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i For this paper you must have:
e the Periodic Table/Data Sheet, provided as an insert

II-‘III Il Vi Il

e a calculator.

Tiran Fmnssm o3
FIEESTS ggH-'E:’E‘v:

e 7 hour 45 minuies

instructions

= llzs black ink or black ball-point pen.
Filf in the boxes at the {op of this page.
Answer all questions.

You must answer the questions in th
1]
111

@ o o

e

La s sdss.al
U mngrnci.

mmasfan o lalacals c2xa Y

ifs margins or on Biand pagss wil
= All working must be shown.
Do all rough work in this book. Cross through any work you do not
want to be marked.

spaces provided. Answers writlen
ey 8
i

ﬂggrm«"‘nul 11

The marks for questions are shown in brackets.
The maximum mark for this paper is 100,
The Periodic Table/Data Sheet is p. ovided as an msert

g5
1’)‘ iif .-If:‘-.‘h\fi—-l’-u. l{‘ {lil—l q! I'l—“-..!ll'llll-; Ili '\HCISLI"I H \;IIU{IIU

revarl e e Tea

continuous prose, where appropriate.
s You will be marked on your ahility to
— use good l:ngiish

£
—_— ﬁ.f&d‘ i-..t Ii i'll'l i.‘[ r'.rt LIB:‘J!}"

— use accurate scientific terminology.

WMPun HYCHEMS

Examiner's initials

5]

w

o

=l

CHEMS



(B ]

SECTION A

Answer aii guestions in the spaces provided.

b

|t

% 3 g = - e ] -
This question s abuut the use of Wansilion metals as calalysts.

(a)

(b)

{c)

Ke)

(c)

State how a catalyst speeds up a chemical reaction.

A cotalyst. graides..an..alenstive. pathwes by lowering

Ahe. . ackivation S0LLI Y

State the characteristic property of transition metals that enables them to act as

catalysts in redox r_cactions. thes can Q; m o I with
Variddle oxidafion states. ... diffecetions. ...

{1 mark) !

in the Contact Process for the conversion of sulfur dioxide into suifur frioxide,
vanadiuim{V) oxide acts as a hiclerogencous cataiysi.

T = & . % . B ¥ % 0t - .
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Equation 1 0z V205 —» 503 + V24 .

highl

this comes op almat
----w-evev-ueqrw-lmﬁ-»w i

- (2 marks)

(it} Suggest ane reason why poisoning
caraiyst.

reduces the effectiveness of a heterageneous

....Qa.isa.&....(.-.éo......*?.‘29}9....5(‘."&...Ei.‘.rs.ﬁ...(??:)‘.i:’.ﬁ)...:.rié.@.’.’ﬁﬂg.... N
Suckace area . (F more marks of ferech May have ! omark)

to fn-pfc.;n_ qud‘d-:on + c‘csor/-‘::on ‘
(iii) Suggest how poisoning of a catalyst, used in an industrial process, can be
minimised.

USe f’ure (eackanES .

{1 mark)
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' 2 Nickel-cadmium cells are used to power elcctrical equipment such as drills and shavers.
: The eciectrode reactions are shown below.

i e N
x4 [Nioon) +/H,0 +}¥ —sINi(OH), +JoH-  E°=+052V
' balence <~ - 7

| ¢ Cd{OH)j; + 26 —> Cd + 20H E =-088V
.2 (a) Calculate the e.m.f. of a nickel—cadmium cell.

CzR-L . €z082-(-0%8) €z [4V

Mo s ncf.f.‘-.t on
¥he left .
Z {b) Deduce an overall equation for the reaction that occurs in the cell when it is used.

{1 mark)

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

{7 niarkc}

2 (c) Identify the oxidising agent in the overall cell reaction and give the oxidation state of

the metal in this oxidising agent.
#3 .2 ~I

Oxidising agent N'O(OH) .

{2 marks) |

! Turn over for the nexi quesiion
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3 Hydrogen—oxygen fuel celis can operate in acidic or in alkaline conditions but commercial
cells use porous {:- atinum clecirodes in coniaci with concentrated aquccus {}Gtémium
fiydroxide. The tabie below shows some standard clectrode potentials measured in acidic
and in alkaline conditions,

Half-eguation E°IV |
Oafw) + 4H (ag) + 4~ —> 2H0() +1.23

. . S W
Os(g) + 2H50(0) + 46 —> 40H (aq) +0.40 3bae

2H (aq) + 26 —> H(g) 0.00

383 Sbe

3 {a} Siwie why the elec

3 dcf'm,hon.

