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SECTION A

Answer all the questions in the spaces provided.
You are advised to spend about 1 hour on this section.

1 (a) The following reaction occurs in the high-temperature preparation of
" titanium(TV) chloride.

TiO,(s) + C(s) +2CL(g) — TiCL() + CO,(g)

(i) Use the data given below to calculate the standard enthalpy change and the
standard entropy change for this reaction.

Substance TiO,(s) C(s) CL(g) | TC,®D CO,(2)
AH{kI mol ™! ~940 0 0 ~804 -394
s K ™ mol™ 49.9 5.7 223 252 214
Standard enthalpy change Dag-ZAH:f»AchQ)
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(ii) Calculate the temperature at which this reaction ceases to be feasible.
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(b) In the industrial extraction of titanium, TiCl, is reduced to titanium in an inert
ke atmosphere. ' Conesk s\;ec\'&o )
£ ¢ ) W ion f hi j ducti : ' &a\w C\\
CE @ rite an equation for this reduction process. _ o
secio Povsting (_cw\;) 53:’& wals
Y Ty + &Na —p  LNacl 4+ T Tanere oVhar ched s&wbols
paCorrﬂA ........ o8 1'&3 g Q.Ks -

Do uek allew - - (ii) Explain why it is essential to exclude air when this reduction takes place.
\\&M\ts.w awr K . .
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2 Large blocks of magnesium are bolted onto the hulls of iron ships in an attempt to prevent the
iron being converted into iron(II), one of the steps in the rusting process.

Use the data below, where appropriate, to answer the questions which follow.

| ) BV
Mg**(aq) +2¢° == Mg(s) 2237
Fe?*(aq) +2¢° == Fe(s) -0.44

© O,(g) + 20,0(l) +4e” == 4OH (ag)  +0.40

(a) Calculate the em.f. of the cell represented by Mg(s)IMg** (ag)|IFe?* (aq)|Fe(s) under
standard conditions. Write a half-equation for the reaction occurring at the negative

electrode of this cell when a current is drawn. :

a3 (V) CE 1l o maabive uolue alsew

ﬂ&.‘&- en ' :
Q‘Gh N Ag Cell emf serbosssscaensss Soied o 00.0-;;‘:::-:4-.--;--: ............................... sereen Dt s A s
&
Half-equation .......... oo ﬁﬁa_’ ..... ﬁ& ....... I e
T ..’.Cawgﬁ. &‘w-‘f_'-:‘ £ -uf&o&S’ (2 marks)
(b) Deduce how the em.f of the cell Mg(s)IMg?* (aq)l|Fe®* (aq)|Fe(s) changes when the
concentration of Mg is decreased. Explain your answer.
Changeinemf . Thergasen  [Mare o ewen 8 ncomack) ()
ng\w% o egm& '\4-2._ . 5 sw Q‘;g %im:.“ .....................................
Mok Explanation ggw\&“w*‘”&”‘({&m ..... %3 ﬁ “%*“’“ii’i& ..................... Q
gﬂ, ik &Qkﬁ N . il
D] Eladteds 'y pore taahioe or £ deoeases O
o aims e aleckopns (3 marks)
oo formng o Foa® oo
(c) Calculate a value for iheze.m,f. of the cell represented by
Pt(s)|OH (aq)|O2(g)|/Fe”" (ag)|Fe(s) and use it to explain why iron corrodes when in
' contact with water which contains dissolved oxygen.
Mok o -0 gV e 18 4oe ) @
alies an Cll 6.1 .  covveneenreeeneinsirassasinssethessfossrasisnssnsseseMmasessssensansnsseasenconsans oroscnsstonsasassssssosssnsnnsonsssasussssils
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.................................... forwn 1™ 08 vadtw aeeo b Me )
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3 (a) State the origin of the colour of transition-metal complexes.
‘ Eledvewe ercibed .
Dot albee . \E\eckon  branoibiva in d helledzd Aromwelfom a

ot (B o) kbl deene (el o piie, 0
rans ' \‘Qd\o%) (2 marks)

(b) Give three changes to a transition-metal complex which result in a change in colour.

Do not (T}\C{Q ,M,k\ cw b
o\\o-.o Change 2 ...\ ‘\ B A @ everio e eeteesisiaeseastes s saRe s e et s bt iee @)
a H L S o 1 - ) L s - e ,. LI, B ‘
Beve Cnanges Dt cosordulabin wowlors o
al 'an (3 marks)
PR AL Sy

() You are provided with a 1.00 mol dm™® solution of iron(I1I) ions and a visible-light
s‘pectmphotometer;(colorimeter), Outline a plan for.experiments using this solution and
this apparatus which would enable you to determine the concentration of iron I11) ions

in a solution of unknown cc  ntration. Huiecyavebe (ENS)T of “’"PA“ Ayl
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4 Consider the reaction sequence below.

