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Answer ALL questions in the spaces provided. Leave
blank

1. Aluminium and sulphur are elements in the third period of the Periodic Table. They both
burn when heated in oxygen.

(a) Give the equations for the reactions of these elements with oxygen. State the type of
bonding present in the oxides formed.

(1) Aluminium

| Ra | LT 1510 ) RSP RUSSRPR
TYPE OF DONAING ...ttt bee e e sbeeeaneens
(2)

(i) Sulphur
EQUALION ..ottt ettt
TYPE OF DONAING ...t e e e e snaee e
(2)

(b) The oxides produced have different acid/base properties. State these properties,
illustrating your answers with suitable ionic equations.

(1) Aluminium oxide
ACTA/DASE TMALUTE ...ttt enenenenennne

JONIC @QUALIONS ..ueiiitiiiiiiiete ettt ettt ettt et sbe e

“)

(i1) Sulphur oxide
ACIA/DASE NALUIE ..ottt ettt et st e bt e b enees
JONIC @QUALION ..iuiiiiiiiiiiiieit ettt ettt et sttt sbe e
(2)
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(c) (1) Phosphorus trichloride, PCl;, is a covalent liquid which reacts rapidly with water. Leave
Write the equation for this reaction. blank

(i) Carbon tetrachloride, CCly, is also covalently bonded but it does not react with
water. Explain why it does not react.

“)
(d) Tin and lead also form tetrachlorides, but their reactions as oxidising agents differ.
Which of the reactions I or II is likely to take place? Explain your answer.
I SnCl4 + PbC12 —> PbCl4 + Sl’lClz
11 PbCl4 + SHC12 —> Sl’lCl4 + PbC12
@ | @

(Total 18 marks)

N16451A 3 Turn over




2. (a) Consider the following reaction scheme Leave
blank
C,HsCN
Y
C2H5COC1 —_—> C2H5CONH2
A X \
C,HsNH,
Z
(1) Name compound A.
ey
(i1) Identify the reagent needed to convert:
A 10 X ettt sttt et s s
X 0 Y e st
(2)
(ii1) Identify the reagents and the conditions needed to convert X to Z
3
(b) Two of the substances A, X, Y and Z react with cold water to give solutions that are not
neutral.
(i) State which substance reacts with cold water to give a solution with a pH less
than 7. Write the equation for this reaction.
(2)
(i1) State which substance reacts with cold water to give a solution with a pH greater
than 7. Write the equation for this reaction.
..................................................................................................................................... )
@ | ¢
(Total 10 marks)
N16451A 4
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3. Geraniol is a fragrance obtained from rose petals. Its formula is Leave

blank
CeHpy H
\ /
e c=cC ~
CH, CH,OH

(a) Explain why geraniol exhibits geometric isomerism.

(b) Geraniol can be oxidised to citral, which is the main ingredient of lemon grass oil.
Citral’s formula can be written as:

CeHyy H
/
>C ¢ ~
CH, CHO

Identify the reagents and suggest conditions necessary for the preparation of citral from
geraniol.

3
(c) State what you would see when citral reacts with:

(1) bromine dissolved in water;

1)
(i1) a solution of 2,4-dinitrophenylhydrazine;

ey
(ii1) Fehling’s solution.

ey

N16451A 6




(d) Give the structural formula of the organic product of the reaction of citral with: Leave

blank

(1) hydrogen bromide gas;

1)
(i1) a solution of hydrogen cyanide, HCN, containing a trace of base;

ey
(ii1) a solution in ethoxyethane (ether) of methyl magnesium iodide, CH;Mgl, followed

by dilute acid.
m | @

(Total 11 marks)
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4. (a) (i) Define the term enthalpy of atomisation.

N16451A

(i) Write the equation, with state symbols, which represents the change occurring when

the enthalpy of atomisation of chlorine is measured.

(ii1)) Draw a Born-Haber cycle and use it to determine the lattice energy of

strontium chloride, SrCl,(s), using the following data:

Enthalpy change/kJ mol™

enthalpy of formation of SrCl,(s) —-829
enthalpy of atomisation of strontium +164
enthalpy of atomisation of chlorine +122
Ist ionisation energy of strontium +550
2nd ionisation energy of strontium +1064
electron affinity of chlorine -349

(6))

Leave
blank



(b) In fireworks, the thermal decomposition of strontium(Il) chloride, SrCl,, gives the Leave

covalent molecule of strontium(I) chloride, SrCl(g), which is responsible for the red blank
colour of the fireworks.

SrCly(s) = SrCl(g) + Cl(g) AH = +737 k] mol™!

(1) Calculate the enthalpy of formation of SrCIl(g) using the AH given above, the

enthalpy of formation of SrCl,(s) (—829 kJ mol™") and the enthalpy of atomisation of
chlorine (+122 kJ mol™).

2

(11) Explain what would be the effect of a lowering in the temperature of the exploding

firework on the value of the equilibrium constant and on the position of this
equilibrium.

(ii1) Some solid SrCl, was heated at 1500 °C and equilibrium was reached. The total
pressure of the gases produced was found to be 4.2 atm.

Write the expression for K, and calculate its value with units.

G |

(Total 18 marks)
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5. (a) Ammonia reacts with water as below:
NH;(aq) + H,O() = NH4"(aq) + OH™(aq)
A 0.100mol dm solution of ammonia has a pH of 11.13.

(1) Identify the Bronsted—Lowry acid/base conjugate pairs in the equation. Clearly
label which are acids and which are bases.

(i1)) Draw, on the axes below, a graph to show how the pH of the solution varies as
40 cm® of 0.100 mol dm™ hydrochloric acid (a strong acid) is added slowly to
20 cm?® of the ammonia solution.

14
12

10

10 20 30 40 50

Volume of HCI solution/cm’

(C))

N16451A 10
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(ii1) Select, from the following list, the indicator which would be the most suitable for | Leave

this titration. Give a reason for your choice. blank
Indicator PKing Range
methyl red 5.1 4.2-6.3
bromothymol blue 7.0 6.0-7.6
phenolphthalein 9.3 8.2-10.0
INAICALOT: ..ttt ettt e st et esbe e
REASOM: ..t
2)

(b) Nitrous acid, HNO,, is a weak acid with an acid dissociation constant
K,=4.70 x 10*mol dm™ at 4 °C.

HNO,(aq) + H,O(l) = H;0"(aq) + NO, (aq)

(1) Write the expression for K,.

)

(ii) Calculate the pH of a 0.120 mol dm™ solution of nitrous acid.

(&)

QUESTION 5 CONTINUES ON THE NEXT PAGE
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(ii1) Calculate the pH of a buffer solution made by adding 1.38 g of sodium nitrite,
NaNQO,, to 100cm® of the 0.120moldm™ solution of nitrous acid
(K,=4.70 x 10*mol dm™).

(C))

(1iv) Suggest why a mixture of nitrous acid and sodium nitrite can act as a buffer solution
whereas a solution of sodium nitrite on its own does not.

(Total 18 marks)

Leave
blank

Q5

N16451A
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