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SECTION A

Answer all questidns in the spaces provided.

1 (a) At high temperatures, aluminium chloride exists in the vapour phase as the molecule
AlCl;. On cooling, two molecules of AlCl; combine by co-ordinate bonding to form

molecules of AlLClg. :

(i) State the shape of the AlCl; molecule and give the bond angle.
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(ii) Sketch the structure of AlClg and mark on your sketch the value of ome of the
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(iii) Explain how two AlCl; molecules are able to bond together.
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{6 marks)

(b) (i) Describe what is observed when anhydrous AlCl; is added to an excess of water.
Identify the major aluminium-containing species formed and predict the pH of the

final sclution.
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(i) Describe what you would observe when aqueous sodium carbonate is added to
aqueous aluminium chloride. Write an equation for the reaction.
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2 {a) Write equations for the reactions which occur when the following compounds are added
separately to water. In each case, predict the approximate pH of the solution formed
when one mole of each compound is added to 1dm? of water.

Sodium oxide

Equation N‘\LO ...... *M}O@ ...... 2 \dq@%‘i .................................. G)

pH of solution formed _g__éi .............................................. ] e 4

Suiphur dioxide

Equation e ‘SOA+ ..... HLO@ ....... U‘lsoﬁ .................................... G)

pH of solution formed .......... 2 ‘"S ......................................................................................... Q)
{4 marks)

(b) When silicon dioxide and carbon are heated in a stream of chlorine gas, silicon
tetrachioride and carbon monoxide are formed.

@

(i)

(iid)

Write an equation for this reaction.

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

or %10, + C + LG, D SiCly + CO4
State what is observed when silicon tetrachloride is added to water. Write an
equation for the reaction which occurs. {3o\ ek
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Equation ... S‘C\%{-QHLO ................ S‘O%#q—%c‘ ........................... ¢
g B Chyg + b, o -—» SY(QOH)Q“’ UCH'C( .

Explain, in terms of their structure and bonding, why silicon tetrachioride has a
jower melting point than phosphorus pentachloride.
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3 Use the data in the table below to answer the questions which follow.

Substance Fe,04(s) | Fe(s) C(s) CO{g} CO,{g)
AHP/kImol ™ ~824.2 i 0 ~110.5 ~393.5
5°/3K mot™ 87.4 27.3 5.7 197.6 213.6

{a) The following equation shows one of the reactions which can occur in the extraction of
iron.

Fe,05(s) + 3C0O(g) —> 2Fe(s) + 3C0,(g)

(i) Calculate the standard enthalpy change and the standard entropy change for this
reaction.

" . S . £,
Standard enthalpy change Abhg = Z&R’ i verching Z&%&g vackauls

...............................................................................................
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(it} Explain why this reaction is feasible at all temperatures.

a s &6H - TTa8

i 4 i 1 .§
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; . . |
(Renee G 'w alweys neoabive )

( or Loosible wher &G & O (9 marks)
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(b} The reaction shown by the following equation can also occur in the extraction of iron

Fe,Os(s) + 3C{s} —» 2Fe(s) + 3CO(g) AH®=+4927 kI mol™

The standard entropy change, AS®, for this reaction is +542.6 J K™ mot~!

Use this information to calculate the temperature at which this reaction becomes
e
feasible.

............................................................ Homes mlW = Tasg 6)
Porshiss T x ad/ns = &adT] x0o0/ 540, (k)
O Mo £ A ) £ S SO (1

KOO0 08 s = acg K oo ¢
Owe Maté

{3 marks)

(¢} Calculate the temperature at which the standard free-energy change, AGS has the same
value for the reactions in parts {a) and (b)

....... N TRk -
it (4an T x10® — THE42:6) = (-268x10° —Tulsy)
Wooky 5N Sa(o® = S274 v )
R

TURN OVER FOR THE NEXT QUESTION
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4 Use the standard electrode potential data in the table below to answer the guestions which
follow.