. Colourless solution

Dilute C

NH;(aq) Colourless NaBr(ag) - Cream

'AgCI(s) e SOJULION  comcmrerereeemp precipitate‘ T
A B .
- KCN(aq) :

Colourless solution
D

Na25203(aq)~

(a) Identify the silver-containing species in A, give its shape and state a use for it in organic
chemistry. . Pllow name lovk ééw&\x‘xé Coutraduicon s
Specs . ' o l : : :
Hask Specso Species (AS(N 133 ) resseeiries it sesessbessinpiesd S TR R e e

S~ -------------------------
ik :
Sepsate Liwesr o o n i 0

SOM'Y U}:‘ USE oo OSSR N AR BTN WL T
o R . . .
SeRove " lelows  0f  Toleds ptmopd of un € 8iloer wuter Kok ()

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

(i)’ Write an equation for the reaction in which the silver-contdining species in C is
formed from B and explain the use of this reaction in photographic processing.

‘ i STy > ~
Aube 4 26,0, = | Aa (50, + b ()
> DANTTS ) P U ARk TN

Eguation ... 3\ TR0 T :
q & 0 Aﬁ;c e
Explanation ... Q98200 : &%r“ ....... "@“‘:u .......... OF itecins -
?"Q"Q""kAQXAWMQ‘;\:“Q.&?SDQXMK.@‘Q\“}'@.....Q) |
' ‘ = (4 marks)
(c) Identify the silver-containing species in D, and state one use of solutions containing this

species. : o

: [AaCen] ) 1)
Species .......... E%C L SOOI TSN DIPTSR PSSR SRR ('

Kok use : £ : 4
S&\ 6}'&!‘.&\3 USe cvverinnsenn b \gcj&mf‘p&\v\ﬁ ........................................................................................ )

(d) What can be deduced about the outer electronic configuration of silver in each of the

Towe Do bee o £ A kel or dow wet hast a
By 34 poutially £olsd A shall () - (1 mark)
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De NoT alow rackiome w:\l\ ‘ow o‘\"-u- ‘\'\\l—v\ tqu
5 (a) (i) Writean equation to show why aqueous chromium(III) chloride is acidic.

Alow oot (€ (4,0) 1" + 0. — [r(Hoo) s(ou)l v ot ()
oh o At or Cor(Hie) VPt — Ccr(Wols (oI ™+ s ,
R (ii) Explain why aqueous chrommm(III) chlonde 1s more acidic’ than aqueous

chromium(II) chloride:

Ce¥ ts swaller Paan Q.fM . .
................................................................... \""""l .W‘*sa..mc 2..*.0.9‘%%&.‘0
OB, Gt e a qrader fsﬂc‘w Moty of chan? 0
LG e e | GWWQ)MOV“““ preal )

y Oe\i:ﬁ’;u‘ d(w(“a W Qn“énell (3 marks)
'C\ewu oxsy,m (HA’( 1 ’CM\»\ 33

(b) The addition of sodium hydroxide or of sodium carbonate to aqueous chromium(III)
chloride results in the formation of the same green precipitate.

(i) Identify this green prec1p1tate ’

or f\awae. O\xmuauwm (1\\) \A.QMO x:.:i,.a.

(ii) State the role shown by both sodium hydmx:de and sodium carbonate in the

formation of this green precipitate.
Beon ec elechen pain dower o jeten accablr )

NoT &\kﬂ-\l 3 {3"&9*’* V\UQ\QOb\ALﬂ. bk Po.ma.\um hﬁaM

(iii)  Identify the gas-evolved when carbonate ions react with aqueous chromium(III)
ions and write an equation for the reaction occurring.

GaS VOIVEA aereeeenecrrermrireninBoerseareds D s reeerereressansaasorsesrasaraeisasiesensenosanenst

ain mmd W most be  dedocod. - {4 marks)

(c) State the reagents which could be used to convert aqueous chromium(III) ions into

hr t (VI) ions.
.......................................................................................................................................................

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

Na,0; sceres (2) |
Do ok allow f‘a:\kq\ﬁak,‘ os OH‘:’ or NU,
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6 (a) State what is meant by the term co-ordinate bond.

