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1 Use of the Data Booklet is relevant to this question.

What do the ions ¥S%* and ¥ CI~ have in common?

A Both ions have more electrons than neutrons.

B Both ions contain the same number of nucleons in their nuclei.
C Both ions have an outer electronic configuration 2s? 2p®.
D

Both ions have 20 neutrons in their nuclei.

2 Use of the Data Booklet is relevant to this question.
Which particle would, on losing an electron, have a half-filled set of p orbitals?

A C B N C N D ©O

3 Which of the following species does not have the same bond angle as the rest?

A 0Ck B HCN C BeH: D XeF:

4 Which of the following statements about water are correct?

1 Water can form hydrogen bonds with propancne.

2 Water has a higher density than ice as hydrogen bonds are stronger in water
than in ice.

3 Water has a lower boiling point than pentanol as hydrogen bonds are weaker in
water than in pentanol.

A 1and2 B 1and3 C 2and3 D 1only

5 Which of the'following statements about graphite is incorrect?

A All the bond angles in it are 120°
B Each carbon atom is bonded to three other carbon atoms.

C It is able to conduct electricity due to the presence of delocalised elecirons that are
free to move within each layer.

B It has low melting point due to the weak instantaneous dipole-induced dipole
interactions between the layers.
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6 Use of the Data Booklet is relevant to this question.

Which of the following contains twice the number of atoms as 16 g of oxygen gas, 0,7

2 g of hydrogen gas
2 g of helium gas

16 g of nitrogen gas

o 0w >

16 g of methane gas

7 The percentage by mass of water in a hydrated magnesium sulfate salt, MgSQOa. xHz0
is 51.1%.

What is the value of x?

A 4 B 5 C 6 D 7

8 Dithionite, S,0% reacts with water under acidic conditions to form thiosulfate, $,0;" and

hydrogen sulfite, HSO; .
28,07 + H,O — 8,08 + 2HSO;
Which of the following statements about the reaction and the species involved is correct?

A Hy0is the reducing agent.
B HSO; is the oxidising agent.
C The oxidation number of sulfur decreases from +3 in S,0} to +2in S,05.

D The oxidation number of hydrogen increases from +1 in H,0 to +2 in HSGO;.

9 1 mol of zinc metal was added to 1 mol of VO3 . The zinc metal was found to be oxidised
by VO; to form Zn*.

Assuming that all the reactants added were reacted, what is the oxidation number of
vanadium in the product?

A +4 B +3 C +2 D +1
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10 The first eight ionisation energies, in kJ mol™, of an unknown element A are given below.
420 3100 4400 5900 8000 9600 11400 13300
Which of the following statements about A is correct?

Element A s in group 2 of the Periodic Table.
Element A can conduct electricity in the solid state.

The oxide of A is an amphoteric oxide.

o 0O W >

The chloride of A hydrolyses in water to give an acidic solution.

11 Which statements conceming the elements in the third period, from sodium to chlorine,
are correct?

1 The element that has the lowest meiting point is phosphorus.
2 The element with the highest elecirical conductivity is aluminium.

3 The element with the smallest anion is chlorine.

A 2and3 B 1and3 C 1and2 D 2Zonly

12 Use of the Data Booklet is relevant to this question.
Hypothetically, N could be formed from nitrogen gas by the following reaction.

2Nz(g) — Na{g) AH

By considering the bonds broken and bonds formed, as well as the structure of N4 given
below, what would be the value of AH for the above reaction?

N

N N

A +140kJmol' B +928kJmol' € -140kimol® D -928 kJ mol™
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The enthalpy change of reaction between calcium and water, AH,, can be measured in
the laboratory.

Ca(s) + 2HO() — Ca(OH)(s) + Hz(g) AH;

What other data is needed in order to calculate the enthalpy change of formation of
Ca(OH)2(s)?

Lattice energy of calcium hydroxide

Enthalpy change of formation of calcium

Enthalpy change of combustion of hydrogen

o 0o w >»

First and second ionisation energies of calcium

A commercial pharmaceutical drug has a constant half-life of 2 h. The drug will lose its
effectiveness in the human body once its concentration in the patient's bloodstream falls
below 40 mg dm™.

Given that when a patient first consumes the drug, the concentration of the drug in his
bloodstream increases to 320 mg dm™3, how often should he take his prescription in order
to maintain the effectiveness of this drug in his body?

A every2h B everydh C every6h D every8h

15 The reactants D and E react in the presence of a dilute acld as follows:

D(aqg) + E(aq) —» G(aq) + J(aq)
ltis found that the rate equation for the reaction is rate = k[D[’ [H].
Which of the following statements Is not correct?

A The magnitude of k increases with temperature.

B H* lowers the activation energy of the reaction.

C Doubling of [E] at constant temperature causes a doubling of the reaction rate.
D

Doubling of [H'] at constant temperature causes a doubling of the reaction rate.
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16 In which of the following reactions is the underlined species behaving as a base?
A N, + 3H, == 2NH,
B NH; + H,0 == NH, + H,0*
C CH,CONH, + OH" —— CH,COO™ + NH,

D GCH,CH,NH, + HO® — CH,CH,NH, + H,0

17 Which of the following statements about the titration involving 25.0 cm? of 0.001 mol dm™
CHsCOOH(aq) and 0.002 mol dm™ NaOH({aq) is correct?

The initial pH is 3.
The equivalence volume is 25.00 cm?®.

The solution obtained at equivalence point is acidic.
After adding 6.00 cm? of NaOH(aq), a buffer solution is obtained.

oo m >

18 Consider a reaction for which the equilibrium constant is independent of temperature.
Which of the following statements about this reaction is correct?
A The enthalpy change of reaction is zero.
B Its rate constant does not vary with temperature.
C There are equal amounts of reactants and products.
D

The activation energies for both the forward and reverse reactions are zero.

19 Myogiobin, Mb, is an oxygen-carrier protein that exists in the muscle fibres of most
mammals. Each Mb molecule will bind to one Oz molecule, according to the following
equation.

Mb(aq) + Oz(aq) = MbO,(aq) K= 1% 108 mot- dm?

‘Given that the equilibrium concentration of Oz is 6.5 x 10% mol dm™3, what is the
percentage of MbO:; in the Mb-MbO2 mixture at equilibrium?

A 505% B 650% C 867% D 884%
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20 Compound L was reacted with hydrogen gas in the presence of piatinum catalyst.
How many sigma and pi bonds will be found in the product formed?

ti!
Ci\?,H
0§? H
H
number of sigma bonds number of pi bonds
A 21 3
B 25 2
Cc 26 1
D 28 0

21 Compound M has a straight-chain structure with a molecular formula of CsHsO.

Which functional groups may be present in an isomer of compound M?

1 alcohol
2 aldehyde
3 ester
A 1,2and3 B 1and2only C 1only D Z2only

22 (CHsCH2)CH can react with chlorine under uv light to produce monochloro-compounds.

How many possible constitutional isomers of monochioro-compounds can it produce?

A 2 B 3 C 6 D 7
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Compound N reacts with 2 mol of HBr at room temperature in the following reaction:

Br
Compound N + 2HBr —» /\’)\/
‘ Br

Given that there are no adjacent carbon-carbon double bonds in N, what is the total
number of cis-trans isomers that N can have?

