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6.      (a)     Some metal ions are toxic to humans. A substance that can be used to treat such poisoning contains the ion EDTA4–. 
EDTA4– forms very stable complexes with metal ions. These complexes are not toxic.
(i)      Write an equation for the reaction of EDTA4– with aqueous copper(II) ions, [Cu(H2O)6]2+.
...............................................................................................................
(1)
(ii)     A solution containing EDTA4– can also be used in a titration to determine the concentration of metal ions in solution. 
A river was polluted with copper(II) ions. When a 25.0 cm3 sample of the river water was titrated with a 0.0150 mol dm–3 solution of EDTA4–, 6.45 cm3 were required for complete reaction. 
Calculate the concentration, in mol dm–3, of copper(II) ions in the river water. 
Show your working.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)
(b)     The determination of the concentration of copper(II) ions in a single sample of river water gives an unreliable value for the copper(II) ion pollution in the river. 
Give one reason why this value is unreliable.
........................................................................................................................
........................................................................................................................
(1)
(c)     Silver complexes can be used to identify a particular organic functional group. 
Give one example of a silver complex that can be used in this way and state the organic functional group it identifies.
Silver complex ...............................................................................................
Organic functional group ...............................................................................
(2)
(Total 6 marks)






7.	Which atom has an incomplete sub-shell?
A       Be
B       Ca
C       Ge
D       Zn
(Total 1 mark)

8.	When TiCI4 is reduced with hydrogen under certain conditions, a new compound is produced which contains 68.9% chlorine by mass. Which one of the following could be the formula of the new compound?
A       TiH2Cl2
B       TiCl
C       TiCl2
D       TiCl3
(Total 1 mark)

9.	Which one of the following is the most likely value for the bond angle α shown in the diagram of SF4 below?
 [image: ]
A       118°
B       101°
C       90°
D       88°
(Total 1 mark)



10.	In which one of the following reactions is the standard enthalpy change equal to the standard enthalpy of formation of lithium fluoride?
A       Li(g) + F(g) → LiF(s)
B       Li+(g) + F−(g) → LiF(s)
C       Li+(aq) + F−(g) → LiF(s)
D       Li(s) + [image: ]F2(g) → LiF(s)
(Total 1 mark)

11. 
[image: ]

                                             energy[image: ]
The total area under the distribution curve represents
A       total energy.
B       activation energy.
C       total number of reacting molecules.
D       total number of molecules present.
(Total 1 mark)

12.	A sample of chlorine gas was sealed in a tube, heated and an equilibrium was established.
Cl2(g) ⇌ 2Cl(g)
Which one of the following is not true?
A       The concentration of chlorine atoms remains the same when a catalyst is added to the tube.
B       Increase in temperature causes an increase in the concentration of chlorine atoms.
C       Increase in pressure causes an increase in the concentration of chlorine atoms relative to chlorine molecules.
D       Addition of more chlorine gas to the tube causes an increase in the concentration of chlorine atoms.
(Total 1 mark)

13.	Which of these species is the best reducing agent?
 
	 
	A
	Cl2
	[image: ]

	 
	B
	Cl−
	[image: ]

	 
	C
	I2
	[image: ]

	 
	D
	I−
	[image: ]



(Total 1 mark)

14.	The number of structural isomers of C3H2Cl6 is
A       2
B       3
C       4
D       5
(Total 1 mark)

15.	Which of these substances does not contribute to the greenhouse effect?
 
	 
	A
	Unburned hydrocarbons.
	[image: ]

	 
	B
	Carbon dioxide.
	[image: ]

	 
	C
	Water vapour.
	[image: ]

	 
	D
	Nitrogen.
	[image: ]



(Total 1 mark)

	16.
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The amount of CH3CH2OH at equilibrium cannot be increased by:


	
	A
	adding more water


	
	B
	raising the temperature


	
	C
	adding some dilute aqueous sodium hydroxide


	
	D
	adding a catalyst
(Total 1 mark)

	17.
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Which statement is correct?