Mok poits b Sherih sledven Yoor 01 covolawk boud . . Q)
5‘\’“’“&\3 Bolh 2lechrone Lom  oue odowm RE TR RN , 0)
SO brorth el s oo 1.5 Dot HIREE. bt e eeesssegeniaaosgnernsnans wregereenenesermsetnsesiesiassaeeie

or Whem o bewebass vads BOLNIE N PP (2 marks)

(b) Define the terms Bfg)ﬁ;iediLo'vi/rj' acid and Lewis acid.

: A rebon Ot.v Hf: "o\;)#\fo(‘.- | :Mo"'i‘ Hb(').‘) (ﬂ

Brgnsted-Lowry acid .......... S (PSRRI NS ot v AT, SUNVNIHIFIONE - SIogivny S
Lewis acid ....... A\°“°"¢\Q‘AM“ m qcc,QJ(‘;\ﬂof : (”

(2 marks)

(c) State what is meant by the term bidentate ligand.

Too akeme of buso boumit of dtadiwat @
E&t&\“ A\uMk . Q\QM Q\QC&%Q»\ fk‘\.«f‘ G)

-ott---n;-.&v--'.-ov-o.-..(‘s aaaaaa ; ------------- G IEREDARI IS RUI LI EE BRI NS, \ ------- e L R D L L R R e T T T

L O Lorre 2Yco- ge\&ua\\_»\l& b o s () (2 marks)

3 IS
OR dowaltto +wd poses o tledmenn)
(d) State how the co-ordination number of cobalt(Il) ions in aqueous solution changes when
an excess of chloride ions is added. Give a reason for the change.
6 4o & (1}

Do de" \\D . ‘\ ®
allow Reason for change e ivitrert b O S e %\““"‘“ ...... ool

Culorind  \iapnd Of gresty rebylsion betuaes cWaride Lande ()
ov O\ e | o (2 marks)

(e} Suggest why the‘ ¢nthalpy chazige for the 'fOﬁOW_ing reaction is close to zero.

[CoNH,) " + INH,CH,CHNH; —> [Co(NH,CH,CH,NH,),[* + 6NH, .
Savae mowder, () ok some tahe of bede ()

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

P o e T LT T T T T L L LT T T T T LT L T P P PP P PR PPN

(f) Deduce the formula of the compound formed when ethane-1,2-diamine is treated with
an excess of hydrochloric acid. - T

cl Niy iy Cl MR : - SR T 0)

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

or (Nt CHiCH, ny, )M act

Mow  CuHeNsCly ot NH L CHcl NEC
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SECTION B

Answer all of the questions below in the space provided on pages 11 to 20 of this booklet.

7 A 4.54 g sample of PCly was heated in a sealed flask at 525 K. Partial decomposition occurred
as shown by the equation below.

PClL(g) === PClL(g) + Cl(g)

At equilibrium, 45.0% of the PCls had dissociated and the total pressure in the flask was
91.9kPa. '

(a)

(b)

Calculate a value for the equilibrium constant K, of this reaction at 525K.
' (9 marks)

In the gaseous state, both PCl, and PC15 exist as molecules. In the solid state, Ple5 is
jonic and made up of two species both of which contain phosphorus. Sketch and name
the shape of the PCl; molecule and that of the PCl, molecule. Suggest a formula and a
shape for each of the two ionic species present in solid PClg (6 marks)

8 The reaction scheme below shows the conversion of epoxyethane into sodium ethanedioate.

(a)

(b)

(c)

H,0 | 2NaOH

Hzc”“CH2 e - Compound X = sz (COOH), =% Na,C,0,

N/
O

Identify compound X. State the reageants and conditions required to convert X into

ethanedioic acid. Draw the structure of the anion in sodium ethanedioate.
' (4 marks)

The addition of sodium ethanedioate to an agueous solution containing {CO(HZO)é]Z*
jons results in the formation of a more stable complex ion. Draw the structure of the

complex ion formed and explain, in thermodynamic terms, why this substitution reaction

OCCUrs. (4 marks)

(i) Sketch the pH curve for the titration of ethanedioic acid with aqueous sodium
hydroxide. Write equations for the reactions which occur during this titration.

(i) A250 em” sample of a solution of ethanedioic acid was found to react with exactly
182 cm® of a 0.145 mol dm™ solution of sodium hydroxide. Calculate the

concentration of the ethanedioic acid solution.

