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‘The value of the acid dissociation constant, Ky, for the weak acid HA, at 298K, is
2.54x 10~ mol dm .

(a) Write an expression for the term K, for the weak acid HA.

(1 mark)
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(b) Calculate the pH of a 0.300 mol dm™ solution of HA at 298K.

(4 marks)
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(¢) A mixture of the acid HA and the sodium salt of this acid, NaA, can be used to prepare
a buffer solution.

(©) (i) State and explain the effect on the pH of this buffer solution when a small
amount of sodium hydroxide solution is added.

Effect on pH

Explanation

(©) (i) The concentration of HA in a buffer solution is 0.300 mol dm>. Calculate the
concentration of A~ in this buffer solution when the pH is 4.82

(6 marks)
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(a) 'The pH of a 0.120moldm* solution of the weak monoprotic acid, HX, is 2.56 at 298K.

(i) Write an expression for the term 1.

(i) Write an expression for the dissociation constant, Ky, for the weak acid HX and
calculate its value at 298 K.

Expression for K,

Calculation .

(5 marks)
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(b) (i) Write an expression for the ionic product of water, K, and give its value at 208K.

Expression for K.,

Value of K.,

(i) Hence, caleulate the pH of a 0.0450 mol dm > solution of sodium hydroxide at
208K.
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In the questions below, each of the three elements X, Y and Z is one of the Period 3 elements
Na, Mg, ALSi or P.

(2) Both the chloride and the oxide of element X have high melting points. The oxide reacts
readily with water. The chloride dissolves in water to form a neutral solution.

(i) Deduce the type of bonding present in the chloride of clement X.

(i) Identify element X.

(i) Write an equation for the reaction between water and the oxide of element X.

(3 marks)
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(b) Element Y has an oxide which reacts vigorously with water to form a solution
containing a strong acid: .

(i) Deduce the type of bonding present in the oxide of element Y.

(i) Identify clement Y.

(i) Identify an acid which is formed when the oxide of clement Y reacts with water

(3 marks)
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(c) The oxide of element Z is a crystalline solid with a very high melting point. This oxide
is classified as an acidic oxide but it is not soluble in water.

() Deduce the type of crystal shown by the oxide of clement Z.

Identify clement Z.

(i) Write an equation for a reaction which illustrates the acidic nature of the oxide of
clement Z.

(4 marks)
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(a) The Period 3 elements, Na, Mg, Al Si, P and S, all form oxides when the elements are
burned in an excess of oxygen.

(i) Give the formula of an oxide of one of these elements in which the element is not
in its highest oxidation state. Give the oxidation state of the element in this oxide.

Formula of oxide .

Oxidation state of element ..

(i) Write an cquation for the reaction in which phosphorus(V) oxide s formed from
phosphorus and oxygen.

(3 marks)
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(b) The melting points of some of the oxides formed by Period 3 clements are given in a
random order below.

Oxide A B c D E

Tal*C 2852 -73 1610 1275 300

(i) Using the letters A to E, give two oxides which have simple molecular structures.
Explain your answer.

Oxide 1

Oxide 2

Explanation

(ii) Give asimple chemical test which could be used to show which of the oxides in the
table is sodium oxide. State the observation you would make.

Chemical test

Observation

(6 marks)
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The table below shows some standard electrode potentials.

Fe*(aq) + & —> Fe?*(aq)
Cri*ag) + & —> Cr'*(aq)
Fe**(aq) + 2¢~ —> Fe(s)
Zn**(aq) + 2 —> Zn(s)
Cr?*(ag) + 26~ —> Cr(s)

E°IV
+0.77
-041
~0.44
-0.76
-091
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(a) Predict the products, if any, when the following substances are mixed. In each case
use E° values from the table to explain your answer.

(i) iron metal with aqueous zinc(lI) ions

Products, if any

Explanation

(i) aqueous iron(ITT) ions with aqueous chromium(T) ions

Products, if any

Explanation
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(b) Calculate the e.m.f. of the following standard cell and deduce an equation for the
overall cell reaction.

Zn(s)lZn™ (aa)[ICr* (ag). Cr** (ag)|Pt

emf.

Equation ..
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(c) Chromium(IlI) ons are weakly acidic in aqueous solution as shown by the following
equation.

[Cr(H:0)6]**(aq) == [Cr(H,0)5(OH)I**(aq) + H*(aq)

The value of K, for this reaction is 1.15 x 10~ mol dm™>.

Caleulate the pH of a 0.500mol dm™> solution of [Cr(H0)e]*(a).
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(d) State what you would observe after addition of NaxCO3(ag) toan aqueous solution
containing [Cr(H,0)g]** ions.
Give the formula of the chromium-containing product.