	
	A
	the overall order of reaction is 2


	
	B
	the reaction is first order with respect to nitrogen monoxide


	
	C
	the reaction is second order with respect to hydrogen


	
	D
	the overall order of reaction is 3
(Total 1 mark)


	18.
	Which of the following processes is not accompanied by an increase in entropy?


	
	A
	decomposing ammonia gas into hydrogen and nitrogen


	
	B
	melting ice


	
	C
	dissolving magnesium sulphate in water


	
	D
	converting sulphur dioxide gas into sulphur trioxide in the Contact Process
(Total 1 mark)


	19.
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Which of the following reactions is feasible at 2000 K?


	
	A
	reduction of zinc oxide by magnesium


	
	B
	reduction of zinc oxide by nickel


	
	C
	oxidation of nickel by magnesium oxide


	
	D
	oxidation of nickel by zinc oxide
(Total 1 mark)


	20.
	Cyanide ions will react with:


	
	A
	C2H6 and C6H6


	
	B
	CH3CH2Br and CH3COCH3


	
	C
	C2H6 and CH3CH2Br


	
	D
	C6H6 and CH3COCH3
(Total 1 mark)


	21.
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	A
	[image: ]and [image: ]


	
	B
	[image: ]and [image: ]


	
	C
	[image: ]and [image: ]


	
	D
	[image: ]and [image: ]
(Total 1 mark)





	22.
	In water, hydrogen cyanide is a weak acid with a pKa of 9.4. Which of the following is not true concerning 500 cm of aqueous HCN that has a concentration of 0.10 moldm-3?


	
	A
	It will react completely with 2.5 g of sodium hydroxide


	
	B
	The pH of the solution is 5.2


	
	C
	it can be formed by dissolving 1.35 g of HCN in water and making up to 500 cm3 of solution


	
	D
	the amount of HCN in the solution can be determined accurately by titration of a 25.0 cm3 sample with a 0.1 moldm-3 solution of NaOH using methyl orange as indicator
(Total 1 mark)


	23.
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	A
	10H+ + SO42- + 8I-  H2S + I2 + 4H2O


	
	B
	[image: ]


	
	C
	[image: ]


	
	D
	[image: ]
(Total 1 mark)


	24.
	Which of the following is true concerning the CH3- ion?


	
	A
	it has bond angles of 120o


	
	B
	it is an electrophile


	
	C
	it has two lone pairs of electrons


	
	D
	It is a base
(Total 1 mark)


	25.
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In this reaction, which of the following is not true?


	
	A
	the solvent H2O is acting as a base by accepting a proton


	
	B
	the pH of the solution will be lower if the value of n is 3 rather than 2


	
	C
	the equilibrium position lies more to the right if the value of n is 3 rather than 2


	
	D
	the oxidation state of the central metal cation has decreased from n to n-1





	26.
	Which of the following involves the reduction of a transition metal?


	
	A
	[image: ]


	
	B
	[image: ]


	
	C
	[image: ]


	
	D
	[image: ]
(Total 1 mark)


	27.
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Which of the following statements is true?


	
	A
	6.6 g of ethanol were used in the reaction


	
	B
	both ethanol and ethanal have three different proton environments


	
	C
	the theoretical yield of ethanal is 6.6 g


	
	D
	Tollen’s reagent will oxidise both ethanol and ethanal to ethanoic acid
(Total 1 mark)


	28.
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Which of the following statements is untrue?


