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Answer all the questions.

1 Born-Haber cycles can be used to calculate enthalpy changes indirectly.

—

(a) The table below shows enthalpy changes for a Born—Haber cycle involving potassium sulfide,

Enthalpy change
/kJmol™

Formation of potassium sulfide, K,S -381

1st electron affinity of sulfur —200

ond electron affinity of sulfur +640

Atomisation of sulfur +279

1st jonisation energy of potassium +418 X2.= %;g
Atomisation of potassium +89 2L =| [F2B

(i) Theincomplete Born—Haber cycle below can be used to determine the lattice enthalpy of

potassium sulfide.

In the boxes, write the species present at each stage in the cycle.
Include state symbols for the species.

2k + Sq) VO

}

oK*(g) + S(g) + 2¢” 640
Iy ,
-200| | 2Kly ST €
+33% ‘ = 4l
2ki9 t+ Sq)
+/¥4%

2K(s) + S(9)

T +279
2K(s) + S(s)

l“.%@'\

K,S(s)
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(i) Define, in words, the term Jattice enthalpy.

(iii) Using the Born—-Haber cycle, calculate the lattice enthalpy of potassium sulfide.

—640 4200 -Q@3R -/¥% - 279 -38)

— 2/16

lattice enthalpy = ... 5 0 kdmol™' [2]

(b) Several ionic radii are shown below.

)
i
lon Na* K* Rb* Cl- Br- I~
Radius/pm 95 133 148 181 195 216
I 2 3 i 2 32 97@}/?5/'4775;/_@;7/0»
Predict the order of melting points for NaBr, KI and RbC! from lowest to highest. ' ‘
Explain your answer. Logpest ,47712767/67"’
L (¢ pevSITY) .
Lowest melting point .. N L. Naf?r T RbC(
3

[Total: 10]
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2 This question looks at different aspects of entropy.
(a) Three processes are given below.

For each process, state and explain whether the change would be accompanied by an
increase or decrease in entropy.

(i) The freezing of water.
increase or decrease ........ 2 ...... WSG’/ ....................................................................
explanation ..... /éé’ ..... S, LESS.. D /SW(?ZWMW/}&]Z ......
....................................................................................................................................... [1]
(ii) The reaction of calcium carbonate with hydrochloric acid.
increase or decrease ........ %/(/Zéyﬁé/ ........................................................................
explanation C’OZ ....... 445 - FCW@/‘//V/CX///% .................
A A B R —,
[1]
(ifi) The formation of Og(g) from O,(9). ’
increase or decrea:e ....... p 2 ......... Z ................. 3 OL’_}Z@S ...................
explanation ' % ARG 3 .
I CRL LS. LESK  DUSTUTE.......onrrieiesmririssssssssisns -

(b) The enthalpy and entropy changes of a reaction both have a negative sign.

Discuss how the feasibility of this reaction will change as the temperature increases.
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(¢) The metal tungsten is obtained on a large scale from its main ore, wolframite.
Wolframite contains tungsten(VI) oxide, WO,.

Tungsten is extracted from wolframite by reduction with hydrogen:

WO4(s) + 3H,(g) —> W(s) + 3H,0(g) AH = +115kd mol™1

Standard entropies Mbelom .
Substance WO,(s H W(s H,O : L
S°®/JK T mol! 76 131 33 189

393 67 _29%
(i) Calculate the free energy change, AG, in kJ mol™, for this reaction at 25°C. 2]
T Yo e By S g 4 e 67‘/@“‘:;
Show your working. ASa 5p S\/“ "> (s6F 33) (¥ v

- foo - BPF = t13] Te'ppl '~

AG= Qil-T4S
= /IS -(29%x0-12])
= + 7594
sGatosc= . T74 76 kdmol-! [2]
(i) Calculate the minimum temperature, in K, at which this reaction becomes feasible.
Show your working. Ag =0 - T'= éﬁ
= /I/S
O- (3] 5
MINIMUM eMPEIature = .......oooveeeeeeeeeeeeeeeeseeoeooeoeoeoen K [2]

[Total: 9]

. MR LD AR IR



| | g
6 cg
3  Ethyne gas, C,H,, is manufactured in large quantities for a variety of uses. cg

Much of this ethyne is manufactured from methane as shown in the equation below. ci

cK
2CH,(g) = C,H,(9) + 3H,(9) AH = +377kJmol™!  EADOLEZIIC . CF
— ele

(a) Write an expression for K for this equilibrium.

i = [Cab 1 CHT33 oc

=i 0]¢)

Z—WZ j Z oC

[1] oC

(b) A research chemist investigates how to improve the synthesis of ethyne from methane at a ocC
high temperature.

