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Some questions must be answered with a cross in a bo). If you change your mind about an

Answer ALL questions.

answer, put a line through the bgx% and then mark your new answer with a cros. §
(a) Which equation shows the third ionisation energy of aluminium? 2
O A Alg) > AB(g)+3e 5:
0 B A*(g) > APH(g)+e g
[0 C ABYg)+3e — Al(g) E
[0 D AP(g)+e — A*(g) :>_
(b) Which element in this table is in Group 2?
lonisation energy / kJ mol™ ' :
b )
Element First Second Third Fourth %
W 1086 2353 4621 6223 %
X 653 1592 2987 4740 g
Y 590 1145 4912 6474 g -
yA 496 4563 6913 9544 E:
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(c) The graph shows the first ionisation energies (IE) of eight successive elements
from the first 20 elements in the Periodic Table.

Which letter represents the first ionisation energy of oxygen?

(€)

O O O

]

O W >

D

1st IE / kJmol-!

A

(f) (h)

Atomic number

(d) Give the formula of a stable ion that is isoelectronic with the

magnesium ion, Mg?*.
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(e) A student stated that ‘the elements scandium and zinc are d-block elements but
are not transition metals’.

Discuss this statement, using appropriate electronic configurations to support
your answer.
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(Total for Question 1 = 8 marks)
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2 This question is about acids and bases.

(@) What is the order of decreasing pH for 0.100 mol dm3 solutions of these three acids?

O O O

]

A
B
C

D

CH3COOH > CH2CICOOH > HCl
HCl > CH3COOH > CH2CICOOH
CH2CICOOH > CH3COOH >HClL
HCl > CH,CICOOH > CH3COOH

(b) A solution of methanoic acid, HCOOH, has a concentration of 0.240 mol dm-3and
a pH of 2.20.

Calculate the value of pka for methanoic acid.

(c) Which of these mixtures would form a buffer solution with a pH below 7?

O O O o

O O W >

NaOH(aq) and excess HCl(aq)
NaOH(aq) and excess CH3COOH(aq)
excess NaOH(aq) and HCl(aq)
excess NaOH(aq) and CH3COOH(aq)
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(d) Bromothymol blue, methyl orange and phenolphthalein are indicators used in titrations.

Which, if any, of these indicators could be used for a titration of ammonia, NH3(aq),

-
with ethanoic acid, CH;COOH(aq)? Q.
=z

=

=

[0 A bromothymol blue it
-

[0 B methyl orange e
=

[1 C phenolphthalein %
[0 D none of these three indicators .E'
B

(Total for Question 2 = 6 marks) o
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3 This question is about transition metals and transition metal complexes.

(@) Describe the bonding in the element chromium and use your answer to justify
why it has such a high melting temperature.

You may find it helpful to draw a labelled diagram.

(b) When chromium(lll) sulfate dissolves in water, a green solution containing the
[Cr(H20)6]3*ion forms.

(i) Give the shape of this complex ion.
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(c) The ligand ethylenediaminetetraacetate, EDTA*, has the structure shown.

0]

0 Hko

oY

When a solution of EDTA* is added to a solution of [Cr(H20)s]** ions, a new
complex ion is formed.

0

< ¥3UVSTHL NI ILTHMLON 00~

[Cr(H20)6]3 + EDTA* = [Cr(EDTA)]" + 6H:0
The equilibrium constant for this equilibrium is 2.51 x 1023 dm?® mol™".

By considering the equilibrium for this reaction and changes in entropy, comment
on the value of the equilibrium constant. No calculations are required.
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(d) Aqueous vanadium(ll) chloride, VCl:(aq), can be oxidised by bubbling
gaseous chlorine, Cly(g), through the solution in the absence of air.

40.0cm3 of 0.100mol dm~3 VCL, solution was oxidised by 144 cm? of chlorine gas,
at room temperature and pressure (r.t.p.).
The chlorine was reduced to chloride ions, according to the half-equation

Cl(g) + 26~ — 2Cl-(aq)
[Molar volume of a gas at r.t.p. = 24.0 dm3 mol™']

(i) Use these data to calculate the final oxidation state of vanadium.
You must show your working.

(i) State the initial and final colours you would see as the chlorine bubbles
through the aqueous vanadium(ll) chloride, VCl;(aq).