	
	A
	The colour changes from colourless to purple at the equivalence point


	
	B
	Dilute H2SO4 is a suitable acid for use in this titration


	
	C
	Each mole of H2O2 accepts one mole of electrons


	
	D
	[Mn(H2O)6]2+ is formed in the reaction
(Total 1 mark)





	29.
	Which of the following conversions is a reduction?


	
	A
	[image: ]


	
	B
	[image: ]


	
	C
	[image: ]


	
	D
	[image: ]
(Total 1 mark)


	30.
	An inorganic species does not act as the nucleophile in the reaction between:


	
	A
	[image: ]


	
	B
	[image: ]


	
	C
	[image: ]


	
	D
	[image: ]
(Total 1 mark)


	31.
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	A
	an electron pair acceptor and a catalyst


	
	B
	an electron pair acceptor and oxidising agent


	
	C
	an oxidising agent and a base


	
	D
	an electron pair acceptor and a base
(Total 1 mark)





	32.
	Which of the following statements correctly describe which molecules are capable of forming hydrogen bonds?


	
	A
	[image: ]but not [image: ]


	
	B
	[image: ]but not [image: ]


	
	C
	[image: ]and [image: ]


	
	D
	[image: ]and [image: ]


	33.
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Which of the following statements about xylocaine is incorrect?


	
	A
	it is soluble in dilute hydrochloric acid


	
	B
	it can form a quaternary ammonium salt


	
	C
	it contains a chiral centre


	
	D
	it can undergo Friedel-Crafts reactions





image7.png
Two beakers, A and B, each contain 100.0 cm?3 of 0.0125 mol dm™2 nitric acid.





image8.png
(e) ()

(i)

Calculate the pH of the solution formed after 50.0 cm® of distilled water are added to
beaker A
Give your answer to 2 decimal places.

[2 marks]

Calculate the pH of the solution formed after 50.0 cm® of 0.0108 mol dm> aqueous
sodium hydroxide are added to beaker B.
Give your answer to 2 decimal places.

[4 marks]
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(d

[0}

A third beaker, C, contains 100.0 cm? of 0.0125 mol dm? ethanoic acid.
The acid dissociation constant K, for ethanoic acid has the value 1.74 x 1075 mol dm™®
at25°.

Write an expression for K, for ethanoic acid and use it o calculate the pH of the
ethanoic acid solution in beaker C.
Show your working. Give your answer to 2 decimal places.

[4 marks]

Ka

Calculation
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(ii) Aqueous sodium hydroxide is added to beaker C until the pH of the solution
becomes 4.84

Name the salt formed in the reaction of ethanoic acid with sodium hydroxide.
[ mark]

1511 the solution with the pH of 4.84

(iii) Calculate the value of — 00 ___
fethanoic acid] 13 marks]






image11.png
(e)  Explain why data books do not usually contain values of K, for strong acids.
[2 marks]
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(@

Sodium bromate(V) is a primary standard. This means that ts solution can be used to
check the concentration of other solutions.

The half-equations for the reaction between bromate(V) ions and thiosulfate ions in the:
presence of acid are

25,057 — S40¢% + 2~

BO; + 6H" + 6e~ — B + 3H,0

Use these half-equations to deduce an overall equation for this reaction.
[1 mark]
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(b)

A laboratory technician decided to use a 5.00 x 10~ mol dm~* solution of

sodium bromate(V) to check the concentration of a sodium thiosuifate solution that was
labelled as 1.00 x 10~ mol dm~>. The sodium bromate(V) solution was placed in the
burette and 25.0 cm® of the sodium thiosulfate solution was pipetted into a conical flask.

Use the concentration of the sodium thiosulfate solution to calculate the expected titre
value in this experiment.
‘Show your working.

[2 marks]
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©

Consider the titre value that you have calculated in Question 5 (b).

Suggest one change to the experimental procedure in Question 5 (b) that would enable
you to calculate a more accurate value for the concentration of the sodium thiosulfate
solution.

[1 mark]





image15.png
The oxidising agent in solution A is sodium bromate(V), NaBrOs. A laboratory technician
wanted to make up enough of this solution for use in a class practical.

Calculate the mass of sodium bromate(V) needed to prepare 5.00 dm of a
5.00 x 10 mol dm? solution.
Show your working. Give your answer to the appropriate precision.
[2 marks]
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(@)

Corrosion can be defined as the degradation of a material when it comes into contact
with the environment. For iron, this process is called rusting.

When iron rusts it reacts with oxygen and water vapour in the air initially to form a brown,
flaky solid that can be regarded as iron(ll) hydroxide.