What volume of sodium hydroxide solution-would have been required if the

solution titrated had been sodium hydrogenethanedioate, NaHC,0,, of the same
concentration rather than ethanedioic acid? (7 marks)

Tarn over B
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9 (a)

®)

10 (a)

(b)

The reaction between aqueous persulphate ions, SzOg“(aq), and iodide ions, I (aq), is
catalysed by Fe2+(aq) jons. Suggest why this reaction has a high activation energy.
Write equations to explain the catalytic action of Fez+(aq') ions.

Suggest why V3+(,aq) ions will also act as a catalyst for this reaction but Mg2+(aq) ions
will not. (6 marks)

Outline a mechanism for the reaction between benzene and ethanoyl chloride and
explain why AICl, acts as a Lewis acid catalyst for this reaction. Predict, with an

explanation in each case, the suitability of FeCl, and of NH,Cl to act as a catalyst for this

reaction. (9 marks)

P and Q are oxides of PeLriod 3 elements.

Oxide P is a solid with a high melting point. It does not conduct electricity when solid
but does conduct when molten or when dissolved in water. Oxide P reacts with water

forming a solution with a high pH.

Oxide Q is a colourless gas at room temperature. It dissolves in water to give a solution
with a low pH.

(i) Identify P. State the type of bonding present in P and explain its electrical
conductivity. Write an equation for the reaction of P with water.

(ii) Identify Q. State the type of bonding present in Q and explain why it is a gas at

room temperature. Write an equation for the reaction of { with water.
(9 marks)

Risa hydfexidé of a Period 3 element. It is insoluble in water but dissolves in both
aqueous sodium hydroxide and aqueous sulphuric acid.

(i) Give the name used to describe this behaviour of the hydroxide.
(i) Write equations for the reactions occurring.

(iii) Suggest why R is insoluble in water. (6 marks)

END OF QUESTIONS
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Question 7 NB Mark NOW awarded for calculating pPCi3 not pPCl3 = pCi2

(a)

Initial moles of PCls = 4.54/208.5 (1) = 0.0218 (AE if My PCl5 wrong)

At equilibrium moles PCl5 =0.0218 x 55/100 (1) =0.01198 (allow 0.012)

NB Award 2 marks if initial moles PCls missing but equilibrium moles PCl5 correct)

Either moles PCl3 or moles Clo = 0.0218 x 45/100 (1) = 0.00980

- NB This can aiso be determined by subtraction

NB If mole PClg = Moles Clo award max 4 for the following
Initial moles PCls (1)

Equilibrium moles PCl5 (1)
Partial pressure = Total pressurex mole fraction (stated or used correctly} (1)

Kp defined or used correctly (1)

Total moles in system = 0.03158 (Allow 0.032) (1)
NB Mark this consequentially to equilibrium moles of PCls, PClg plus Clg)

partial pressure =Total pressure x mole fraction (stated or used correctly) (1)

pPCl5 = 91.9 x 0.01199/0.03161 (1) = 34.91034.5

' NB Mark consequentially to equilibrium moles PCls and total number of moles

pPCl3 = pCl2 =91.9 x 0.00981/0.03161 (1) = 28.52

Kp = pPCI3 x pCl2/pPCls  (defined or used correctly) (1)
NB Do not allow if [ ] included here ,

= 28.522/34.86 = 23.31023.9 (kPa) (1)
NB Mark consequentially to partial pressures determined above

NB Ignore units even if incorrect

PClg Pyramidal or Tetrahedral
Sketch

:
S
ci CI\CI

NB Mark skelch and name separalely
NB If clearly pyrimidal, aliow shketch withou lone ele3ctron pair

PCls  Trigonal bipyramidal

Sketch Cl
o >F!’ ~—Cl
Cl !
Ci
NB Mark sketch and name separalely
Formulae of ions PClgt and PClg-
Shapes Tetrahedral and Octahedral

OB  PClgt and stated as tetrahedral (1)
PClg- and stated as octahedral (1)

(1)
(1)

(1)
(1)

(1)
(1)
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Question 8

(@)

(b)

(c)(i)

(c)(ii)

Equations; HpCo04 + OH- — HC204- + Ho0
| HCpO4- + OH- — Cp042- + H0

NB Aliow one for HoCoOy + 20H — C042- + 2H,0

NB Allow ‘molecular equations’

Moles of NaOH 0.145 x 18.2/1000 (1) = 2.64 x 10-3
Moles acid (2.64 x 10-3) +2 (1) =1.32 x 103
NB Mark CE at this point if moles NaOH not divided by 2

