorous acid, HCIO,, is a weak acid which is unstable and will be converted to hypochiorous
acid, HCIO, and chloric acid, HC/Os.
2HCIO2 — HCIO + HCIOs
(i) State the oxidation states of chlorine in

HCIO:: ............ [N

HCIOS: e eeeveeveeereneereeseean. 2]

(i) State the type of reaction which chiorous acid undergoes. Explain your reasoning. [2]

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

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

(iii) With the aid of an equation, explain what is meant by weak acid, using HCIO; as an

example. [1]
(lv) Write an expression for the acid dissociation constant, Ka, for HC/O». 1

(v) The pH of a 2.0 mol dm™ solution of HCIO: is 0.83.
Calculate the concentration of H* ions. [1

PartnerinLeaming [Turn over
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{vi} Given that [H] = [CIOz], calculate the value of K, for HCIO-.. 1]

(vii}) A mixture of chlorous acid and its salt, sodium chlorite forms a buffer solution.
Explain what is meant by a buffer solution. MMj

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

(vill} Write two equations to show how a mixture of chlorous acid and sodium chlorite act as
a buffer system. 2]

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

(b) Concentrated sulfuric acid plays an important role in many organic reactions. Other than
acting as an acid, concentrated sulfuric acid also catalyses the conversion of alcohol to
alkene.

(i) Define the term catalyst. [1]

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

PartnerinLeaming
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(i) Explain how the concentrated sulfuric acid catalyst affects the rate of reaction, with the
aid of a labelled Boltzmann distribution curve. i3]

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

(lii) State the type of reaction that an alcohol undergoes to form an alkene. M

(iv) Pentan-2-ol forms alkene with the presence of concentrated sulfuric acid and heat.
Name and draw the structures of all the possible products and their isomers, where
relevant. [4]

[Total: 20}
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6 (a)

20

Potassium hydroxide, KOH, s a strong base. When 30.0 cm?® of 0.125 mol dm™ KOH was
titrated against an agueous solution of ethanoic acid, CH;COOH, the following graph was
obtained.

pH ¢

)

(i} Calculate the pH of a 0.125 mol dm solution of KOH. V4]
(i) Calculate the concentration of the ethanoic acid solution. - [2]

(ilf) Explain, in terms of structure and bonding, why potassium hydroxide is a solid while
ethanoic acid is a liquid at room temperature. [2]

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

..................................................................................................................
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(Iv) Suggest and explain how the boailing point of calcium hydroxide compares with that of
potassium hydroxide. [3]

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

() () Identify the Period 3 element that forms a sparingly scluble amphoteric oxide. 1]

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

(i) Write an ionic equation to illustrate the reaction between the oxide of the element

identified in (b){i) and aqueous sodium hydroxide. 1
(¢) (i) Explain why the ionic radius of phosphorus is larger than its atomic radius. [1]
PartnerinLeaming [Turn over
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(i} On the axis below, sketch the graph for the first seven ionisation energies of
phosphorus against the number of eiectrons removed. [2]

lonisation energy/ kJ mol-*

I 3

0 1 2 3 4 5 6 7 i
No. of electrons removed

(i) Explain why the first ionisation energy of phosphorus is higher than that of silicon.  [2]

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

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

(d) (i) I is notvery soluble in water. However when I reacts with KI{aq), it forms highly soluble

Kls.

Draw the dot and cross diagram of the I~ ion (including all lone pairs of electrons), and
deduce its shape and bond angle. [2]
Shape:...ccc e Bondangle:........c.coovvnveeninnnnns
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(i) Exptain why Is™ ion is more soluble in water than L. 2]
[Total: 20]
END OF PAPER 2
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Candidate Name:
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,_ w millennia
o institute

2020 End-of-Year Examinations
Pre-University 2

H1 CHEMISTRY “ 8873/01
Paper 1 Multiple Cholce 17* Sep 2020
1 hour
Additional materials: Multipie Cholce Answer Shest ‘
Data Booklet

READ THESE INSTRUCTIONS FIRST

Do net turn over this question paper until you are told to do so

Write in soft pencil.

