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1 Which of the following species will experience the largest angle of deflection when
passing through an electric field?

A B jHet c iut D N3

2 Which ion has less electrons than neutrons and less neutrons than protons?

lon Neufrons Nucleons
wW- 18 37
X2 17 34
Y3+ 16 33
rig 16 31
A W B X+ c > D Z+

3 Xand Y are elements of period 3. The successive ionisation energies, in kJ mol™, of
elements X and Y are given below.

X 580 1980 2870 6500 8300 10870 13590 16390
Y 941 1050 2060 4140 6580 7900 15000 17750

Which of the following statements about elements X and Y are true?

1 Y has an outer electronic configuration ns? np®.
2 XandY forms a compound with the formuia XsYa.
3  Atomic radius of X is greater than Y.

A 1,2and3 B 1 and 2 only
C 1 and 3 only D 2 and 3 only

4  Whatis the nhumber of ¢ and = bonds in the molecule, {CN)>CC(CN),?

o B 2 TN+ R
w © w a
h W O O A

13

5  Which statement explains why silicon dioxide has a high melting point?

A It has a giant ionic structure with strong electrostatic forces of attraction between
ions.

it has a giant molecular structure with strong covalent bonds between atoms.

C It has a simple molecular structure with strong forces of atiraction between
molecules.

D It has a giant metallic structure with a strong electrostatic attraction between
positive ions and the sea of delocalised electrons.
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3
6 The boiling points of ammonia, hydrogen bromide and hydrogen chloride are given below.
Gas Formula Boiling Point / °C
Ammonia NHa —33
Hydrogen bromide HBr —66
Hydrogen chloride HC/ —85

Which statement best explains the above data?

A The strength of the instantaneous dipole — induced dipole interactions increases in

the order NHs < HCI < HBr.

B The strength of the permanent dipole — permanent dipole interactions increases in

_the order HC! < HBr < NHs.

C More covalent bonds are broken in ammonia compared to those in hydrogen

chloride and hydrogen bromide.

D The instantaneous dipole — induced dipole interactions in HBr is stronger than the
instantaneous dipole — induced dipole interactions in HC/ but weaker than the

hydrogen bonds in NHs;.

7 In which sequence are the molecules arranged in increasing bond angle?

1 H;0 < NHa < CH.4
2 H;0 < BF3 < CO2
3 CHs< CO-< 8Fg

A 1,2and3
C 2and3only

8  Which molecule has the largest overall dipole?

H  CH,
A £7¢
H CHs
ci
c o=C
ci

1 and 2 only
1 only

9 Which of the following pairs of solutions would produce a buffer when mixed together?

A HNOs; and NaNOQOa B
C NaOH and NaCl D
© VJC 2020 Partne ﬁﬂ[‘*é%%% LIM/20
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4
Hypobromous acid can react with water as shown in the equation below.
HOBr(aq) + H20(aq) = HsO'(aq) + OBr(aq)
Which of the following statements correctly describe the above reaction?
1 H20 and OBr-are acting as Bronsted bases.

2 HOBr is acting as an Arrhenius acid.
3  HOBr and HzO are conjugate acid—base pairs.

A 1,2and 3 B 1 and 2 only
C 1 only D 2 and 3 only

The graph below shows the variation in the boiling point for eight consecutive elements
in the Periodic Table, all with atomic number less than 21.

7 3

F

Boiling point

v

Atomic number

Which statements are correct?

1 The chloride of E reacts with aqueous sodium hydroxide to give a precipitate
which is soluble in excess sodium hydroxide.

2  The oxide of F is neutral in aqueous solution.
3 The oxide of K dissolves readity in water to give a strongly alkaline solution.

A 1,2and3 B 1 and 2 only
C 1onky D 2and3only

L, M and N are elements in Period 3. L has a smaller ionic radius than M, and M has a
more endothermic first ionisation energy than N.
What are elements L, M and N?

N

Do wD>»
T 0P o=

Al
S
=]
S

e &2 T I
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5
Which statement explains why HI has a lower thermal stability than HCZ and HBr?

A The enthalpy change of formation of HI is the most exothermic.
B  The HI bond has the lowest bond energy.

C  The HI bond has the shortest length.

D  The HI molecule has the lowest polarity.

Diamond is a pure form of carbon. The mass of a diamond can be measured in carats.
One carat is 0.200 g of carbon.

Which expression gives the number of carats that contain 6.02 x 10% carbon atoms?

A 0.200x120
B 12.0/0.200
C  0.200/120
D  (0.200/6.02 x 10%) x 12.0

Which statement about 1 mol of sodium metal is correct?

A It contains 6.02 x 10?2 electrons.

B It contains the same number of atoms as 0.5 mol of hydrogen gas.
C It contains the same number of atoms as ﬁ mol of 2C atoms.
D

It has the same number of atoms as 24 dm? of chlorine gas at r.t.p.

16 Washing powder, Na;C0;.10H.0, loses some of its water of crystallisation when
exposed to the atmosphere, this process is known as efflorescence. When 3.17 g of
washing powder was left in the open for some time, the mass of the powder decreased
to 2.17 g. The formula of effloresced washing powder is NazC0s.xH:0.

What is the value of x?
A 2 B 3 c 4 D 5

17  Assuming that they have similar lattice structures, which ionic solid would require the
most energy to fonm gaseous ions?

