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@)

(b)

(c)

Answer all questions in the spaces provided.

Describe the structure of a *!P atom, in terms of the number and type of subatomic particles.

(ii)

Solid PCis can be prepared by the chlorination of liquid PCL. Write an equation, with
state symbols, to represent this chlorination.

By means of an energy cycle and the information given below, calculate the standard

enthalpy change of chlorination of PCls.
P(s) + gClz(g) s PCL(l) AH = -339 kJ mol*

2P(s) + 5ClL,(g) —— 2PCL(s) AH = -926 kJ mol*

[3]
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(iii) Write an equation, including state symbols to illustrate the reaction of PCls with water. For
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Suggest the approximate pH of the solution formed.

(d) PClsreacts with hydrazine, N2Ha, to give a molecular compound X with composition by mass
shown below and a molecular formula of 303.0.

P, 20.5% ; N, 9.2%; CI, 70.3%

(i) Calculate the empirical formula of X and hence, state its molecular formula.

[2]

(i) Given that X contains a N—N single bond, suggest the structure of X.

[1]
[Total: 11]
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2 Volcanoes can contribute to air pollution through the release of toxic gases when volcanoes erupt.
The most abundant volcanic gas is water vapour. However, significant amounts of carbon dioxide,

sulfur dioxide, hydrogen sulfide and hydrogen halides are also emitted.

Table 1: Volcanic gas composition in town A

Gas Volume Percentage
Water vapour, H.O 87.1
Carbon dioxide, CO2 unknown
Sulfur dioxide, SO, 0.5
Hydrogen, H; 0.7
Carbon monoxide, CO 0.01
Hydrogen sulfide, H.S 0.23
Hydrogen halides unknown

The composition of the volcanic gases are expressed in terms of volume percentage, which can
be calculated using the formula below.

volume of gas
total volume

volume percentage = x 100%

(&8 When carbon dioxide is emitted from volcanoes, it becomes diluted to low concentrations
quickly and is not a harmful gas. However, the carbon dioxide gas when cooled, can flow

into low-lying areas where it can reach higher concentrations.

(i) Suggest why at low temperatures, carbon dioxide would accumulate to high

concentrations. Explain your answer.
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People living in town A had to be evacuated as the levels of carbon dioxide gas was
increasing rapidly. Breathing air with more than 3% CO. can lead to headaches, increased

heart rate and difficulty breathing. At about 15%, unconsciousness and death can result.

(i) Given that 0.35 g of CO, was present in 1 dm?® of gas mixture at r.t.p, determine the

volume percentage of carbon dioxide present.

[2]

(iii) Hence, comment on the possible danger if people remained in the town.

(b)  Further analysis of the hydrogen halides composition of the volcanic gases revealed that
the hydrogen halides were mostly made up of HCI(g) and HBr(g).

() Table 2: Bond energies of hydrogen halides
Bond Bond energy / kJ mol*
H—CI 432
H-Br 366

State the trends of two chemical properties of hydrogen halides that can be explained

by the data given in Table 2.

[Turn over

For
Examiner’s
use



(iii) Hydrogen halides can be used in the reaction with alkenes to synthesise For
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halogenoalkanes.
Draw the displayed formula of both the major and minor products of the reaction of
HCI(g) with 2-methylbut-2-ene. Label the major and minor products clearly.

[2]
(c)  Another volcanic gas, sulfur dioxide, also has harmful effects on human health.

(i) Draw the ‘dot-and-cross’ diagram of one molecule of SO, and state its bond angle.

[2]

(i) SO can be converted SOzin the presence of atmospheric oxygen. By using appropriate
values from the data booklet, write an equation for the conversion of SO, to SOz and
calculate the enthalpy change of this reaction.

[3]




(d)

(iii) SO2 can be used to produce H.SO. in a multi-step reaction. In one such reaction,
100 cm? of H,SO,4 was produced. The H,SO,4 produced was tested for its concentration

where 25.0 cm? of the resultant solution required 23.50 cm? of 2.00 mol dm= NaOH for

complete titration.

Calculate the amount of H.SO4 produced in the method above.

Student A suggested that one possible method to remove harmful SO, from volcanic gases

is to react the gaseous SO, with magnesium oxide.

(i) Explain the Chemistry behind why this method is possible.

Student B suggested that besides magnesium oxide, other metal oxides like sodium oxide

and calcium oxide can also be used to remove sulfur dioxide.

(i) The pH of the resulting solutions when one mole of MgO and Na.O are added to

1 dm? of water separately are shown in Table 3 below.

Table 3: pH of metal oxides

Metal Oxide pH of resulting solution
MgO 9
Na,O 13
CaO ?

[Turn over
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Predict and suggest an explanation for the pH of a solution containing
1 mol dm of CaO.

Student C suggested that seawater can also be used to absorb and remove SO». The main
substance in seawater that is responsible for removing SO is the HCOs" ions. When SO: is
absorbed in water, the following two equilibria reactions take place:

SO2(g) + H20(l) + %204(g) = SO42"(aq) + 2H*(aq) — (1)
HCOs(aq) + H*(aq) = H2O(l) + CO2(g) —(2)

(from seawater)

(iii) Explain how the use of seawater would allow the removal of sulfur dioxide.

