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Leavew
blank
Answer ALL the questions. Write your answers in the spaces provided.
1. (a) An incomplete Born-Haber cycle for the formation of magnesium oxide, MgO, from
its constituent elements is shown below. All numerical values are in kJ mol .
V
Mg*'(g) + O(g) +2¢
A
enthalpy of atomisation
of oxygen = +249
Mg () + 50s(g) +2¢°
A
first plus second lat; ¢
ionisation energy of attice energy o
magnesium = +2186 magnesium oxide
Mg(g) + 30:(2)
Y
AHZ =+150
Mg(s) + 30:(g)
A\
m
MgO(s)
(i) Complete the empty box on the cycle by writing in the formulae of the missing
species. State symbols are required.
1)
(i1) Identify each of the following enthalpy changes by name:
AH | ettt ettt
JAY = TSP PSPPSRI
AHS et ettt et e naeas
3)
J

N 2 6 0 3 3 A0 2 1 6



(ii1) Use the Born-Haber cycle to calculate the lattice energy of magnesium oxide.

2

(b) Magnesium iodide is another compound of magnesium. The radius of the magnesium
ion is 0.072 nm, whereas the radius of the iodide ion is much larger and is 0.215 nm.

(1) Describe the effect that the magnesium ion has on an iodide ion next to it in the
magnesium iodide lattice.

(i1)) What TWO quantities must be known about the ions in a compound in order to
calculate a theoretical lattice energy?

(i11) Suggest how the value of the theoretical lattice energy would compare with the
experimental value from a Born-Haber Cycle for magnesium iodide.

Give a reason for your answer.

Leave )
blank
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(c) (1) Define the term enthalpy of hydration, AH,, of an ion.
(2)
(i) The table below gives some information about the sulphates of the Group 2
elements magnesium and barium.
sulphate lattice energy hydration solubility
enthalpy of cation
/ kJ mol™! / kJ mol™! / mol dm™
MgSO4 —2874 -1920 1.83
BaSO, —2374 —-1360 9.43 x 10°°
Use the lattice energy and hydration enthalpy values to explain the difference in
the solubility of the two salts.
@ | Q1
(Total 17 marks)
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2. Ethanol can be converted into ethylamine by two different routes.

Step A
Compound V it SN CH;CH,;NH,
KBr and V‘

CH;CH,OH Step E

\
CH,COOH 2*< cH,cocl 22 Compound W 2225 cH,oN

(a) Identify organic compounds V and W by writing their full structural formulae
showing all bonds.

\%

2

(b) Identify the reagents used in Steps A to E.

Leave )
blank
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(¢) (i) What type of organic compound would be formed when ethylamine, CH;CH,NH,
reacts with ethanoyl chloride, CH;COCI?
1)
(i) A polymer is formed when the two monomers X and Y shown below react
together under suitable conditions.
H,oN(CH,;)sNH, CIOC(CH,)4COCl1
X Y
Draw sufficient of the polymer chain to make its structure clear.
2)
(d) The compound CH;CH,NH, has a distinctive smell. When dilute hydrochloric acid
is added to an aqueous solution of CH3;CH,NH,, the distinctive smell disappears. On
the addition of excess aqueous sodium hydroxide, the smell returns.
Give an equation to explain each of these observations.
Loss of smell:
Return of smell:
@ |
(Total 13 marks)
J
7
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Leavew
3. (a) Sketch the titration curve that you would expect if 25.0cm® of 0.100 mol dm e
hydrochloric acid, HCI, is titrated with 40.0 cm? of 0.100 mol dm™ ammonia solution,
NH;.
14
12
10
8
pH
6
4
2
0
10 20 30 40
Volume of 0.100 mol dm—3
ammonia solution/cm?
“4)
(b) Using your answer to (a), select a suitable indicator for this titration. Put a tick in the
appropriate box in the table below.
Indicator PKing (v)
thymol blue 1.7
bromocresol green 4.7
phenol red 7.9
phenolphthalein 93
1)
(©) Suggest‘ why there is no suitable indicator for the titration of ethanoic acid with
ammonia.
................................................................................................................................... (2) -
(Total 7 marks) :]
J
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4. Methanoic acid and ethanol react together to form ethyl methanoate, HCOOC,Hs, and
water. This reaction is reversible and can be allowed to reach equilibrium.
HCOOH (1) + C,HsOH (1) = HCOOC,Hs (1) + H,O(1) AH = +45 kJ mol ™!
(a) Draw the full structural formula of ethyl methanoate, showing all bonds.
1)
(b) What type of organic compound is ethyl methanoate?
1)
(c) Inan experiment, 3.00 mol methanoic acid, HCOOH, and 6.25 mol ethanol, C,HsOH,
were mixed together. A small quantity of catalyst was added. The mixture was left
for several days in a water bath to reach equilibrium at constant temperature.
(1) Complete the table.
Number of moles in the reaction mixture
HCOOH C,HsOH | HCOOC,Hs H,O
at start of 3.00 6.25 0.00 0.00
experiment
at equilibrium 0.50
(2)
(i1) Write an expression for the equilibrium constant, K., for the reaction.
1)
J