E®lv

Ce**(ag) + e === Ce¥*(aq) +1.70

MnOi(ag) + 8H'(ag) + Se === Mn?*(aq) + 4H,0()  +1.51
Chig) + 2= == 2CI(aq) +1.36

VOi(ag) + 2H'(ag) + e == VO%(ag) + H,0() +1.00
Fe**(aq) + e === Fe’*(aq) +0.77

SOF (aq) + 4H'(aq) + 2" === HpSOs(ag) + H,0() +0.17

(a) Name the standard reference electrode against which all other electrode potentials are
measured.

.,.&..\)..éu (\. ........................ \} .............................................. Q
.........

(b) When the standard electrode potential for Fe**(aq)/Fe?*(aq) is measured, a platinum
electrode is required.

(i) What is the function of the platinum electrode?
To..aled transfer of clechons [proodo o rachen surlece (]

(ii) What are the standard conditions which apply to Fe3*(aq)/Fe?*(aq) when
measuring this potential?

- @
o | S—
....... Botly &%Maq) and E™aq) hage o comaubabion Qbl
of Lol A= AL [Wl = Lol

....................................................................................
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{c) The cell represented below was set up under standard conditions.
Pt{H,S05(aq), SO (aq)||MnOi(ag), Mn?*(aq)|Pt

Calculate the exm.f of this cell and write an equation for the spontaneous cell reaction.

Cell emf cooovinininn %'%34'\"’ ...................................................................................... L
Eauation . 3004 T 580, = M+ 55O + AU O rht
o Comech shecws[onder ()
........................... Balawce dand coneolled )
Mow eve %o JHuo + GH.50, —> AN + S0 O

(d) (i) Which one of the species given in the table is the strongest oxidising agent?

(ii) Which of the species in the table could convert Fe?*(aq) into Fe**(aq) but could
not convert Mn%*(aq) into MnOjy(aq)? -
+ a
AR LY. YO WO SO o S S
P@m\m o»otohlt‘muuzi avNuots tT© xero (3 marks)

(e) Use data from the table of standard electrode potentials to deduce the cell which would
have a standard e.m.f of 0.93V. Represent this cell using the convention shown in

part {c}. 34
‘ % 24 Gt
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{b)

©

{d)

Give ene example of a bidentate ligand.

e ol Poby il Dol :
....... Colw. . on M WO N,
(I mark)

Give gne example of a linear complex ion formed by a transition metal
— —~ " b

-1 v f i
E &ch‘kﬁmﬁi? ....... {A XSSt FL WL LA i;m&%@z ...................................... (}
b : ,

v {1 mark)

ry

Write an eguation for a substitution reaction in which the complete replacement of
ligands in a complex ion occurs with a change in beth the co-ordination number and the
overall charge of the complex ion.

R L I sk
eo Lo (o) I akctm = Teoet ] + LHy0
BT W Lo B 23 5 SO SRS 13 et 1 SR
‘ fomipiex (2 marks)

Write an eguation for a substitution reaction in which the complete replacement of
Hgands in a complex ion occurs without a change in either the co-ordination number or
the overall charge of the complex ion.

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

Lo Pl . .
. nood ; 5 {2 marks
ﬁms%&i& ‘?@C&«@Q {fi Balawce d (¢} . )
a Oly afles € sieacs cormch
When & solution containing [Co({H:0)¢]*" ions is treated with a solution cortaining
EDTA% ions, a more stable compiex is formed. Write an equation for this reaction and

explain why the complex is more stable. -
g‘“ﬁ £ \) RS + PDT?@“ r/ /‘MX) ﬁ}ﬁ?;‘}‘ ﬂ%‘é&\ﬁ P
t #, & P Lol EDTA ] ! b
Equation ....... %«Widb’aa‘j .......................... Y LoeNER R S i @ /
b o N H - 4
Explanation ....... Tiow MO“‘QW‘\‘%@AQW hameh S ¢J
Em"‘:%@éfi}%\ woRaden (f,}
............................................. R T T T .
P {3 marks)
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Section B Question 6 Answers