A 1 B 2 c 3 D 4

The foliowing compound was heated with ethanolic sodium hydroxide.

HsC

CH
HO 3

Br
Br

Which of the following represents the structure of the organic product?

H
HsC CH, | :
H ,C\ CHa
A B
Br
Br
Br
Br
HsC
CH
HO 3 HaC, CH,4
c | p HO
OH
OH

2-methylbuta-1,3-diene, CH,=C(CH3}-CH=CH;, is used as a monomer in the
manufacture of synthetic rubbers.

Which compound will not produce this monomer on treatment with excess concentrated
sulfuric acid at 170 °C?

A (CHa)C{OH)YCH(OH)CH3

B HOCH:CH(CH3)CH2CH:0OH

C HOCHCH(CH;3)CH(OH)CHa

D HOCH2C(CH3)(OH)CH2CHs
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P, Q and R are three isomeric alcohols.

P CH3CH:CH:CH:CH:0OH
Q CHaCHCH(OH)CH:CHs;
R  (CH3)2C{OH)CH:CH;
Two or more of these alcohols react with acidified potassium dichromate(VI).

One of these alcohols, upon oxidation, produces an organic product § that reacts with
sodium carbonate to give carbon dioxide.

Which row is correct?

reacts with acidified forms 8 which reacts
potassium dichromate{VI) with sodium carbonate
A P and Q only P only
B P and Q only Q only
Cc P,QandR P only
D P.QandR Q only

Reaction I shows two ethanal molecules combining to form an aidol. Reaction II shows
the reaction of the aldol when heated.

I 2CH3CHO — CH;CH{CH)CHCHO
aldol

I CH3sCH{OH)CH:CHO — CH3CH=CHCHO + H:0

Which of the following cotrectly describes reactions I and II?

I II
A elimination reduction
B substitution elimination
C addition reduction
D addition elimination

28 Which of the following molecules can react with both acidified potassium dichromate(VI)
and sodium borohydride, NaBH.?
A CH;CH:OH B CH;CHO C CHsCOCH:s D CH3;CH(OH)CH;
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29 Artemisinic acid is a useful intermediate for making the anti-malariat drug, artemisin.

30

OH

0
artemisinic acid

Which statement about this compound is incorrect?
A 15 mol of CO: is formed upon complete combustion of 1 mol of it.

It can exhibit cis-trans isomerism around a double bond.

In the presence of H* ions, it can form esters with ethanol.

o O w

It can undergo condensation with ethylamine, in the presence of DCC.

The polymer having the repeat unit shown below occurs in bacteria as a cell storage
material.

GH¥ 9
H H

Which deductions about this substance can be made from this structure?

1 ltis a condensation polymer.
2 Hydrogen bonding is formed between two polymer chains.
3 It can be made when a diol and a dicarboxylic undergo polymerisation.

A 1only B 1and2only C 1and3only D 2and3only
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Section A
Answer all the questions in this section in the spaces provided.

1 (a) Beams of particles traveliing at the same speed are subjected to an electric field.
Fig 1.1 shows the experimental set-up in which protons are found to be deflected

through an angle of +x°.

source —I_

Fig1.1
(1) Indicate in Fig 1.1, the polarity of the plates and explain your answer.

(i) Assuming an identical set of experimental conditions, state and explain the angle
and direction of deflection in terms of x° for the following particies.

I: “*He nuclei

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

.............................................................................................................................
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(b} With reference to the electronic configurations, explain why the first ionisation energy For

of flucrine is smaller compared to that of neon. EX&(T;:W’ s

Electronic configuration of fluoring: .........cccccviriiniieeninicinnen, T

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

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

....................................................................................................................................
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2 Ascorbic acid (CsHeOs), or more commonly known as Vitamin C, is an important component
of our diet. Vitamin C pills are widely available in the market as dietary supplements, with
about 1000 mg or 500 mg of Vitamin C in each pill.

To determine the amount of Vitamin C in a pill, a titration involving the following steps can
be catried out.

Step 1: 103 is reacted with I” to produce a known amount of Iz

I0; + 6H° + 51" — 31, + 3H,0
Step 2: A Vitamin C pill is dissolved in deionised water.
Step3: The I; produced in Step 1 is reacted with the Vitamin C solution from
Step 2:
CeH,Os + L, — CHO, + 2I" + 2H'

Step4:  The unreacted I: from Step 3 will be titrated against S;0.2":
I, + 25,02 — 21" + S,0f

(a) {I) Write haif-equations to show the oxidation and reduction processes that occur in
Step 1.

oxidation

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

130 L1111 OSSR 2]

In Step 1, 5.00 g of KIOa (M: = 214.0) was first dissolved in 10 cm? of deionised water.
The solution was then acidified and made up to 250 cm3. 25.0 cm? of the resulting

solution was pipetted out. 2.50 g of KI was added and stirred to ensure complete
reaction.

(i) Calculate the amount of KIQ; in 25.0 cm?® of solution.

[
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(ili) Hence, calculate the amount of iodine formed in Step 1.

3]

{b) Is Vitamin C, CsHsOs, acting as a reducing agent or an oxidising agent in Step 37

{c)

©EJC

Explain your answer in terms of the change in oxidation numbers.

In Step 3, the solution of I, obtained in {a)(iii) was mixed with a solution of Vitamin C.
The unreacted Iz from Step 3 required 20.85 cm? of 0.400 mol dm™3 ;042 for complete
reaction in Step 4.

(i) Calculate the amount of I that has reacted with S5;03% in Step 4.

[

(i) Using your answer in (a){iii), calculate the amount of 12 reacted with Vitamin C in
Step 3.

(13
(ili) Hence, calculate the mass of Vitamin C in the pill.
(1
[Total: 10]
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3 Nitrogen can form a few hydrides such as NHs and NzHa.

(a) Draw a ‘dot-and-cross’ diagram to show the bonding in NzHa. State the shape of the
molecule about each nitrogen atom.

BP~177

Examiner's
Use

ShaPe ...ccceecer et
[2]
{b) The boiling points of three compounds are given in the table below.
compound | boiling point / °C
NHa -33
NzHs4 114
CzHa -103
Explain the difference between the boiling points of:
(i) N2Hs and CaH,
......................................................................................................................... 2}
{i)) NHs and N2H4
......................................................................................................................... [1]
©EJC 8873/02/J2PE/20
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(c) When NHs is reacted with HCL a white solid of NH,C! with a melting point of 338 °C
can be obtained upon heating to dryness. The meiting point of the NaC!solid obtained
after a similar reaction between NaOH and HClis found to be much higher at 801 °C.

Explain why this is so with reference to their structure and bonding.

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

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

................................................................................................................................ [3}
(d) (i} NH;reacts with BHs to form ammonia borane, NHaBH,.
Draw a ‘dot-and-cross’ diagram to show the bonding in NH;BH..
[1
(ii) Is ammonia borane a polar molecule? Explain your answer clearly.
......................................................................................................................... [1]

[Total: 10]
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4 (a) An experiment was carried out to determine the relative oxidising power of three For
unknown halogens Xz, Y2 and Zz. Table 4.1 shows the results of experiments in which Exarminer’s

Use
the halogens X2, Y2 and Z» were added to separate aqueous solutions containing X-,
Y- and Z- ions.

