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Answer ALL questions.

Some questions must be answered with a cross in a box. If you change your mind about an
answer, put a line through the box ¢ and then mark your new answer with a cross .[X

1 This question is about ionisation energy.

The graph shows the first ionisation energies of 13 successive elements in the
Periodic Table in order of increasing atomic number.

Trends in first ionisation energies can be used to identify the group to which an
element belongs.
The letters are not the symbols for the elements.

+C

lonisation
energy
/ k) mol™

Atomic number

(a) (i) Which statement best describes the first ionisation energy of an element?

[]  Atheenergy released on removing 1 mol of electrons
from 1 mol of atoms in the gaseous state

[J  Btheenergy required to form 1 mol of singly charged positive ions
from 1 mol of atoms

[]  Cthe energy released when 1 mol of gaseous atoms
forms 1 mol of gaseous singly charged positive ions

[]  Dthe energy required to remove 1 mol of electrons
from 1 mol of gaseous atoms
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(ii) Explain why a general increase is shown in the graph for the first
ionisation energies of the elements F to L.

(iii) Identify the reason why the first ionisation energy of element ] is lower than
for element H.

[]  Athe electron is removed from a new shell

[]  Bthe electron is removed from a new sub-shell

[[]  Cthe electron is removed from a fully occupied orbital
]

D the electron is removed from a partially occupied orbital

(b) (i) Which pair of elements belong in Group 2?

[J] A elements B and K B
[] elements C and L C
[] elements D and M D
[

elements Eand N

(ii) Justify your answer in terms of ionisation energy.

3
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(c) Deduce the identity of element A.

Justify your answer, using the graph of first ionisation energies.

(Total for Question 1 = 9 marks)
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2 Vanadium exists in different oxidation states which can be interconverted using
suitable oxidising and reducing agents.

(a) The standard electrode potential for the vanadium(lll) / vanadium(ll) half-cell is
measured using the apparatus shown.

O,

platinum
\ [ d/ electrode
ge

hydrogengas —

platinum salt bri
electrode Q
. solution
hydrochloric containing
acid solution \3+and V¥

(i) Which is the best solution to use in a salt bridge?

A 1 mol dm™ potassium chloride solution
B 1 mol dm™ potassium iodide solution

C saturated solution of potassium bromide

O O &g o

D saturated solution of potassium nitrate

(ii) State the essential conditions for the cell in the diagram to give the standard
electrode potential.
Assume that the solution you use for the salt bridge is correct.

5
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(b) Standard electrode potentials for some half-equations involving vanadium and
sulfur are shown in the table.

Elec trode system 7V~
V2+(aq) +2e~ V(s) 118 -
V3+(aq) + e V(aq) 0.26
50%(aq)+4H(ag)+2e  H,S05(aq) + H,0()) +0.17
VO*(aq) + 2H'(aq) + e V(aq) + H,0(1) +0.34
§20%aq) + 6H(aq) +4e  25(s) + 3H,0() +0.47
V0",(aq)+ 2H(aq)+e ~ VO(ag)+H,0() +1.00

(i) Which of the sulfur-containing species in the table is the strongest

reducing agent?
(1)
[1  Aacidified thiosulfate ions
[1 B an aqueous solution of sulfuric(lV) acid an
[1 € aqueous solution of sulfuric(Vl) acid
LI Dsulfur
(i) What is the colour of a solution of vanadium(ll) ions, V*?? .
[1  Ablue -
[]  Been
L1 furple D
L1 yellow

*P74453A0628* oo
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() A colourless solution containing acidified thiosulfate ions, S0* 2, Was added to
a solution containing vanadium(ll) ions, V*, and stirred until no further change
was obser ved.

(i) Predict the vanadium ion present when no further change was observed.

Justif)gour prediction by giving any relevant redox equations and calculating
their £ arvalues.
State symbols are not required.

(ii) Describe what would be observed when acidified thiosulfate ions are added
to a solution containing vanadium(ll) ions using your equation(s).