Write an equation, including state symbols, for the overall reaction of the iron with
oxygen and water vapour to form iron(lll hydroxide.
[2 marks]
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(b)  Explain why this type of corrosion is not seen on aluminium structures that have been
exposed to the environment for a similar time as iron structures.
[2 marks]





image18.png
Iron used in the construction of pipes, bridges and ships, can be protected by attaching
a sacrificial anode (electrode) to the structure. This sacrificial anode is another metal
that corrodes in preference to iron, keeping the iron structure unaffected. This metal

must be a stronger reducing agent than iron.

Table 1 shows the standard electrode potentials for some common metal electrodes in
alphabetical order.

Table 1
Electrode equation Standard electrode potential / V

aluminium Al*(ag) + 36~ —> Alls) -1.66

copper Cu?*(aq) + 2~ —> Cu(s) +0.34

iron Fe?(aq) + 2e- —> Fe(s) 044

lead Pb?(aq) + 26~ —> Pbl(s) -0.13

magnesium Mg?*(aq) + 26~ —> Mg(s) -2.37

tin Sn2*(aq) + 2~ —> Sn(s) -0.14

zinc Zn?*(aq) + 26~ —> Zn(s) -0.76





image19.png
Use the standard electrode potentials in Table 1 to identify the most effective metal for
use as a sacrificial anode for iron and explain your answer
[2 marks]






image20.png
The pH of seawater varies between 7.5 and 8.4. An aluminium sacrificial anode slowly
corrodes during its use. When attached to a ship it comes into contact with seawater
The aluminium sets up a cell between itself and the iron structure. In this cell, oxygen
dissolved in water is reduced to hydroxide ions on the iron surface. This
oxygen/hydroxide electrode has a standard electrode potential of +0.40 V.

Write a half-equation for the oxygen/hydroxide electrode reaction.
Construct an equation to show the overall cell reaction involving the aluminium anode.
Use Table 1 and the information above to calculate the e.m.f.of the cell.

[3 marks]

Half-equation

Overall cell reaction

Cellemf.






image21.png
Give two reasons why the value of the cell e.m.f that you calculated in Question 7 (b)
would not normally be achieved when the cell operates in seawater.
[2 marks]






image22.png
To examine the effect of a sacrificial anode, a student carefully cleaned a piece of iron
foil and a piece of aluminium foil. These were joined and placed in a beaker containing
abuffer solution at pH 8.0. Air was bubbled steadily into the solution. Atintervals the
foils were removed, separated, dried and weighed before being placed back in the buffer
solution. The resuls obtained were plotted on a graph, Figure 1.

Figure 1
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image23.png
Explain briefly the results obtained for the iron foil.
[1 mark]






image24.png
Suggest briefly why the aluminium foil stopped decreasing in mass after a time.
1 mark]






image25.png
Table 1 contains some standard electrode potentials.

Table 1
E7IV
VP*(aq) + 26" — V(s) -1.20
Zn?*(aq) + 26 ——> Zn(s) -0.76
V¥(ag)+e — VZ'(aq) -0.26
VO?(aq) + 2H'(aq) + &= —— V3*(aq) + Ho0() +0.34
VO,*(aq) + 2H'(aq) + &= —> VO?*(aq) + H,0(l) +1.00
MnO,(aq) + 8H'(aq) + 56~ ——> Mn?(aq) + 4H,0(I) +1.52





image26.png
(@) anexcess of zinc solid was added to a solution containing VO,* ions.

Show how you can use data from Table 1 to identify the vanadium-containing species
present at the end of the reaction.

Write an equation for the formation of this species by the reaction of Zn and VO, ions.
[3 marks]
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(b) the remaining zinc was removed by filtration. An excess of potassium manganate(VIl)
solution was then added to the reaction mixture.