Y-(aq) Z" (aq)

no reaction no reaction

brown solution formed [FIEREEE ® orange solution formed

Zz brown solution formed no reaction

Table 4.1

(i) Using the results given in Table 4.1, suggest the identity of X, Y and Zs.

b NP
Yz: ................................................
Zzl ................................................
[2]
(ii} Hence, state the most powerful oxidising agent among the halogens.
......................................................................................................................... 1

(i) Explain, in terms of ease of gaining electrons, why the element you have identified
in (a)(ii) is the most powerful oxidising agent.

.............................................................................................................................
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(b) Describe what happens when separate samples of magnesium oxide and aluminium
oxide are added to water. Give equations for any reactions that occur.

What is the effect of adding universal indicator to each resulting solution?

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

(c) Describe the reactions of the chlorides of magnesium and phosphorus with water.
Include the approximate pH value of any resulting solutions and write equations for

any reactions that occur.
................................................................................................................................ [4}
[Total: 12]
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10

5 Ammonia, NHs is commonly used as a household cleaner to remove greasy dirt in ovens.
It is also used to clean windows as it evaporates quickly and does not leave stains on glass.

25.0 cm?® of 0.500 mol dm-3 NH, was titrated against 0.500 mol dm= HCL Fig. 5.1 shows
the pH changes during the titration.

14

12

JLEL
TLEL
1

10

pH

0 e
0 10 20 30 40 50
volume of HCladded / cm3

Fig. 5.1

(a) (i) Using the pH from the graph, calculate the concentration of hydroxide ions,
in mol dm™3, in the 25.0 cm?® of 0.500 mol dm™ solution of NHa.

[2]
(ii) Explain how your answer in {a)(i) indicates that NHs is a weak base.

.............................................................................................................................
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(b) During the addition of the first 15.0 cm? of HC{, the mixture is behaving as a buffer.

{i) State what is meant by the term buffer solution.

{ii) Explain how the mixture is behaving as a buffer at this stage of the titration. Include
an equation in your answer,

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

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

(¢) A student proposes using phenoiphthalein as the indicator to determine the end-point
of this titration. Using information from Fig. 5.1 and Table 5.1, exptain why the student’s
proposal is not valid, and suggest a more suitable indicator.

S colour in colour in pH range over which the
indicator . -
acid alkali colour change occurs
alizarin yellow orange 10.1-13.0
bromocresol green yellow blue 3854
gentian violet yeliow violet 0.0-1.6
phenolphthalein colourless pink 8.2-10.0
Table 5.1
................................................................................................................................ {2l
[Totai: 8]
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6 (a)

©EJC

12

The two most common types of nylon used in textile and plastic industries are
nylon-6 and nylon-6,6.

The structure of nylon-6,6 is shown below.

i g
NW\/
H
nylon-6,6
(i) Define the term polymer.

(i) Ropes made of nylon-6,6 are chosen for its high tensile strength. Ropes made
from polyesters such as poly(ethylene terephthalate) (PET) are about 90% as
strong as that made from nylon-6.6.

With the aid of a diagram, showing relevant interactions, explain why nylon-6,6 is
stronger than polyester.

T T e L L L L L L LT e T T PPy

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

8873/02/J2PE/20
PartnerlnLeaming
217

More papers at www.testpapersfree.com

BP-183

For
Examiner's
Use




BP-184

13

(i) Rust on window grilles can be removed by spraying the grilles with the rust For

remover shown in Fig 6.1 before scrubbing with a brush. E"a{;‘s"g"fs

Directions for Uae: .
Pluteupto + paﬂhSmemmdemm
aligas, use real on rust staining,

HYDROCHLORIC ACID 32%

" UN No.1788 EC No. 231-595.7

HEALTH & SAFETY AT WORK

Caises Burns britaing (o the respirsiory sysiems

i Gose of contacs with skin and syss rinss

Inrmvadintely with wetsr and seak medical stention.
1nmdmatymummmmmmm
thim lubel o container.

Line in wall ventilsted srt, wear aafety clothing, gloves and ey protecitn.
Keep ockad up sind out of nesch of chisdren, : &

Fig 6.1

Explain whether a brush with nylon bristles or high density poly(ethene} bristles
should be used for the scrubbing.

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

(iv) State whether nylon-6,6 Is classified as a thermoplastic or thermoset. Hence,
explain whether it can be recycled.

.............................................................................................................................
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(b) Suggest a structural formula for each of the compounds A to D in the following

schemes.
A
Ch
—_—
uv light
C1oH16Cla
NaOH(aq),
heat
B
NaBH4
e
OH
(0}
C1oH2002 Z
C D
Br,in CCl, NaOQOH in ethanol
—— I
heat
H..B only one product
C7Hq2 C7Hq2Br2 o
[4]
[Total: 12]
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Section B
Answer one guestion in this section in the space provided.

7 {a) Oleic acid is a monosaturated omega 9 fatty acid found in olive oil. It is said to
potentially reduce the risk of coronary heart disease if taken daily.

Oleic acid has the structure shown:
CHs(CH;)7CH=CH(CH)}>COOH

{i) Describe the pi bonding in terms of orbital overlap. You may draw a diagram to
illustrate your answer.

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

......................................................................................................................... [2]
(ii) Oleic acid exists as a pair of isomers.
Draw and [abel the structural formulae of the two isomers.
[2]
(iii) Describe a chemical test that would distinguish oleic acid from ethanoic acid.
........................................................................................................................ (2]
©EJC 8873/02/J2JCT/20 [Tum Over
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(b) Fig. 7.1 shows a bomb calorimeter, inside a controlled temperature water jacket, which . Far
is used to find an accurate value of the standard enthalpy change of combustion of "a[’;‘s‘:"fs
oleic acid.

Fig. 7.1

(i) Explain why the steel ‘bomb’ is flushed with a high pressure of oxygen at the start
of the experiment.

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

(ii) There is minimal heat lost from the calorimeter because of the controlied
temperature water jacket. Suggest how the controlled temperature water jacket
achieves this.

.............................................................................................................................
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(i} A 2.98 g sample of oleic acid (C1sH402) is bumed in a bomb calorimeter with a
heat capacity of 1.98 kJ K™'. The temperature of the calorimeter increases by
59.3 °C. The process is known to be 95 % efficient.

Calculate the standard enthalpy change of combustion of cleic acid.

[3]

(c¢) The Harcourt and Esson reaction is a reaction involving hydrogen peroxide and
acidified potassium iodide. :

H:Oz + 2174 2HY —» 2H0 + 1,

To determine the order of reaction of each reactant, two sets of reaction mixtures
containing varying concentrations of I were prepared. The concentration of hydrogen
peroxide used for both experiments is 0.200 moi dm=. The results are as follows.

[H*'] / mol dm™?
A

0.004

)

0.002
N\

Set 1: [['] = 0.175 mol dm™

[~~~ set 2: [1] = 0.350 mol dm™

.

% 2 4 6 8 10 12 tme/min
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(i) Given that the initial reaction rate for Set 2 is 1.00 % 10~ mol dm™min!, calculate
the initial rate of reaction for Set 1. Show your working clearly.

(1

() Use the information given above to determine the order of reaction with respect to
I" and H*. Show your reasoning clearly.

