A-LEVEL CHEMISTRY

PAPER 1
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	9.
	(a)
	Separate solutions of CuSO4(aq) and Cu(NO3)2(aq) can be distinguished by using a suitable reagent in test-tube reactions.
Identify a suitable reagent, describe what you would observe and write equations for any reactions that occur.
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(f) Write an equation for the reaction of € with aqueous sulphuric acid.

(1 mark)
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Some data required for this question are given in the table below.

Substance AHZKImol™  S*JK ' mol™
NHs(g) ~462 193
Nae) 0 192
Ha(e) 0 131

(a) Write an equation to represent the formation of one mole of ammonia from its elements.

(1 mark)
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(b) Using data from the table above calculate the entropy change for the formation of one
mole of ammonia from its elements.

(3 marks)
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() (i) Use your answer from part (b) and data from the table to calculate the value of
the free-energy change, AG, for the formation of one mole of ammonia from its
clements at 700K. (If you have been unable to calculate an answer (o part (b),
you may assume that the entropy change for the formation of one mole of
ammonia from its elements is ~125 K~ mol ™. This is not the correct value.)

(©) (i) Predict in qualitative terms what would happen to the value of AG at
temperatures lower than 700 K.
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(d) Suggest one advantage, in industry, of operating this reaction at temperatures higher
than 700K.

(1 mark)
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At high temperatures, PCls dissociates according to the following equation.

PCls(g) == PCly(g) + Ch(g) AH®=+93 kI mol ™!
A 2,60 mol sample of PCls is placed in a sealed container and heated to a fixed temperature.
At equilibrium, 1.40 mol of PCls remain unreacted. The total pressure in the container is

125kPa.

(a) Calculate the number of moles of Cl, and the total number of moles of gas present in
the equilibrium mixture.

Moles of Cl;

Total number of moles

(2 marks)
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(b) Calculate the mole fraction of PCls and the mole fraction of Cl, in the equilibrium
mixture.

Mole fraction of PCls

Mole fraction of Cly
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(©) (i) Write a general expression for the partial pressure of a gas, in a mixture of gases.

(if) Calculate the partial pressure of PCls and the partial pressure of Cly in the
equilibrium mixture.

Fartial pressure of PCls

Partial pressure of Cly

(3 marks)
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(d) Write an expression for the equilibrium constant, Kp, for this reaction.

(1 mark)




image16.png
@ @

(if)

State the effect, if any, on the value of K, of adding more PCls at a constant
temperature.

State the effect, if any, on the value of K, of increasing the temperature of the
container.

(2 marks)
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In a further experiment, a second sample of PCls is heated to a different temperature.
In the equilibrium mixture produced at this temperature, the partial pressure of PCls is

36.9kPa and the partial pressure of Cly is 42.6 kPa.
Calculate a value for the equilibrium constant, K, for this reaction at this temperature.

and give its units.

Calculation

Units ...

(3 marks)
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In this question you are required to calculate the pH values of some acidic solutions.
Give all values of pH to 2 decimal places.

(a) Calculate the pH of 0.0380 mol dm* hydrochloric acid.

(1 mark)
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(b) Calculate the pH of the solution formed when 100cm” of pure water are added to
100cm’ of this 0.0380 mol dm> hydrochloric acid.

(2 marks)




image20.png
(c) HX is a weak Brnsted-Lowry acid.

(@

(i)

Explain the terms weak and Bronsted-Lowry acid as applied to HX.

Weak

Bronsted-Lowry act

Write an expression for the dissociation constant, K,, for the acid HX.
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(iii) The pH of 0.0630 mol dm ~ solution of HX is 3.48
Calculate the value of K, for HX.

(6 marks)
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(d) An aqueous buffer solution which contains 0.0550 mol of a different weak acid, HA,
and 0.0250 mol of NaA in 100 cm’” of solution has a pH of 4.20

The value of K, for the acid HA is 2.87 x 10> mol dm~> at 25°C.

(i) Deduce the pH of the solution formed when 100 cm® of pure water are added to
100cm’® of this buffer solution.

(ii) Calculate the pH of the solution formed when 10.0cm” of 0.130 mol dm
aqueous sodium hydroxide are added to 100 cm’® of the original buffer solution.

(6 marks)
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(a) In terms of electrons, state what happens to the oxidising agent in a redox reaction.

(1 mark)
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(b) State the value of the standard electrode potential for the following half-equation.
Give a reason why it has this value.

W@+ —> THe)

Value of E°

Reason

(2 marks)
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(c) Consider the electrochemical cell shown below. The aqueous mixture in the right-hand
part of the cell contains the oxidising agent and the reducing agent for that part of the
cell.

©

n Salt bridge Electrode X

K2Cr04(aq),
HyS04(aq) and
Cra(SO4)3(aq)

ZnSO4(aq)

State the purpose of the salt bridge and of the electrode X. Identify the substance or
substances from which each of these is made.
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Purpose of salt bridge.

Salt bridge is made from

Purpose of electrode X .