Do not use staples, paper clips, glue or correction Ruid.

Write your name, class and admissicn number in the spaces provided at the top of this page
and on the Multiple Cholcs Anawer Sheet provided.

There are thirty questions on this paper. Answer ALL questions. For each question there
are four possible answers A, B, C and D.

Chooss the ona you consider correct and record your choles In soft pencll on the Multiple
Cholce Answer Sheet provided.

Road the instructions on the Multiple Cholce Answer Sheet very carefully.

Each corract answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working shouid be ao:.o in this question paper.
Tha use of an approved scientific calculator is expected, where appropriate.

FOR EXAMINER'S USE
TOTAL (30 marks) |

This question paper consists of Il printed pages and Jf blank pages.
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Magnesium
Aluminium

Phosphorus

Based on the equation, the energy needed is the sum of the 1* and 2~ ionlgation anergies.
By referring 1o the Data Booklet for the 4 slements listed, the sum of the 1* and 2™ LE,

are as follows:

Mg 738 + 1450 = +2186
Al 577 + 1820 = +2397
Si 786 + 1580 = +2366
P 1060 + 1900 = +2960

Which of the following best explains why graphite has a high metting point?

oo >

Graphite has & glant covalent structure.

The electrons in graphite are delocalised.
There are extensiva intsrmolecutar forces of atiraction between the layers of graphite.

e e e D e e e e T @l S TR i

The C-C covalent bonds hava strong electrostatic forces of sttraction between the posliive
nuclel of C atoms and shared palr of slectrons {localisad in sigma bonds) and require
large amounts of energy to overcome.

Although Ais true, it does not explain the bonding.

B: Although graphite has delocallsed electrons {which helps It to conduct slactricity due
{0 mobile charge camiers), BUT this does not help to explain the bonding.

C: Although the Intermolecular forces (instantaneous dipole-Induced dipole) are
extensiva, it is stili weak enough for the layers to easily slide across each other and for
the layers to separate. Hence, the id-Id in graphite Is nol the dominant force of attraction
that is being overcome duiing melting and not the contributing factor to the high melting

poeint.

Which of the following has the largest bond angle?

A

cci, B = € Sk D SO,

G:Cly has 4 bond palrs and 0 lone pairs - totrahedral 109.5°

SFe has 6 bond palrs and 0 jone palrs > octahedral 90°

S0 has 2 hond pales and 1 lone pair - bent, <120°
as lone pair-bond pair repulsion is > bond pair-bond pair repulsion.

NO. has 2 bond pairs and 3 one sleciron - bent, > 1207 :
The repulsion by the 1 lone electron will be lss than the repulsion of 1 palr of
electrons {two alectrons}, hence the bond pairs will spread out further.

Which of the following compounds has the least exothermic lattice snergy?

D NaO

LF B MgO B

PartnerinLeaming
405

Lattice energy s always exothermic.
Least exotharmic means the smallest in value or magnitude.

.+|
Magnitude of lattice shergy o« *.‘n Lq.. _

s -
Out of all the cations, Na* has the largest cationic radius and smallast charge.
Out of all the anions, CI has the largest anionic radius and smallest charga.
Heance, magnitude of lattice snergy of NaC{ will be the smallest.

Catachol and hydroquinone have the following structures.

Which of the following statements are correct?

OH
OH
ogle
OH

catechol hydroguinone

(7]

oOm o >

Both catechol and hydroquinone are able to conduct etectricity as they have delocalised
elactrons,

1 only
2only

[ ]
1,2and 3

1: inramolocuiar hydrogen bonding in caiechol reduces the intermolecular hydrogen
_uonsmn“nc_ between catechol molecules, thus less energy needed = lower melting paint for
catechol

2+ hydroquinone is more symmetrical than catechol, the molecules can stack mole closely
In the solid state and the IMF (id-id and H-bonding}) attraction will be stronger.

3: the electrons are only delocalised across 8 carbon atoms and are restricied o within
the molecule — electrons do not move from one molecule to the next, and hencs, not
considered to be mobile charpe carrers.