[2]
(iii) The actual order of reaction with respect to H0zis one.

The rate of the reaction was measured as 4.4 x 10~ mol dm™ s~ when
[H202] = 0.002 mol dm3, [H4*] = 0.2 mol dm~2and [I] = 0.2 mol dm™3

Determine the rate constant for this reaction and state its units

[2]

©EJC 8873/02/J2PE/20
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{d) Hydrogen iodide can be formed by the reaction between H: and I under strongly For
heated platinised asbestos. It exists as a homogeneous equilibrium system. Examiner’s

Use

H,(g) + L(g) === 2HI(g) --rreresersrssessoeee (1)

(i) Give the expression of the equilibrium constant, K. of reaction (1).

1

(i) Calculate the value of K. at 445 °C, if the equilibrium concentrations in mol dm= of
Hz(g), I2(g) and HI (g) are 2.06, 13.40 and 36.98 respectively.

(1]
(i) The value for the equilibrium constant, K. for reaction (1) at 1000 °C is 13. By

comparing the values of K. at 445 °C and 1000 °C, deduce whether the reaction
between hydrogen and iodine is endothermic or exothermic.

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

[Total: 20]
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8 (a) When 1 g of ethanol was bummed under a container of water, it was found that 100 g of
water was heated from 20 °C to 60 °C. The process was known to be only 65 % efficient.

Use these data and values from the Data Booklet to calculate the enthalpy change of
combustion of ethanol.

B3

(b) Fig 8.1 shows an energy cycle involving ethanol.

7 AH4
2C(s) + 3Hx(g) + EOz(g) » CH;CH,OH() + 302(g)
AH: AH:
2C02(g) + 3H0(D)
Fig 8.1

(i) Name the enthalpy change represented by AH;.

(i) Given that the enthalpy change of combustion of carbon and hydrogen are
—-393.5 kJ mol-' and -285.8 kJ mol™ respectively, use the energy cycle given
above and your answer to (a) to calculate AH\.

8]

© EJC 8873/02/J2PE/20
PartnerinLeaming

225
More papers at www.testpapersfree.com

BP-191

Examiner's
Use




21

(c) A series of reactions starting from 3-chloropropan-1-ol is shown.

I I HO conc. HyS0,4
et >"0H A ~"Co.H CeHgO4
heat B

(i) State the reagents and conditions required for reactions I and I
£33 (=Y o 5 S O RN 1
3 LYo ) 1 U USROS M

(1) Draw the structural formulae of A and B.

[2]
©EJC 8873/02/J24CT/20 {Turn Over
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(d) The reaction between X and Y can be represented by the following equation: . quef
aiminers
X(aq) + 2Y(aq) — Zx(aq) + Zx(g) vee

To study the kinetics of the above reaction, two experiments were carried out in the

presence of excess X. The experimental results obtained are graphically represented
below.

rate of reaction
! mol dm™® min™’

| experiment 1
0.0080 ra Xjo = 1.50 mol dm™>
0.0060
0.0040 Ve _

s | experiment 2

0.0020 e XJo = 0.50 mol dm3

1T

0 [Y(aq)] / mol dm™

0 0.010 0.020
Note: [X]o = initial concentration of X(aq)

() With the aid of the graph, determine the order of reaction with respect to each of
the two reactants, Xand Y.

12]
(ii) Hence, write the rate equation for the reaction and state the units for the rate
constant k.

[2]
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(e) B8.00 g of solid potassium chromate(VI), K:CrO., is dissolved in acid to make a 100 cm?® For
solution. A dynamic equilibrium occurs in the mixture according to the equation below:

2CrO%(aq) + 2H'(aq) == Cr,0%"(aq) + H,0())

(i) Write the K; expression for the above equilibrium mixture.

[l

{if) At pH 5.75, the system reaches equilibrium and one-fifth of the original amount
of chromate{VI) ions remain. Calculate the concentration of chromate(V1} ions at
this pH.

1]

(i) Hence, calculate the value of K.

31

[Total: 20]
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2020 JC2 Prelim Exam
H1 Chemistry 8873

Paper 1 Worked Solution

A is incorrect as both ¥8% and ¥CI” have
20 neutrons but 18 electrens so that they
have fewer {(not more) electrons than
neutrons.

B Is incomrect as %S has 36 nucleons but
¥CL has 37 nucleons.

G is incorrect as ¥$? and ¥CI have outer
electronic configuration of 3s?3pS.

D Is correct as both *¥5% and ¥CI contain
20 neutrons.

=D
Speci | B.efore After losing
pecies | losingan | "
electron
A Cc 1s%2s%2p® | 1s%2g%2p?
B| N 1s72872p° | 152252207
[+ N 1s72si2p® | 15°28°2p°
D o* 1822e22p® | 1s%28%2p?
=>C
Ne. of
Structure bp & Ip;
shape
AN 2bp, 2Ip
A o}
c” e Bent
B H—C=N | 2DbP.OP
linear
c H—Be—H | 22P 0P
linear
I 2 bp, 3lp
D F—Xe—F linear
= A

1 Is comect as there is a lone pair on the O
atom on propanone which can form
attractions to the H atom with a partial
positive charge on water.

2 is wrong as the lower density of ice is due
fo its open structure with large amount of
spaces in between that arises due fo
hydrogen bonding. The strength of
hydrogen bonds is not affected.

3 is wrong as the lower boiling point is due
to the much larger number of electrons in
pentanol, which ieads to significartly
stronger instantaneous dipoie-induced
dipole interactions.

=D

A and B are true as can seen from the
structure of graphite below:

C is true as the delocalised electrons can
act as mobile charge carmiers to conduct
electricity within each layer.

b is falge as graphite has high thermal
stability due to the strong covalent bonds
betwesn the carbon atoms.

=D

B
Amt of Amount of
molecule
atoms
[
2x05
16gof Oz 0.5 mol =1mol
Al 2gofH: 1 mol 2 mol
B | 2gofHe 0.5 mol 0.5 mol
16
C] 16gofN; §| — mol| 2x mal
280 280
D | 16gofCHs 1 mol 5x1=5mol
=A
7 Let the ampirical formula of the salt be

10

MgS0,xH.0
18.0x

243+321+4%x16.0+18.0x

% 100% = 51.1

x=7
=D

A and B are false as this is a

disproportionation reaction, and S0 is

both the oxidising and reducing agent.
C is true cos of the following.

2. ~2- 4(_2}
Oxid ho of S in §,0)7 = ————u— = +3;
2
. —2-3(-2)
odidnoof Sin 8§07 = ————— =42,
2

D is false as the oxidation number of
hydrogen is +1 in both H O and HSO,.
=>0

1.926

65.4
= (02945 mol

Zn ——3 Zn" + Ze

Amt of Zinc metal reacted =

Amt of electrons lost by zinc metal
=2 % 0.02945 mol

= amt of electrons gained by VQOy"
Amt of VO, reacted

20
= %x1.5=0.03 mol

1000
Hence, 1 mol of VO3~ gained
2 x 0.02945
——————— = 2 mol of electrons
0.03

= oxid no. of VO3~ decreased by 2.

