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SECTION A

Answer all questions in the spaces provided.

1 Consider the following oxides.

Na,0, MgO, ALO;, SiO,, PO, SO,
(a) Identify one of the oxides from the above which

Pesaling (i) can form a solution with a pH less than 3 ........ f«.@.\o. ....... of...... SO@, ............. Q)]
d"i wko*l

awower (i) canform a solution with a pH greater than 12 ............... N ‘h,o .......................... )
ke 2efo (2 marks)

(b) Write an equation for the reaction between

(i) MgO and HNO, e MaO + T . Y\a“ + W0

(st ©*7 4+ 2u+ > 40
e 50t 2047 —» $5:0}7 +W0
L ANaod &+ 590, =7 Na, $:03 +Hy0 oc e eqpabiom ()

“30*2““03—7“3 .'f.‘pg\.,,“' H,0 or “aa louie '-w&m o

(i) SiO, and NaOH o

L e Na,0 * zu& — 2Nat + KO
(iii) Na,O and H,PO, o an (o .

3N,0 +28;3 04 > 2Na P04 +3M0  eAe 0

.................................... S LT T T R R L R R S PP RPN
JEa §

(c) Explain, in terms of their type of structure and bonding, why P,O,, can be vaporised by
gentle heat but SiO, cannot. :

P00y a mdecolas (shectore Y or siable covalank ¢

Uea.‘(x h;-‘\*Q:'v@o\ch\mr“ 'Co(*cﬂ/o o vau dar Vaals

bebwerm moloeslen) ©

BLAN

o anl- \Q‘W'C
S.‘Ol ‘W Macero AO\QCUL& ’.S\gu{* couo-\u\ ’_.&@u‘t Mo\-?.c.u\ﬂ_ (N - 3\-1 Q) e )

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

(&NM&) covaleuwt bounds (\OAu-QOM QkM\Mus‘-\u. (ore\&gimarkS)Q)
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2 (a)

(b)

ony alows  aMaoC rgU.0, Tott —2 AN S0, +E M0 ()W

Identify a reagent, or mixture of reagents, necessary to-carry out each of the following

conversions. g
. 3+ 92— mkt\'@.“;,O», Scoran Q)
(i) [Cr(H,0)]" (aq) — CrO; (aq) _
..... Mo, ()...ples NaoB ) NQAO)\SC"M@")\

ouly allewif W0, quoan
(i) VO, (aq) — [V(H,0)*"(aq)

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

o0t Cu—> H&

In an acidic solution, hydrogen 2pe,roxide, H,0,, is oxidised to oxygen by manganate(VII)
ions, which are reduced to Mn“" ions. o '

(i) Write half-equations for the reactions occurring and use these to deduce the
"~ overall equation for this reaction. Lo '

Half-equation for the oxidation of H,0,

........ oy = Oat A¥t t2a”  (ecwoltbla) 0
Half-eqﬁation_, fof the reduction of ma(zganate( VII) ions
_HaOg +8H! £Sa” v WM 44lio (oo molbile) ©

N T L T R e L L LY T PR TR PP F T

............................................................................................................................................
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(i) 20.0 cm® of an acidified solution of H, O, was found to react with exactly 15.7 cm’
of a 0.0180 mol dm™ solution of potassium manganate(VII).
Calculate the concentration, in g dm™, of the solution of hydrogen peroxide.
(If you have been unable to complete the overall equation in part (b)(i), assume
that the mole ratio of manganate(VII) to H,O, is 3:5. This is not the correct ratio.)

Hole s Ma0s = mufiooo = (283262830 x 107 ()

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

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

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

............................................................. = . J20) (Zaees. o) Q)
ﬁa.xg a N\"Lo 2/_( vse-d . ' ﬁ-\o.\‘ Qng»QJ" O. \q)
QG Osinq 3Swte gy

Mioo Meoy = (282t 283 )=0™ - Q) .
MHole thow = A-%26 xLo"'xS/ac)‘; Llﬂo ‘o Qﬂ].)n(o

[“'POI:S = 4.7 xL_o“" kLooo/)ﬁof\) - 1(235-{-3 ‘256) x (0-1

oo = 080 O (e 2 5iqfy mopiad )

TURN OVER FOR THE NEXT QUESTION
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3 (a) Theion Cin— can act as a bidentate ligand.

R s
R

(i) Explain the meaning of the term bidentate ligand.