A Na$S B Ca0 C Mgk D Mgo

18 In a calorimetric experiment, 1.60 g of a fuel is burnt. The energy released is absorbed
by 200 g of water and the temperature rose from 18 °C to 68 °C. The specific heat
capacity of water is 4.18 J g1 K.

What is the total energy released per gram of fuel burnt?
A 16300J B 26100J
C 35500J D 169000J
© VJC 2020 Partn e%@é%m.ﬁlauwzo [Turn over
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19 The diagram represents the energy changes for some reactions.

AH = -130kJmol!
W

> X
IAH = +80kJmol!
>z

AH = -25kJmol™!

What are the natures of the conversions W — Y,Y — Xand Z - W?

W-o Y Y =X Z—-W
A Exothermic Endothermic Endothermic
B  Exothermic Exothermic Endothermic
C  Endothemic Exothermic Exothermic
D  Endothermic Endothermic Exothermic

20  Which statement best explains why a small increase in temperature can lead to a
significant increase in the rate of a gaseous reaction?

A  The frequency of collisions between the molecules is significantly greater at a
higher temperature.

B The average kinetic energy of the molecules is significantly greater at a higher
temperature.

C  The activation energy of the reaction is significantly lower when the gases are ata
higher temperature.

D  The frequency of effective collisions between molecules with kinetic energy equal
or greater than the activation energy is significantly greater at a higher temperature.

© VJC 2020 Partn eﬂﬁl%%wﬁsuwzo
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Y(aq) + Z(aq) — T(aq) + U(aq)

The graph below shows the variation of [Z] with time of two separate experiments carried

out by varying the initial concentration of reactant Y.

IZ]
0.12
g:}g Y] =1.0 ol dm™
0.06 -
gg; v] = 2.0 mol[dm™3
]

1 2 3

How will the reaction rate be affected when concentration of Z is halved and Y is doubled?

A The rate remains unchanged.

B  The rate increases by a factor of two.
C The rate decreases by a factor of two.
D The rate increases by a factor of four.

22 The dissociation of X3Y is shown below.
XsY(s) = 3X*(aq) + Y>(aq)

What is the expression for the equilibrium constant, K:?

XHEY3]
A K,Y]
B [X*]P[Y*]
C BX'PIYY]
XaY]
D XA [Ye-]
© VJC 2020 Partne ﬁﬁﬁé%1 Aﬁlﬁsumo
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26

A compound X is formed during a gas phase reaction. The graphs below show how the
percentage of a compound X present at equilibrium varies with temperature and pressure.
A F 3

% X % X

[ [

Temperature Pressure

Which of the following responses concerning the equilibrium is correct?

Enthalpy change No. of gaseous particles in product

of reaction No. of gaseous particles in reactant
A Exothermic >1
B Exothermic <1
c Endothermic >1
D Endothermic <1

What is the skeletal formula for 2,2,3-trimethylpentane?
A )ﬂ/\ B /j\[/L
¢ YL/\ ok

Which structure will exhibit cis-trans isomerism?

C! Br
T s (X
Br

C CH:CHCH2CHCH: D  CH:CHCHCHCH(CH3)

Which statement about an ethene molecule is not correct?

A ltforms a polymer that has the same percentage of carbon as itself.
B It has all its atoms in the same plane.

Cc It decolourises liquid bromine.

D It has an empirical formula of CzHa.
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27 What would be the products formed when the following compound is boiled with aqueous
sodium hydroxide?

HEo o
H-G~C~C-0-C-CHj
CIH H

CH3;CH20H and HOCH:CH2CO; Na*
CH3;CH20H and CICH2CHzCO: Na*
CHs;CH20'Na* and CICHCH2CO>Na*
CH3CH20'Na* and HOCHzCH.COzNa*

o0 m>»

28 Cortisone is one of the main hormones that are released in response to stress.

0 OH

O OH

cortisone
Which statement about this compound is correct?

1 It furns hot acidified Cr207* ions from orange to green.

2 It reacts with an amine in the presence of DCC to form an amide.
3 It undergoes condensation with ethanoic acid.

4 It undergoes a subsitution reaction with chlorine gas.

A 1, 2 and 3 only B 1, 3and 4 only
C 3Jand4only D 1and4only

29 The polymer poly(ethylene terephthalate), also known as PET, is a polymer formed from
the following monomers.

2 R
H0-C©—C—OH
HOCH.CH-0H

benzene-1,4-dicarboxylic acid ethan-1,2-diol
Which statement is correct?

A  PET is biodegradable.

B  PETis an addition polymer.
C PET is a themoplastic polymer.
D  PET polymer chains are held by hydrogen bonds.
© VJC 2020 Partn eﬁﬁ?é%lfﬁ’.ﬁ LIM20 [Turn over
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30 Cyclohexene, shown beiow, can form an addition polymer.

O

Which of the following shows a section of the polymer?

v OO s OO
« <00~ o G0

© VJC 2020 Partn eﬂﬂ@éﬁmﬁﬁu M/20

More papers at Mestpapersfree.com




VICTORIA JUNIOR COLLEGE
JC 2 PRELIMINARY EXAMINATION
Higher 1

CANDIDATE

NAME s an e

CTGROUP e

CHEMISTRY 8873/02
Paper 2 15 September 2020
Candidates answer on the Question Paper. 2 hours

Additional Materials: Data Bookiet

READ THESE INSTRUCTIONS FIRST

Write your name and CT group on all the work you hand in.
Write in dark blue or black pen.