(I mark) |
3 (b} Use data from the table to calculate the e.m.f. of a hydrogen—oxygen fuel cell
operating in alkaline conditions.

€=2R-L €= +040-(-0%3) €: 40123V
{1 mark} |

fan

u:“_g-_'ui':e u-—nt‘Ul—u '1_1:—11'—!;
&ven +hou-5h GArwes i s NOT in
Mark recheme - this @5 the

Péj“@) ..Z:Q@ l Q2o \OH“&{Pécv"c“’wwv" ................ |

(0} Write the conventional representation for an alks

3 (d) Use the appropriate half-equations to construct an overall equation for the reaction that
occurs when an alkaline hydrogen—oxygen fuel cell operates, Show your working.

x2 ZHz, + 404" ‘—"’ZHLO ¢t e and Oz 4 2H20 +he” > GOH”

.................................................................................................................. ssasssanns

(;M,T;JZ““ H+0H2y(10+6/—*4/f4z«0 ...................... o |

zl"‘2 + O — 2H20 (2 marks)

TN S TS
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(i

Gave one reason, other than cost, why the platinum electrodes are made by coating a
porous ceramic material with platinum rather than by using platinum rods,

B P e Ll L L e R T T R L]

- ' (1 mark) |

Suggest why the el of a hydrogen—oxygen fuel cell, operating in acidic conditions,

is exactly the same as that of an alkaline fuel cell.

B R T R s e R T T R TP S

({ mark;

Other than its lack of pollution. state briefly the main advantage of a fuel cell over a
re-chargeable cell such as the nickel—cadmium cell when used to provide powerforan |
clectric motor that propels a vehicle. :

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

(i mark)

_lecharge bch/{q}.

Hydrogen—oxygen fuci celis are somciimes regarded as a source of encigy thai is
carbon neutral. Give one reason why this may not be true.

Hylrogen...is.. produced. £rom elecholyfin which, requires. ...
enerj:j - and Ehis IS “hb not Lom a Carben nevnf! mar,{»);
Sawre . . ‘,

Turn over for the nexi quesiion
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The table below gives some values of standard enthaipy changes. Use these vaiues to answer |

the guestions.

Name of enthalpy change

uthalpy of atouusation of chiviine

1711

+ili

AH kI mol™

—364

E,
Electron affinity of chlorine
E

nthalpy of atomisation of silver

+289

Fiist ivnisation enihalpy ol silver

Enthalpy of [ormation ol silver chioride

+732

T oS
ot ¥ |

{a) Calculate the bond enthalpy of a C1—Cl bond.

Bond enbhsipy (S x1l 4he

Qiomischion ~ knwe

your gehin H"."\Y_‘-

) 14
{4 uare)

(b) Explain why the bond enthalpv of a C1—Cl bond is greater than that of a Br—Br bond.

CL'C(. bm’\d S s‘hofér.r’ as bofdc'{.\j 475"(-0‘.‘ C(CL‘E'(MS are

loser 4o The avclevs. AH’&(.EEW\ betweea nucieus aad band.ﬁ

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

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

Cand He extra eleckon, e,

{1 mark)
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{d) The diagram below is an incomplete Born-Haber cycle for the formation of silver
chioride. The diagram is not (o scaie.

Adg re” + CG) |

122 v -3¢4
A&@ £ CL@

" -
| i 3 d Ag(g) + ClI(g)
| #121 '
Ag@) + ¥ Cla@@)
‘ V.9 L} by
o
! .fzgc' OH Ldiss = ?
1 Ag(s) + $Cli(g) |
{ i
| | |
! -2 !
i ? AeCli{(s) i
|
!
|
|
& dy i Caomplete the diagram by writing the appropriaic chomiosl svimbals with siate

svmbols. on cach of the three blank lines. {3 marks) |

4 (d) (ii) Calculate a value for the enthalpy of lattice dissociation for silver chloride. !

(1274289 ¢1214332) - 364 = 4905 Mnibeae

=Tl A o row

B e P S Ry S
...................................................................................................................................