Too O lowe pass douor[«.\eém»_p@ douer (1) drowns

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

Mow - {omn twoo co-erdiiate ouds (g

NeT atom WML Troo lone fadse (°>

(ii) Sketch the structure of the octahedral complex ion formed by Fe®* ions which
. o~ D ) o ae PR 11 . 1 R) 1 .
contains C,0;" as the oniy ligand. Inciude the overali charge on ihe compiex ion.

-d- :
. . = 40 ov , Structy lf M'.
\(’\O C vack \k&ﬂ-“( S§ due () (C'Eﬁ‘enﬁ )

(Pewelice Cu.A uro§ )
/ ) Corvect
" Six [O-Fe bends (1)

0= - S e '
o -k =0 © o Nb ?Qukgu' the seconld

E RO Cs . Mabt\& L Lo 2
. / vO ‘«. Givew) wm e
o O - - S\'\owv\ .

i _ ' B _J E:G I&l\o;ﬂ— o\uu@o on

G-{‘o wS
' (5 marks)

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

w eeane wn ewhrehy | dwaddar 6C(2 marks)
corw‘wga Y [ ca cwy\u{s’mc&un-
& the)

(i) Deduce the formula of the linear complex formed when an excess of concentrated
hydrochloric acid is added to silver chloride.

...... LRSI T, L N

(ii)) Explain why metal(II) ions do not usually form octahedral complexes when
chloride ions are the only ligands.

(c) The chloride ion can act as a monodentate ligand. GM

(2 marks)

AVowo (C\\a AL LB
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(d) The concentration of Cin_ ions can be determined by titration in acidic solution using
a standard solution of potassium manganate(VII). At room temperature, the reaction
proceeds very slowly at first but becomes faster after some of the manganate(VII) ions
have reacted.

(i) Suggest why this reaction is very slow at first.

(6o+\~)tow & &&a‘o‘»& ot o3 *ke\““Q\ALQ)

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

(ii) This is an example of an autocatalytic reaction. State the meaning of the term

autocatalytic and identify the catalyst.

ooeatelapt (1 Mo A st ol wadton ()
Catalyst . M oe M Q)
(iii) Suggest how this catalyst might be involved iﬁfﬁfhe_rqutign, (Nlm n 3t C.)
M couparted cdo Ha' or T exdaad ()
MM [oridibad skeciso Ban  oxdibioack wily oy

! TURN OVER FOR THE NEXT QUESTION
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4 (a) (i) Draw a fully-labelled Born-Haber cycle for the formation of solid barium chloride,
' BaCl,, from its elements. Include state symbols for-all species involved.

' Bqu.(s) +2¢5) + 2CH @

BEFC, o 2AaH o Mearine (1)
A;\\:';i*d?s | Ba¥(a) £2E) e Cya) 2xE AlMorve) (Y ‘{
, N‘tﬁo,\&g‘\'\x L 'ld lE(&O : 0 ) %q“u) +1C'\._'g3
NG b«qy??)q@ﬂ‘- N o .
ek + QA TE Baw Te +A, Q)
Scerne ) lst T€(Ba)w
bo\'B " 2, 2 n
<> - , .
WU Bacq) +Cla@q) L“k\*c"
TE (Cormatin) |,
Scores (1) A, B attssb Lb'\) ) . e,*k\..,\\g.&
N NoT A“\'QP ba . *f guar
| 33
h\\to dfu(te « | Ba® @ |
valves ' w0
AWen ua A e Q)th.
PL"M'”’(AQM A 4 A
BQC(L s)

ANLY cowsldar 5%&5@ fnuo\uiak‘h«ﬂ& 3\"" Monka

(ii)) Use your Born-Haber éycle and the sténdard enthalpy data given below to calculate
a value for the electron affinity of chlorine.