: 7ol VerUrnE o
e The chemist adds CH, to al4.00dm3 container.) oc

e The chemist heats the container and allows equilibrium to be reached at constant ocC
temperature. The total gas volume does not change.

»  The equilibrium mixture contains 9.36 x 102mol CH, and 0.168mol C,H,. oo
ngLESs eQ mozES €Q oC

(i) Calculate the amount, in mol, of H, in the equilibrium mixture. ocC
26&-/4/, "\'__f:;= CZN;. -+ ?/\-/7_ o0

STAZT o o oc

REACTED ocC

|
EQM  9-36x(0 0168 X35 0-s04 &

amount of H, = OISO mol [1] oc

(i) Calculate the equilibrium constant, K, at this temperature, including units. oc
—— . ocC
/Give your answer tignificant figures. 8g
. o - o

ey ]= 4-36(0%  [Gih]= 0168  [4]-0S0¢ &
i “_’———‘_' e ——— C
4 4L 9. oc

. - —-2 -
= 2-%xl0% = 42 /0 = 0126V %

o B 'ZL-ZX/OFZ X{C}/ZQS o
(2 U X/CD"‘Z)2 0
= rsS oc,

L—©OCR2014 __| §§
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(lii) Calculate the amount, in mol, of CH 4 that the chemist originally added to the container.
2644, T C2ll o DL

ST O 294 & O
2FZD ©.326 X2
o g ‘2\ > (63 - SOG
£O= 93650 2% 4 O-SOY
Swrz7 = 12D 1 77 &9 Y » ,
= 0236 *» ?«3&{/0“2 amount of CH, = @’04’??6 ...................... mol [1]
= 0-4296

(¢) The chemist repeats the experiment three times.
In each experiment the chemist makes one change but uses the same initial amount of CH g

Complete the table to show the predicted effect of each change compared with the original
experiment.

Only use the words greater, smaller or same.

Change Equilibrium amount Initial rate

of C,H,(g)/mol

The container is heated at
constant pressure

(5% gt
Sewe

A catalyst is added to
CH, at the start (e ( CHONVLT f

.......................................................................................................................

[Total: 10]
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4 A student carrieé out an initial rates investigation on the reaction below.
5I-(aq) + 1057(aq) + 6H*(aq) — 3I,(aq) + 3H,0()
From the results, the student determines the rate equation for this reaction:
rate = k [I"(a)]? [104(aq)] [H*(aa)l?

(a) (i) Whatis the overall order of reaction?

5 ............................................................................. 1]

.........................................................

i) A proposed mechanism for this reaction takes place in several steps.

...................................................

(b) Onthe rate—concentration graphs below, sketch lines to show the relationship between initial
rate and concentration for 10,7(aq) and H*(aq). A

?

initial rate/ initial rate/
moldm=3s~" moldm3s™

|

5 ,
0 [105~(aq)]/moldm™ 0 [H*(aq)]/moldm™
[2]
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(c) The table below shows some of the student’s resulis.

(i) Complete the table by adding the missing initial rates in the boxes.

9

TET ST S 0 SN SN 4 M P S N O 0D N N AL N A A A A A AL A A AL AL AN A A A AN AN NN NN NN AN AN A A A AN

[I-(aq)] [10,~(aq)] [H*(aq)] Initial rate
/moldm™3 /mol dm™3 /mol dm™3 /moldm=3g-1
Experiment 1 0.015 0.010 0.020 0.60 5
| ¢ 32. [ { x3
= 2 §
Experiment 2 0.045 \l/ 1 0.010 |y 4 0.020 l*4 S 406 v
Xty )
Experiment 3 0.060 ¢ 0.040 \V 0.080 \l/ 614 e
[2] "
5 5 iP s dind
(i) Calculate the rate constant, k, for this reaction. Include units. X ¢ X 4’ 'X4’
= jag

Give your answer to two significant figures.
r~ | 06

=
L)% [i105 )~ )5 0 S)ox 0Ol “e02)”

25F~
(ili) The student repeats Experiment 1 using 0.020moldm=2 methanoic acid, HCOOH(aq)
(PK, = 3.75), instead of 0.020mol dm™ HCI(aq) as a source of H*(aq).