(Total for Question 3 = 18 marks)
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4 This question is about dissolving different compounds.

(@) Which of these compounds is the most soluble in water?

O O o o

O O wmw >

barium sulfate

calcium sulfate

magnesium sulfate

strontium sulfate

(b) What is the value, in kJ mol™', for the standard enthalpy change of solution of
magnesium chloride?

O O O o

O O m™m >

+157
-157
+224
—224

Mg?*(g) + 2Cl(g)

N

MgCly(s) ———> Mg**(aq) + 2Cl(aq)

Lattice energy MgCly(s) =-2526 kJ mol™!
Hydration enthalpy of Cl-(g) =- 381 kJ mol™'
Hydration enthalpy of Mg?*(g) =-1921 kJmol™"
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*(c) The solubility of two compounds in different solvents was investigated.
A summary of the findings is shown.

Compound Soluble in water Soluble in hexane
2-methylpentane X v
potassium bromide v X

Explain the findings of the investigation by considering the interactions between

the compounds and each of the solvents.
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(Total for Question 4 = 8 marks)
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5 This question is about the chemistry of hydrated magnesium nitrate, Mg(NO3)2.xH20 .
(a) Group 2 nitrates decompose when heated.

(i) State two observations you would see when hydrated magnesium nitrate is heated.

(b) In an experiment, a sample of hydrated magnesium nitrate, Mg(NO3)2.xHz0,
with a mass of 0.765 g, was dissolved in water and reacted with an excess of
sodium hydroxide solution, NaOH(aq).

The precipitate of magnesium hydroxide, Mg(OH), , produced was removed and
dried. The mass of the dried sample was 0.174g.

(i) Draw dot-and-cross diagrams for the ions in magnesium hydroxide.
Show the outer electrons only.

14
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g %\

),\/ (i) Use the experimental data to calculate the value for x in the formula
i Mg(NO3)2.xH,0.
% You must show all your working.

<O (5)
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(Total for Question 5 = 12 marks)
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6 Prop-2-en-1-ol is an unsaturated alcohol with the structure shown.

H

| H
e /C\c| __oH
Vo

(@) A student planned to use bond enthalpy data to calculate a value for the
enthalpy change of combustion of prop-2-en-1-ol.

(i) When researching the bond enthalpy data, the student claimed that it was not

necessary to find the value for the C=C bond as they could use the value for a

C—C bond and multiply it by two.
Explain why the student is incorrect.

(i) Calculate a value for the enthalpy of combustion of prop-2-en-1-ol using the
data shown.

C3HeO(g) +402(g) — 3CO2(g) + 3H20(g)

Bond cC | c<c | ¢0 | <0 | O-H | ¢H | o=
sonaenthally /| 347 | 612 | 358 | 805 | 464 | 413 | 498
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(iii) Explain, in terms of entropy, why the combustion of prop-2-en-1-ol is always

feasible in the gaseous state.

(b) Chemists are researching a process to make ethanol and ethene directly from

carbon dioxide and water.

4C02(g) + 5H20(l) — CH3CH20H(l) + CaH4(g) + 602(g) AHP=+2778 kJ mol™"

CO2(g)

H20(l)

CH3CH20H(l)

C2Ha(g)

0,(g)

e/ JK " mol-!

213.6

69.9

160.7

219.5

205.0

Calculate AS®,, for the reaction and hence determine whether the reaction is

feasible under standard conditions.

(Total for Question 6 = 12 marks)
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7 A mixture of ethanoic acid, ethanol and a catalyst was left for several days
to reach equilibrium.

-
CH3COOH(l) + CH3CH,0H(l) = CH3COOCH,CH3s(l) + H20(l) :-

- Q.

The equilibrium constant, K., under these conditions, was 0.28. ;
(@) (i) Write the expression for the equilibrium constant, Kc. 'E;
-

=

=

X

573

>

)

"

B

(i) The initial amounts of ethanol and ethanoic acid used were 1.2 mol of each reactant. :

Use this information, your expression for the equilibrium constant, K., and the U
value for K¢, to find the amounts of each product at equilibrium, in moles. o
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(b) Another ester, methyl methanoate, can be formed by the reaction between

methanol and carbon monoxide in the gaseous phase.