You may use a soft pencil for any diagrams or graphs.

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

Section A
Answer all the questions.

Section B
Answer one guestion.

The number of marks is given in brackets [ ] at the end of each question or part question.

For Examiner’s Use
1 113
2 17
Section A
3 120
4 /10
SectionB | 5/6 120
Total 180
This document consists of 17 printed pages and 1 blank page.
© VJC 2020 PartnerinLeamingm [Tumn over

5
More papers at wv8vw. estpapersfree.com

BP-~726



2
Section A
Answer all the questions in this secfion, in the spaces provided.

1 (a) An experiment was conducted to determine the percentage by mass of Nas;CrQ, in a solid
sample. 2.05 g of this sample was first reacted with 25 cm? of dilute HS04 to give a solution
containing Cr** and Cr;07*. The resultant solution was then fransferred to a 100 ¢m?
volumetric flask which was topped up to the mark with deionised water.

10.0 cm?® of the solution in the volumetric flask was pipetted out and reacted with excess K.
Cr207> was converted into Cr®* and I, was liberated as shown below.

Cr207 + 14H* + 61— 2Cr** + 7TH;0 + 312
:The amount of I formed in the above reaction was found to be 8.90 x 10 mol.

(i) Identify the species which is being oxidised and the species which is being reduced for
the reaction of CrO.* with H2SQ4. Explain your answers using oxidation numbers.

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

(i) Write half-equations to show the oxidation and reduction processes that occurred in the
reaction of CrO+* with H>S04. Hence, write a balanced equation for this reaction.

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

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

(iii) Calculate the amount of Cr207% formed in the 100 cm?® volumetric flask.

12
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3
(iv) Hence, determine the percentage by mass of NasCrOa in the sample.

2]
{v) A student conducted this experiment but KI was not added in excess. Explain the effect
that this error will have on percentage by mass of NasCrOa determined.

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

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

{b) The relative atomic mass of an element depends on the percentage abundance of each
isotope present.

A sample of chromium contains four isotopes, as shown below.

isotope relative isotopic mass Percentage abundance / %
0Cr 49.95 4.35
52Cr 51.94 83.79
3Cr X y
$4Cr 53.94 2.36

(i) Define the term isotopes.

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

(ii} Calculate the value for x and y, giving your answers to two decimal places.

2]
[Total:13]
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2(a) Experiments were conducted to determine the enthalpy change of combustion for a series
of primary alcohols. These experimental values were compared with the theoretical values
as shown in the graph below.

M:
a0 40 50 60 70 80
0

-500

I
*iP

-1000

-1500 ®

-2000 _ T ry

AHSE! kJ mol!
%

-2500

¢

-3000 : ’

& Experimental value
o Theoretical value

(i) Define the standard enthalpy change of combustion of butanol.

(ii) Suggest why there is a regular change in the enthalpy change of combustion of this
series of primary alcchois.

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

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

© VJC 2020 Partnerinl.eamingmizap
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(iv) Another experiment was conducted to determine the specific heat capacity of a
calorimeter. The experimental setup and the results are shown below.

thermometer “ ) - .
[ 50g metal calorimeter

wick

o

100 cm? of water

spirit bumer

butanol

temperature of water before heating = 25.0°C

temperature of water after heating = 50.1 °C
mass of spirit bumer before heating = 81.50g
mass of spirit burmer after heating = 80.76 g

With reference to the graph on page 4 and relevant information in the data booklet,
determine the specific heat capacity of the metal calorimeter.

(3

(b) The combustion of alcohols produces a greenhouse gas, carbon dioxide. A mineral
serpentine, MgsSiz0s(OH)s, has the potential to capture carbon dioxide. After carbon dioxide
is captured, magnesium carbonate, water and an acidic oxide are formed.

(i) Write a balanced equation for the reaction of MgsSiz0s(OH)4 with COs.

(i) Draw the dot-and-cross diagram for MgCOa.

(]

© VJC 2020 PartnerinLeamingmijaper.com
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(iiiy MgCOs can be decomposed under high heat to form MgO. Explain whether MgCQO; or
MgO will have a higher melting point.

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

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

(c) The diagram below illustrates the acid-base behaviour of oxides, MOy, based on the
electronegativity and oxidation state of the element M. The larger the value of the Pauling
electronegativity is, the more electronegative the element M is.

oxidation number

0.5 1.0 1.5 20 2.5 3.0
Pauling electronegativity

Using Na;O as an exampie, Na in Na;O has an oxidation state of +1 and a Pauling
electronegativity of 0.93 which leads to the conclusion that NazO is a basic oxide based on
the graph.

(i) Given that the Pauling electronegativity of gallium is 1.81, predict whether Ga,0; is an
acidic oxide, basic oxide or amphoteric oxide.

(if) Write an equation for any reaction(s) of Gaz0s with NaOH and HC/ respectively. If there's
no reaction with either NaOH or HCJ, state that there's no reaction.