(TotalforQuestion 2 = 14 marks)

7
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3 Ethanoic acid, CH;COOH, is the carboxylic acid found in vinegar.
Carboxylic acids are weak acids.

The table gives some data for four carboxylic acids.

Name Pk, K{mol dm
butanoic acid - 1.51% 107
ethanoic acid - 1.74% 107

methanoic acid 3.75 -
propanoic acid 4.88 -

(@) (i) Statewhatis meant by the term weak acid.

(ii) Explain which of these four compounds is the strongest acid, using the data in
the table.

*P74453A0828* oo



(iii) Under certain conditions, ethanoic acid could react with propanoic acid in an
acid-base reaction.

Complete the equation giving the products of this reaction and identifying
the acid-base conjugate pairs in the spaces below the equation.

(2)

(H;COOH + (H;CH,COOH s t o

(b) Calculate the pH of a solution of 0.100 mol dm™ ethanoic acid.
You must include any assumptions you have made.

o *P7AA53A0928% e



(c) Asolution containing ethanoic acid and sodium ethanoate, CHCOO™Na* . ,acts as a
buffer solution.

Explain how this solution acts as a buffer on the addition of separate small
amounts of acid and alkali.

You may include relevant equations in your answer.

(4)

(Total for Question 3 = 16 marks)

10
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4  Chromiumis a d-block element and a transition metal.

(a) Which electrons-in-boxes diagram shows the electronic configuration of a

chromium atom?
(1)
3d 4s
O A [A] [ 4V | 4V | 4
L1 B [A] | 4| ¢+ |4+ ]|+ ¢ 4
O Ccom At ty
[J DA |ty tv
(b) Explain why chromium is an electrical conductor.
(2)

12
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() The structure of the orange dichromate(Vl) ion, Cr0* 2, is shown.

0T
Cr Q)/ Cr
e
0 0

Predict the value of the bond angle a shown in the diagram.
Justify your value using electron-pair repulsion theory.

(2)
(d) The green compound [Cr(H,0),Cl,]Cl*2H,0 contains different types of bonding.
Identify the different types of bonding within this compound.
You must refer to the different species involved in each bond.
(3)

(Total for Question 4 = 8 marks)
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5 Manganese is a transition metal.

14

The most stable oxidation states of this element are manganese(ll), manganese(IV)

and manganese(VII).

These oxidation states are present in the complexion [Mn(H ,0)q], the compound
MnO and the ionMn0O~ s respectively.

Other oxidation states of manganese can also exist, which include manganese(l)
and manganese( VI).

(a) Manganese(l) ions are not stable in aqueous solution, but can form stable
complex ions such as the hexacyanomanganate(l) ion, Mn(CN)®.

(i) Draw a dot-and-cross diagram to show the electron arrangement in the
cyanide ion, CN".

Use dots (@) for electrons from carbon, crosses (x) for electrons from nitrogen
and a square () to indicate the extra electron.

(ii) What shape is the hexacyanomanganate(l) ion?

A hexagonal
B octahedral

]
]
[J € square planar
]

D tetrahedral

*P74453A01428*
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(b) Manganese(V1) in the ion Mn0*, can be made by reacting manganate(VIl) ions in
alkaline solution with manganese(IV) oxide.
The equation for the reaction is shown.

2MnO~(aq) + M n0,(s)+40H(aq) —  3Mn04(aq)+2H,0() Fer=-0.03V

(i) Explain, with reference to the half-equations shown, the effect of increasing
the concentration of alkali on the value of £

MnO,@agyte  MnO4(aq) F£+0.56V
Mn0*(ag)+2  H,00%2e 0 MnO,(s)*40H(aq) F£+0.59V

(ii) Explain why the preparation of manganate(VI) ions, Mn0*,, may be described
as a reverse disproportionation reaction.

(Total for Question 5 = 8 marks)

15
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6 Awhite powder with the formula XCOs is a carbonate of an element (X) in Group 2.