Enthalpy of atomisation of barium +180 kJ mol ™
Enthalpy of atomisation of chlorine +122 kI mol ™
Enthalpy of formation of barium chloride ~859 kJ mol ™"
ke First ionisation enthalpy of barium +503 kJ mol ™
Calcolaton Second ionisation enthalpy of barium +965 kJ mol ™
—| {on Q.ac\\ Lattice formation enthalpy of barium chloride =~ -2056kJ mol !
erves Coing clodbni oot % (SE 10 Shmwming)
abtlaba tst TEBa+2Q-A TE bg +2alacl +LEACL +LE - ANB«C(,}O Q\
\ k +wo+g~03 ....... = qgg .......... *.2"‘11 ....... 4.9_5A—2056+g5ﬂ7~b(!)
Efh= - 6‘15/2 = —@tn to 3%&3 (‘)Iﬁme, ouwls
NeTgs — 635 Scoes () - 573 Scomes (1) (9 marks)
4 (3E1redet) scann ) + 573 Scemto (o)

— (256 %0 287) Scorte @)

+ L’J.&'é'fb 187) SGmeo Q‘)
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(b) Use data from part (a)(ii) and the entropy data given below to calculate the lowest
temperature at which the following reaction becomes feasible.

BaCl,(s) — Ba(s) + Cl(g)

BaCl,(s) Ba(s) Cl,(g)
S%/IK " mol™! 124 63 223
2% ZSmdyede = 2Swackods
= (6™ +222 ) —124 = Lo @)

Al: AR-TAS o alzTaS of T=aHlas ‘:;3;2‘;:{3 «)

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

(4 marks)

TURN OVER FOR THE NEXT QUESTION
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5 Ethane, from North Sea gas, can be cracked to form ethene- and hydrogen. In practice, the
cracking reaction is incomplete and a mixture of ethane, ethene and hydrogen is obtained.

(a) Write an equation for this cracking reaction.

(b) Calculate the total number of moles of gas in a 25. Ocm sample of the gaseous mixture |

after cracking, measured at a temperature of 332K and a pressure of 110 kPa.
(R=831JK  mol™)

—\ Lor Pv-= I\QT )& “= 9V/RT ) 0)

eacu ‘
error ................... SRR,

(3 marks)

(¢) The 25.0 cm? sample of the gaseous mixture from part (b) was treated with 75.0 cm® of
-gaseous bromine, also measured at 332K and 110 kPa.

(i) Calculate the nimber of moles of bromine added to the gaseous mixture and write
an equation for the reaction between ethene and bromine.

o 4o .q.°t6€)><l,o

Calculation ....... 3K e T e

Equation ............. 705000 IS4 D SO v v i . . (-' )

Pomdliae 1€ an wcormset
struckyrel Corwada Qio%

After the reaction between ethene in the gaseous mixture and bromine was complete,
the unreacted bromine was treated with an excess of aqueous potassium iodide. Iodine
was formed.

(ii) Write an equation for the reaction between aqueous potassium iodide and
bromine.

KT +06r, — 2Kbt +T, of an ouic

..........................................................................................................................................
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Iodine reacts with aqueous sodium thiosulphate according to the following equation.
I, + 2Na,S,0, — 2Nal + Na, 5,0,

The iodine formed reacted with 22.1cm’ of a 0.250 moldm™ solution of

sodium thiosulphate.

(iii) Calculate the number of moles of iodine formed. Hence, calculate the number of
moles of bromine which reacted with the ethene present in the 25. Ocm sample of

the gaseous mixture.

Mdso fy1p = 221 x0260 [ 1000 = (Sw“b)w ....... 3

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

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

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

Mok Co e»ew @ o e Y MQ‘&‘-\"Q ..................

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

(iv) Use these results to calculate the percentage’ by moles of ethene present in the
gaseous mixture.

/ Ehove - M R | *°**‘*~°\u3 ....... w0 )res... 4.

= (22 %4 ) O (8 marks)

N__OE_O Core2ok Omouwdsr Sconto ()
T¢ fae v we Su‘o(‘f«:‘dﬂ w bbw) Pawkjﬂoo

Scaa Mo-xB)‘\‘wo wo € @) ?Wk o PLUS
Ove i C (iv) Lor Ll ‘»M.l*

Avouas, b (v) must boe a %
TURN OVER FOR THE NEXT QUESTION

Negabise Lol % & amwne aver

l°o°/o \oto {’\NL LO«B‘(" weou e .
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SECTION B

~ Answer all of the questions below in the space provided on péées 16 to 20 of this booklet.