Observation(s)

Formula of product
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‘The following scheme shows some reactions of chromium compounds in aqueous solution.

[Cr(H;0)6)*"
N
Reaction 1
NayCO3
grey-green precipitate A + gas B
Reaction 2 Reaction 4
excess NH3(aq)
[CrOH)G® [CrNH)e]**
Reaction 3 Reaction 5
excess HyNCH,CH,NH,
€ro? chromium-containing

species C
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@

Identify the grey-green precipitate A and the gas B formed in Reaction 1. Write an
equation for this reaction.

Precipitate A

Gas B

Equation

(3 marks)
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(b) (i) Deduce the oxidation state of chromium in CrO

(i) Write a half-equation for the conversion of [Cr(OH)g]* " into CrOF

Half-equation
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(©) (i) Draw the structure of the chromium-containing species C formed in Reaction 5.
Indicate the charge on species C.

(ii) Explain, by reference to the changes in bonding, why the enthalpy change, AF,
in Reaction 5 is close to zero.
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(iii)  Explain why the free-energy change, AG, for Reaction 5 is negative.

(7 marks)
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Identify the main feature of transition metal jons that enables them to act as good
catalysts for redox reactions

Explain how and why Fe?*(aq) ions are able to catalyse the reaction between I (aq)
jons and S,052 (aq) ions. Tllustrate your answer with equations.
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The concentration of a solution containing ethanedioate ions can be determined by titration
using a solution of potassium manganate(VII) in the presence of dilute sulphuric acid. The
equation for the reaction is given below.

5(C00)," + 2MnOs + 16HT — 10CO; + 2Mn®* + SH;0

The reaction between ethanedioate ions and manganate(VII) ions is slow at room temperature,
but the reaction is autocatalysed by Ma’" ions.

(2) Define the term autocatalysis.
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(b) Describe briefly how you could modify this titration experiment to demonstrate that the
reaction is autocatalysed.

(4 marks)
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The following pairs of compounds can be distinguished using the reagents indicated.
Each compound is in a separate aqueous solution. For each one of the compounds,
describe what you would observe and write equations for any reactions that occur.

(i) KBr and KI using chlorine water
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(i) BaCl; and MgCl; using dilute sulphuric acid
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(i11)  CoCl; and CuCl; using concentrated hydrochloric acid
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Chlorine is formed in a reversible reaction as shown by the equation
4HCI() + Ox(g) == 2CI(g) + 2H0(e)

(2) Use the data below to calculate the standard enthalpy change, AH, and the standard
entropy change, AS®, for this reaction.

Substance HCI(e) Oa(e) Cla(g) H20(2)
AHE kI mol ™! -92 0 0 242
S°IK " mol™! 187 205 223 189

Standard enthalpy change, AH ®.
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Standard entropy change, AS °.

(6 marks)
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(b) The data below apply to a different gas phase reversible reaction.

Standard enthalpy change, AH® = +228 kJ mol !
Standard entropy change, AS® = +195 JK ™" mol !

Calculate the minimum temperature at which this reaction is feasible.

(4 marks)
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Dinitrogen tetraoxide dissociates into nitrogen dioxide as shown in the equation below.

N;04(g) === 2NOx(g)

(2) Tn an experiment, 1.20 mol of dinitrogen tetraoxide were sealed in a flask and heated to
a given temperature. The equilibrium mixture formed at this temperature contained
0.36 mol of nitrogen dioxide.

Calculate the mole fraction of nitrogen dioxide present in this equilibrium mixture.

(3 marks)
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(b) Inasecond experiment, a different equilibrium mixture was established at a different
temperature. In this mixture, the mole fraction of nitrogen dioxide was found to be
0.28 at a total pressure of 180kPa.

(b) () Write a general expression to show how the partial pressure of a gas is related to
its mole fraction.

(1 mark)

(b) (i) Calculate the partial pressure of nitrogen dioxide in this mixture and hence
deduce the partial pressure of dinitrogen tetraoxide.

Partial pressure of nitrogen dioxide

Partial pressure of dinitrogen tetraoxide

(2 marks)
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() Ina third experiment at a given temperature, an equilibrium mixture is formed in
which the partial pressure of NO, is 49.6kPa and the partial pressure of NyOy is
132.0kPa.

(¢) (i) Wite an expression for the equilibrium constant, Ky, for this equilibrium.

(1 mark)
(©) (i) Calculate a value for Kp for this equilibrium at this temperature and give its
units.
Calculation

3 marks)