The reaction of XCO; with an excess of dilute hydrochloric acid produces
carbon dioxide.

(a) Write the equation for this reaction between XCO; and hydrochloric acid.

Include state symbols.

(b) Apparatus 1 and Apparatus 2 show two sets of apparatus that could be used to
measure the volume of gas produced.

=
100 cm’
= measuring
. I qylinder
plastic pot
Apparatus 1 containing XCO;

s S
Z o
=

HCl(aq)
T i

100 cm?’ gas syringe
plastic pot
Apparatus 2 containing XCO;
HCl(aq)
In an experiment, 0.320 g of XCOreactswith100cm’ of HCl with a concentration

of 0.200 mol dm™,

16
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(i) Give a reason why XCOs is placed in a plastic pot in Apparatus 1 and in
Apparatus 2.

(ii) Give a reason why the volume of gas obtained using Apparatus 1 would be
lower than with Apparatus 2.

(iv) Using Apparatus 2, the sample of 0.320 g of XCO produced 50 cm’ of
carbon dioxide.
Under the conditions of the reaction, 1 mol of gas occupies 24 000 cm’,

Which of the following gives the suggested atomic mass, A, of X?

50
A A= _
- A= S4000%0320 60
] BAr=2A0£—O— x0.320 - 60
50
C 4-=
- A= Saoooxozo OO
O DAr:ZAOSi(’)ﬂ—x 0.320+60

17
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(v) Identify the element which is most likely to be X.

A magnesium
B calcium

]
]
[1  Cstrontium
]

D barium

(vi) A flame test was carried out to confirm the identity of X.

Explain whether or not the result of the flame test would confirm the identity
of X, giving the expected flame colour.

(c) Explain why repeating the experiment with XCO; and other Group 2 carbonates
using sulfuric acid in place of hydrochloric acid would give inaccurate results.

(Total for Question 6 = 12 marks)

18
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* 7 The table gives the melting temperatures for the Period 3 elements silicon,
phosphorus, sulfur and chlorine.

All four elements are covalently bonded.

Element Si P S a

Melting temperature / K 1680 317 392 172

Compare and contrast these melting temperatures in terms of structure and bonding
of these elements.




6 marks)

(Total for Question 7

500K

LENEILIIM TONC
BRI,
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8 This question is about the solubility of chloride salts.

The enthalpy change of solution may be found by dissolving a compound in
deionised water and measuring the temperature change.

A student devised an experiment to measure the enthalpy change of solution for
barium chloride, BaCl,.

The method resulted in the formation of 50.0 cm’ of solution containing 8.0 g of
barium chloride.
The enthalpy change of solution was found to be -32 k| mol™.

(a) Calculate the temperature increase obtained by the student in this experiment.
[M of BaCl=208.3 specificheatcapacity ofthe solution=4.18 ) g

-1o-1

dJ

(3)

22
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S (b) The energy level diagram shows the enthalpy changes associated with the
formation of barium chloride solution.

Ba”(g) +2CI(g)

AH,

Ba? (aq) +2CI
AH, a” (aq)+ 20 (g) '

BaCly(s)

20H,

AH,;

Ba® (aq) +2CI(aq)

Some of the data for this energy level diagram is shown in the table.

=

Symbol Enthalpy change Value / k| mol

AH, -2056

AH, Enthalpy change of hydration of Ba # -1360

AH; Enthalpy change of solution for BaCl, =32

AH,

(i) Complete the enthalpy change column of the table by giving the names of
the enthalpy changes AH, and A,
(2)

(ii) Calculate a value for the enthalpy change AH,.
(2)

s\ y
23
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(c) At 298 K, 0.270 g of calcium sulfate will dissolve in 100 cm® of water to form a
saturated solution.
Adding more calcium sulfate results in an equilibrium between a saturated
solution and undissolved calcium sulfate.

Cas0(s) (Ca*(aq)+S0* Aaq)
The expression for the equilibrium constant for this equilibrium is shown.