6 (a) State what is observed when aqueous ammonia is added dropwise, until present in
excess, to a solution of cobalt(II) chloride, and the mixture obtained is then left to stand

in air.
" Give the formula of each cobalt-containing species formed. Explain the change which
occurs when the mixture is left to stand in air. (8 marks)

(b) Explain why separate solutions of iron(II) sulphate and iron(III) sulphate of equal
concentration have different pH values.
State what is observed when sodium carbonate is added separately to solut1ons of

these two compounds. Give the formula of each iron-containing species formed.
(9 marks)

7 Concentrated sulphuric acid is a useful laboratory reagent. Choosing appropriate examples,
illustrate this statement by considering how you would use concentrated sulphuric acid

(a) to dlstmgulsh between solid samples of two sodium halides, , (6 marks)
(b) to prepare isomeric alkenes from an alcohol (5 marks)
(c) to prepare ari aromatic nitro-compound. (4 marks)

Write equations for the react1ons occurrmg and state the role(s) of sulphuric acid in each
reaction.

61
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Question 6 Answers

@

(b)

NB

NB

NB

Forms blue or pink or blue/green precipitate (Not green) (1)
of Co(H20)4(OH)2 etc (1)
(Precipitate)_dissolves or forms a_solution (in excess ammonia) (1)
Forms yellow or pale brown or ‘straw’ (coloured solution) (1)

| containing [Co(NH3)g12+ 1)
Darkens or goes brown on standing in air (1)
as [Co(NH3)g]3+ formed (1)

Due to oxidation (by O2 in air) or by reaction with oxygen (QofL) (1) 8

Fe3+ has a large charge (1)
and smaller size than Fe2+ (1)

Fe 3+ has a higher charge size ratio or higher surface density of charge
or higher charge density, scores (2)

Lose these two marks if candidates refers to either atoms or molecules

Greater polarisation (of water) by Fe3+or more hydrolysis occurs or
Fe3+ weakens the O-H bond mare  (Allow converse statements) (1)

Fe2+ higher pH than Fe3+ or Fe3+ more acidic or solution of Fe3+

contains more H (1 4

Allow marks for correct hydrolysis equations i.e.
[Fe(H20)613+ 2 [Fe(H20)5(0H)]%* + H*
if accompanied by a statement that this equilibrium lies further to the

right for Fe3+ than for Fe2+ (1) and more H* produced/pH lower (1).
(Allow converse statements)

Fe2+ with NaoCO3 ; green precipitate (1)
of FeCO3 (1)
Fe3+ with NapCO3 ;( rust)/brown or red/brown precipitate (Not red) (1)
of [Fe(H20)3(OH)3] etc  (Allow Fe203.xH20 but not Fe203) (1)

and (carbon dioxide) gas evolved 1) 5
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Question 7 Answers

(@) Any two correct NaX reactions. If more than two given allow best scores.

NB  Apply list principle if additional incorrect observation given
If NaX dissolved in water awarded Max 2 for equations
Allow molecular or ionic equations but not single half-equations

NaF: Colourless gas or steamy fumes Q)]
H2S04 acts as an acid ; (1)
NaF + HoSO4 — NaHSO4 + HF etc (1)
NaCl; Colourless gas or steamy fumes (of HCI) (1)
H2S04 acts as an acid (1)
NaCl + H2SO4 — NaHSO4 + HCI etc. (1)

NB  If NaF and NaCl chosen allow Max 3 uniless HF stated to etch glass

NaBr; Brown, yellow,orange or red/brown (fumes) (not red) (of bromine) (1)
NB  Not SO2 as HBr would also react with reagents used to test for it.

H2S 04 acts as an oxidising agent (1)
2NaBr + 2H2S04 — Na2S0O4 + Br2 + SO2 + 2H20 (1
NB A correct redox equation required for this mark

Nai; Yellow solid(S) or Bad egg smell(H2S) or Purple fumes or
black solid (I2) (Allow correct observation and ignore product identity) (1)

H2oS 04 acts as an oxidising agent (1)
One correct redox equation (1)
(b)  Acormrectalcohol | (1)
2 isomeric alkenes (2)

NB  (Allow cisftrans isomers, ignore names unless no structure given
Equation (Ignore additional incorrect equations) (1)

H2S04 acts as an acid or as a dehydrating agent or a catalyst (Q of L
so MUST be stated in words) (1)

NB  Max 2 if alcohol incorrect
Penalise stick structures once only unless isomer correctly named

(c) Conc. HNO3 (1)
Product (Allow in an equation or mechanism) (1)
Equation (Any) (Ignore additional incorrect equations) (1)
HoS04 acts as an acid or as a catalyst. (Allow adds protons) (1)
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8 (a) A flask containing a mixture of 0.200 mol of ethanoic acid and 0.110 mol of ethanol was
maintained at 25 °C until the following equilibrium had been established.

