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Answer all the questions.

1 Copper is a transition element. It forms compounds in which the oxidation number of copper is +1
or +2.

(@) Complete the electronic configuration of the copper(Il) ion, Cu2*,

(b) Transition elements form coloured complex ions. Choose an example of a coloured complex
jion in which copper has the +2 oxidation state.

(i) Write the formula of your chosen coloured copper(Il) complex ion.

(iii) Name and describe the bonding between the ligand and the metal ion within your chosen
complex ion.

.................................................................................................................................... [2]
(c) Aqueous sodium hydroxide is added to aqueous copper(II) sulphate.
(i) Describe what you would see.
.................................................................................................................................... [1]
(ii) Write an ionic equation for the reaction taking place.
.................................................................................................................................... [1]
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3  This question is about redox reactions of some compounds of transition elements.

(a) Chromium(IIl) ions can be oxidised by hydrogen peroxide under alkaline conditions.
The relevant half-equations are as follows.
H,0,(aq) + 26 —> 2 OH™(aq)
Cr¥*(aq) + 8 OH™(ag) —> CrO,27(aq) + 4H,0(l) + 3e~
Construct the equation for the oxidation of Cr3* by H,O, under alkaline conditions.

© OCR 2009
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(b) In this question, one mark is available for the quality of your spelling, punctuation and
grammar.

Lattice enthalpy is a measure of ionic bond strength.

»  Distinguish, with the aid of equations, between the terms /attice enthalpy of sodium
oxide and enthalpy change of formation of sodium oxide, Na,O.

* Draw a labelled Born-Haber cycle. Include the names of all relevant enthalpy
changes.

Describe how the lattice enthalpy of sodium oxide can be calculated.

*  Arrange the following compounds in order of their lattice enthalpies with the most
exothermic first. Explain your answer.

magnesium oxide potassium bromide sodium chloride

© OCR 2009 Turn over



Quality of Written Communication [1]

[Total: 17]

END OF QUESTION PAPER
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2
Answer all the questions.

A student wanted to measure the standard electrode potential of:
Cry0/% + 14H* + 66~ = 2Cr** + 7H,0
(a) (i) What is the oxidation number of Cr in the Cr2072' ion?

(i) Draw a labelled diagram of the apparatus he could use. State the conditions required.

© OCR 2009
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(b) The standard electrode potential of the Cr,0,2~ + 14H* + 66~ == 2Cr** + 7H,0 half-cell
is +1.33V.

The solution in the student’s half-cell contained 1moldm=3 Cr3* and HT but less than
1moldm™ Cr,0,2~.

Would the student’s measured value be higher, lower or the same as the standard electrode
potential?

Explain your answer.

[Total: 8]
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4
The following standard electrode potential data refers to different reactions involving cobalt
complexes in the +2 and +3 oxidation states.

[Co(H,0) P+ + &= = [Co(H,0)2*  E® = +1.81V
2+/6 2™/6

[Co(NH)el** + e~ = [Co(NHp) 2t  E® = +0.11V

(a) Which cobalt complex is the strongest oxidising agent? Explain your answer.

(c) [Co(NHg)g]** ions may be reduced to [Co(NH,)4]2* by metallic iron, which is oxidised to Fe?*.
Fe?t + 2e- = Fe E® = -0.44V

Write a balanced chemical equation for this reaction and show that the reaction is feasible.

[Total: 6]
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(d) Copper is widely used to make alloys such as brass. The % of copper in a sample of brass
can be determined by titration.

* 1.65g of brass were reacted with nitric acid and the resulting solution was neutralised
and made up to 250cm? in a standard flask;

*  Excess KI was added to 25.0cm? of this solution;

* The resulting solution required 19.80cm® of 0.100moldm=3 Na,S,0, solution to
react with the iodine produced.

The equations for the reactions involved are;
2Cu* + 41" = 2Cul + L
L, + 282032" —> 2" + 84062‘

Determine the % of copper in the sample of brass.

%o copper in sample ........cocvvevieiinivie e % [5]

[Total: 14]
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4 The complexion, [Co(NH3)4Clg]+ shows a form of stereocisomerism.

(a) What type of stereoisomerism does [Co(NH,) 4012]+ show?

............................................................................................................................................ [1]
(b) Draw 3-D diagrams to show the two isomers of [Co(NH3)4Clz]+.

[2]

(c¢) The complex ion [Co(en)2012]+ shows a different type of stereoisomerism.

Name this type of stereoisomerism and draw 3-D diagrams of the two isomers.

name of type of StereoiSOMEriSM ........coooviviiiiee e [1]
[2]
[Total: 6]
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In this question, one mark is available for the quality of use and organisation of scientific terms.

Transition metal complexes typically show four-fold and six-fold co-ordination.
Using suitable examples:
»  State what is meant by co-ordination number;
*  Discuss the possible shapes and bond angles of four and six co-ordinated complexes;

*  Show how ligand exchange can result in a change in the co-ordination number, shape
and charge of a complex ion.

Diagrams and equations should be used to illustrate your answer.

© OCR 2009
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[Total: 11]

END OF QUESTION PAPER
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Answer all the questions.