(i) The two O-C-H bond angles, x and vy, in the ester are approximately

O O O

]

ﬁ T
CO(g) + CH30H( H—C—O0—C—H
(g) 30H(g) — Y (g)
H

A 180° and 90°

B
C

120° and 90°

120° and 109.5°

D 109.5° and 109.5°

(i) The reaction often forms an equilibrium mixture.

Which could be the units for the equilibrium constant, Kp?

[
[
[

]

(iii) Describe what effect, if any, increasing the pressure would have on the

A
B
C

D

mol dm3

dm3 mol-"

atm

atm™!

equilibrium constant, Kp. Justify your answer.

(Total for Question 7 = 8 marks)
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8 Tablets containing potassium manganate(VIl), KMnO4, are dissolved in water forming
an antiseptic solution to treat skin conditions. The manufacturers claim that each

tablet contains 400 mg of KMnO4 . :8
To check the claim, the titration procedure outlined was carried out. '§:
@ Five tablets were dissolved in distilled water to make 100.0cm? of solution. .,EU:
@ Some of the KMnOy4 solution was used to fill a burette. E
@ 25.0cm’ of sodium ethanedioate solution, Na2C,04(aq), of concentration 0.200 mol dm, =
was added to a conical flask and warmed. -

@ Sulfuric acid, of concentration 2 mol dm3, was also added to the conical flask. E
@ The KMnO4 solution was added to the flask from the burette, until the end-point. o
The equation for the reaction between Mn04‘ ions from the KMnO and C 0% ions E.

4 2 4 ;
from the sodium ethanedioate solution is shown. :
16H*(aq) + 2MnO-(aq) + 5C 0% (aq) — 2Mn%**(aq) +10CO (g) + 8H O(l)
4 2 4 2 2
(a) Give the colour change at the end-point of the titration.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll U
(=]

(b) (i) Complete the dot-and-cross diagram for the ethanedioate ion. _cz>
Show the outer electrons only. g

2

- 2 il
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o
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(i) Determine the oxidation number of carbon in the ethanedioate ion, C 202;
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(c) Give the reason why sulfuric acid was also added to the conical flask.

(d) This redox reaction could be used in an electrochemical cell.
The cell half-equations are
2C02(g) + 2™ = C,0%5(aq)
8H*(aq) + Mn0z(aq) + 56~ = Mn%*(aq) + 4H0(l)

Write a cell diagram for this cell using the conventional representation.

21
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(e) The results of the titration are shown.

Run Trial 1 2 3
Final volume / cm? 17.50 34.10 17.20 34.10
Initial volume / cm? 0.00 17.30 0.00 17.20
Titre / cm? 17.50 17.20
Concordant titres (v)

Mean titre / cm?3

(i) Complete the table.

(i) The equation for the reaction between Mn0—4ions from the KMnO and C 0% ions
4 2 4
from the sodium ethanedioate solution is shown.

16H*(aq) + 2MnO-(aq) + 5C 0% (aq) — 2Mn?*(aq) + 10CO (g) + 8H O(l)
4 2 4 2 2

Use this equation and your mean titre from (e)(i) to calculate the mass, in mg,
of KMnO4in one tablet.

Give your answer to an appropriate number of significant figures.

22
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(iii) A textbook suggested the conical flask should be heated during the titration,
as the reaction between the MnQ~ions and the 042* ions is slow.

Use these electrode potentials and your knowledge of homogeneous catalysis
to deduce why the heating is very important at the start of the titration, but
less important as the titration proceeds. Justify your answer.

You may include equations in your justification.

Electrode system EC/V
2C0s(g) + 26~ = C0% (aq) 10.64
Mn3*(aq) + e = Mn?*(aq) +1.49
MnO"(aq) +8H"(aq) + 5e~ = MnZ*(aq) + 4HO(U) | +1.51

(Total for Question 8 = 18 marks)