(Juestion 4 continues on the next page

Tarn avere
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4 (e) The enthalpy of lattice dissociation for silver chioride can also be calculated
theoretically assuming a perfect ionic model.

4 (o

4 (g (i)

4 (o) (iii)

CSiverion 5

|arf< an

| on ¢J 7

) oL’

msll -

hear More

o\ﬂf“(

(i} Txplain the meaning of the term perfect ionic maodel.
i B 2

Tons are eqarded as font chacges or ferfeetionic

the perkeek ioaic model QTvies Ao

{1 mark)
State whether you would expect the value of the theoretical enthalpy of lattice

dissociation for silver chioride to be greater than, equal to or less than thal lor
silver bromide  Explain vour answer,

Theoretical lattice enthalpy for silver chioride G—(‘E’a\lﬂ’-f’{'h&a ............... @
bpranion . Chloride_ions. ace. smaller. than, Bremide.

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

Suggest why your answer to part (d) (ii) is greater than the theoretical value for
the enthalpy of lattice dissociation for silver chloride, ’

...................................................................................................................................
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5 The simplified diagram below shows how the entropy of ammonia varies with iemperature at

a pressure of 100kPa. In this diagram, ammonia is a solid at point A and a gas & point T,

§%3 K7 mol™

\@

C

X :
0 -

0 T Temperature/K

L

{2) Stare why the entropy value for ammonia 1s equal 1o zero at G

{1 mark}
5 (b) Expiain, in tcrms of the movement of particles, why the entropy value increascs
between points A and B on the diagram.

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

£°Y L
£ OMILrE}

5 (c) Temperature T is marked on the diagram. What does the value of this temperature
represent?

/f‘*szzlhfszvméofammq .............................................................. |

(1 mark)
5 (d) Explain why there is a large entropy change between points D and E on the diagram.

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

fﬂr.&..ﬁ vsé GIMMIni 4 i.I......bQ.E‘.{(’t’!?.Qj & 3!21 anl\ thre isa

(2 marks) |
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S (e) An equation for the reaction in the Haber Process is shown below. together with some
entropy data.

1Nx(g) + 3Hy(g) == NHa(®) AFT® = =462k ol

o~

o

Erami

W=
L

_-—I
—

3

L

) Calculate a valuc for the cntropy change, AST, for the formation of one mole of
AMMOnia.

-

ey (

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

(2 marks)

3 qey (i) Give the eguation that relaies free-cnergy change, AGT, to enthalpy change,
AF®, and entropy change, AS®, '

b &1 [ AL . ] [ - ) : s [ i . .‘FF} n o
IiTe inse e-"(""ﬁ"’-"\"l b Ee] -"a!:"'?‘ iNrT/e INS TaTTINSATranITS ar raisn NS Vanins Oy & - = s T
LA M VDM Maiia A Lativ it WL VRIS s iR AT Vel Ui g =V i

the formation of ammonia in the Haber Process.
{If you have been unable to calculate an answer 10 part (¢ (i). you may assume
that AS®=-81.4 J K mol™ but this is not the correct value.) !

"‘.,._)
o
&
u
Q
+—
7 i
X
i
>
o

Calenlation
Need o enmre
e QAET e
fame
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5 (&) (iii) What can you deduce about the formation of ammonia if the reaction mixture is

heated to a temperature above the value that vou have calculated in part (e) (1)7

(1 mark)

|k
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& The complex cisplatin acts as an anticancer drug by changing the properties of DNA when it
reacts with guanine, a component of DNA, .

¥
CONiIects o H
DNA chain

cispiatin guanine

When cisplatin is absorbed into the human body. it undergoes a ligand substitution reaction |
and one chloride ligand is replaced by a water molecuie forming a complex ion Q. '

& (2@ Wrie an equation Tor this substmution repcuon o form the complex ion Q. <« Hot

._,- or&c?:}ocu* matt i
& Shoeid be &‘-\F\\':bd“

+ NeMmg -~
PE(NHDCLe 4 H2O. —= [P (e (taa)c) 4 CLo

(2 marks)

| om

f (hy The compiex ion €3 can bond to ouanine in two different wavs,

© & (b} (i) The first way involves a hydrogen atom. from one of the ammonia ligands on {3,
| bonding to an atom in a guanine molecule. State the type of bond formed 0

