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SECTION A

Answer all questions in the spaces provided.

Chlorine is formed in a reversible reaction as shown By the equation

4HCI(g) + Os(g) === 2Chy(g) + 2HL0(g)

(a) Use the data below to calculate the standard enthalp
entropy change, AS®, for this reaction.

y change, AH* and the standard

Substance HCI(g) O,(g) Cl(g) H,O(g)
AHZ/KTmol™ -92 0 0 242
S°/IK  mol™ 187 - 205 223 189

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

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

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

Lo 6 .
.................. TN (MT gt ) flee mexone ewib T

Standard entropy change, AS® ... AS’ZSYM&“J‘"-Z‘ Srakeds (1)

------------------

5S.z.([ax23] + Lacieal ) = (2064 [x 167])

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

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

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

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

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

.............................................................................................................................................
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(b) The data below apply to a different gas phase reversible reaction.

Standard enthalpy change, AH® = + 208 kJ mol B
Standard entropy change, AS® = +253 JK " mol™

(i) Deduce the effect of an increase in temperature on the position of the equilibrium
in this reaction. Use Le Chatelier’s pnnc1ple to explain your answer.

Malk Effect ....... Ea i \\orwmo\‘ék\w"“*a“’“ ...... tedwefs Q)

\
S‘\”‘* 4 ~ Explanation p‘e"‘c‘“"" ..... ‘...s. ..... Q“fd"‘(\‘“—“'*"‘" ................................................. )
................. C°~5*Mwire¢uc—wk(s)

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

....... AGM\‘TASQ}
oTzokes = qosxicoo’/asy
2 ‘3'“\\‘@

(7 marks)
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2 (a) Silicon dioxide is a solid with a high melting point. When a mixture of silicon dioxide
and carbon is heated in a stream of chlorine, silicon tetrachloride and carbon monoxide

are formed. At room temperature, silicon tetrachloride is a colourless liquid.

(i) State the type of bonding and structure present in solid silicon dioxide and explain
why it has a high melting point.

Type of bonding ............. C’° \M'\Q’“k ..... e st e s b e s (-')
Type of structure ........... . H‘QCMM’\tc"\U .......................................... 0]
Reason for high melting point ....... ““’35\‘"’*&@-@““&”""1})‘““& .........

mush loe oe\ow e 0!

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

(i) Write an equation for the reaction described above in which silicon tetrachloride
is formed. TN ettt e e

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

(iii) State the type of lébliding': presént in silicon tetrackilSride molecules. Explain why

silicon tetrachloride has a low melting point.

: - Co u a\lewl
Type of bonding ......................... R T : (‘)
Qof L Reason for low melting point g‘“)“"’&‘%‘“*ww ...................
M.o\ ec u\-ﬂ'/%v C‘l

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

(b) Describe what you would observ_é: and write an equation for the reaction occurring when
silicon tetrachloride is added to an excess of water.

Observations (w\“l‘\-e' CO\OUrMS\ ....... "e‘c"%‘\.'&aﬁ ‘0'\ oy O)
..... \Jgoroos[em*m“«@w*mmamm“’-’*cmm
S.C\y + 4_\‘\10 —> 9‘(‘0\-\\‘& 4+ GWcl ().

o~ SiClg t 2 H.’LO — S O+ + A‘ \ch (¢ (3marks)
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3 The Group Il element A burns when heated in chlorine forming the solid chloride B which has
a high melting point.

When aqueous sodium hydroxide is added to an aqueous solution of B a white precipitate C
is formed.

Precipitate C does not dissolve when an excess of aqueous sodium hydroxide is added but does
dissolve when aqueous sulphuric acid is added. '

(a) State the type of bonding present in B.