K =[Ca”(aq)][SO™ 4(aq)]

(i) State why the concentration of calcium sulfate is not present in the
K1 expression.

(1)
(ii) Calculate the concentration, in mol dm=, of calcium sulfate solution when ond
0.270 g dissolves in water to produce 100 cm® of solution. S
1) Bk
st
o
i 5
; 2
3
Q/,
i
&
e
(iii) Calculate the value of £
Give units with your answer.
(2)

24
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(d) Like most ionic compounds, the solubility of calcium sulfate changes with
temperature and so the equilibrium constant also changes.
The equilibrium constants at 298 K and 350 K are related mathematically by the
simplified equation shown.

logioky - logk | . =AH, x 261 x 107
Data
K is the equilibrium constant at 298 K K, is the
equilibrium constant at 350 K
AH is the enthalpy change of solutionofCaS0=-17800mol™" «

and at 7, =298 K, K, is the answer to (c)(iii)

(i) Calculate a value for the equilibrium constant at 350 K, K, using your answer
to (c)(iii) and the simplified mathematical expression.

[If you have been unable to calculate a value for K then you may use
K=6.50  x 107 Thisis not the correct value.]

- *P74453A02528*
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(ii) Deduce how the solubility of calcium sulfate changes as temperature
is increased.

Justify your answer in terms of K: values.

(Total for Question 8 = 17 marks)

TOTAL FOR PAPER = 90 MARKS
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	Answer ALL questions.
	Some questions must be answered with a cross in a box . If you change your mind about an
	and then mark your new answer with a cross .
	answer, put a line through the box
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	(Total for Question 1 = 9 marks)
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	(b) Standard electrode potentials for some half‑equations involving vanadium and
	sulfur are shown in the table.
	Elec trode system
	V3+(aq) + e–
	SO2–
	VO2+(aq) + 2H+(aq) + e–
	2(aq)+ 2H(aq)+e

	VO+
	Ed / V –1.18 –0.26 +0.17 +0.34 +0.47 +1.00
	(i) Which of the sulfur‑containing species in the table is the strongest
	reducing agent?
	A acidified thiosulfate ions

	B C
	an aqueous solution of sulfuric(IV) acid an aqueous solution of sulfuric(VI) acid
	D sulfur
	(1)
	(ii) What is the colour of a solution of vanadium(II) ions, V2+?
	A blue


	B C
	green purple D yellow
	(1)
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	(6)
	(2)
	(TotalforQuestion 2 = 14 marks)

	*P74453A0728*
	Ethanoic acid, CH3COOH, is the carboxylic acid found in vinegar. Carboxylic acids are weak acids.
	The table gives some data for four carboxylic acids.
	Name butanoic acid ethanoic acid methanoic acid propanoic acid
	pKa –
	– 3.75 4.88
	K /
	a mol dm
	1.51 × 10–5 1.74 × 10–5 –
	–
	(a)
	(i)
	State what is meant by the term weak acid.
	(2)
	(ii) Explain which of these four compounds is the strongest acid, using the data in
	the table.

	(3)
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	CH3COOH
	CH3CH2COOH
	(2)
	(5)
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	(4)
	(Total for Question 3 = 16 marks)
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	(Total for Question 4 = 8 marks)
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	5 Manganese is a transition metal.
	The most stable oxidation states of this element are manganese(II), manganese(IV) and manganese(VII).
	These oxidation states are present in the complex ion [Mn(H
	2O)6], the compound
	MnO and the ionMnO–
	4 respectively.
	Other oxidation states of manganese can also exist, which include manganese(I) and  manganese( VI).
	(a) Manganese(I) ions are not stable in aqueous solution, but can form stable
	complex ions such as the hexacyanomanganate(I) ion, Mn(CN)5–6.
	(i) Draw a dot‑and‑cross diagram to show the electron arrangement in the
	(2)
	(ii) What shape is the hexacyanomanganate(I) ion?
	A hexagonal