Determine the initial rate in this experiment. Show your working.

L= 073" = )y¥g~/07%

[U7T] = p 1280074 x0-02
= /995073

/N~ = 6'—‘/’-)(/0?)( M/@'O/_Y)Z> OO/ X{/.“gq/*/c)s)

T |
initial rate = SZZX/() ........... moldm™3s~1 [3]

[Total: 13]
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5 Elements in the d-block of the Periodic Table form ions that combine with ligands to form complex c2
ions. Most d-block elements are also classified as transition elements.

(a) Explain why two of the Period 4 d-block elements (Sc—Zn) are not also transition elements. cg
— ““ C

In your answer you should link full electron configurations to your explanations. cQ
- - / { B3 .,
BT S S TS Rl e i o 3
W/ s e 10 - 2T } . Q
FuLt 2n. Lr4S* 34 =5 2,27 15dr (5 w?! oc

...............................................................................................................................................

..... dsug-cupme 1o

(b) The cobalt(Ill) ion, Co3*, forms a complex ion A with two chloride ligands and two oc

ethanediamine, H,NCH,CH,NH,, ligands. oI
The structure of ethanediamine is shown below. OClI

OClI
QcCl

H,N NH, ocl

(i) Explain how ethanediamine is able to act as a bidentate ligand. Z ‘/ 00

DC. /arp odl

.,l. ..................................... OCI

.....................................................................................................................................

(i) Write the formula of complex ion A. g ocl
g o Ll :

........ L@[/Jzﬂf/&(/éﬁ%/zﬁé] 1]  ocl

(iif) What is the coordination number of cobalt in complex ion A? oci

--------------------------------------------------------------------------------------------------------------------------------------
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(iv) Complex ion A has cis and trans stereoisomers. One of these stereoisomers also has an

optical isomer.

Draw 3-D diagrams to show the three stereoisomers.

N>

c/S

——

i Ls

/

(W%

]

.74_/1

Em%. i I
@
o
Q
ks
n
2

e i
PO oS,

Question 5 continues on page 12
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(c) The equilibrium reaction for the transport of oxygen by haemoglobin (Hb) in blood can be c8
represented as equation 5.1.

Hb(aq) + O,(aq) = HbO,(aq) equation 5.1 cE

(i) Explain how ligand substitution reactions allow haemoglobin to transport oxygen in blood. cg

5 Co
....... CLWJ/?Q&WPTO@Z#/ &

...............................................................................................................................

(ii) Write an expression for the stability constant, K, for the equilibrium involved in the
transport of oxygen by haemoglobin. 00l

Use the simplified species in equation 5.1. OCl
/\’ STHL Z //éazj o
[t ] LO:] o

[1] OCH

(iii) In the presence of carbon monoxide, less oxygen is transported in the blood.

Suggest why, in terms of bond strength and stability constants. OCt

———————

.......... s 15 GRSl ]

[Total: 18] OCH
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6 Ethanoic acid, CHZCOOH, is a weak Brensted—Lowry acid.

(a) An acid-base equilibrium is set up when ethanoic acid is added to water.

Write the equation for the equilibrium that would be set up and label the two conjugate
acid-base pairs.

Q/BCW 5 A/Z/O ....... = A iém“ T X‘/§O+
Man. .. | 1Gsel e L. AnZ.

[2]

(b) An aqueous solution of CH,COOH has a pH of 3.060.
This solution contains both hydrogen ions and hydroxide ions.

(i) How can an aqueous solution of an acid contain hydroxide ions?

.........................................................................................................................................