900 E e 00000 r00000000000800000E00a000000000000Erre0s0000000esos0000s000000 @ 0F00000000000000000000000000000000eE000000b0s00s0C000088s00080000000000

(b) Identify B. -
MaCla (Mo shar Guawp T chlorides stk Bed, )

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

p : (1 mark)
(c) Write an equation for the formation of chloride _B from element A.
Ma + C\, — \“\‘1(‘_ . (Q uoo\(' e by )
YT oL PSRRI ot FPROPENS WORRoshrtu | SOT SR SERUOROPRR 20
(I mark)
(d) Identify the precipitate C.
C Malo), - (Ony oo Hoo ampuer ) 0
| _ e (I mark)
(e) Write an equation for the reaction in which C.is formed.
Gk ANaod 2 Ma(ok), A AWaCl Q)
[A\.\ou) Compeqr te a lﬂ»aéw xihe w @) l (1 mark)
(f) Write an equation for the reaction of C with aqueous sulphuric acid.
Malot), + MusOq 72 MaSox +2W0 ¢)
. Onka Mo Lor Hi& O es “&(0&\1 (1 mark)

TURN OVER FOR THE NEXT QUESTION
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4 Use the data below, where appropriate, to answer the questions which follow.

Standard electrode potentials ESIV
2H*(aq) + 2e- —> Hy(g) 0.00

Bry(ag) + 2¢- —> 2Br (aq) +1.09

2BrOj(aq) + 12H*(aq) +10e —> Bry(aq) + 6H,0(1) +1.52

Each of the above can be reversed under suitable conditions.

(a)

(b)

State the hydrogen ion concentration and the hydrogen gas pressure when, at 298K, the
potential of the hydrogen electrode is 0.00 V.

Hydrogen ion concentration . 80O 'MO\ ...... D\M ..... esiedsranasaens G)
Hydrogen gas pressure ‘°°\‘P"(!l
4 2 marks)

The electrode potential of a hydrogen electrode changes when the hydrogen ion
concentration is reduced. Explain, using Le Chatelier’s principle, why this change occurs
and state how the electrode potentlal of the hydrogen electrode changes.

Explanation of change ...%3)¥ A\”“"M ..... )“'s \““’A*"\'&*. ......... Q.
o vee  cowdhvacal ")
Change in electrode potential ......... BQ‘—O“““%’M q(mu'.orokec_*(!)

, ( Moo ‘MOLL Mﬂa&%) (3 marks)
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(c) A diagram of a cell using platinum electrodes X and Y is shown below.

{  Saltbridge

/N

Solution containing Solution containing i?r()}(aq),
Br,(aq) and Br (aq) H*(aq).and Bry(aq) -

(i) Use the data above to calculate the e.m.f of the above cell under standard

(i)

conditions.

Write a half-equation for the reaction occurring at electrode X and an overall
equation for the cell reaction which occurs when electrodes X and Y are

connected.

Half-equation 26'-——7%"'* ..... 1 L— ....................................................... Q.)

- Overall equation et ettt Shkecy22. ().
1(’3“0\;*“0&"-*”‘&*"Le";""b\\)-o ............ | b‘\“"«’w)
o be&" ) B 4 LWt — 3&1‘,_ t a0 (4 marks)
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§ (a) By reference to the forces between molecules, explain why ammonia is very soluble in

water.
sAadnegen bonding e ),
between KO and NH, . e
| (2 marks)
b) Aqueous solutions of ammonia have é H greater than 7.
q p
(i) Write an equation for the reaction of ammonia with water.
LTS, PN .. T S )
(i) Explain why the pH of a solution containing 1.0mol dm™ of ammonia is less than
14 at 298K.
QW\MOKLG\ & a Lhe e-.\& \Oe..Sa \\Mok— \Pu-h.;.“gl (O\A‘s“ﬁbll 0)
..... Baplbrwm bo lofe or meomplele weackon

(¢) An ammonium ion in aqueous solution can behave as a Brgnsted-Lowry acid. State
what is meant by the term Brgnsted-Lowry acid.

A ;zre\ww Aowor | @)

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

(I mark)

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

(d) State what is meant by the term buffer solution. Identify a reagent which could be added
~ to asolution of ammonia in ordér té6 form a buffer solution.

A solotim olidn vesists c\mvge . \OH | (v,

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

(3 marks)
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(e) An acidic buffer solution is obtained when sodium ethanoate is dissolved in aqueous

ethanoic acid.