[Total: 23]
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The Kolbe electrolysis is an electrochemical method used to synthesise alkanes. Carbon
dioxide and ethane was produced during the Kolbe electrolysis of an aqueous solution of

potassium ethanoate.

The reaction mechanism involves a three-stage process.

In step I, the ethanoate ion CHsCOO is first converted into an ethoxy radical intermediate
CH3zCOQe.

In step I, this intermediate then undergoes decarboxylation to form a methyl radical
intermediate.

step Il CH3COOe — ¢CH3 + CO>

In step 11, two methyl radical intermediates dimerises to form the alkane product.
step Il 2 «CHs — CH3-CH3

(i) Given that the reaction in step | takes place at the anode, write a half-equation for the

reaction.

(i) Write another half-equation to illustrate the formation of a gaseous product at the

cathode.

(iii) Calculate the volume of gas produced at the cathode at room temperature and pressure
when a current of 500 mA is passed for 20 minutes through a solution of potassium

ethanoate.

[3]

[Turn over
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(iv) Use the information given above to draw out the full mechanism for steps 1l and 111. Use | For
Xxaminer's

appropriate curly arrows to indicate which bonds are broken and which bonds are | “*°

formed.

[2]

(v) In aseparate Kolbe electrolysis experiment, an alkane X was produced when a mixture

of an ethanoate salt and the salt of a carboxylic acid was electrolysed.

A gaseous sample of 0.30 g of X occupied 168 cm® at 300 K and 1 atm.

Calculate the M, of X and hence deduce its molecular formula.

[3]
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(b) Galvanic cells are electrochemical cells that contain a spontaneous reaction. An example of |__For
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a galvanic cell include the zinc-carbon battery. Ammonium chloride is used as electrolyte in
zinc—carbon batteries, where the outer zinc casing is the negatively charged terminal and is

oxidised during discharge.

The following reaction also takes place in the cell.

2MnOy(s) + 2e™ + 2NH4Cl(aq) — Mn20s(s) + 2NHs(aqg) + H20(l) + 2CI~ (aq) --- E® =+0.5V

(i) Write a half-equation for the reaction occurring at the negatively charged terminal.

Hence, write an overall equation for the reaction that occurs in the cell.

............................................................................................................... [2]
(if) Calculate the voltage that is generated by this cell.
[1]
(iii) Calculate a value of AG® for the cell reaction, and explain the significance of its sign.
[2]
[Total: 15]
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A reaction scheme is shown below.

12

OH A
2,4-DNPH
_—

CH,CHO

\

OH B
NaOH(aq)
—_—>

heat
CH,CH,Br

y.
@L@L

CH,CH,CN CH,CH,COOH

Bry(aq)
—>

CH3NH,
—5

(i) Draw the structures of A, B, C & D in the boxes provided.

(if) State the reagents and conditions for steps I, II, ll, IV.

OH

CH,CH,CONHCHj

[4]

S (=T 0T

S P Ll o

S e Il o

S D IV o

[4]
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(b)

(c)

13

Compare the acidicity between phenol and 2,4,6-trinitrophenol. State and explain which of

the two compounds is more acidic.

The amino acid, alanine, has the structure shown below.

i
CO,H

alanine

(i) Bydrawing an appropriate structure, explain why alanine has a surprisingly high melting

point considering its relatively small molecular mass.

(ii) Solutions of amino acids are buffers important in maintaining optimal pH in our body.

With the aid of an equation, show how alanine behaves as a buffer when small amount

of base is added.

[Turn over

For
Examiner’s
use



@)
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(iii) By drawing suitable structures, state the type of isomerism displayed by alanine.

[2]
[Total: 15]

Aqueous magnesium chloride can act as a weak monobasic acid. In an experiment,
50.0 cm?® of an aqueous solution of magnesium chloride at an initial pH of 6 was titrated with
1.00 mol dm? sodium hydroxide. 20 cm® of NaOH(aq) was required for complete

neutralisation.

(i) By writing suitable equations, illustrate how agueous magnesium chloride can act as a
weak monobasic acid.

(if) Calculate the initial concentration of magnesium ions.

[1]

(iif) Calculate the Ka value for a solution of aqueous magnesium chloride.

[2]
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(b) In a different experiment, a solution containing 0.100 mol dm™3 magnesium chloride and
0.100 mol dm~ barium chloride was prepared. Solid sodium carbonate was added slowly to
1 dm?3 of this solution in an attempt to separate the two metal cations.
[Given, Ksp of MgCO3 = 3.5 x 1078 mol? dm™; K, of BaCO3z = 5.1 x 107° mol? dm™]

(i) Calculate the concentration of carbonate in the solution, needed for the first trace of

precipitate to be seen, stating which metal ion is precipitated first.

[2]

(ii) Determine the concentration of the metal ion in (b)(i) remaining in the solution when the

other metal ion just starts to precipitate.

[2]

(iii) Given that an effective separation means that less than 1% of a metal ion should remain

in solution, deduce if the separation of the metal ion in (b)(i) has been effective.

[2]

[Total: 11]

End of Paper 2
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