Which of the following equations correctly represents the standard enthalpy change of
neutralisation?

ParinerinLeaming
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45 The reaction between {CHs)sBr and OH- is first order with respect to the concentratfon of
{CHskBr. In one experiment, it was found that 2 minutes was taken for the concentration of

{CHa)sBr to decrease from 1.0 mol dnr to .25 mol dm.

16

How much time does [t take for the concentration of (CHz)Br to decrease to 0.25 mol dm=® if
the starting concentration was doubled to 2.0 mol dm=37?

A

1 minute
2 minutes

4 minutas

Half-lifs is defined as the time taken for concentration of reactant to half lts initial
concentration. For a first order reaction, the half-life (time 1o halve) is constant.

In this question from 1.0 to 0.25 mol dm™, tha concentration has halved twice.
Le, 025=10x{%), where n = number of half-ives = 2
This process takes 2 minutes g0~ 2 x halfdife=2min > 1% halflife = 1 min

in the second reaction, we calc the number of haff-llives, n
0.25=20%{%) % n=3 (2.0hafonce=1.0, half twice = 0.5, half thrice = 0.25)
Since one half-life fs 1 min, 3 haif-ives is 3 minutes.

Which of the following affacts the equilibrium pesition of the reversible reaciion below?

o N

o o >

SO2(g) + %0:(g) = S0:(0) AH<0
Congcentration
Prassure
Temperatire
Catalyst

4 only
1 and 3 only

il
1,2,3and 4

A reversible reaction is at dynamic equilibrium if the rate of the forward reaction = rate of
the backward reaction.

Option 1 — iIncreasing [rx{] or decreasing [pdt} will shift POE to the right, and vice versa
Option 2 ~ increasing pressure will shift POE to right with less gaseous particles and vice

versa
Option 3 — increasing temperature will favour sndothermic (backward) reaction and shift

POE left and vice versa.
Qption 4 - Since & catalyst speeds up the rate of the forward and backward reaction to the
same extent, & catalyst does not affect the position of an equilrium.

PartnerinLeaming
409

17  The concentration-ime graph of a reversible reaction is shown below.
A(g) = B(g)

18

(Al

concentration

LB UL Tt Y ey

What is a possible change madae to the reaction at time t7

A

8
c
B

Change in concentration of reactant
Change in volume of the reaction vessel
Change in surface area of reactants

At time t, there Is no sharp change 1o sither [A] or [B]. Hence it is a tetmperature changs.

If it was a conc change, either adding or removing either A or B, there will be a sharp
change to either A or B (vertical straight line up if cong increase or down if conc decrease)

A change in volums of reaction will affect both [A] or [B] simultanecusly. Hence there will
be a sharp change {vertical straight line up or down) observed for both A and B.

Surface area s hot applicable to gaseous reactants and is usually only applicable to solids

The thermal decomposition of ammonlum chloride is an endothermic reaction,

NHCH{(s) =2 NHs(g) + HCHg)

A 0.1 mol mm_..._n_o of NH.CI was placed in ‘an evacuated gas syringe and allowad 1o reach
equillbrium at room temperature and pressure, during which the total volume Increased by
1440 cmé. It was found that 0.07 mal of the NH.C! sample remalned.

Calculate the value of the aquilibrium constant, i, for the decomposition reaction.

B
c
D

SEERNGE
8.00 x 10~
1.00 % 102
2.08 = 102
PartnerinLeaming [Turn over
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L [l [ 1 1 1 i N
1 1 ¥ L4

1 1 1
11 42 13 14 15 16 17  protonno.