N 2 6 0 3 3 A 01 01 6




Leavew
blank
(iii) Calculate K. for the reaction at the temperature of the experiment. The total
volume of the equilibrium mixture was 485 cm’.
(2)
(iv) State and explain whether K for this reaction has units.
()
(d) (i) The temperature of this equilibrium mixture is lowered.
Explain the effect of this on the value of the equilibrium constant and hence on
the yield of ethyl methanoate.
“)
(i) A student added more catalyst to the mixture.
State, giving a reason, what would happen to the composition of the equilibrium
mixture.
M | Q4
(Total 13 marks)
J
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5. (a) (i) Write the equation for the reaction between sodium oxide, Na,O, and water.

(c) Relate the acid-base character of the oxides in (a) and (b) to the variation in metallic
character of the elements in Period 3 of the Periodic Table (sodium to argon).

Leave )
blank
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(d) (i) Give an equation to show why solutions of carbon dioxide in water are acidic.

(i1) Lead(II) oxide, PbO, is an amphoteric compound.
Give TWO equations to show how lead(IT) oxide exhibits amphoteric character.

Lead(Il) oxide with dilute nitric acid

(e) State how the metallic character of the Group 4 elements changes with an increase in
atomic number. Justify your answer.

(Total 11 marks)

N
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blank
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6. (a) Draw the structural formula of the organic product of each of the following reactions
of propanal. Classify the type of reaction in each case.

(1) Propanal with sodium tetrahydridoborate(III) (sodium borohydride) in water.

TYPE OF TRACLION ..eeeeiiieiiieciie et e et e e et e e e e esaeeesaeeensaeeas
2
(i1) Propanal with Fehling’s solution, followed by acidification of the product.
Type of reaction with Fehling’s solution.............cccooiiiiiiiiiiiiinieeeeee
2
(ii1) Propanal with hydrogen cyanide.
TYPE OF TRACLION ...eeevviiiiieiieeiieee ettt ettt ettt sea e et e eaaeesaeesaeenseennnes
(2)
(b) Magnesium reacts with bromoethane to form a Grignard reagent.
(1) Write the equation for this reaction.
(0))
(i1) State the necessary conditions for the reaction.
1)

Leave )
blank
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(¢) (1) Give the structural formula and name of the final organic product formed when
the Grignard reagent produced in (b)(i) is reacted with the following reagents and
the intermediate is hydrolysed.
Structural formula of final Name of final organic
Reagent .
organic product product
propanone
butanal
“)
(i1) Explain why a racemic mixture and not a single optical isomer is obtained when
butanal reacts.
2) Q6

(Total 14 marks)

il

TOTAL FOR PAPER: 75 MARKS
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