(if) Calculate the concentration of hydroxide ions in this solution of ethanoic acid.
- ~ ’ G 3 ° Oé
FAlT ] = g5
< N
= € F/x/0

Cot~] = A=l0*
c2-%"’/></()’4L

concentration of hydroxide ions = .....1. L5 el . S moldm=2 [2]
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(c) A student adds an excess of aqueous ethanoic acid to solid calcium carbonate. ce
The resulting solution is able to act as a buffer solution. ce

() Write a full equation for the reaction between ethanoic acid and solid calcium carbonate. ¢

Il coonts Ll O (e lON G (O ) &

(iii) Explain how this buffer solution controls pH when either an acid or an alkali is added. oG

In your answer you should explain how the equilibrium system allows the buffer solution oc
fo control the pH. ocC

...........................................................................................................................................
...........................................................................................................................
...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

I I oci
©O0CR 2014 OCk
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(d) A biochemist plans to make up a bufer solution with a pH of 5.000.
The biochemist adds solid sodium ethanoate, CH;COONa, to 400cm® of 0.200moldm™3

ethanoic acid. ]
K, for ethanoic acid = 1.75 x 10~ moldm—3

Calculate the mass of sodium ethanoate that the biochemist needs to dissolve in the‘ethanoic
acid to prepare this buffer solution. (

Assume that the volume of the solution remains constant at 400 cm?3 on dissolving tt}e sodium

ethanoate. L.Z/ £ ) b /O.. & _ /)(/ 0 -< (

ba = [ U+ i coo) (
L hcook( (

I &Lt o) = Fu s [%C(ZD//J
Fr.

LA ] gk

= L FSx/0 > x 02 A
/x/0S

= 0-2C gl

fewes = 0, |
T 0'3Sx O
=oly

PSS = pIOLES x S

[5]
[Total: 17]
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7  Electrochemical cells contain two redox systems, one providing electrons and the other accepting
electrons. The tendency to lose or gain electrons is measured using values called standard

electrode potentials.

(a) Define the term standard electrode potential.
S

Include all standard conditions in your answer.

(b) The table below shows two redox systems and their standard electrode potentials, £°.

=
Redox system E®IV P Mog-/[f)i/é
Cu?t(aq) + 2¢~ == Cu(s) +0.34 7
+ - S
Agtaq) + e~ T Ag(s) +0.80 __ ST [’*}Vc’:’
,____———}

A standard Cu?*(aq)/Cu(s) half-cell is connected to a standard Ag*(aq)/Ag(s) half-cell. The

potential of the cell is measured.

Water is then added to the Cu?*(aq)/Cu(s) half-cell. This changes the position of equilibrium

in the half-cell. The cell potential increases.

noute. A0, e, THEL G ...
O YU TS T S, Ko
..... TALS. Lz ,@3/%%56'5/
..... Dttt G TRl . Tl PP (.

AR TAV RO
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(c) Hydrogen fuel cells are being developed for powering vehicles.

(i) State one advantage of using hydrogen as a fuel compared with conventional fuels.

(ii) In vehicles, hydrogen can be stored on the surface of a solid material or within a solid
material.

State one other way that hydrogen can be stored as a fuel for vehicles.

(d) Aluminium—oxygen cells are being investigated for powering vehicles.

The reactions at each electrode are shown below.

ST I
x It Al(s) + 40OH-(aq) —> AI(OH), (aq) + 3e~
*x 3 0,(g) + 2H,0() + 4&~ —> 40H(aq) — pros7 F)VE — +O4O

(i) The standard electrode potential for the O,/OH™ redox system is +0.40V.
The standard cell potential of an aluminium—-oxygen cell is 2.71V.

What is the standard electrode potential of the aluminium redox system in this cell?

bewze=fp — Ly 2F = 04 - £

=

1

O 4= 27
standard electrode potential = ...... _2031 .............................. V [1]

(ii) Construct the overall cell equation for an aluminium—oxygen cell.

LAl + oW + 305+ blbO —> LAllOk), ™ + L2011

l/'_Z.
[f- w—
LAL + hou™ +30, +6lbe —> WAL,

v

[2]
[Total: 11]

Turn over I

NSRBI

* 5185922017 *




[ 18 ]

8 A student carries out an investigation to prepare and analyse a sample of barium ferrate(VI),
BaFeQO,. The steps in the investigation are’shown below.™

"~ Step 1
+
The student adds solid iron(IIl) oxide to a hot aqueous solution containing an excess of
hydroxide ions s. The student bubbles chlorine gas through the mixture.
A solution forms> containing aqueous ferrate(VI) ions, FeO 2‘(aq) and aqueous chloride ions.
.r-

S —

Step 2

NATIDTTRD

The student adds aqueous barium chloride to the resulting solution.
A precipitate of impure barium ferrate(VI) forms.