TOTAL FOR PAPER = 90 MARKS

P 6 2 6 6 8 A 0 2 3 2 4




-

S
&

SJUSWS)T JO 3)qEL JIPOLIad 3y

D - CRANALANALANE, RSN // // o /
R > /\ /\ R \\ \ @
. DONOTWRITEINTHISAREA ~ ~ ~ " ‘DONOTWRITEINTHISAREA =~
£01 wl Lot 001 66 86 L6 96 S6 Fb €6 6 L6 06 ,
WINOURIME| | WNNSGOY | Whaa@puas | winiuua) | umusagsuss | Lniuwog|e2|  wnnasyiaq wnuo umouswe |wniwoind jwiumday| wauesn  (wnuconod]  wopoy) |
4 ON PW w4 s3 o] g w) wy nd dN n ed yi
[zvz] | [ze7] f1£7]
¥4 0L 69 9 S5UI3s i
wnpan| | wmgsant | wnyng wniqia | wnwoy (woiseudsApl wnigse)  (wnpujoped | wnidoina {wnuewes fwhapaweold|wnwpos |uns winpan X MY,
n7 qA wi 43 OH Ag qL PO n3 ws wd PN 4d a) SBUIS apiueyIueT]
GLL EL1 691 191 c9lL £91 651 e 51 051k [zp1] 4! (T oL |
LEL oL 601 801 L0L 0L SoL vOL 68 88 L8
pajesiiuayine Ajinj Jou Ing LunuSuE0. Wnopeisuwep | wnueupal | winssey | wnuyoy jwidiogeas| wijugnp | wepopsgn s wniugioe | wnipes | wnpuely
paviedas u3aq AR GLL-Z} | SIIGUINU WO LM SIUBWSI)T 8y sa w SH yg L qa E2. LV | B 14
(ze2) | [i2) | [eoz) | [ee7) | [w9z) | M99zl | [z92] | Dozl | [ezzl | [9zzl | [ezzl
98 68 r8 €8 8 18 08 6L 8L £ 9L GL vl £L w LS 9g 5S
uope. aunelse | wnwojod | yinwsiq pea) wmjjeyl | Anosew piof wnupeyd | whpu wniwso | wmvay | uaisbum | wmeuer | wniugey | woueyiue) wnuJeq wnjsaea
uy L Od g qd 1L 84 ny d J1 SO N M el H »27 eq $D
[zz2] [017] [607] 0'602 2L0T PP0Z | 97007 0'L6l L'GhL T°t6l 06k 981 2'€8l 6081 S8LL | &'BEL | £7LEL & ZEL
¥G £5 41 IS 0s bF 8t it 9% Sk a4 £F ¥ i ov b€ Bt L5
uouax IUpoy wnuinjjag | Auowpue il wnipLl wniwpea Janis wripejied | WRPpoW | Whjuaian |Wwngawpsy (wouapghlow| wqolu | Wwuosnz | wnuigd | wntuons | wngpgns
X | 3l qs us uj PD 8y Pd Uy ny big oW qN 4z A 45 qy
£ LEL 6971 9471 gLZL | L'BLI avLL Pzl 6'L0L Fo0L i) LT1oL [86] 6'G6 6'76 [t} 688 9°L8 568
9t Gt 143 133 [43 83 0t 67 8z L2 9z Gz [ £ £7 [ 44 74 0z 61
uoidAny | sunwosg | wauas | juasie  fulnuedlsd | wni)el uiz 1addon (BRI 1jeQod o asauRBuURLL | LWNILOJYD | WnipeueA | wniuey) | wnipueds | wnidjes u.lnme:odi
=) 44 as sy 39 e uz nj IN 0D 94 uw D A 1l LY e) A
8't8 6'6L 064 6'rL 9L L'69 ¥'59 G'E9 L'8G 686G 865 6°¥S 0°zs 6°0S 6Ly 06y 1Ot L6t
gl Li 94 Gl 4 €l (z1) fi1) (1) (s) (g) (¢) (9) fc) (¥ (€) 4 L
uodie auLo3 inyns  |snsoydsoyd| wods  wnjupwnge wsauBew | wnpos
Iy 12 S d IS v 3w EN
6'6E GGt L'ZE 0'LE [0: 14 0°LZ 1 0°tt
(o] 6 g L 9 5 Jaquinu (uojosd) jwole 4 £
uoau auonyy uaBAxo vaBonu | uogqies uosoq alieu wniAsag | wmaigi
9N 4 0 N 2 | Joquis 3jwo3e ag |
7oz 06l 091 0kl 0'zZL g8'0tL SSEW J(WOJE 3A11R)3. 06 69
z (£1) (91} (gL} (k1) (£4) 1 Aay (z) (L)
ug:':;q uaBaiphy
: H
0t 0L
(81)
(8o L g g 4 £ z |

P 6 2 6 6 8 A 0 2 4 2 4

24



