Q1.(a) When a solution containing iron(ll) ions is treated with a slight excess of a solution
containing ethanedioate ions a bright yellow precipitate of hydrated iron(ll)
ethanedioate, FeC,0..2H,0, is formed. The precipitate is filtered off, washed with
propanone and then allowed to dry. A typical yield of the solid is 95%.

(i)  Propanone boils at 56 °C and is miscible with water in all proportions. Suggest
two reasons why washing with propanone is an effective method for
producing a pure, dry precipitate.

REASON 1 e

(2)

(i) By suggesting a simple test tube reaction, state how the filtrate could be tested
to show that all of the iron(ll) ions have been removed from the solution. State
what you would observe.

()

(i) Suggest one reason why the typical yield of iron(ll) ethanedioate is less than
100%.

(1)

(iv) Calculate the mass of hydrated iron(ll) ethanedioate, FeC.0,.2H,0O that can be
formed from 50.0 cm?® of a 0.50 mol dm= solution of iron(ll) sulfate when the
yield of the reaction is 95%. Show your working.
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(b)

(d)

(e)

©)

(v) The identity of the precipitate can be confirmed by dissolving it in sulfuric acid
and titrating the mixture with potassium manganate(VIl).

Deduce the number of moles of iron(ll) ethanedioate that would react with one
mole of potassium manganate(VIl) in acidic solution.

(1)
Ethanedioate ions can be used to remove calcium ions from blood plasma.
A precipitate of calcium ethanedioate is formed. Write an ionic equation for the
reaction of ethanedioate ions with calcium ions.

(1)
Ethanedioic acid is used to clean marble, a form of calcium carbonate. Suggest one
reason why the reaction between ethanedioic acid and marble stops after a short
time.

(1)
Tea leaves contain ethanedioic acid. Suggest one reason why tea drinkers do not
suffer from ethanedioic acid poisoning.

(1)

Ethanedioic acid is produced by the oxidation of carbon monoxide in a multi-step
process. The equation which summarises the reactions taking place is shown below.

4CO + 4NaOH + O, + 4HCI — 2H.C.O, + 4NaCl + 2H,0
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Calculate the percentage atom economy for the formation of ethanedioic acid in this
reaction. Show your working.

(2)
(Total 14 marks)

Q2. The electrons transferred in redox reactions can be used by electrochemical cells to
provide energy.

Some electrode half-equations and their standard electrode potentials are shown in the
table below.

Half-equation E°IV

Cr,0#(aq) + 14H*(aq) + 6e- — 2Cr*(aq) + 7H.,O(l) +1.33
Fe*(aq) + e — Fe*(aq) +0.77

2H*(aq) + 2e- — H.(g) 0.00

Fe*(aq) + 2e- — Fe(s) -0.44

Li'(aq) + e — Li(s) -3.04

(a) Describe a standard hydrogen electrode.

(4)

(b) A conventional representation of a lithium cell is given below.
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This cell has an e.m.f. of +2.91 V
Li(s) | Li*(aq) || Li(aq) | MnO,(s) , LiMnO,(s) | Pt(s)
Write a half-equation for the reaction that occurs at the positive electrode of this cell.

Calculate the standard electrode potential of this positive electrode.

(2)

(c) Suggest what reactions occur, if any, when hydrogen gas is bubbled into a solution
containing a mixture of iron(ll) and iron(lll) ions. Explain your answer.

(2)

(d) A solution of iron(ll) sulfate was prepared by dissolving 10.00 g of FeSO..7H,O
(M, = 277.9) in water and making up to 250 cm?® of solution. The solution was left to
stand, exposed to air, and some of the iron(ll) ions became oxidised to iron(lll) ions.
A 25.0 cm? sample of the partially oxidised solution required 23.70 cm? of 0.0100 mol
dm-= potassium dichromate(VI) solution for complete reaction in the presence of an
excess of dilute sulfuric acid.

Calculate the percentage of iron(ll) ions that had been oxidised by the air.
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(6)
(Total 14 marks)

Q3. Under suitable conditions magnesium will react with dilute nitric acid according to the
following equation.

Mg(s) + 2HNO,(aq) — Mg(NOQ:).(aq) + H.(g)

A 0.0732 g sample of magnesium was added to 36.4 cm? of 0.265 mol dm= nitric acid. The
acid was in excess.

(@ () Calculate the amount, in moles, of magnesium in the 0.0732 g sample.

(1)

(i)  Hence calculate the amount, in moles, of nitric acid needed to react
completely with this sample of magnesium.

(1)
(i)  Calculate the amount, in moles, of nitric acid originally added to this sample of
magnesium.
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(1)

(iv) Hence calculate the amount, in moles, of nitric acid that remains unreacted.

(1)

(b) In asecond experiment, 0.512 mol of hydrogen gas was produced when another
sample of magnesium reacted with dilute nitric acid. Calculate the volume that this
gas would occupy at 298 K and 96 kPa. Include units in your final answer.

(The gas constant R = 8.31 J K mol™)

@)

(c) Concentrated nitric acid reacts with magnesium to form an oxide of nitrogen which
contains 30.4% by mass of nitrogen.

Calculate the empirical formula of this oxide of nitrogen. Show your working.

(3)
(Total 10 marks)
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Q4. Ammonium sulfate reacts with sodium hydroxide to form ammonia, sodium sulfate
and water as shown in the equation below.

(NH.).SO.(s) + 2NaOH(aq) — 2NH.(g) + Na,SO.(aq) + 2H.,0())

(@) A 3.14 g sample of ammonium sulfate reacted completely with 39.30 cm? of a
sodium hydroxide solution.

(i) Calculate the amount, in moles, of (NH.),SO. in 3.14 g of ammonium sulfate.

(2)
(i)  Hence calculate the amount, in moles, of sodium hydroxide which reacted.

(1)
(i)  Calculate the concentration, in mol dm=, of the sodium hydroxide solution

used.
(1)
(b)  Calculate the percentage atom economy for the production of ammonia in the

reaction between ammonium sulfate and sodium hydroxide.

(2)

(c)  Ammonia is manufactured by the Haber Process.
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N, + 3H, == 2NH,

Calculate the percentage atom economy for the production of ammonia in this
process.

(1)

(d) A sample of ammonia gas occupied a volume of 1.53 x 102 me* at 37 °C and a
pressure of 100 kPa.
(The gas constant R = 8.31 J K" mol+)
Calculate the amount, in moles, of ammonia in this sample.

©)

(e) Glauber’s salt is a form of hydrated sodium sulfate that contains 44.1% by mass of
sodium sulfate. Hydrated sodium sulfate can be represented by the formula
Na,S0..xH,O where x is an integer. Calculate the value of x.

(3)
(Total 13 marks)
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