Oxidno. of VinVOy ==1-3(-2) =+5
Oxid no of Vin product = +5- 2 = +3
=B

A is incomect as there ks a big jump
between the first and second ionisation
energies, indicating that the element is in
group 1 and not group 2.

B iscomect as group 1 metals can conduct
electricity due to presence of sea of mobiie
valence electrons in its metallic lattice
structure.

C is incomect as group 1 oxides are basic.

D is incomect as group 1 chlorides do not
hydrolyse in water and produces a heutral
solution.

=8
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11 1 The element that has the highest melting
point [s sificon, not atuminium.

2 The element with the highest slectrical
conductivity is aluminium due to largest
amt of delocalised valence electrons in
its metallic lattice structure.

3 The element with the smallest anion is
chiorine due it having the largest nuclear
charge amongst the anions that are afl
isoelectronic.

=A

12 AH = BE(reactants)- BE{products}
= 2(+D44) - B{+160} = +928 k) mol~’
=B

13 AHof reaction = ZAHS of products - EAH of
reactants. Since Ca{s) and Hxg) are
alements in thair standard states, AH*Ca)
= AHXH,)=0 the other data required would
be the AHXH,0) which is equal to AH (H).
Since both are represented by
H2(g) + % Oz (g) - HO {l).
=0

14 Given tye = 2.0 hour

After 1® tyn, mass of X = ¥%(320) = 160 mg
After 2% ti, mass of X = ¥(160) = B0 mg
Adter 3rd ty, mass of X = 14(80) =40 mg

Hence, drug X will stifl be effective after 3 half-
lives (3 x 2.0 = 6.0 hour).
=C

15  The order of reaction with respect to D
is 2, hence tripling #ts concentration will
lead to a (3)? = 9 times increased in
reaction rate. Acid is the catalyst in the
reaction, thus it introduces alternative
reaction pathway with lower activation
enargy.

Based on Arrhenius equation
R

{k=Ae RT) anincrease in

temperature causes rate constant

increase as it leads to increase in

reaction rate.

=C

16 A: H;O is behaving as a base as it gains a
proton from NH,”.

B: NaQH is behaving as a base as the OH"
gains a proton from CsHsOH.

C: Na is not behaving as a base as it does
not gain a proton. This reaction is a redox
reaction, not an acid-base reaction.

D: CH3CHyNH; is behaving as a base as #t
gains a proton from H,O™.
=D

17 Ais false as CH;COQOH is a weak acid, so
the pH should be higher than =Ig{0.001).

B is false as the equivalence volume shid
be [125’0% xo.oo1)+o.oozx1oou =12.50 em®

C is false as a basic sait, CH;COQO ™ Na" Is
formed.

D is true as a mixture of CH;COO™ and
CH,COOH will be obtained upon addition
of 6.00 cm? of NaOH.

=D



18 When the enthalpy change of reaction
zero, it is neither endothermic nor
exothemmic. Hence, changes In
temperature will not affect its equilibrium
position, thus is equilibrium constant will
not be changed as a result.
= A

19 Let % of MbO, be y% & [MbOz]sm be X
100
Let x be the initial concentration of Mb(aq).

Let % of Mb be (100-y)% & [Mblem be
(100-»)
100

2
k. = MEC] 100

= T =1x10° mol ' dm®
[OJML 16 5x107¢(— =2

0

% of MbQ; In the Mb-MbO; mixture,
y=B88.7%
=C

20 Both alkenes and carbonyi group will
undergo reduction to form

HQ
=>D

21 An unsaturated 5—carbon alcohol wouid
have molecular formula, CsHi:0, e.9.
CHyCHCHCH;CH;0H.

E has 4 less H atoms which implies that
there is presence of 2 mulliple bonds
which could be C=C or C=0 bond.

Hance, the possible isomers are
CH,=CHCH=CHCH,0H,
CH=CHCH,CQOCH, and
CHz=CHCH2CHCHO.

Hence, there can be alkene, alcohol,
ketone and sldahyde present In the
isomers of CsHeO. (1 and 2 anly)

An ester is not possible as thera Is only 1
oxygen atom prasent in E.
=B

The chlorine atom can substitute once
with H®, H or H®. {i.e. there ars 3 types of
hydrogen atoms - H°, H® and H®, with
different chemical anvironments) Hanca,
there can only be 3 possible siructural

_isomers of monochloro-compounds.
=B

e Y g

There are 2 doubls bonds that can exhibit
cis-trans. So there are 3 cis frans
isomers. cis-cis, trans-trans and cis-
trans{take note trans-cis Is the same as
cistrang since the molecule is
symmetrical)

=G

24  Both halogenoalkane groups undergoes
efimination with ethanolic NaOH, the
molecule loses 2 molecules of HBr to
form 2 double bonds.
=D

25  Foroption D, the product
OHCHC{CHa)CHCH; or
HOCHC{CH,)CHCH; will be formed.
=D

28 Primary alcohol L is oxidlzed by acidified
potassium dichromate to form a
carboxylic acid which reacts with sodium
carbdnate to form carbon dicxide gas.
Secondary alcohol M is oxidised by
acidified potassium dichromate to form a

ketone. Tertiary alcohoi N does not
undergo oxidation.
=A

27 Since the 2 aldehydes combine to form
single aldol, reaction 1 is an addition
reaction. For reaction 2, water is
removed from the original molecule thus
it is an elimination reaction.

=D
23
Rxn with Rxn
KzCl’zOr? with
NaBH,?
CH;CH0H Yes No
CHaCHO Yes Yes
CH,COCH, No Yes
CHyCH{OH)CH, Yes No
=B

29 A There are 15 C atoms, 22 H atoms and
2 O atoms. So 15 mal of CO2 will be
formed upon complete combustion of 1
mol of this cpd.

B: Cis-trans isomerism requires each C on
the double bond o have twa different
atoms/ groups.

However the alkene is RR'- C = CH,
and alkene in the ring can only exhibit
cis configuration. Thus It CANNOT
exhibit cis-trans isomerism

€: Thers is & carboxylic acid functional
group that can undergo condensation
reaction with ethanot upon heating in
acidic conditions.

D:Carboxylic acid can undergo
condensation with amine group in the
presence of DCC to form an amide

=B

30 The structure shows a condensation

polymar {poiyester). .

The polymer does not satisfy the
requirements of hydrogen bonding.

s can be made from
HOCH({CH,)CH,COOH and not between
a dicarboxylic acid and dlof.

=B
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Answer Key

Qn (Ans | Gn | Ans | Qn | Ans
1 D 1" A 21 B
2 c 12 B 22 B
3 A 13 c 23 C
4 I, 14 c 24 D
5 D 15 Cc 25 D
b A 16 b 26 A
7 D 17 D 27 D
8 c 18 A 28 B
9 B 19 c 29 B
10 B 20 D 30 A
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Section A
Answer all the questions in this section in the spaces provided.
1 (a) Beams of particles travelling at the same speed are subjected to an electric field.

Fig 1.1 shows the experimental set-up in which protons are found to be deflected
through an angle of +x°.

source

Fig 1.1

(i) Indicate in Fig 1.1, the polarity of the plates and explain your answer.

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

(i) Assuming an identical set of experimental conditions, state and explain the angle
and direction of deflection in terms of x° for the following particles.

