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(¢) The reaction between aluminium oxide and carbon to form aluminium and carbon
monoxide does not oceur to a significant extent until the temperature reaches a value
about 1000K above that of the answer to part (b). Give one reason for this.

"1 mark)
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‘The rate equation for the reaction between compounds E and F at a given
temperature is
rate = K[E][F]*

“The initial rate of reaction is 9.45 x 10*mol dm s when the initial concentration
of E is 0.76 mol dm> and the initial concentration of F is 1.22 mol dm>. Calculate
a value for the rate constant, k, at this temperature and state its units.

Value of k

Units of k

Calculate the initial rate of reaction when the concentration of E is doubled and at
the same time the concentration of F is halved but the temperature is not changed.

4 mark\‘j
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(b) The following data were obtained by studying the reaction between compounds G and
H at a constant temperature.

Initial Initial | ,
Experiment concentration concentration nitial rate/
of G/moldm of H/moldm moldm™s
1 0.20 025 680x10°
2 030 025 153x 107
3 0.60 050 612x107

(i) Deduce the order of reaction with respect to G.

(i) Deduce the order of reaction with respect to H.

(2 marks)
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(2) At298K, the pH of a 0.150 mol dm * solution of the weak acid HX is 3.48

(i) Write an expression for the acid dissociation constant, Ky, for this acid.

(i) Calculate the value of K, for this acid, HX, at 298 K.

(4 marks)
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(b) The value of the acid dissociation constant, Ky, for a different weak acid HY is.
265 10 *mol dm* at 298K.

Calculate the pH of the buffer solution formed when a 0.0300 mol sample of the solid
salt NaY is dissolved in 500 cm” of a 0.250 mol dm * solution of the acid HY.

(4 marks)
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Write equations for the reactions which occur when the following compounds are added
separately to water. In each case, predict the approximate pH of the solution formed
when one mole of each compound is added to 1dm? of water.

Sodium oxide

quation

pH of solution formed .

Sulphur dioxide

Equation

pH of solution formed .
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(2)  Aqueous silver nitrate, followed by an excess of aqueous ammonia, can be used to
identify halide fons in solution.

(i) State what is observed when aqueous silver nitrate is added to a solution of
aluminium chloride. Write an equation for the reaction that occurs.

Observation ...

Equation .

(ii)  Explain why the addition of aqueous ammonia cannot be used to confirm the
presence of chloride ions when the solution also contains aluminium fons.

(4 marks)
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(b) Concentrated sulphuric acid reacts with solid sodium chloride.

(i) State what is observed in this reaction.

(i) Write an equation for this reaction.

(iii) ~ State the role of concentrated sulphuric acid in this reaction.

(3 marks)
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When anhydrous iron(I1I) chloride is added to water the following reactionoccurs.
[Fe(Hh0)*" + H0 === [Fe(H,0)s(OH)P** + H;0"

(a)  State the type of acidity shown by [Fe(H,0)¢l*" in this reaction.
xplain your answer .
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(b) () A0.150moldm* solution of iron(IIl) chloride was found to have a pH of 1.52
For the acid [Fe(H;0)q]*, caleulate a value for the acid dissociation constant, K.,
and a pK, value.

(You should assume that all the hydrogen ion concentration s duc to the reaction
shown below)

[Fe(H,0)]*'(aq) == [Fe(H,0)s(OH)]*'(aq) + H'(aq)
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A 50.0cm” sample of a 0.250moldm ™~ solution of iron(I1I) chloride was diluted by
the addition of 150cm® of water.

Use the value of K, determined in part (b)(i) to calculate the pH of the diluted

solution.
(If you have failed to complete part (b)) you should assume that the value of K,
is 4.50 x 10~ moldm™>. This is not the correct value.)
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(c) Explain why the pH of a solution of iron(II) chloride is
iron(IIT) chloride of the same concentration.

igher than that of a solution of
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Consider the reaction sequence below.

Colourless solution

Dilute Na,$,0,(aq) c
NHj(aq) Colourless NaBr(ag) ~Cream /

AgCl(s) ———»  solution — = precipitate

A B \
KCN(aq)

Colourless solution

D
(a) Identify the silver-containing species in A, give its shape and state a use for it in organic
chemistry.
Species

Shape

Use ..

(3 marks)
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‘What can be deduced about the outer electronic configuration of silver in each of the
species A, € and D from the fact that all the species are colourless?

(1 mark)
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‘The addition of sodium ethanedioate to an aqueous solution containing [Co(H,0)]™

fons results in the formation of a more stable complex ion. Draw the structure of the

complex ion formed and explain, in thermodynamic terms, why this substitution reaction
curs.
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(a) Explain why complex ions with partially filled d sub-levels are usually coloured.

(2 marks)
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(b) (i) When aqueous ammonia was added to an aqueous solution of cobalt(IT) sulphate,
a blue precipitate M was formed. Identify the cobalt-containing species present in
aqueous cobali(IT) sulphate and the precipitate M.

Cobalt-containing species .

Precipitate M .

(ii) Precipitate M dissolved when an excess of concentrated aqueous ammonia was
added. The solution formed was pale brown due to the presence of the cobalt-

containing species P. Identify P.
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A 1.35g sample of impure iron obtained from the Blast Furnace was reacted with an
excess of dilute sulphuric acid. All of the iron in the sample was converted into
aqueous iron(11) sulphate, and hydrogen was evolved. The solution formed was made
up 10 250cm’®. A 25.0cm’ sample of this solution reacted completely with exactly
20.8cm’ of a 0.0210mol dm™ solution of potassium manganate(V1I).

(i) Calculate the percentage by mass of iron in the sample.
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(ii) Write an equation for the reaction between iron and dilute sulphuric acid.
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(iii) Calculate the volume of hydrogen evolved, measured in cm”, at 298K and 101kPa.
(If you have been unable to complete the calculation in part (b) (i) above, assume
that the sample contained 1.82 x 10~ mol of iron. This is not the correct value.)
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Propanoyl chloride, CH;CH,COCI, reacts with water and with benzene.

(a) Write a balanced equation for the reaction of propanoyl chloride with water.
Name and outline a mechanism for this reaction.





image27.png
(b) Write a balanced equation for the overall reaction of propanoyl chloride with benzene.

Identify a suitable catalyst for this reaction. Write equations to show how this catalyst
reacts and how it is regenerated.

Name and outline a mechanism for the reaction involving benzene.
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Outline a mechanism for the formation of a chloroalkane by the reaction between an
alkane and chlorine.
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Data for the following reaction, which represents the reduction of aluminium oxide by
carbon, are shown in the table below.

ALOs(s) + 3C(s) —> 2Al(s) + 3CO(g)

Substance AHF /kJ mol™ S%/JK™ mol™!
ALOK(s) 1669 51

Cls) 0 6

AlGs) 0 2

COe) -1 198





image3.png
(@) Caleulate the values of AHS, AS® and AG ® for the above reaction at 298K and
suggest why this reaction is not feasible at 298K.

AH®.....

AG®....
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Reason why this reaction is not feasible at 298K ..

(8 marks)
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(b) Calculate the temperature above which this reaction is feasible.

(If you have been unable to calculate values for AH® and AS® in part (a) you may

assume that they are +906kJmol ! and +394JK " mol ! respectively. These are not
the correet valucs.)

(2 marks)