Electrode X is made from...

(4 marks)
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(d) Give the oxidation state of chromium in K,Cr,07

(1 mark)
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(e) Write half-equations for the reactions at each electrode and an overall equation for the
cell reaction.

Positive electrode half-equation

Negative electrode half-equation

Overall equation for cell reaction

(3 marks)
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(f) Give the conventional representation (cell diagram) for this cell.

(1 mark)
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(@) Give the meaning of the term electronegativity.

(2 marks)
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(b) State and explain the trend in electronegativity across Period 3 from Na to Cl.

Trend .

Explanation

(3 marks)
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@)

(i)

Name the main type of bonding in each of the oxides MgO and P4O;o

Bonding in MgO

Bonding in P40so .

Explain how the type of bonding in P4Ojg can be predicted by a consideration of
electronegaivity.

(3 marks)
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(d) Write equations for the reaction of Na;O and of SO with water.

Equation for NaO ...

Equation for S0

(2 marks)
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(e) Write an equation for the reaction of MgO with dilute hydrochloric acid.

(1 mark)
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(f) Write an equation for the reaction of P4Oyq with an excess of aqueous sodium
hydroxide.

(1 mark)
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(a) (i) Write an equation to show why aqueous chromium(IIT) chloride is acidic.

(i) Explain why aqueous chromium(Ill) chloride is more acidic than aqueous
chromium(IT) chloride.

(3 marks)
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The Group Il element A burns when heated in chlorine forming the solid chloride B which has
a high melting point.

When aqueous sodium hydroxide is added to an aqueous solution of B a white precipitate C
is formed.

Precipitate C does not dissolve when an excess of aqueous sodium hydroxide is added but does
dissolve when aqueous sulphuric acid is added.
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(b) The addition of sodium hydroxide or of sodium carbonate to aqueous chromium(I1T)
chloride results in the formation of the same green precipitate.

(i) Identify this green precipitate.

(i) State the role shown by both sodium hydroxide and sodium carbonate in the
formation of this green precipitate.

Identify the gas evolved when carbonate ions react with aqueous chromium(I1T)
fons and write an equation for the reaction occurring.

Gas evolved

Equation .

(4 marks)
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(a) Water, copper(Il) ions and nitrogen dioxide are formed when copper metal reacts with
concentrated nitric acid.

Write half-cquations for the reactions occurring and use these to construct an overall
jonic equation for the reaction.
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(b) When copper reacts with dilute nitric acid, gaseous nitrogen monoxide is formed as
shown by the following equation.

3Cu + 8HNO3 —> 3Cu(NOs), + 4H;0 + 2NO

Caleulate the volume of nitrogen monoxide, measured at
formed when 1.25g of copper metal reacts completely with an excess of dilute nitri

0K and 98.0kPa, which is
cid.
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(c) When copper(II) chloride dissolves in concentrated hydrochloric acid, a yellow-green
copper-containing complex is formed.
When an excess of copper metal is added to this solution and the mixture is warmed, the
complex species [CuClyf* is formed.
When the solution containing the complex [CuCl]*~ is poured into water, CuCl
formed as a white solid.

is

Identify the yellow-green copper-containing complex, write an equation for the reaction
in which [CuCly|* s formed and deduce the role of copper in this reaction.
Explain why CuCl is not coloured.
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(b)  Separate aqueous solutions of potassium manganate(V1I) (KMnOy) and sodium
manganate(VIT) (NaMnOs), each contained 1.000 g of the compound in 250 ¢m” of
solution.

A 25.0cm? sample of one of these solutions reacted with exactly 17.60cm’ of a
0.100mol dm " acidified solution of sodium ethanedioate, NayC;04

(i) Write an equation for the reaction between MnOj ions and C,07%  ions in an
acidified solution. In this reaction, 2 mol of MnOj ions reacted with 5 mol of
C,03 ions.
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(if) Calculate the number of moles of C;03 ions that have reacted and hence the
‘number of moles of MnOj ions used.
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(iii) Hence, calculate the mass of one mole of the manganate(VII) compound. Use
your answer to identify this compound as either KMnO, or NaMnO,
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Draw the structure of the complex ion formed when aqueous cobalt(Il) ions react with
an excess of ethane-1,2-diamine.
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Ethane-1,2-diamine can be converted into the EDTA*" ion shown below.
4
00CCH; CH,CO0)|
NCH,CHN
00CCH; CH,C00)
State why this ion can act as a multidentate ligand.

Write an equation for the reaction of EDTA*" with aqueous cobalt(l) ions. In your
equation represent the ligand by EDTA*

Explain why the EDTA* ion readily displaces unidentate ligands such as water.
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(a) State the type of bonding present in B.

(1 mark)





image3.png
(b) Identify B.

(1 mark)
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() Write an equation for the formation of chloride B from clement A.

(1 mark)
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(d) Identify the precipitate C.

(1 mark)
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(e) Write an equation for the reaction in which C is formed.

(1 mark)