The decomposition of gaseous hydrogen iodide to form hydrogen and iodine gases is a reversible
reaction.

2HI(g) == Hy(9) + Ix(9)

(a) Write the expression for K, for an equilibrium mixture of these three gases.

]

(b) A student added 0.50mol HI(g) to a 1.0dm?3 container. The container was sealed and the
contents were allowed to reach equilibrium at constant temperature.

The student then analysed the equilibrium mixture and found that 0.11 mol I,(g) was present.

(i) Complete the table below to show the amount of each gas in the equilibrium mixture.

gas HI(g) Hx(9) I,(9)
initial amount / mol 0.50 0.00 0.00
equilibrium amount / mol 0.11
[2]
(i) Calculate K to an appropriate number of significant figures. State the units, if any.
K= i units, ifany ..o [3]

(c) The student compressed the equilibrium mixture so that its volume was reduced. The
temperature was kept constant.

Comment on the value of K, and the composition of the equilibrium mixture under these new
conditions.

© OCR 2009
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(d) The student repeated the experiment at a higher temperature and found that more I,(g) was
present at equilibrium.

Comment on the value of K, and explain what additional information this tells you about the
reaction.

[Total: 15]
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The reaction between nitrogen monoxide, NO, and oxygen, O,, has the following rate equation.
rate = K[NO(g)J?[O,(9)]

(a) What is the overall order of this reaction?

(b) The reaction rate is 6.90 x 10~ mol dm™ s~ when

» the concentration of NO(g) is 2.80 x 10~* mol dm™3
* the concentration of O,(g) is 1.44 x 1078 mol dm™3,

Calculate the rate constant, k, for this reaction. State the units.

Give your answer to an appropriate number of significant figures.

rate constant, K= .......eeeveeenennnn. UNIES v, [3]

(c) The rate equation was determined experimentally.

(i) On the axes below, sketch a graph to show how the concentration of O, changes during
the course of the reaction.

[O5]
/mol dm™3

0 time

1]
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(ii) Explain how you would use the graph to determine the initial rate of the reaction.

(i) How could you use the graph to confirm that the reaction is first order
with respect to 0,7

(d) The experiment was repeated using different initial concentrations of NO.

(i) Using the axes below, sketch a graph to show how the initial rate of the reaction would
change with different initial concentrations of NO.

A

initial rate/
mol dm=3s~1

0 [NO]/ mol dm™3
[1]

(ii) Predict, with a reason, what would happen to the rate when the initial concentration of
NO(g) is tripled.

BITECL ON TAEE .ot e e e oo e

(iif)  Predict what would happen to the rate when the initial concentration of NO(g) is doubled
and the initial concentration of O,(g) is tripled.

LS H{=Tor o] g =1 (= OO OO U SRR R [1]

[Total: 12]
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3  Sulphur dioxide is used as a wine preservative. Sulphur dioxide reacts with water forming
sulphurous acid, H,SO,.

H,SO; is a weak Bronsted-Lowry acid.
H,S04(aq) == H*(aq) + HSO, (aq) K, =1.50 x 1073 mol dm™2 at 25°C

(@) What s the value of pK, for H,S0, at 25°C?

PR, = oo [1]

(b) (i) Write an expression for K for the equilibrium above.

]

(i) Use the expression for K, from (i) to calculate the pH of a 0.0265moldm= aqueous
solution of H,50, at 25°C.

[3]

(iii) The measured pH of 0.0265 moldm™ sulphurous acid at 25°C is slightly lower than the
pH value calculated using the expression above.

Suggest a reason for this difference.
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(c) The constant K has a value of 1.00 x 107"* mol2dm™® at 25°C.

() What name is commonly given to K, ?

...................................................................................................................................... [11
(if) Write the expression for K.
Ky = cereereentmeste ettt e e ettt et en e e e ee e ne e ren e [1]
(d) In aqueous solution, potassium hydroxide acts as a strong alkali.
Calculate the pH of 0.0265 moldm= KOH(aq) at 25°C. Show your working.
[2]

A student mixed 25.0cp?0.0265 moldm=3 H

,(aq) with 25.0cm® 0.0265 mol dm3KOH(aq).

[Total: 14]
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4  Alpha-hydroxy-acids (AHAs) are used in skin-care products. For effective treatment of the skin,
it is important that the pH of cosmetics is closely controlled. Products are sold in a buffered form
with different pH ranges for different uses.

Glycolic acid, shown below, is used as an AHA in many cosmetics.

O
HO

OH

glycolic acid

(a) Deduce the molecular formula of glycolic acid.

[3]
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(e) In this question, one mark is available for the quality of use and organisation of scientific
ferms.

A glycolic acid skin-care product has a buffered pH of 4.4.
The buffer contains a solution of glycolic acid and its sodium salt, sodium glycolate.

*  Explain what a buffer is and how this buffer system works. Include equations in your
answer.
*  Calculate the proportions of glycolic acid and sodium glycolate in this skin-care product.

Glycolic acid has a K value of 1.48 x 107* mol dm™3.

Quality of Written Communication [1]

TURN OVER FOR QUESTION 4(d)
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