WIth NBOH: ..o e e e e r s
WIth HOL et enns [2]
(iii) As2Os is an acidic oxide and As;O; is an amphoteric oxide. Suggest a value for the
electronegativity of As.
................................................................................................................ 1]
© VJC 2020 PartnerinLeamingmiPap
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(iv) For elements with the same oxidation number, suggest and explain how their
electronegativity affects the acid-base bahaviour of their oxides.

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

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

[Total: 17]

3 (a) Styrofoam is the trade name for the polymer polystyrene. To obtain styrene, ethylbenzene
undergoes a reaction at 600 °C, in the presence of Fe;0s catalyst.

F3203 S
©\ T @A + Ha (@)
(@ (@

ethylbenzene styrene

(i) State the type of reaction that ethylbenzene undergoes.

(i)} Describe a simple chemical test to distinguish between styrene and ethylbenzene. State
what you would observe.

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

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

....................................................................................................................
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(iv} Using the bond energy values in the Data Booklef, calculate the enthalpy change of
reaction.

2]

(v) Hence, sketch an energy profile diagram for the reaction, indicating clearly the reactants,
products, activation energy and enthalpy change, AH.

[2]
(vi) On the same axes as (a)(v), skeich the energy profile diagram for the reaction when
Fe20; was not used, clearly labelling your sketch as without Fe20s. [1]

(vii) Using a sketch of a Maxwell-Boltzmann distribution, explain how the addition of the Fe,0s
affects the rate of reaction.

....................................................................................................................
..............................................................
L D O N L L L L L L T T T

..............................................................................
......................................
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(b)  At600 °C, a pure sample of 0.50 mol ethylbenzene and a fixed mass of Fe20s catalyst was
placed in an evacuated gas syringe that has a volume of 0.50 dm?. When equilibrium was
established at f = 5 min, 30% of the resultant mixture is ethylbenzene.

At £ =10 min, the temperature of the syringe was increased to 800 °C and a new equilibrium
was established at = 15 min.

At £ = 20 min, the volume of syringe was decreased to 0.25 dm?, and a new equilibrium was
established at t = 25 min.

(1} Write an expression for K. for the reaction.

(ii) Calculate the vaiue of K.at = 5 min, stating the units.

(1

(iii) On the axes provided, complete the graphs to show how the concentrations of
ethylbenzene and H: varies from t =15 min to t = 25 min. Label your graphs clearly.

3

: :

T : :

E 1 [

© Ethyl- | i
9

g |benzene! ! H

: [N~— : i

o s 1 I

gV a |

2 i i

[

i i

5 - =

1 i

° i i

> Time / min
10 15 20 25

(2]

(c) Humidity can affect the synthesis of polystyrene. To monitor the humidity levels in the factory
that manufactures polystyrene, a humidity meter was made by soaking filter paper in an
aqueous solution of cobalt(IT) chioride. The paper was dried so that the original pink colour
was replaced and the filter paper became pale blue. The equation for the equilibrium reaction
representing the colour change is as follows:

[Co(H20)** + 4CI” = [CoCLJF + 6H0 AH = +50 kJ mot™
pink blue

The dry filter paper was then left in the factory for the day.

© VJIC 2020 PartnerinLeaminggmigaper.com
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(i) How would the use of this meter indicate that the factory was humid during the day?
Explain your answer.

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

(ii) Suggest, with an explanation, two reasons why the paper turned blue when heated with
a hairdryer.

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

{Total: 20]

4 Ethanedioic acid, HoC204 is a dibasic acid. The two acid dissociation constants, K1 and K.
of ethanedioic acid are 5.4 x 1072 and 5.4 x 107 respectively.

(a) (i) Write an expression for the second acid dissociation constant, K., stating the units.

[2]
(i) Suggest a reason why K,sis higher than lKaz.

(iii) In a 0.100 mol dm™ H.C,04 solution, the percentage dissociation of H2C204 is 3.98%,
calculate the pH of this solution.

[
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{b) A mixture containing 0.50 mol dm™2 of HC204~ and 0.50 mol dm™2 of C204* can serve as
a buffer solution.

(i) Define the term buffer solution.

................................................................................................................ 1]
(i) Explain, with the aid of equations, how the above mixture can serve as a buffer

solution.

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

(c) A reaction between the reagents A, B, and C is studied at a constant temperature and
the results are shown in the table below.

The rate equation is found to be rate = A[BJ*[C]

Complete the table.
Experiment Initial [A] Initial [B] Initial [C] Initial rate
{ mol dm™ { mol dm™3 / mol dm™3 / mol dm=3 s’
1 0.025 0.0125 0.040 1.51x 1078
2 0.050 0.0125 0.040

3 0.010 0.0375 1.02 x 1077

4 0.025 0.040 6.00 x 1078
31
[Total: 10]
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Section B

Answer one question from this section, in the spaces provided.

5 (a) Naturai rubber is a polymer which is made from 2-methyl-1,3-butadiene,
CH2=C(CH;)CH=CH.. Natural rubber can be vulcanized to improve the elasticity by the
addition of sulfur cross tinks. Without the crosslinks, the rubber cannot return to its original
shape after being stretched over a limit. Figure 1 shows how the polymer chains change
during stretching.