The precipitate is filtered, washed with distilled water and dried.
The student obtains 0.437 g of impure solid barium ferrate(VI).

Step 3

An excess of acidified aqueous potassium iodide is added to the solid from step 2.
The BaFeO, reacts as shown below, and the impurity does not react. A solution forms

containing aqueous iodine, I,(aq). 2. AsevT
/’_—_\\
BaFeO,(s) + 8H*(aq) + 3I7(aq) —> Fe®*(aq) + Ba?*(aq) + 1%l,(aq) + 4H,0()
+6 -1 +3 O
/2D

The student determines the amount of I, formed by carrying out a titration with aqueous
sodium thiosulfate, Na,S,0,(aq).

_RS> = >z

Step 4

25,0,%7(aq) + L(aq) —> S,0,2(aq) + 2I(aq)
26.4cm? of 0.100moldm™ Na,S,0,(aq) are required to reach the end point.

(a) Construct an equation for the oxndatlon of iron(III) oxide (step 1).

3 2 Fe20p + OUT +/zzz —> A;Q =
-1

-lé /‘j
AVE " ‘r%¥ @s s
o™ ; o 2~ V -

(b) Write an ionic equation for the formation of barium ferrate(VI) (step 2).

Include state symbols.

a2l 7 O —> 69/-}(9‘#

Yoz mik ppe X
I—@ocnaou —I
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(¢) Instep 3, what is the reducing agent?

Explain your answer in terms of electrons.

reducing agent ......... n[_ .......................................................................................................

explanation ....... Ao AT LOSES. & 5/ ....................................................................
. , - -+

.......................... linds.. e ul .2

...................................................................................................................................................

(d) The solid sample of barium ferrate(VI) obtained in step 2 is impure.

Determine the percentage, by mass, of barium ferrate(VI) in the 0.437g of solid formed in
step 2.

Give your answer to one decimal place.

moreS & S,05° = O x0-0264
= 2.6k /0" v

Mezes 2 = /-32x/073 /'2:/) |
MR, [Bey 12O, = QLI0"% [1% :/) v

WSS = g.g)(/o’.#—\' ZS—;‘//

- 6’3‘226;_ i

o — A
/0 h -—-——-——OZZé x /0 O
0437

=S/ %

percentage of barium ferrate(VI) = ... 000 .. % [4]

Question 8 continues on page 20
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(e) When the solution is not alkaline, ferrate(VI) ions react with water. cs
The reaction forms a gas with a density of 1.333 x 103 gcem3, measured at room temperature cr

and pressure, and an orange—brown precipitate. / ) ck

37 bvyrid O~ ws o3 vez OF $95 ck

& Determine the formulae of the gas and the precipitate. ey
b) e  Write an equation for the reaction that takes place. -

/- 233x/0 o

il 4

a) M(')ZZS = _I__, = 4/67)(/0”4 W s
24000 ST ‘T/ o

=37.. 0O &

fe (O4)s  proezs P2 7476 e = §§

\ - oc
. o 2O oc
END OF QUESTION PAPER ocC

LAk ® @ oc
.+ 24,0 o

— — e

sy g | oc
20y + Stho — 2k(0d), + 1%0: *2H %
OxYe ® D .. + ZOUT «
Y AD2HKA) @ / o«
2FeOp + SkhO —s 2elOt)+1%O, + HOH™ &

A OCAR AR :
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@y ¥q Y LB VE OO + M ovT7
V2 R be, Oy + /zC[ —> [eQ/,Z’ * C[’

o5 M

B
2> hi,0, + b, —> RO, + 3CL°

oo é—@f’ 45 Ut Oxyroys sewid N AN,

o ~~

e -

fer,0. + 2, —> 20+ éCé

OX e ) & e
- 4927 S 0,6/ oV LAY 5 > — — —_—
fe:(Ds + SOU™ + 3l = Z/E@ +ECLT
ox o @ | ®
L pracigns & ppD Sx H2 0O
ferO + SOU™ +30, —> 2O + 80+ Stsp
Oxfoerw &) ® -
. ADD Sx O/T - L
Fe2Oy #URH +/00U ™ + 3¢, —> 2/20, + 607+ Sty
OkY¢erv @ @
Y orosans (D ) /
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