I: “He nuclei

...;;;.:;i;...'.‘.‘ﬁ.’?ﬁ?-...?.!‘.9.’.‘?’...9.f...‘.‘?ﬁ?ﬁ!‘.‘.‘.‘l..i?:..lf?...t!‘.ﬂ'f..ﬁf.}hﬁ..E’.T???E‘.'f:..:?—.";-?.-.i?..
LOWATHS DRGARINE DI . oot e e r et e e et e e et eae e a e e ssannen
......................................................................................................................... [2]
I: 2H atom

0°. The atom has no net charge and hence remains undeflected. =~
......................................................................................................................... [1]
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{b) With reference to the electronic configurations, explain why the first ionisation energy For

of fluorine is smaller compared to that of neon. Exag"sg"fs

5

Electronic configuration of fluorine: .18%.2822p

Electronic configuration of neon:. 182282 2R% ...

Ne has a greater nuclear charge compared to F, while the shielding effect

[Total: 8]
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2 Ascorbic acid (CsHsOs), or more commonly known as Vitamin C, is an important component

4

of our diet. Vitamin C pills are widely available in the market as dietary supplements, with
about 1000 mg or 500 mg of Vitamin C in each pill.

To determine the amount of Vitamin C in a pill, a titration involving the following steps can
be carried out.

(a)

©@EJC

Step1: 105 is reacted with I to produce a known amount of I

I0; + 6H* + 51" -—— 31, + 3H,0

Step2: A Vitamin C pill is dissolved in deionised water.

Step3: The L, produced in Step 1 is reacted with the Vitamin C solution from

Step 2:

Step 4:  The unreacted L from Step 3 will be titrated against S,03*"

I, + 28,02 — 2I" + S0

Write half-equations to show the oxidation and reduction processes that occur in
Step 1.

oxidation 2¥. > L*2e

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

reduction 210; *12H" +10e"——y L, +6H,0 2

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

In Step 1, 5.00 g of KIO3 (M, = 214.0) was first dissolved in 10 cm? of deionised water.
The solution was then acidified and made up to 250 cm3. 25.0 cm? of the resuiting

solution was pipetted out. 2.50 g of KI was added and stirred to ensure complete
reaction.

(i) Calculate the amount of KIO; in 25.0 cm® of solution.

Total amount of KIO, dissolved = %g—% =(0.02336 mol

Amount of KIO, in 25 cm® of solution = 500 X 20, 0.00234 mol

2140 250

[1]
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5
For
(ili) Hence, calculate the amount of iodine formed in Step 1. E’“’l’;’;gef s
Amount of KIreacted = %g% =0.0151mol
Since KIO, =5KI,

0.01506 mol of KI will need 0.003012 mo! of KIO, for complete reaction.
Hence, KIO, is the limiting reagent.

Amountif I, formed = 3 xamount of KIO, =0.00701mol
[3]

(b) Is Vitamin C, C¢HsOs, acting as a reducing agent or an oxidising agent in Step 37
Explain your answer in terms of the change in oxidation numbers.

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

(c) In Step 3, the solution of I, obtained in (a)(if} was mixed with a solution of Vitamin C.
The unreacted Iz from Step 3 required 20.85 cm? of 0.400 mol dm~2 S;04?" for complete
reaction in Step 4.

(i) Calculate the amount of I that has reacted with S:03:* in Step 4.

20.85 1

ith $,0%" = ——x0.400x—

Amount of [, reacted with S,0; 1000~ *5
=0.00417 mol

1l

(i) Using your answer in (a)li}, caiculate the amount of 1. reacted with Vitamin C in
Step 3.

Amount of I, reacted with Vitamin C=0.007009 ~0.004170
=0.00284 mol

[1]
(i) Hence, calculate the mass of Vitamin C in the pill.

Amount Vitamin C reacted = Amount of I, reacted=0.002839 mol
Mass of Vitamin C in pill=0.002839x176.0
=0.500g

[1]
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[Total: 10}
3 Nitrogen can form a few hydrides such as NHs and NzHa.

(a} (i) Draw a ‘dot-and-cross’ diagram to show the bonding in N2H,. State the shape of
the molecule about each nitrogen atom.

H H

eX X

[ L
H>°<Dl. X >l(\lxxH

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

(b) The boiling points of three compounds are given in the tabie below.

compound | boiling point/ °C
NHs -33
NzH4 114
CaH4 -103

Explain the difference between the boiling points of:

(i) N:zH:and CiHq4

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

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

......................................................................................................................
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{c) When NHs is reacted with HCI, a white solid of NH4CI with a melting point of 338 °C
can be obtained upon heating to dryness. The melting point of the NaCl solid obtained
after a similar reaction between NaOH and HCl s found to be much higher at 801 °C.

Explain why this is so.

NHa.CLand NaClboth have giant ionic structures, with strong electrostatic forces .

13- The.strength. of ienic. bonds. is..

measured. by the magnitude of atliGe. BREIGY ... e cresr e s ver e st e

The. charges. of the lons.in.both. solids are.the. same,. hut. NHs' has 2. larger ionic .

(d) (i} NHs;reacts with BH; to form ammonia borane, NHiBHa;.

Draw a ‘dot-and-cross’ diagram to show the bonding in NHaBHa.

H H

| >4 X
HXNSBSH

X L D¢

H H

(1]
(i) Is ammonia borane a polar molecule? Explain your answer clearly.

N-H and N-B bonds do notcancelout. . .. . 1]

[Total: 10]
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4 (a) An experiment was camied out fo determine the relative oxidising power of three
unknown halogens Xz, Y2 and Z. Table 4.1 shows the results of experiments in which

the halogens Xz, Y2 and Z, were added to separate aqueous solutions containing X~
Y- and 2" ions.

X (aq) Y~ (aq) Z" (aq)
Xz no reaction no reaction
Y2 brown solution formed orange sclution formed
Z2 brown solution formed no reaction
Table 4.1

(i) Using the results given in Table 4.1, suggest the identity of Xz, Yz and Z..

Xo: I: or iodine

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

(2]
(i) Hence, state the most powerful oxidising agent among the halogens.

Chlorine, CL (accept Yz2)

(ifi} Explain, in terms of ease of gaining of electrons, why the element you have
identified in (a)(ii) is the most powerful oxidising agent.

.................
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(b) Describe what happens when separate samples of magnesium oxide and aluminium For

oxide are added to water. Give equations for any reactions that occur. E’“’[’f’s";ef s

What is the effect of adding universal indicator to each resulting solution?

Aluminium oxide does not dissolve in or react with water. Universal indicator is

................................................................
-------------------------------------------------------------------------------------------------------------------------

(c} Describe the reactions of the chiorides of magnesium and phosphorus with water.
Include the approximate pH value of any resulting solutions and write equations for
any reactions that occur.

When MgCh dissolves in water, the Mg** gets hydrated.

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

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

BCL*4H:0 > HiPQ v SHOL | e e

................................................................................................................................ [4]

[Total: 12]
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10

5§ Ammonia, NHs is commonly used as a household cleaner to remove greasy dirt in ovens.
itis also used to clean windows as it evaporates quickly and does not leave stains on glass.

25.0 cm® of 0.500 mol dm™® NHs was titrated against 0.500 mof dm= HCL Fig. 5.1 shows
the pH changes during the titration.