(a)

or

(b)

(c)

Cu — Cu2® + 2 (1)
NQO3- +2HT + e — H20 + NOp (D)
Cu +2NO3- + 4H' — Cu?™ +2H20 + 2NOp (1 3
Cu +2HNO3 +2HT — CuZt +2H20 + 2NO3
Moles Cu = 1.25/63.5 = 0.0197 t0 0.020 H
Moles NO = 2/3 x 0.0197 = 0.0131 (1)
PV =nRT (1)
V = nRT/P = 0.0131 x 831 x 336G/ 98000 (n
(Allow “n” consequentially to moles NO but not to moles Cu)
= 3.67 x 104 (1)
units m?3 (1) 6
or equivalent
Yellow-green copper species [CuClg]2- (1)
Equation; Cu + [CuCl4}2- + 4Cl- — 2[CuCl4]3‘ Species (1
Balance (1)
Copper acts as a reducing agent (1)
Not coloured as d sub-shell  full (1)
Copper in CuCl is in oxidation state +1 or
No absorption of light as electron transitions not possible (1)
6

e
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Section B Question 7 Answers

(a)

(b)

reactants brought together/ increased concentration on surface

or increased collision frequency

reactants must be correctly orientated

reaction on the surface

products desorbed

example of a catalysed reaction (not a named process)
a suitable catalyst for this reaction

(Penalise incorrect second reactions and catalysts))

If adsorption too weak reactants not brought together

e.g. silver
If adsorption too strong products not desorbed

e.g. tungsten

Equations

Crp072- + 14H' +6Fe2t— 6Fe3t + 203% + 7THo0
Zn +2Fe3t — Zn2* + JFelt

Method

Titrate measured volume solution against KyCryO4

Reduce same volume solution with zinc

Filter off excess zinc
Titrate for total Fe" using KCryOx
Percentage Fe3+ = 100 x(titre 2 - titre1)/ titre 2

or equivalent

66

)
(1)
(1)
(1) Max 8

(1
(1
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Section B Question 8 Answers.

{(a) Identity of X; 2-methylpropene 1
Absorption at 1650 cm! indicates an alkene present (H
[OR a chemical answer e.g. Bro{aq) brown to colourless}
2
(b}  Reagents
Step 1 KOH (Aliow NaGH) (1)  Alcoholic (1) Wam (1)
{Only allow solvent and warm if reagent correct)
Step2 HBr (1)
Mechanism A - X
CH3 CHs H
i [3, (1) \ /
CH3-C-CH72 ¢Br — C=C or a carbocation mechanism
(H / \
H CH3 H
(1) ‘\«: OH~
Mechanism X— B
CHz H CH3 CH3
v ). (1A |
CsC H{Br — +C_~- CH3 - CHj -C-Br
/ \ / :Br- g
CH3 \ H (1) CH3 (1 CH3
11
(c) A gives three peaks (1)
B gives one peak (1
Allow one for
“A has more peaks than B” when no number of peaks given
2
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Section B Question 9 Answers

(a)

{b)

HCl + NH3 — NH4(
Ammonia reacts as a base or nucieophile

AgCl + 2NH3 — [Ag(NH3pl" + CI
Ammonia acts as a ligand

CH3COCI +2NH3 — CH3CONH2 + NH4Cl

(Allow one mark if second product is HCI)
Ammonia behaves as a nucleophile

Pentane is non-polar
van der Waals forces between molecules

Butanone has a polar C=0  bond
Dipole-dipole attraction between molecules

Propanoic acid has very polar O-H groups
Hydrogen bonding between molecules

vdw < dipole - dipole attraction < hydrogen bonding

Link to energy needed to separate molecules

&y
(1
(1)
(1)

2)

(1)
(1)
(1)

ey
(1)

(1
(1)

¢y
(1)

(Last mark only allowed when clearly stated and all three interactions

are correct)
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