Unstretched rubber

stretched rubber

sulfur cross links
Figure 1

Figure 2 shows the how the length of a rubber and a few other polymers, W, X, Y and Z
changes when a force is applied to them until it is broken.

For the rubber, it can retain its shape after being stretched from point 0 to point A. From point
A to point B, it starts to lose its ability to return to its original shape.

Increase in length f cm

Figure 2

() Suggest which bonds or interactions are broken from point @ to point A, from point A to
point B and at point B. '

from point Qo PoINt Ac . oo e —————

from point Ato POINE B ...

AL PO B ey [2]

(i) With reference to Figure 1, suggest why rubber gives off heat to the surroundings when
it is stretched.

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

© VJC 2020 PartnerinLeamingimiap
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(iii) Abelaying rope is used for rock climbing. It prevents the climber from falling to the ground
when one slips. It is strong enough to carry the weight of the climber. it also stretches to
reduce the impact of the fall experienced by the climber to a limit. After that, it should not
stretch any further to break the fall.

With reference to Figure 2, state and explain which polymer can be used to make a
belaying rope.

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

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

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

(iv) Poly(styrene-butadiene-styrene), or SBS, is a rubber that is produced for the soles of
shoes. It is made from styrene, CsHsCH=CH: and butadiene, CHz=CHCH=CH..

Draw one repeat unit of this polymer which is made up of two monomers of styrene and
1 monomer of butadiene which is arranged in the order of styrene, butadiene, styrene.

1]
(v) Suggest how further reaction could help the polymer have higher tensile strength.

(b) A polyamide X was made from the monomers shown. Similar to carboxylic acid, phosgene
also reacts with 1,4-phenylenediamine to form polymer X with the loss of HC/.

9
HzN—<C:j>-NHz ci—C-¢i

1,4-phenylenediamine Phosgene

(i} Draw two repeat units of X.

i1l

(i}) In a big industrial city, there is air pollution from factories emitting SOz gas. Polymer X
undergoes degradation when it is exposed fo the rain for a prolonged period of time.

State the type of reaction that occurred when X underwent degradation.

® VJC 2020 PartnerinLeamingmigaper.com
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(iif) PVC has the structure as shown below.

%%

Even in an unpolluted city, explain why PVC is still favoured over X as a material to
manufacture rain coats.

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

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

(c) (i) Write down the structural formula of an isomer with the molecular formula CsH120 that
does not react with acidified potassium manganate(VIl).

(ii) Write down the structural formula of an isomer with the molecular formula CsHi20 that

can give 3 possible organic products, including sterecisomers, when heated with excess
concentrated HaSO4.

(i) Write down the structural formula of an isomer with the molecular formula CsH120 that
does not react with excess hot concentrated H>SO..

(iv) Draw the skeletal formula and name the organic product formed when
CH3CH2CH2CH2CH20H reacts with CHaCO:H in the presence of a catalyst.

[2]

BP-739

{v) Suggest and explain whether CHyCH.CH>CH,CH.0OH or CHiCH.CH>CH:CHOQ has a

higher boiling point.

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

....................................................................................................................
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(d) Draw a diagram to illustrate the shape of CiFs. Hence, explain whether CiF; is a polar
molecule.

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

[Total: 20]
6 (a) Acrylonitrle, CH;=CHCN, is a colourless, volatile organic liquid.

(i} Draw a diagram to illustrate the shape of CHz=CHCN, clearly indicating the bond angles
around all the carbon atoms.

(2]
(i) State and explain if acrylonitrile can exhibit cis-trans isomerism.

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

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

The synthesis of acrylonitrile involves a reaction between propene, ammonia, and oxygen.
Besides acrylonitirile, water is also formed in the reaction.

(i) Write a balanced equation for the synthesis of acrylonitrile.

{iv) Propene, ammonia, and oxygen exist as gases during the synthesis of acrylonitrile. The
reaction is catalysed by a sofid catalyst, bismuth phoshphomolybdate, BigPMo0120s2.
Outline the mode of the catalytic action for the synthesis of acrylonitrile.

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

....................................................................................................................
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(b) Acrylonitrile is one of the monomers used in the production of the copolymer, Acrylonitrile
Butadiene Styrene {ABS), which is used to manufacture Lego™. The structures of the 3
monomers used to form ABS are shown below.

CH=CH,
CH,=CHCN CH,=CHCH=CH, @
acrylonitrile butadiene styrene

(i} Butadiene can be synthesised from butanedial, CHOCHzCH:CHOQ via a 2-step reaction
as shown below.

O step 1
step 2
(\) D —. F P N
|
[ butadiena

Suggest the structure of compound F, and the reagents and conditions for
steps 1and 2.

L0704y oo T 1o 8 e O
£ = o T
1= o B PP [3]

(i) Define the term polymer.

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

................................................................................................................ 1
{iii} Draw one repeat unit of the polymer ABS.
[
{iv) Explain why Lego™ can withstand masses up to 400 kg before it breaks.
................................................................................................................ [1]
(v) Suggest and explain whether Lego™ is likely to be recyclable.
................................................................................................................ [1]

© VJC 2020 PartnerinL eamingmap
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(c} Traditional Lego™ pieces are usually brightly coloured and hence are attractive to children.

In addition, the variety of colours support a wide variety of design options for constructing
Lego™ masterpieces. Nonetheless, certain Lego™ designs require transparent pieces.
These transparent Lego™ pieces are made of poly(methyl methacrylate).