14

12

10 £

pH

0 10 20 30 40 50
volume of HCladded / cm?3

Fig. 5.1

(a) () Using the pH from the graph, calculate the concentration of hydroxide ions,
in mot dm2, in the 25.0 cm?® of 0.500 mol dm™ solution of NHs.

pOH=14-115
=25
[OH-] =10"%5 =0.00316 mot dm™

{2l
(i} Explain how your answer in (a)(i) indicates that NH; is a weak base.

The concentration of OH- produced from the dissociation of NHs is lower than

©EJC 8873/02/J2PE/20
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11

(b} During the addition of the first 15.0 cm?3 of HC!, the mixture is behaving as a buffer.

(i} State what is meant by the term buffer solution.

LR PP S P L P A T R e P e o w2 oh u R B E——————

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

(ii) Explain how the mixture is behaving as a buffer at this stage of the titration. Include
an equation in your answer.

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

reservoir of NH; present. Hence, the concentration of H* does not increase

(c) A student proposes using phenolphthalein as the indicator to determine the end-point
of this fitration. Using information from Fig. 5.1 and Table 5.1, explain why the student’s
proposal Is not valid, and suggest a more suitable indicator.

L colour in colour in pH range over which the
indicator . . _
acid alkali colour change occurs
alizarin yellow orange 10.1-13.0
bromocresol green yellow biue 38-54
gentian violet yellow violet 0.0-1.6
phenolphthalein colourless pink 8.2-10.0
Table 5.1

A more suitable indicator will be bromoeresol green. . . ... [2]

[Total: 8]
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6 (a) The two most common types of nylon used in textile and plastic industries are
nylon-6 and nylon-6,6.

The structure of nylon-6,6 is shown below.

N™ TN TN
H

nylon-6,6

(i) Define the term polymer.

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

{ii) Ropes made of nylon-6,6 are chosen for its high tensile strength. Ropes made
from polyesters such as poly(ethylene terephthalate) (PET) are about 90% as
strong as that made from nylon-6,6.

With the aid of a diagram, showing relevant interactions, explain why nylon-6,6 is
stronger than polyester.

.
i

N
H 5+

Hydrogen —» :
bond O 5—

i
i

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

.........................................................................................................................
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(iii} Rust on window grilles can be removed by spraying the grilles with the rust
remover shown in Fig 6.1 before scrubbing with a brush.

Directions for Use: :
Dilirte 10 1 pant o 8 parts water depending of level of sbale and
algae, use neat on rust staining,
' ~ HYDROCHLORIC ACID 32%
UN Ro.1788 EC No. 231-505-7

HEALTH & SAFETY AT WORK
Causas Burns kritating i S respirstory systems

in cose of comtact vith ekl and ey rinse

Iroimedintely with wats snd sesk medical sitention. L

tn case of sccident or ¥ you fesl utwall, sesk medical sdvics imenedintely siow .
thin lebel o contaboer. o
Usa in wol venfiluiad erca, weer sufely clothing, glovea and eyaface profaction,
Koup inokixd up and out of rsach of chiltren, C

Fig 6.1

Explain whether a brush with nylon bristies or high density poly(ethene} bristles
should be used for the scrubbing.

L T T T R M M T T LI Y X T

(iv) State whether nylon-6,6 is classified as a thermoplastic or thermoset. Hence,
explain whether it can be recycled.

©@EJC 8873/02/J2JCT/20 [Turn Over
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(b) Suggest a structural formula for each of the compounds A to D in the following c For y
xammners
schemes. se
A
Cl
——
uv light cl
Ccl
CioH1sCl
NaOH(aq),
heat
B
NaBH,
R ]
OH
OH OH
0O
C1oH2002 =
Cc D
. Br .
O/ Brp in CCly :O/ NaOH in ethanal
——— -
heat
Br
C/Hqz C;H12Brz only one product
: formed
[4]
[Total: 12]
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Answer one question in this section in the space provided.

7 {a) Oleic acid is a monosaturated omega 9 faity acid found in olive oil. It is said fo
potentially reduce the risk of coronary heart disease if taken daily.

Oleic acid has the structure shown:

CH3{CH2)}yCH=CH(CH)COOH

(i) Describe the pi bonding in terms of orbital overlap. You may draw a diagram to

illustrate your answer.
portital forbital
C

o

L

the carbon atom and ital of another ca Avenerssrnereressatessrsnsasessnsearen {2]

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

(i} Oleic acid exists as a pair of isomers.

Draw and label the structural formulae of the two isomers.

(C{!Z}TCHG,/ (CH,);COOH H\ . /,(CHZ)?COOH
H/ \H (CH2;CH; H
cis isomer trans isomer

[2]
(i) Describe a chemical test that would distinguish oleic acid from ethanoic acid.
Add Br, in CCL to each compound inthe darkatrtp. ...
Oleic acid: Orange-red bromine solution is decolourised. ...
Ethanoic acid: Orange-red bromine solution is not decolourised. . .. [2]
8873/02/J2JCT/20 {Tum Over
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(b) Fig. 7.1 shows a bomb calorimeter, inside a controlled temperature water jacket, which
is used to find an accurate value of the standard enthalpy change of combustion of
oleic acid.

() Explain why the steel ‘bomb’ is flushed with a high pressure of oxygen at the start

(i)

© EJC

11— oygengas:
] | cuble:

Fig. 7.1

of the experiment.

There is minimal heat lost from the calorimeter because of the controlled

temperature water jacket. Suggest how the controlled temperature water jacket
achieves this.

The temperature of water in the jacket Is raised with an electric heater so that
it just matches the average temperature of the calorimeter. .. .. .. 1]
8873/02/J2PE/20
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(iliy A 2.98 g sample of oleic acid (C1sH2402) is burned in a bomb calorimeter with a For
heat capacity of 1.98 kJ K-'. The temperature of the calorimeter increases by E’ags':ef $

59.3 °C. The process is known to be 95 % efficient.

Calculate the standard enthalpy change of combustion of oleic acid.

Heat absorbed by calorimeter = 1.98 x 59.3 = 117 kJ

2.98
Amount of olei id d = —— = (.01 |
ount of oleic acid use 2820 06 mo
117 x (%—’50-)
AHS{olei id) = e
(oleic acld) 0.0106

= - 11700 kJ mol*

3]

{c) The Harcourt and Esson reaction is a reaction involving hydrogen peroxide and
acidified potassium iodide.

H202 + 21"+ 2H" —— 2H,0 + I»

To determine the order of reaction of each reactant, two sets of reaction mixtures
containing varying concentrations of I-were prepared. The concentration of hydrogen
peroxide used for both experiments is 0.200 mol dm2. The results are as follows.

[H*]/ mol dm™2
F 3

0.004

W\

0.002
N\

Set 1: [[] = 0.175 mol dm™

1~ Set 2: [] = 0.350 mol dm™*
% 2 4 6 8 10 1z  time/min

©EJC 8873/02/J2JCT/20 [Turn Over
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(i) Given that the initial reaction rate for Set 2 is 1.00 x 1073 mol dm=min™, calculate | For

the initial rate of reaction for Set 1. Show your working clearly. E"a";:”:" s

Taking gradient of tangent att = 0,

set1=0004+8
=5 % 10~ mol dm*min!