Which of the following Is the comect label for the y-axis?
A atomic radius
A, i
first ionisation energy
ionlc radius
Option A - Atomic radius decreases across the Perlod (Incorrect)

o O m

Option B - elecironegativity increasss across the Period (correct)

Option C — first LE. generally increases but has dips / iregularities between proton
numbers 12 & 13 and between proton numbers 15 & 16 {Incorrect)

Option D — jonic radius decteases from proten numbers 11 to 14, then jumps up to 15,
before decreasing from 15 to 17 {anlonic radius is larger then cationic radius in the same
period due to having an extra valence shell of electrons)

Which of the following slements form chlorides that will produce an acldic sclution when
dissolved in water?
sodium
magnesium
aluminium
phosphorus
1, 2 and 3 only
1, 3 and 4 only
it
1,2,3and 4

Option 1:
NaCl{s) — Na*(aq) + C{aq) {no hydrolysis, neutral, pH = 7) (incorrect)

R A

Option 2:
MaClx(s) + 6H0() — Mg(H:0)f*(aq) + 2CI(aq)

Partnerinl.eaming
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Mg(H20%el (aq) = [Ma(H20)s0HI"(aq) + H"(aq) {(weakly acidic, pH = 3)

Option 3:
AICh(s) + BH0(f) — [AN{Hz0}]**(aq) + 3CI{(aq)
[AI{H2Q)e]™ (ag) -» [AK(Hz0)sOH]**(aq) + H*(aq) (strongly acidic, pH = 2)

Option 4:

PCix(s) + 3H20() — HaPOs(aq) + 3HCl{aq) (strongly acidic, pH = 2)
Or

PCls(3) + 4H20() — HaPOafag) + SHCHaq) (strongly acldic, pH ~ 2)

Which of the following statements helps to explain why hydrogen bromide is unstable to heat
and brsaks down but not hydrogen fluoride?

A The bond energy of the F—F bond Is higher than that of the Br-Br bond

The hond length of the F-F bond is shoerter than that of the Br—Br bond

- M T TR

B
D  The bond length of the H-F bond is longer than that of the H-Br bond
For the thermat decompasition of hydrogen hallde

2 H~-F — H-H + F-F
2 H-Br — H—H + Br—Br

Bond bresking requires energy, the easler the bond is broken, the more reactive
{unstable) the hydrogen hallde. {looking at options C and D)

The factor that affects how easlly the H-X bond is broken is the extent of orbital overlap.
Tha larger the halogen, the longer the bond length, the lower extant of orbital
overlap and the weaker the bond is (lower bond energy).

Thus Optien C Is correct and not Option D as H-Br is longer than H-F bond.

Looking at options A and B,

The more excthermic the reaction, the more likely it is to happen.

Looking at the bonds formed, F-F bond Is stronger and releases more energy (more
exothermic) than forming Br-Br bond.

Hance, this does not help to explain why HBr is more unstable {more reactive} than HF.

Which of the following is the [UPAC name for the following structure of C4HyO?

gl
C
IO\\ _........OIm
CH;
B RN
B  2-hydroxypropane
C  Z-hydroxypropanol
D  trimethylmethanal

The fangest carbon chain Is 3 carbons: the stem of the name is ‘prop’, thera ars not
alkenes so the stam becomes ‘propan’

PartnerinLeaming [Turn over
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In the middle we have a 2-carbon monomer with both alcohol groups — option B
On the right wa have a 3-carbon monomer with two carboxyl groups — option D

1-bromopropane can undergo a two-step reaction to form propancic acid.

\\//\m.. Step 1 Step 2 \J#\OI
(0]

1-bromopropane ’ propanolc acld

What are the possible reagent and conditions for steps 1 and 27
Step 1 Stop 2

A | alkaline KMnQ, cold aqueous NaOH, heat

LR O STy

¢ | NaOH In ethanol, heat acidified KMnQ., heat
D LiAH,, .t HBr, 1.t

Step 1 is the substitution {(hydrofysis) of atkyl bromide to propan-1-ol.
Step 2 Is the oxidation of propan-1-ol to propanoic acid.

KiMnO. is the reagent for oxidation
aqueous NaOH or KOH Ig the reagant for substitution of afkyl halldes

ethanolic NaOH or KOH s the reagent for elimination of alkyl halides to form alkenos
LiAM. Is a reducing agent (to reduce carboxylic acld / ketone / aldehydes to alcohols)
HBr is used for substitution of alcohols {a form atkyi bromides.

30 Cartyres are mada from a type of polymer. They are strong enough to withstand high pressures

and the heavy weight of the car, yet are able to defom slightly when the wheels encounter
bumps in the road.