Use data from Table 1 to explain why it was necessary to remove the remaining zinc.
[2 marks]
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Concentrated sulphuric acid is a useful laboratory reagent. Choosing appropriate examples,
illustrate this statement by considering how you would use concentrated sulphuric acid

(a) to distinguish between solid samples of two sodium halides, (6 marks)
(b) to prepare isomeric alkenes from an alcohol, (5 marks)
(¢) 1o prepare an aromatic nitro-compound. (4 marks)

Write equations for the reactions occurring and state the role(s) of sulphuric acid in cach
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When left to stand, a mixture of ethanoic acid and ethanol reaches equilibrium as shown in the
following equation.

CH;COOH() + CHiCH;0H(l) == CH;COOCH,CHy(D) + H;0(l) AH=-2 kI mol™!




image37.png
The following information concerns the gas-phase reaction of nitrogen monoxide with hydrogen.
2NO(g) + 2Hy(g) == Ny(g) + 2H,0(g)

A series of experiments was carried out in a reaction vessel at constant temperature.

The initial rate of reaction increased by a factor of 2 when the initial pressure of NO was doubled
and that of H, was halved.

The initial rate decreased by a factor of 2 when the initial pressure of Hy was doubled while that
0f NO was halved.

When both pressures were halved, the initial rate fell by a factor of 8.
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Standard free-energy changes at 2000K are as shown below:

Reaction AG*/K&T mor™
2Mg(s) + Os(g) > 2MegO(s) -1140
2Ni(s) + Ox(g) > 2NiO(s) 432
2Za(s) + Ox(g) > 2200(s) 696
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Possible products formed when cyanide ions react with aqueous iron(II) ions include
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[Fe(CN)sl>
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[Fe(H,0)sCNT*
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[Fe(H,0):CN]**
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[Fe(CN)g]*




image44.png
In which of the following reactions does an element have its oxidation state reduced from
+6 to +47




image45.png
Cr07 + 14H" + 6Ce™* 3 20 + 6Ce* + TH,O




image46.png
3MnOj™ + 4H™ > 2MnOj + MnO; + 2H,0




image47.png
[Cu(H0)6)** +4CI” 2 [CuCly]™ + 6H,0




image48.png
The hydrolysis of a metal aqua-cation can be described by the general equation

[M(H,0)¢]™ + Hy0 === [M(H,0)5(OE)]* " + H;0"





image49.png
conversion of [Co(H,O)]*™ into [CoCly]™
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conversion of TiO; into TiCly
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conversion of CrOj~ into Cr;Of~




image52.png
conversion of MnOj into MnO;~




image53.png
In an experiment, 0.15 mol of ethanol was added dropwise to a hot acidified solution of potassium
dichromate(VI). The ethanal formed in the reaction was distilled off as it was formed.




image54.png
The concentration of a sample of acidified aqueous H,0, can be estimated by titrating against a
standard solution of KMnO; added from a burette. Under these conditions, FyO; is oxidised
to O,
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OH"
CH;COOCH;CH; 3  CH;CH0H




image5.png
Nitric acid (HNOs) is a strong acid. Ethanoic acid (CHsCOOH) is a weak acid.

(a)  Wite an equation to show how ethanoic acid behaves as a weak acid in its reaction with
water.

[1 mark]
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NHj
(CH;CORO > CH;CONH,




image57.png
H
CH;CH(COOH)NH; >  CH;CH(COOH)NH;
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H
CH;COCH,CH; . &  CH;CH(OH)CH,CH;
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'NH; and BrCH,CH,CH;
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H20 and CH3COC1
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NaBH, and CH;COCH;
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HBr and CH;CH=CH,




image63.png
Methylbenzene can be made by reacting benzene with chloromethane in the presence of
aluminium chloride. The role of the aluminium chloride in this reaction can be described as
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CH;CH,0H
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(CH;CH,),CO
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(CH:CH,);N
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CH3;CHCl




image68.png
Xylocaine has the following structure

CH;
Q—N‘HCOCH;N(CH#:H
CHy





image6.png
(b)  When pure ethanoic acid reacts with pure nitric acid, ethanoic acid acts as a base.

Wite an equation for this reaction.
[1 mark]