SLUANNNS did K1

! atom.

| Type of bond H&a rOSLnbOﬂd\.gﬂ\j ............................................................ |

' Atlom in guanine oxda‘(."\-C"fof “")

/ LR S O ST T g L)

I T & 4
£ b w hongd

1)

(2 marks)

6 (b) (1) The second way involves a ligand substitution reaction in which an atom in a
guanine moliecule bonds to platinum by displacing the water molecule from Q.
State the type of bond formed between guanine and platinum when a water

. ! e ] badic s jam T g P S ) e pu o mn B e v s -
WIOIECHLE i JisSpiaced and iaeniity an atom in guanine that could bond o

platinum in this way.
Type of bond COU(éiM+f-b°“CL
X 1 {
Alom in guanine N*{-roﬂmcoroxégfm)“ww““aq

(one (%.Ir*. (2 marks)




. o
nof be scunned
— Jeor ertrbens
2) State and explain one risk associated with the use of cisplatin as an anticancer drug. |
Explanation CaAQHC.Clw‘I‘ODNAMI\OH'CQRC#G'SCC“S. .................
© (2 marks) |
8
Turn over for the next question
!
|
|
|
i
: |
i ;
Turn over p-
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7 This question is about some reactions of cobalt compounds.
AT U ¢ X9
v ) {'f‘i LL \l) @6’
. UJ )\\.‘ ]
~ { . b
l quh“’L r‘\w“rj
-~ 5 d \ &
Na:COx{ag) g €0 ore?
2 L
l o)
concentrated
o~ NI fan) IT_.O_f 3
CoCisf{aq} SLNC? 5 % s . .
ink solution 5 5 ¢ =
g pale brown dark brown
solution solution
conceniraied !
HCl{aq) excess
HoNCH,CH,NH;
E 1
19
Y
7 (a) Give the formula of the complex responsible for the pink colour in aqueous CoCl; and

7 ()

name its shape. i

Z
Formuia ....] [ COCH 7'0) ‘] '

Name of shape ...O Ctahedral b

e e L L R R bbb b |

{2 marks}

Give the formula of the cobait-containing compound V and describe ifs appearance,

Formuia Co CO3

Appearance PxﬂkPrCthlfﬁJFc, ........................................................................

(2 marks) |

Write an equation for the reaction that occurs when the pink solution is converted
into W,

(2 marks) |

TETY ITVIT ot OUATITTASS
LI R T IER AW S § A
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(d} Give the formula of the cobalt-containing complex in X and state the role of the H.O»

(e

()

in this reaciion,

2 i

% _&. "
Role of H20; O"‘"ﬂf‘jaf}t"&

Give the formula of the cobalt-containing complex in Y and explain why this complex
-, W\

vel Hon

Comm” A

24
Formula [\O(HﬁNCH'LCHZNHIJ;} R —
Explanation /ﬂ‘eeﬂ*mﬂ Cl\qnﬁgﬁar‘fh:,‘;‘f«(e;ﬂﬂl-S"‘ﬂa)',hVQ |
As. 4noles OF reac n(;}" bewme  Fmol of f’/bd»&‘dd‘.

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

is more stable than the cobalt-containing complex in W.

ldentify the cobalt-containing complex in solution Z and explain why its co-ordination
U"GH""r Cumnmon
. %
q'u{j’hm 2

nummiber is different from that in the pink solution of CoCl;

2.
Explanation CC"‘&‘PAES ..... 'I'b .Q..b..'. ....... 15\°°n‘\j4orc ....................

Turn over for the next question

ow T

(2 marks) | |
]

g oré:

(3 marks)

I

- t
{2 marks) |

Turn over s
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SECTION B

Answer aif guestions in the spaces provided.