Which of the following statements are incorrect about the polymer in car Q_.om.w

It is a thermoset
There are strong covalent crosslinks

ii ErC EErENTS Tl R atys’
Used car tyras are usually incinsrated and not recycled

Basad on the description and from general knowledge, car tyres are rigid and strong, and
can hence be classified as a thermoset and not a thermoplastic.

in this case, option B and D fits the description of a thermosst and not option C, which
describes a thermoplastic.

O % >

PartnerinLeaming
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END OF PAPER 1
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Class Adm No
Candidate Name:
millennia
institute
2020 End-of-Year Exams
Pre-University 2
Ht CHEMISTRY 8873/02
Paper 2 Structured Questions 16 Sep 2020
2 hours

Candldates answer on the Question paper.
Additional materais: Data Booklet

READ THESE INSTRUCTIONS FIRST

Do hot turmn over this gquestion papar untll you are told to do so

Write your name, class and admission number on all the work you hand in.
Wiite in dark blue or black pen.

You may use an HB pencil for any dlagrams o graphs.

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

Answer all questions in Section A and answer any one of the two questions in Section B.
The use of an approved sclentific calculator is expected, where appropriate.
A Data Booklet [s provided.

Ai the end of the examination, fasten all your work securely together.
The number of marks |s given in brackets [ ] at the end of each question or part n:mw»_o:,.

Question 1 2 3 T4 Section Total
B

Marks

11 18 14 17 20 80
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421

1

Section A
Answer all the questions in this section in the spaces provided.

The Chemobyl disaster was one of the worst nuclear disaster In history naar the city of Pripyat at
Ukraine. The accident started during a safety test on a reactor. On one of the tests, a large amount
of energy wes suddenly released, rupturing the reactor core in a highly destructive steam

oxplosion.

The reaction Involved in the first explosion reaches dynamic equifibrium as shown below, involving
two flammable gases, Ha(g) and CO(g).

(a)

®)

Cls) + H0(g) = Ha(g) + CO(g)  AH = + 131 kJ mot!

m Define dynamic equilibrium. [11

Dynamic equilibrium refors to a reversible reaction In which the rates of the forward
and backward reactions have become equal and there is no change in the
concentrations of the products and reactants.

(i) State Le Chataller's principle. [1}

Le Ozwﬁ_.__a_...m _u:.:mv_m states that if a wﬁ.ﬁ.ﬂ in equilibrium Is disturbed, the cnc___c_.._ca_
position will shift in the direction that tends to reduce that change so as to re-astablish the
equllibfum.

The axplosion was due to the increased outflow of water from the reactor. However, the rate
of heat removal from the reactor was slowed down due fo low water level in the steam

"separator and that caused a large increase in temperature.

The high temperature and the surplus of steam produced causad the first explosion as shown
in the equation above. With the containment broken, air began to enter the reactor. Graphite
reacted with the air to cause a second explosion. Following the days of explosion, liquid
nitrogen was injected to reduce further explosion risk.

{1 Explain why the high temperature of the reactor and the surplus of steam caused the
first axplosion. [31

PartnerinLeaming
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2  Figure 1 shows the set-up of how values of energy changes of combustion for different substances

can be obtained in a school laboratory.
4 thermonieter

o cmt comtaining waker

PN

Figure 1

The higher heatlng value (HHV) can be measured by knowing the Initial mass of the fuel sample.
HHV of a fuel is defined as the amount of heat released per mass of fuel once the fueiis combusted
and the products have retumed to the temperature of 25°C.

The HHV of solid hexanedioic acld, CeH1004(s), was investigated and the data collected is found
in Table 1 and Figure 2. ‘

Mass of empty beaker / g 137.6
Mass of beaker and hexanedioic acid / g 1401
Volume of water / cm® 400
Table 1
Partnerinl.eaming
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Figure 2

Write the equation for the combustion of 1 mole of solid hexanediolc acid, including

state symbols.

2]

CeH1004(s) + 6.50:(q) —» 6CO:(g) + 6H:0()
Figure 2 shows the cooling curve of the combustion of hexanedicic acid. [n order o
determine the maximum temperature, the cocling portion of the curve is extrapolated

to tha point at t4.