(]

(ii) Use the information given above to determine the order of reaction with respect to
I~ and H*. Show your reascning cleariy.
When [H'] decreases from 0.004 mol dm™ to 0.002 mol dm=, time taken is 3 min

When [H*] decreases from 0.002 mol dm= to 0.001 mol dm™3, time taken is 3 min
Since t; is constant at 3 min, order of reaction wrt H* is 1.

[H202] 7 7 [F/ initial rate /
mol dm™3 mol dm™3 mol dm™ mo! dm min™!

Set 1 0.200 0.175 0.004 0.0005

Set 2 0.200 0.350 0.004 0.001

Comparing Set 1 and Set 2, when concentration of [I7] is doubled, the rate is also
doubled. Since rate is directly proportional to [I], order of reaction wrt [I7] is 1.

OR Deduce constant half life to deduce order of reaction to |~

[2]

(iii} The actual order of reaction with respect to H.O2is one.

The rate of the reaction was measured as 4.4 x 10-°mol dm™ s~* when
[Hz02] = 0.002 mol dm~3, [H*] = 0.2 mol dm~3and {I"] = 0.2 mol dm™®

Determine the rate constant for this reaction and state its units
rate = k [H207] {I"] [H']

4.4 x 1075 = k(0.002)(0.2)(0.2)
k = 0.550 mol-?dm®s—*

[2]
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(d) Hydrogen iodide can be formed by the reaction between H; and L under strongly

©@EJC

heated platinised asbestos. It exists as 2 homogeneous equilibrium system.

Hy(Q) + 1(@) mm== 2HI(g) orvressmssrsssnseens )

{I) Give the expression of the equilibrium constant, K of reaction (1).

« - P
[H, J{1]

[]

(i) Calculate the value of K.at 445 °C, if the equilibrium concentrations in mol dm3 of

Ha{g), Iz(g) and HI(g) are 2.06, 13.40 and 36.98 respectively.

36.98°

= =48,
¢ 2.06x13.40 3

[]

(i) The value for the equilibrium constant, K. for reaction (1) at 1000 °C is 13. By

comparing the values of K. at 445 °C and 1000 °C, deduce whether the reaction
between hydrogen and iodine is endothermic or exothermic.

Keat1000°C is Jess than Ke Al 448 0 G .o
Al.a higher temperaturs,. there is.a.smaller. proportion .of HI.at. equiltbrivm...
This implies that backward reaction. is favoured te.absorh the. heat..............

Hence, the farward reaction.is eXothermic. ...

[Total: 20]
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8 (a) When 1 g of ethanol was bumed under a container of water, it was found that 100 g of
water was heated from 20 °C to 60 °C. The process was known to be only 65 % efficient.

Use these data and values from the Data Booklet to calculate the enthalpy change of
combustion of ethanol.

(CHaCH20H + 302 — 2C0; + 3H20)

Heat absorbed by water (65% efficient) = mcAT
= (100)(4.18)60 — 20)
= 16720 J

Heat evolved by combustion of ethanol (100%) = _...._1{‘;’7;250

=25.72 kJ

Enthalpy change of combustion of ethanol = — 252 = -1180 kJ mot™"

%

[3]

('b) Fig 8.1 shows an energy cyde involving ethanol.

7 AH,
2C(s) + 3Hq(g) + 502(9) » CH3;CHOH(l) + 302{(g)

AMHa AH:

2C02(g) + 3H20()

- Fig 8.1
(i} Name the enthalpy change represented by AH).

{standard) enthalpy change of formaticn of ethanol

(ii) Given that the enthalpy change of combustion of carbon and hydrogen are
—-393.5 kJ mol™' and -285.8 kJ mol™' respectively, use the energy cycle given
above and your answer to {(a) to calculate AH:.

AH;s = AHa— AH-
= [2(-393.5) + 3(-285.8)] - (—1180)
=—1644.4 + 1330
= —464 kJ mol*
[3]
©® EJC B873/02/J2PE/20
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(c) A series of reactions starting from 3-chloropropan-1-ol is shown.

I I HO cone. Ha80,
et >""oH A = TON"NcoH CeHgO4
heat B
(i) State the reagents and conditions required for reactions I and II.
Step I: ..MnOs(aq) or K:Cr:0r(aq), H:SO4(aq) heat under reflux [1]

Step T: .NaOH(aq), heat under reflux, followed by addition of H2SOs (aq) . [1]

{any acid)

(i) Draw the structural formulae of A and B.

A

g \/\
COOH

o
\

c——0

L/

T
o

©EJC 8873/02/J2JCT/20
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The reaction between X and Y can be represented by the following equation:
X(aq) + 2Y(aq) —> Zi(aq) + Zz(Q)
To study the kinetics of the above reaction, fwo experiments were carried out in the

presence of excess X. The experimental results obtained are graphically represented
below.

rate of reaction
I mol dm-3 min-

1 /! experiment 1
0.0080 ' 72— [XJo = 1.50 mol dm
0.0060 /

0.0040 /’
P .~ experiment 2
0.0020 e /;—-—"" [X}o = 0.50 mol dm™3
V
o-é » [Y(aq)] / mol dm™

0 0.010  0.020
Note: [X]o = initial concentration of X{aq)

{i) With the aid of the graﬁh. determine the order of reaction with respect to each of
the two reactants, Xand Y.

Consider either experiment 1 or experiment 2.

The graph obtained is a straight line having a positive gradient and passing
through the origin. This implies that the rate is directly proportional to [Y].
Hence order of reaction with respectto Y is 1. '

Consider the two rates of reaction when [Y] = 0.020 mol dm~.

~For expt. 1 where [X]Jo = 1.50 mol dm™, rate = 0.0060 mol dm™= min™".

For expt. 2 where [X]o = 0.50 mol dm™3, rate = 0.0020 mol dm=3 min~*,

Hence when [X] is tripled, rate is corresponding tripled.
This implies that rate is directly proportional to [X]. Therefore order of reaction
with respect to X is 1.

[2]
(ii) Hence write down the rate equation for the reaction and state the units for the rate
constant k.

rate = k [X][Y]

units for rate constant, k: mol~' dm?® min™*

[2]
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(e) 8.00 g of solid potassium chromate(VI), K2CrOs, is dissolved in acid to make a 100 cm?
solution. A dynamic equilibrium occurs in the mixture according to the equation below:

2Cr0; (aq) + 2H'(aq) == Cr,07 (aq) + H,0())

(i) Write the K. expression for the above equilibrium mixture.

- [CrzO-,z_]
[Cr042—]2[H+]2

4

(11
(i) At pH 5.75, the system reaches equilibrium and one-fifth of the original amount

of chromate({VI) ions remain. Calculate the concentration of chromate(VI) ions at
this pH.

Initial [CrO4*] = 8 + 100 _ 0.4119 mol dm™
184.2 1000

[CrOs] at eqm = %(0.41 19) = 0.0824 mol dm"®

1
(iif) Hence, calculate the value of K..
[Cr20:%] ateqm = %(0.41 19)+2 = 0.1648 mol dm™
H1= 1077 = 1,778 x 107® mot dm™

Substituting into K,

.= [0.1648] = 7.67x10™mol®dm®
[0.08239)%[1.778 x107%}*
[3]
[Total: 20]
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