CH,COOH(l) + CH,OH(l) == CH,COOC,H,(1) + H,0())

The ethanoic acid present at equilibrium required 72.5 cm® of a 1.50 mol-dm™> solution of
sodium hydroxide for complete reaction.

(1) Calculate the value of the equ111br1um constant, K, for this reaction at 25 °C.

(ii) The enthalpy change for this reaction is quite small. By reference to the number

and type of bonds broken and made, explain how this might have been predicted.
(9 marks)

(b) Aspirin can be prepared by acylation using either ethanoyl chloride or ethanoic
anhydride, as represented by the equations shown below.

CH,COCI + HOC;H,COOH — CH,COOCH,COOH + HCl
(CH,C0),0 + HOC;H,COOH — CH,COOC(H,COOH + CH,COOH

(i) By a consideration of the intermolecular forces involved, explain why the product
HCl is a gas but the product CH,COOH is a liquid at room temperature.

4

(iiy Give twe, industrial advantages of usmg ethan01c anhydrlde rather than ethanoyl
chloride in the manufacture of aspirin. .o : (4 marks )

9 You are required to plan an experiment to determine the percentage by mass of sulphate ions
in some solid waste made up of the three compounds silicon dioxide, sodium carbonate and

magnesium sulphate.

You are provided with dllute hydrochloric acid, a solution of barium chloride and simple
laboratory equipment. (Hydrochlorlc acid reacts with carbonate ions and prevents the
precipitation of barium and magnesium carbonates.)

(a) Outl’iné how you would extract the sulphate ions from the solid waste and convert the
extractéd-sulphate ions into a precipitate of barium sulphate.
Write equations for the reactions which occur. (8 marks)

(b) Describe how you would separate pure barium sulphate from other reaction products

and how you would determine its mass.
Hence, explain how the percentage by mass of sulphate ions in the solid waste would be

calculated. (7 marks)

END OF QUESTIONS
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Question 8 Answers

(@) (i) Moles NaOH = mv/1000 = 1.50 x 72.5/1000 = 0.108 to 0.11 (1)
Moles of ethanoic acid at equilibrium = moles sodium hydroxide (1)
Moles ester = moles water (= moles acid reacted) M

=0.200 - 0.108 = 0.090 to 0.092 (1)

Moles ethanol = 0.110 - 0.091 = 0.018 to 0.020 (1)
Ke = [Ester][Water]/[Acid][Alcohol]  (Allow if used correctly) (1)
= (0.091)2/0.109 x 0.019 = 3.7 to 4.9 (Ignore units) (1) 7

NB  Allow the answer 4 one mark as correct knowledge

(i) Similar (types) of bond broken and made (1)
Same number of the bonds broken and made (any number if equal) (1) 2

NB  If alist given then the total number of each type of bond broken and
made must be the same

(b)(i) (Weak) dipole-dipole attraction between HCI molecules M
(Strong) hydrogen bonds between CH3COOH molecules (1) 2

NB  Ignore van der Waals forces

(b)(ii) Ethanoic anhydride is

cheap compared to ethanoyl chioride M

less corrosive than ethanoyl chloride or HCI evolved @)
reaction less violent or vigorous or exothermic or dangerous

or safer to use (1)

less vuinerable to hydrolysis 1)
reaction more easily controlled (1) Max 2
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Question 9 Answers

(@)

NB

(b)

Weigh out a sample (Must be stated)

Add hydrochloric nitric acid to the sample

Until fizzing stops or excess acid added

Filter off SiQ2 (Allow sand)

Add barium chioride( soiutiorn)

Until no more precipitation occurs or excess added

NasCO3 + 2HCI — 2NaCl + CO2 + H20 (orionic)
MgSO4 + BaCl2 — MgCl2 + BaSO4 (orionic)

Max 4 if H2S O4 added rather than HC/
ie. Weigh sample (1), Filter SiO2 (1) Two equations (2)

Fiiter off the barium sulphate

Wash to remove other reagents

Dry
Weigh
Mole BaSO4 = Mass BaSO4/Mr BaSO4 (or 233.4)

Mass SO42- = Mole BaSO4 xMrS0O42- (or 96.1)

Percentage SO42' = Mass 8042' / Mass sample x 100

66
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