Determine the maximum change in temperature based on Figure 2 by extrapolation.

2]
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(i} Draw one repeat unit of Nylon-66. 1

H
G _
= \/\/ \/\z
c\/\/\/-w

{If}  State the type of polymerisation that produces Nylon-66 and name the bond formed
during this polymerisation. [2]

Condensation polymerisation. The bond formed is amide bond.
(iv) Based on your answer In {bill), suggest and explain the disadvantage of using
nylon-66 to make fabric, In terms of bonding, with the aid of a diagram. [31

PartnerinLeaming
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hydrogen bond H

FL

N Y
7~

It is prons 1o creasing. When it Is wet, H-bonds is formed between amide and water
melecules but when it Is dried, the watsr molecules leave and the H-bonds will form
between amide groups in the polymer, forming creasss.

{v) Given that nylon is a thermoplastic polymer, state one property which makes it a good
material to be used in clothings. 1

It i3 not rigid which adds to the comfort.
[Total:18]
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13

extent and produce H* ions. However, MgClz undergoes pattial hydrolysis due to the
waaker polarising power of Mg?* ions to give a weakly acidic solution.
A diagonal relationship exists between certain pairs of diagonally adjacent elements in the
second and third periods of the Periodic Table. An exampls of a palr of such slements is Be

and Al
() Based on the position In the Periodic Table, describe the structure and bonding of

beryllium chloride. 2]

Barylium chioride has simple molecular siructure and it is hald by wesk
instantaneous dipole-Induced dipola forces of atiraction between molecules.
(1) Pradict the pH of beryllilum chioride and explain the reason, : 2]

pH 3 as Be? has similar charge density as AR
[Total: 14]

PartnerinLeaming
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4 (a) Photochemical oxidation of arsenlc, As(Ill} ion, to the less toxic As(V) ion, using

peroxydisulfate lons, S:0:*", as the oxidising agent proved to be a simple and efficient
method.

The oxidation takes place according to the following equation.
S04 + HsAsOs + H20 — 28504% + HaAsO, + 2HY

20 cm® of 0.5 mo! dm? solution of potassium peroxydlisulfate was mixed with 200 cm? of
sclution of arsenic{lll) acld, H:AsO, of the same concentration. At fixed time intervals, small
portions of the reaction mixture were analysed to determine the concentration of
peroxydisuifate ion.

The regults are shown in Table 2.

e -Timeimin. ] [S200%]/moldm?. .
0 0.50
4 0.38
8 0.27
12 0.20
16 0.18
20 0.1
Table 2
)] White the ion-sleciron equations for the reaction in an acidic medium. {2]
Reduction: ..............
Oxidation; ..............

Reduction: S:05% + 28 -+ 280,
Oxidation: AsOa®* + H20 — AsOu* + 2H + 20
(i) On Figure 4, plot the graph of the concentration of paroxydisulfate lon agalnst time.

ParinerinLeaming
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0.120 = k (0.5)(1.0)
k = 0.240 mot" dm?® min-!

(b} The Singapore Food Agency (SFA) has recalled Pura Tassie Organic Apple & Raspberry
Julce on 30 April 2020 as the samples were found to contain patulin at levels exceeding the
maximurm limit as stated in the Singapore Food Regulations.

OH
[s) cos

0

Patulin

(o]

The lethat dose of patulin on human Is 25 mg kg*' body weight. The maximum limit for patulin
in frult julce as stated in the Singapore Food Regulations Is 50 parts per billion (ppb).

[1 ppb = 10 g per Htre}

M

(ii}

A sample of 1.5 litre botile of apple juice from another brand was fourd to contaln
0.047 mg of patulin.

