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A saturated aqueous solution of magnesium methanoate, Mg(HCOO)2, has a solubility of
approximately 150 g dm–3 at room temperature. Its exact solubility can be determined by titrating
magnesium methanoate against aqueous potassium manganate(VII).
During the titration, the methanoate ion, HCOO–, is oxidised to carbon dioxide while the
manganate(VII) ion, MnO4–, is reduced to Mn2+.
You are supplied with:
a saturated aqueous solution of Mg(HCOO)2
aqueous potassium manganate(VII), KMnO4, of concentration 0.0200 mol dm–3
(a) (i) Write the half equations for the oxidation of HCOO–(aq) to CO2(g) and the reduction of
MnO4–(aq) to Mn2+(aq) in acid solution.
.............................................................................................................................................
....................................................................................................................................... [2]
(ii)

Using the approximate solubility above, calculate the concentration, in mol dm–3, of the
saturated aqueous magnesium methanoate and the concentration of the methanoate ions
present in this solution.
[Ar: H, 1.0; C, 12.0; O, 16.0; Mg, 24.3]

[2]
(iii)

In order to obtain a reliable titre value, the saturated solution of magnesium methanoate
needs to be diluted.
Describe how you would accurately measure a 5.0 cm3 sample of saturated magnesium
methanoate solution and use it to prepare a solution fifty times more dilute than the
saturated solution.
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
....................................................................................................................................... [2]
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(iv)

Before the titration is carried out, dilute sulfuric acid must be added to the magnesium
methanoate.
Explain why this is necessary and also whether the volume of sulfuric acid chosen will
affect the result of the titration.
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
....................................................................................................................................... [2]

(v)

The potassium manganate(VII) is added from a burette into the magnesium methanoate
in a conical flask.
Describe what you would see when you had reached the end-point of the titration.
.............................................................................................................................................
....................................................................................................................................... [1]

(vi)

1 mol of acidified MnO4– ions reacts with 2.5 mol of HCOO– ions.
25.0 cm3 of the diluted solution prepared in (iii) required 25.50 cm3 of 0.0200 mol dm–3
potassium manganate(VII) solution to reach the end-point.
Use this information to calculate the concentration, in mol dm–3, of HCOO– ions in the
diluted solution.

............................... mol dm–3 [1]
(vii)

Use your answer to (vi) to calculate the concentration, in mol dm–3, of the saturated solution
of magnesium methanoate, Mg(HCOO)2. Give your answer to three significant figures.

............................... mol dm–3 [1]
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(b) The solubility of magnesium methanoate can be determined at higher temperatures using the
same titration.
In an experiment to determine how the concentration of saturated magnesium methanoate
varies with temperature, name the independent variable and the dependent variable.
independent variable .................................................................................................................
dependent variable ....................................................................................................................
[1]
(c) The solubility of magnesium methanoate increases with temperature.
What does this tell you about ∆H for the process below?
Mg(HCOO)2(s)

Mg2+(aq) + 2HCOO–(aq)

Explain your answer.
....................................................................................................................................................
....................................................................................................................................................
....................................................................................................................................................
.............................................................................................................................................. [2]

(d) A student used the same titration method, this time to measure the concentration of a saturated
solution of barium methanoate.
Explain why the acidification of the solution with dilute sulfuric acid might make the titration
difficult to do.
....................................................................................................................................................
.............................................................................................................................................. [1]
[Total: 15]
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QUESTION 2 STARTS ON THE NEXT PAGE.
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2

At high temperatures a mixture of iodine and hydrogen gases reacts to form an equilibrium with
gaseous hydrogen iodide.
H2(g) + I 2(g)

2HI (g)

(a) (i) Write an expression for the equilibrium constant, Kc, based on concentration, for this
reaction.

[1]
(ii)

If the starting concentration of both iodine and hydrogen was a mol dm–3 and it was found
that 2y mol dm–3 of hydrogen iodide had formed once equilibrium had been established,
write Kc in terms of a and y.

[1]
(b) The expression for the equilibrium constant from (a)(ii) can be re-written as shown below.
y=

a Kc
2 + Kc

In an experiment, air was removed from a 1 dm3 flask and amounts of hydrogen and iodine
gases were mixed together such that their initial concentrations were both a mol dm–3. This
mixture was allowed to come to equilibrium at 760 K in the flask. The equilibrium concentration
of iodine, (a – y) mol dm–3, was then measured.
The experiment was repeated for various initial concentrations, a mol dm–3, and the results
were recorded in the table below.
(i)

Complete the table to give the values of y mol dm–3 to three decimal places.
a mol dm–3

(a – y) mol dm–3

y mol dm–3

0.200

0.022

0.178

0.500

0.050

0.800

0.252

1.000

0.200

1.500

0.365

2.100

0.570

2.800

0.652

3.400

0.700

3.800

0.867

4.200

0.868

4.900

1.150
[2]
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(ii) Plot a graph to show how y mol dm–3 varies with initial concentrations of hydrogen and iodine,
a mol dm–3.
5.0

4.0

y / mol dm–3

3.0

2.0

1.0

0
0

1.0

2.0

3.0
a / mol dm

4.0

5.0

–3

[1]

(iii)
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(c) (i) Determine the slope of your graph. State the co-ordinates of both points you used for your
calculation. Record the value of the slope to three significant figures.
co-ordinates of both points used ......................................

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

slope = ............................
[2]
(ii)

Use the value of your slope and the equation in (b) to calculate the value of Kc. Your
working must be shown.

[2]
(d) Explain why, for safety reasons, it is necessary to remove air from the 1 dm3 flask.
....................................................................................................................................................
.............................................................................................................................................. [1]

(e) One of the experiments in (b) was repeated in a 500 cm3 flask instead of the 1 dm3 flask.
What effect, if any, would this have on the rate of reaction and the value of Kc measured?
....................................................................................................................................................
....................................................................................................................................................
....................................................................................................................................................
....................................................................................................................................................
.............................................................................................................................................. [2]
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(f) The reaction of hydrogen and iodine to form hydrogen iodide is exothermic.
H2(g) + I 2(g)

2HI (g)

∆H = –9.6 kJ mol–1

(i)

On your graph, draw and label the line you would expect if the experiment was performed
at 1000 K instead of 760 K.
[1]

(ii)

What effect, if any, would the higher temperature have on the value of Kc?
.............................................................................................................................................
....................................................................................................................................... [1]
[Total: 15]
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