The structure of poly{methyl methacrylate) is shown below:

Hoe”
{15}
H CH3 n
Poly(methyl methacrylate)

() Draw the monomer of poly(methyl methacrylate).

i

(i) Suggest whether bottles made of poly(methyl methacrylate) is suitable for storing dilute
acid solutions.

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

A group of researchers are trying to find a suitable polymer to be used as the screen for a
foldable mobile phone. The screen needs to be foldable and resistance to scratches.

Four polymers, A, B, C and D have been shortlisted for this purpose. Their properties are
shown below.

Table 2.1 _
polymer strength water resistance rigidity chemical reactivity
A medium low high low
B strong medium low medium
C strong _high low low
D low medium medium medium

(i) One of the monomers use to synthesis polymer A s CH3CH;CH(OH)CH;CH(OH)CHa.

Name the monomer used to synthesise A.

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

(iv) State which polymer would be most suitable for making this foldable screen. Explain your
choice by considering the properties listed in table 2.1.

.................................................................................................................
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2
Saction A

Answer all the questions in this section, in the spaces provided.

1 {a) An experiment was conducted to determine the percentage by mass of NasCrQ4 In a solid

sample. 2,05 g of this sample was first reacted with 25 em? of dilute H2S0, to give a solution
containing Cr** and Cr.0+*. The resultant solution was then transferred to a 100 cm?
volumetric flask which was topped up to the mark with delonised water.

10.0 cm® of the solution In the volumetric flask was pipetted out and reacted with excess KL
Cr:0+ was convertad Into Cr** and 1. was lberated as shown below.

Cr207% + 14H* + 81 — 2Cr* + TH20 + 312
Ths amount of 1 formed In the abave reaction was found to be 8.90 % 10 mol,

(1) Identify the spacies which Is baing oxidised and the species which is being reduced for
the reaction of CrO,> with HzSO4. Explain your answers using oxidation numbers.

n.d“.. Is reduced as the oxidation number of Cr decreases from +5 in CrO,* to +3
in Cr¥.
Croa*-is oxidised-as the oxidation number of-Cr-increases from +5In-Cro.* to +6-
In CraO7*,

2]

(i) Write half-equations to show the oxidation and reduction processes that occurred in the
reaction of CrO,> with H2504. Hence, write a balanced equation for this reaction.

Reduction half-equation: CrO& + 8H* + 2¢~ — Cr** + 4H,0
Oxidation half-equation: 2Cr03- + ZH* — Cra074 + Ha0 + 26~

3Cr0.* + 10H" — Cr** + 5H0 + Cr:0/*-
[21

(lli) Caiculate the amount of Cr207 formed in the 100 cm? volumetric flask.

Amount of Cr;07 In 10 cm?® of the solution =28.90 x 10+ +23
=2.97 % 10* mol

Amount of Grz20 In 100 cm? of the solution = 2,97 x 10~ = (100/10)
= 2,97 x 10 mol
2]
{iv) Hence, determine the percentage by mass of NaaCrQ, in the sample.

Amount of Na,CrQua reacted with H:80, = 207 x103x 3

= 8,90 x 10~ mol
Mass of NayCrOa = 8.90 = 107 x (23.0 x 3 + 52.0 + 16.0 x 4)
=1.85g
Percentage by mass of NasCrO, = 1,65 + 2.05 % 100%
= 80.5%

[
(v} Astudent conducted this experiment but KI was not added in axcess. Explain the effact
that this error will have on percentage by mass of Na:CrO, detarmined.

Not all the dichromate reacted to give I, thus the calculated amount of NasCrQO,
will be smaller than expacted teading to a smaller percentage purlty.
: fl
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(lv) Another experimant was conducted fo determine the specific heat capacity of a
calorimeter. The experimental setup and the results are shown below.

‘\\.\\ 50 g metal catorimater
[
wick ~| J‘HI’
c 100 cm? of water

] splrit burner

thermometsr

butanol

temperature of water before heating = 25.0 °C
temperature of water after heating = 50.1°C
mass of spirit burner before heating = 81.50g
mass of spirit bumer after heating = 80.76g

With reference to the graph on page 4 and retevant Information in the data booklet,
determine the specific heat capacity of the metal calorimeter.

Let y be the specific heat capacity of the metal calorimetar.
Amount of butanol combusted = {81.50 — 80.76 / 74.0)
= 0.010 mol
Haat evolved = MusarCusarAT + MealorimstaConlamatarA T
= (100){4.18){50.1 — 25.0) + (50){y)(50.1 - 25.0)
= (10491 + 1255y) J
10491 +1255y
B oaerr——e———
1600 = 10° 5010

y= 4.39
The specific heat capacity of the metal calorimeter is 4.38 J g °C~ -

{b) The combustion of alcohats produces a greenhouse gas, carbon dioxide. A mineral
serpentine, MgsSiz0s{OH), has the potential to capture carbon dioxide. After carbon
dioxida is caphured, magneslum carbonate, water and an acidic oxide are formed.

() Write a balanced equation for tha reaction of MgsSiOs(OH) with CO».
M(:8105{OH)s + 3C02— 3MgCOs + 2810, + 2H,0

0l
(80) Draw the dot-and-cross diagram for MgCO;,

)

(iif} MgCOs can be decomposed under high heat to form MgO. Explair whether MgCOs or
MgQ will have a higher melting point.