	B C
	octahedral square planar
	D tetrahedral
	(1)
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	(b) Manganese(VI) in the ion MnO2–4 can be made by reacting manganate(VII) ions in
	alkaline solution with manganese(IV) oxide. The equation for the reaction is shown.
	2MnO–(aq) + M
	nO2(s)+4OH(aq)
	3MnO4(aq)+2H2O()
	Ecell = –0.03 V
	(i) Explain, with reference to the half‑equations shown, the effect of increasing
	the concentration of alkali on the value of Edcell.
	MnO–
	4(aq)+e
	MnO2–(aq) + 2
	H2O()+2e
	MnO2(s)+4OH(aq)
	E = +0.56 V
	E = +0.59 V
	(3)
	(ii) Explain why the preparation of manganate(VI) ions, MnO2–4, may be described
	as a reverse disproportionation reaction.

	(2)
	(Total for Question 5 = 8 marks)
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	*P74453A02128*
	This question is about the solubility of chloride salts.
	The enthalpy change of solution may be found by dissolving a compound in deionised water and measuring the temperature change.
	A student devised an experiment to measure the enthalpy change of solution for barium chloride, BaCl2.
	The method resulted in the formation of 50.0 cm3 of solution containing 8.0 g of barium chloride.
	The enthalpy change of solution was found to be –32 kJ mol–1.
	(a) Calculate the temperature increase obtained by the student in this experiment.
	[M of BaCl = 208.3
	pecificheatcapacity ofthe solution = 4.18 J g
	C]
	(3)


	*P74453A02228*
	(b) The energy level diagram shows the enthalpy changes associated with the
	formation of barium chloride solution.
	Ba2+(g) + 2Cl–(g)
	(aq) + 2Cl–(g)
	Ba
	BaCl2(s)
	2ΔH4
	(aq) + 2Cl–(aq)
	Ba
	Some of the data for this energy level diagram is shown in the table.
	Symbol

	ΔH1 ΔH2 ΔH3 ΔH4
	Enthalpy change
	Enthalpy change of hydration of Ba
	Enthalpy change of solution for BaCl2
	Value / kJ mol
	–2056 –1360 –32
	(i)
	Complete the enthalpy change column of the table by giving the names of the enthalpy changes ΔH1 and ΔH4.
	(2)
	(ii) Calculate a value for the enthalpy change ΔH4.

	(2)
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	Turn over   
	(c) At 298 K, 0.270 g of calcium sulfate will dissolve in 100 cm3 of water to form a
	saturated solution.
	Adding more calcium sulfate results in an equilibrium between a saturated solution and undissolved calcium sulfate.
	4(aq)
	The expression for the equilibrium constant for this equilibrium is shown.
	=[Ca2+(aq)][SO2–
	4(aq)]
	(i) State why the concentration of calcium sulfate is not present in the
	K c1  expression.
	(1)
	(ii) Calculate the concentration, in mol dm–3, of calcium sulfate solution when
	0.270 g dissolves in water to produce 100 cm3 of solution.

	(1)
	(iii) Calculate the value of Kc1
	Give units with your answer.

	(2)

	*P74453A02428*
	(d) Like most ionic compounds, the solubility of calcium sulfate changes with
	temperature and so the equilibrium constant also changes.
	The equilibrium constants at 298 K and 350 K are related mathematically by the simplified equation shown.
	log10K2 – logK
	=ΔH
	2.61
	10–
	Data
	Kc1 is the equilibrium constant at 298 K Kc2 is the equilibrium constant at 350 K
	ΔH is the enthalpy change of solutionofCaSO=–17800Jmol–1
	and at T1 = 298 K, Kc1 is the answer to (c)(iii)
	(i) Calculate a value for the equilibrium constant at 350 K, Kc2, using your answer
	to (c)(iii) and the simplified mathematical expression.
	[If you have been unable to calculate a value for Kc1 then you may use
	10–6


	K = 6.50
	. This is not the correct value.]
	(4)
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