Concentration of acid = 1.32 x 10-3 x 1000/25 = 0.0528 or 0.05278
NB Mark concentration consequentially to correct moles acid

I

Volume NaOH if NaHC20 4 used = 18.2/2 = 9.1

67

Identity of A; ]
ethane-1,2-diol or 1,2 dihydroxyethane or ethylene glycol or formula (1)
NB Do NOT allow OHCH2CHgOH unless a correct naime also given
KpCro0 7/ dilute H2S O 4 or dilute HCl or K2Cr207/H+* (1)
NB - Oxidising agent must be a reagent
NB Do not allow concentrated H2S04
Reflux (ignore temperature if given) or warm of heat (1)
NB If a temperature given on its own it must be at or below 2000C
Anion o 0}
A\ /)
c-C
/ \
-0 o- (1)
NB Do NOT aliow C2042-
NB Ignore lone pairs of electrons o
Structure, T_, & o correct co-ordination (1)
\C z :
0:le°\ C‘o/d bonding through six
€ e \ correct oxygen (1)
070 i ° (Score 2 or 0)
o (. - < N b
®
NB Not essential to show double bonds i.e. C=0 in structure
Substitution produces more molecules or particles or more disorder (1)
. Entropy change is positive M
pH curve; two steps shown M
NB Axes ﬁot essentiai
but if given must be correct
’ for graph as drawn
pH
Volume NaOH(aqg) added

(1)
1



Question 9

@)

()

oR

High Eja: S20g2- repels I- or both ions negative
OFe2+ + Sp0g2- — 2Fe3+ + 25042 M
oFe3+ + 21 — 2Fe2+ + I2 | (1

NB Ignore additional incorrect equations

Vanadium is a transition element or Magnesium is not a transition element (1)

Vanadium has variable oxidation states (1)
Magnesium only forms Mg2+, or has only one oxidation state (1)
NB Score two Marks for “Only vanadium has variable oxidation states”
AICl3 + CI-COCHa — AIClg- + CH3CO+ - (1)
6 cw % c
C 4 r H / — &R
a 7 Tw — ©
. e ut
W H
Cﬂg .
o C“_», C;O C/Cu.b
O~ - - Q%
W
o] +Ht
)
H+ + AICl4~ — AICl3 + HCI (1)
Lewis acid: AlCls accepts eleciron pair (1)

NB Penalise incorrect acyl chloride by one mark
NB Penalise chloroethane by two marks i.e. first equation mark, attack on benzene mark

NH4Cl: Not a catalyst (1)

FeCl3: A catalyst (1)
has a low energy vacant shell
or has spaces or vacancies in d shell
or has a partially filled d shell
or able to accept an electron pair

or can from FeClg- (1)

68
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Question 10

(a)(i) Deductions
lonic (1)
lons not free to move in the solid state (1)
lons free to move when molten or in aqueous solution (1)
Identity of P; Na20 or sodium oxide o

_ NBIf aformula given this must be correct

Equation: Na2O + H20 — 2NaOH (1)

(i) Deductions
* Govalent (1)

Intermolecular forces aré weak or van der Waals forces, or dipole -dipole (1)
NB Any answer including ‘a reference to'hydrogen bonding is incorrect R

identity of @; SO2 " or sulphur dioxide - : (1)

Equation: SO2 + H2O — H2803 (1)
NB AllowmaXOnefOfSQf,' SRR R - .
“@)(i) Amphoteric B . ; ()
(i) Equation with NaOH | L
- AI(OH)3 + NaOH — NaAl(OH)4 :
' ,'OR AI(OH)3(H20)3+OH- — [Al{OH)4(H20)2I + H20
- OR AI(OH)3 + OH" — [A(OH)4 I
R identified as Al(OH)3 or Al(OH)3(H20)3 (1)
A balanced equation ,
1
NB Allow equations with six co-ordinate Alurninium and(up): to six OH- ligands

NB Allow equation mark if M(OH)g given in a balanced equation

Equation with H2S04

2AI(OH)3 +3H2504 — Alo(S04)3 + 6H20
OR Al(OH)3(H20)3 +Ht — [AI(OH)2(H20)4] + + H20

NB Allow equations with six co-ordinate Aluminiurm and up to six H20 ligands
NB Allow equation mark if M(OH)3 given in a balanced equation

Correct Al species as product (1)
A balanced equation )
(iif) Large lattice energy

or strong covalent bonds
or A Hsoln is very positive

or AG is positive
or sum of hydration energies less than covalent bond energies (1)
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