© VIC 2020 _umnswq—:rommﬁm_sma {Turn over

1
0% and COy* have the same charges. However, 0% Is small

Lattice enargy « M.+MN|
T
{or since luttice energy is directly proportional to the product of charges and
Inversely proportional to the sum of radil),
hanca MgO will have a mora axothermic jattice an and gtronger jonic bonds

which requires more enargy to break.

{2

{c} The diagram below Rustrates the acid-base behaviour of oxides, M<Qy based on the
electronegativity and oxidation state of the element M. The larger the value of the Pauling
electronegathvity is, the more electronegative the element M is.

oxidation number

3.0

Pauling slectronegativity

Using Na:0 as an example, Na in Na:O has an oxidatlon state of +1 and a Pauiing
electronegativity of 0.93 which leads to the conglugion that NazQ is a basic oxide based on
the graph.

() Given that the Pauling electronegativity of galliumn is 1.81, predict whether Ga20s is an
acidic oxide, basic oxide or amphoteric oxide.

Gaz0s Is an amphoteric oxide.
A

(i) Write an equation for any raaction(s) of Gaz0s with NaOH and HC/ respectively. If there's
- no reaction with either NaOH or HC/, state that there's no reaction.
Ga;0; + 6HC/ — 2GaCh + 3H:.0
Gaa0s + 2NaOH + 3H0 — 2NaGa(OH),
2]

{ll}) Asz05 is an acldic oxide and As20; is an amphoteric oxide, Suggest a value for the
elactronegativity of As.
Pauling electronagativity of As= 2.2
M

(iv) For elements with the same oxidation numher, suggest and explain how thelr
electronegativity affects the acid-base bahaviour of their oxides.
Whaen the electronegativity of the element is low, its oxide Is basic. When the
elactronegstivity increases, it becomes increasingly more acidic.
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(i} Write an expresslon for K. for the reaction.
K = [styronellH,]
[ethylbenzene]
f1

(i) Calculate the valus of Kqat f = 5 min, stating the units:

O, - O - s
= 2
o (@

initiad / mol 05 0 0

Change / moi -X +x X

Equitibrium / mol 0.5-x X X
0.5-x  _ 03

0.5=x+X+X

x =0.269
AQ.NmazPNQOu
IEHEH . "
s K [ethylbanzene] AEV 0.827 mol dnv
0.5
1

(lii) On the axes provided, complete the graphs o show how the concentrations of
athylbenzene and Hz varies from t =15 min to t = 26 min. Labet your graphs a.mm..?.

H \ll Ethyl-banzene

Ethyl-
banzohe

A, Hz

Mz

Concentration / mol dm™

* Titne / min
10 15 20 25

» 1m for compression of gas at t = 20 min

+ 1mfor equillbrium posltion change from t = 20 to £= 25 min. 2

(c) Humldity can affect the synthesls of polystyrene, To moniter the humidity levels in the factory
that manufactures polystyrene, a humidity meter was made by soaking filter paper In an
aqueous solution of cobalt(IT} chloride. The paper was dried so that the original pink colaur
was raplaced and the filter paper became pale bius. The equatlon for the equilibrium reaction
representing the colour change is as follows:

[ColHzO)]?* + 4CT = [CoCLP + 6H:0  AH= +50 kd mol™
pink , blue

The dry filter paper was then lsft In the factory for the day.

Partnerint.eamingm [Turn over
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() How would the use of this meter indicate that the factory was humid during the day?
Explain your answer.
«  When the laboratery was humid during the day, more water vapour adsorbs on the
papsr.
+ Thus, by Le Chatelier's principle {LCP), the position of the above egullibrium iz
shifted to the left, which caused the paper fo turn from blus to pink.
(2

(i) Suggest, with an oxn_.m:wmc:. two reasons why the paper tumed blue when heated with
a hairdryer.

+ When heated with a halrdryer, the temperatura of the paper Incteased. By LGP, the
forward endothermic reaction was favoured to absorb excess heat. As a result,

the paper turned blue. ]
«  When heated with a hairdryer, water on the filter paper gvaporates. By LCP, the
rward reaction Is favoured to replenish water and thus the paper turned blue.
2

[Tatalk: 20)

4 Ethanediolc acid, HC:04 is a dibasic acid. The two acid dissociation constants, Ku and Xﬁ‘oq

ethanedioic acid are 5.4 x 102 and 5.4 x 1075 respectively.
(a) () Write an expression for the second acid dissociation constant, #Gz, stating the units.

. _[HIC02]
*=  [HC0,]
+ Unlts: moldm™

21
{il) Suggest a reason why Ky is higher than Kez.

* More energy is needed to remove the posgitive H* from a pegatively charged HC;04~
for K;; compared to uncharged H:G.0, for K,y Hence, H:C;04~ dlssoclates to a

smaller sxtent.
i1]

(iil) In a 0.100 mol dm™* H2C>04 solution, the percentage dissoclation of HzCo04 is 3.98%,

calculate the pH of this solution,
HY] = %x 0.1 = 3.98 x 10* mol dm~

s pH=-1g{3.98 x 107} = 2,40 d
1

{b) A mixture containing 0.50 mol dm~? of HC204~ and 0.50 mol dm™ of C204%" can serve as
a buffer solution.