- .H}Q :.=5t¢|£;+¢m§
avy i i
v LM Q C"T\f‘;(t"" M

explain the irend in electropegativities across Period 3 from sodium w sullun

. 3
{2} Staic and

G

.................................................................................................................................
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8 (b

Explain why the oxides of the Period 3 clements sodium and phosphorus have different
melting poinis. In yvour answer vou should discuss the structure of and bonding in
these oxides, and the link between electronegativity and the type of bonding.

bodummdcrhaf-mcbmdems |

Qucstisn § continucs on the nexi page

Tarn cver p
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8 (c) A chemical company has a waste tank of volume 25000 dm’. The tank is full of

3 ) " s fTT. Ny ] Fr A e oo i+ 11 = 1 eabame (R
phosphoric acid (F1:P0.} solution formed by adding some unwanted phosphorus(V}

oxide to water in the tank.

A 25.0cm’ sample of this solution required 21.2 em’ of 0.500 mol dm™ sodium
hvdroxide solution for compiele reaction.

Calculate the mass, in kg, of phosphorus(V) oxide that must have been added to the
water in the waste tank.

CWW"‘-MOROSOO*CZ-‘-—?:- = 001055 motesof
(OO0 NaOH.

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

gt L
\m (a 31°)

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

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

| e S8 meles .. 2842, 200830 3. or.. £00:03ky..
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9

(a) State the electron configuration of a Ti(TII) ion and that of a Ti(IV) ion. Explain. in

terms of eleciron configurations and electron transitions, why TiTTT) compounds are
usually coloured but Ti(TV) compounds are colourless.

/ra@l z 15‘1 _ZSZ‘Z 6352 fé 3&1 /ﬂwa‘" Mok rchese
Aiw) 2 182 2% 2p6 358 308 . gowsheetd Thow it PN

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

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

A Con.. Ao . s by ableption oF 4 fpecific
Pf“(,u‘ﬂijc’#’ﬁhlf |

(Extra space) /rl W) l\&f noa elg(:!'/zmg So &)d?f (5 marks)

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

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

Question 9 continues on the next page

Tarn over p

WP/ Jan 1 O/CHEMS




71’} Arvit culliids
LN Ry iy
I Pvn Wil

fur fratirkeeig

9 (b) Transition metal ions and their complexes can often be identified from their colours.
For each of the following. identify a complex ion responsible for the colour of the
agueous solution. Resirict your answers (o compiexes formed irom ihe eiements

Cr, Fe, Co and Cu.
@ A decp bluc solution formed in an excess of concentrated aqueous ammonia
@ A green solution formed in an excess of aqueous sodium hydroxide.

A zradlassr s i Pmen Frsanaad s o mwmaaoo + v tantad mrrAdamalalamia asid
@ A VOROER =g Coi SN TOUNMOO 0 20 CXOCSs of CONConiraica avyamcminric adia,
& ’

................................................................................................................... p—
RO} ECUCN Ha)a(HaQ)e A ,.m__?_ma

‘\A_l.ls'f .a\g ------------------

e .‘

..................................... seassssssssaNilsesIdsEIsEEEIRTREnS

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

{3 mearks)

i

{cj Anexpeniment is carried out W investigale the rale of the autocatalysed reaction
between aqueous potassium manganate{VII) and ethanedioate ions in an excess of :
dilute sulfuric acid. When these reagents are mixed together, the colour of the reaction
mixture gradually fades. The concentration of the manganate(VII) ions is recorded at |
different tinics using a spectromcter. The temperature of the rcaction mixture is
constant. i

8 (¢} {1} Give twe reasons why the use of a spectrometer is the most appropriaie method
for measuring the concentration of the coloured ions in this experiment.

1his. both quicke and grecife. . giving. many,
Ceadings . [t Glio 99 not ue vg an any ...9.‘.....?5‘: ............... |

srssssssssasaraeann
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(11} Sketch a curve to show how you would expect the concentration of
manganatc{ VI fons (o change with tme until the colour has faded because the
concentration has reached a very low value. Explain the shape of the curve.

At stak cove has o small grdit Showing
.Sl rate . Ahis is beaue at the St

ssisssmas

Negahve ionS are collidig, chich gives a vey

{'Cq(,é-;on ....... fﬂﬁdl:j:fufﬂ ...... cve "E“G lfjff" Uha&’\ .......... '

o ‘)'ap§ as Mnve” jons. ac veed. '-*)Of”mrh) |

E e e
e e T e

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

2M00u LIEH! £ 5 Ca08%" =2 2Mat* 4 10C0; + Bty 0

................................................. "///'

two nege Ve

tons refe! ontil s formed.

END OF QUESTIONS
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