Determine If this sample is within the safety limit suggested by the Singapore Food
Regulations. [21

[patuin] in sample = 222222 = 31.3 ppb

Yas, it Is within the safety limits.
Determine the maxirmum number of bottles of apple juice that a 50 kg woman can

consume before the lethai dose kicks in, [21

PartnerinLeaming

437 [Turn over

Qi)

(v}

v

18

Maximum mass of patulin that the 50kg woman can consume

=80x25x10°=126¢g

128 _
T 30894 L

Maximum number of bottles = 39894 / 1.5 = 28595.7 = 26595 botties

Maximum volume =

‘OR

Maximum mass of patulin that the 50kg woman can consume
=50x25x10°%=125¢g
Maximum number of bottles = 1.25 / (0.047 x 10') = 26505 bottles

The purty of patulin can be determined by reacting patulin with aquecus bromine or

phosphorus pentachloride.

Name the type of reaction betwean patulin and aqueous bromine. [1
addition

Draw the structure of the product for the reactlon between patufln and aqueous
bromine. 1

ROH + PCls —» RCI + POCly + HC! whera ROH refers to patulin
Calculate the percentage purity of a sample containing patulin if 2.45 g of the sample
reacts with 0.015 mol of PCls. [M: of patulin = 154.0] [21
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{t) Concentrated sulfuric acid piays an Important role in many organic reactions. Other than

acting as an acid, concentrated sulfuric acid also catalyses the conversion of alcohol to
alkena.
{) Define the term catalyst. 1]

A catalyst spaeds up the rate of reaction by lowering activation energy without
itself being chemically changed at the end of the reaction.
(i) Explain how the concentrated sulfurlc acid catalyst affacts the rate of reaction, with the

aid of a labefled Boltzmann distribution curve. 3]
Fraction of T
molecules
Fraction of molacules with kinetic
shergy  E, for catalysed reaction.
\ll.ln\[ll—
1 [] 1
] [] 1
1 [] ]
) [] 1
1 [] 1
i i
' i Fraction of molscules with kinatic
H | energy 2 Eafor uncatalysed reaction.
] 1 i .
£, E Kinetic anargy

(catelyzed) (uncatalyzed)
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A catalyst provides an alternative reaction path with lower activation energy (E's)
than that for the uncatalysad reaction (E.). As a result, fraction of moleculas
contalning energy greater than or aqual to the actlvation energy increases as
shown by the larger shaded area under the curve in the figure above.

Hencs, the frequency of effective collisions Is higher when a catalyst is present.
Hence, rate of reaction increases with catalyst.

State the type of reaction that an alcoho) undergoes to form an alkene. [1

Elimination
Pertan-2-o! forms alkena with the presence of concantrated sulfuric acld and heat.
Name and draw the structures of all the possible products and their isomers, whare

AN Tt O
nw W W Oy

pent-1-ene cis-pent-2-ene trans-pent-2-ene
[Total: 20]
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Both P and £* have the same proton number and the same number of filled inner
principal guantum shells. However, the added elactrons in P¥ expsrience inter-
electranic repulsion, making the electron cloud of the anion more diffused.

{lij On the axis below, sketch the graph for the first seven lonlsation energles of

phosphorus against the number of electrons removed, [21
lonisation energy/ kJ mot™
r 3
0 1 2 3 4 5 6 7 i

No. of electrons removed
lonisation energy/ kJ mot-!

F 3

TTOTR over

26

() Explain why the first lonisation energy of phosphorus is higher than that of sificon.  [2]

P has a higher nuclear charge than Si (due to an additional proton) while the shielding
effact is refatively constant {(due to the same number of inner shell slectrons) across the
period, Hence, the effective nuclear charge increases from Sl to P.(;) Atiraction between
the valence elsctron and nuclaus g stronger and more energy is neaded to remove the
valence elactron from P than Si.{;}

{d) () I:is notvery soluble in water. Hewever when Iareacts with Kiag), it forms highly seluble

Kls.
Draw the dot and cross dlagram of the Iz~ lon (including all lone pairs of electrons), and
doduce its shape and bond angle. 2]
Shape:......ccoecrmerr s e eains Bondangle:..............
- -
Y L 53 e ‘.‘ w te "‘
Lo «L:T:|or |sTe11s
T weph e a - W
Shape: linear Bond angle:180°
(1) - Explain why I~ ion ts more soluble in water than I. [2}
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