{l) Define the term buffer solution.

* A buffer solution is able to malntaln a fairly constant pH when a small amount

of acid or base Is added.
I
(i) Explain, with the aid of equations, how the above mixture can serve as a buffer
solution. ’
© VJ4C 2020 PartnerinL.eamningmiap
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{Ill) A belaying rope Is used for rock climbing. it prevents the climber from falling to the ground

when one slips. It Is strong enough to carry the weight of tha climber. It also siretches to
reduce the impact of the fall experienced by the climber to a limit. After that, it should not
stretch any further to break the fall.

With reference to Figure 2, state and explain which polymer can be used to make a
belaying rope.

Polymer Y

It has high tensile strength as it onlv broaks when a large force Is applied. When a
force is applled, there is an |nitial increate in tha length to reduce the Impact. When
the force is increased over a fimit, the length remains almogt the same. 2

{lv} Poly(styrene-butadiene-styrans), or SBS, is a rubber that is produced for the soles of

shoes. It is made from styrene, CsHsCH=CH: and butadiane, CH;=CHCH=CH,.

Draw one repeat unit of this polymer which is made up of two monomers of styrene and
1 monomer of butadiene which is arranged in the order of styrene, butadiene, styrens.

i1l

(v} Suggest how further reaction could heip the polymer have higher tensile strength.

There are still CaC bonds In the polymer chain which ¢an undergo further addition
reactions to form strong coval links, hence_more gnergy Is needed to
break the polymer, "

(b} A polyamide X was made from the monomers shown. Simllar to carboxyllc acid, phosgene
also reacts with 1.4-phenylenediamine to form polymer X with the loss of HCL

o
m~z|©lz:u ci—¢-c1

___14-phenylenadiamine Phosgene

() Draw two repoat units of X.

h@ﬁl@&:

i

(i In a big industrial city, there is alr poflution from factories emitting SQ2 gas. Polymer X

undergoes degradation when it is exposed to the rain for a prolonged period of time.
State the type of reaction that occurred when X underwent degradation.

it can undergo acid hydrelysis. "

PartnerinLeamingm [Tumn over
887
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{iil) PVC has the structure as shown below.

(o) ()

PVC
Even in an unpolluted city, explain why PVC is stilt favoured over X as a material to
manufacture rain coats.

PVC is more water resistant.
PYC fonns weaker
which makes It mere water resistant unllke polymer X which can form stronper

hydrogen bonds with water.
[P

Write down the structural formulea of an isomer with the molecular formula CsH120 that
does not react with acldified potassium manganate(Vil).
CHJCH;C({OH){CH;)2

[

(i) ‘Whrite down the structural-formuta-of anisomer with the molacutar-formula CsHizO thet

can give 3 possible organie products, including stereolsomers, when heated with excess
concentrated HzS0,.
CH:CH:CH,.CH{OH)CH»

1]

(i) Write down the structural formula of an isomer with the molecular formula CsHy20 that

does not react with excess hot concentrated HzS0,.
{CH1)sCCH:0H
|

{v) Draw the skeletal formula and name the omanic product formed when

v

© VIC 2020

CHyCH:CH:CHzCH:OH reacts with CHaCO:zH in the presence of a catalyst.
[+]

/\/\io\_F
Pantyl ethanoate
2

Suggest and explain whether CH;CH>CH2CH,CHOH ar CHsCH2CH:CH,CHO has a
higher bolling point.

Pentanol forms strenger hydrogen bondg hetween its moleculas as compared to
pentanal which forms weaker
betwean its moleculss and so It requires lesser energy to break.

nol hag higher boiling point as more ¢nerqy is required to break its stronger
Intermolecular forces of attraction.

[2)
{d) Draw a diagram to llustrate the shape of C/Fa. Hence, axplain whether CJFs is a polar
molecuie.
]
....me

I .
It is polar as [t has polar C/-F bonds and a net dipole moment.
£21
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(i) Suggest if bottles made of poly{(methyl methacrylate) is suitable for storing dilute acid
solufions.
It is not a sultable material as the ester groups can undargo acld hydrolvsis.

M1

A group of researchers ara trying to find a suitable polymer to be used as the screen for a
foldable mobile phone. The screen needs o be foldable and resistance to scratches.

Four polymers, A, B, € and D :mes been shortlistad for this purpose. Their properties are
shown below.

Table 2.1 .
polymer gtrength water resistance rigidity chemical reactivity
A medium low high ) low
[:] strong__ medium low medium
[+ atrong high low low
D low mediumn medium madium

(iil) One of the monomers use to synthesls polymer A ls CH3CH:CH(OH)CHzGH(OH)CH,.

Namea the monomer used to synthesise A,

» Hexane—2,4-diol
|

(iv) State which pofymer would be most suitable for making this foldable screen. Explain your
cholce by considering the proparties listed in tabla 2.1.

« Polymer C is most sultable for :._n_n_:u foldable scroan. This Is because it has high
water roesis ich will r gotting into the

it will not be easily scratched. It has fow nro!_nm_ reactivity and so it will not
jve materials In daily life.

[2]
[Total: 20]
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