(i) Calculate the pH of the buffer solution formed a¢'298K when 0.125mol of sodium
ethanoate is dissolved in 250 cm?®of a 1:00 mol dm_3 solution of ethanoic acid.
The acid dissociation constant, K,, for ethanoic acid is 1.70 x 10~ mol dm™ at

298 K. »

Ke= [wtCaT / [wAd | a0
................................................ O — )
B L 9«2@%4 b0 e

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

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

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

(ii) Write an ionic equation for the reaction which occurs when a small volume of
dilute hydrochloric acid is added to this buffer solution.

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

(5 marks)

.......

TURN OVER FOR THE NEXT- QUESTION

Turn over
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6 (a) Explainwhy complex ions with partially filled:d sub-levels-are usually coloured.

(b)

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

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

kel _ o
o (bomnsbine. G grosshle aneiled shle 0

oy mbseslet fon (W86 (badhon)

(i) When aqueous ammonia was added to an aqueous:solution of cobalt(IT) sulphate,

(ii)

(i)

(iv)

a blue precipitate M was formed. Identify the cobalt-confaining species present in
aqueous cobalt(II) sulphate and-the precipitate M. - -,

Y RS [12‘*:. o i & T
Precipitate M ...... Co((Me0)

vOF a R PP L EEE S

“Cobalt-containing species

Precipitate M dissolved when an excess of concentrated aqueous ammonia was
added. . Fhe solution formed was pale brown due to the presence of the cobalt-
containing species P. Identify P.

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

On 'standivhg‘ing alr, the. Colour o_fz.th:e; sé_li;tion_ cOlltammgPslowly d}ar_kened as the
cobalt-containing species Q was formed. State the type of reaction occurring when

P changes into Q ‘drid identify the r&4ctant responsible’for this'cHange.

: 24 N Y ~ 34+
Type of reaction GO OX"OMS"D'A ..... +° ..... C Deeeemmeereeseeseeeeseeeemmenmeeseeseeseoe @)

Reactant responsible SRR ITISAR Ve o2t OSSR SRR,

When potassium iodide was added to the solution containing Q and the mixture
was acidified, a dark red-brown colour due to the presence of R was produced. On
addition of starch solution the mixture turned blue-black.

Identify R and explain its formation.

Identity of R ..., b ©)
- 5y - 3+ . :
Explanation L e x\o\\,sa_o&(\: ....... Co ........... w \'\“"L ..... . M veadd

(7 marks)
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Q7 Answers

(a) Initiation Clh — 2CI-
CHy4 +CI- — CH3- + HCl
CH3* +Clp — CH3Cl+Cl
CH3Cl+Cl- — CH2Cl- + HCl
CHCl + Clp — CH2Clp + Cl

(1
ey
(D
(1
1 5

Note  Additional answers ignored even if incorrect but contradictions penalised.

(b)  CH3CHCICH3

Aqueous KOH
CH3CHCICH3 +KOH —>  CH3CHOHCH3 +KCI

Alcoholic KOH
CH3CHCICH3 +KOH —  CH3CHCHj +KCl+H0

Note  Solvent mark only allowed if a correct product given

(c) Both form complex aqua ions, [Fe(HzO)]6Il+

Charge/size ratio greater for Fe3t than Fe2t
Hence more OH bonds broken in [Fas(Hzo)]s3+
or more polarising ion or more hydrolysis occurs

(d)  Green precipitate formed
Precipitate soluble in excess NaOH
Dark green solution formed

CrCl3 +3NaOH — Cr(OH)3 + 3NaCl etc.

Cr(OH)3 + NaOH — NaCr(OH)4 etc

(1)
(1)

(1)
1n 4

(1)
(1)

(1) 3

(1)
(1)
(M
(D

(1) Max 4



Q 8 Answers.

(a)(1i) Heterogeneous:- In a different phase to reactants
Catalyst:- Increases reaction rate
Alternative route orroute described
Lower Ey

Unchanged at end of reaction

(i1) Feature:- Q of L Variable oxidation states shown by vanadium

(®)

Equations V205 + SO2 — V204 + SO3
2V204 + 02— 2V205

VOt +4H' +3e- — V2*(aq) + 2H20

Zn — Zn2t +2e-  (given)

2VOpt + 8H* + 3Zn — 3Zn2* + 2V2*(aq) + 4H20

Mol KMnO4 = mv/1000 = 0.0200x 38.5/1000 = 7.70 x10-4

Mole ratio MnO4~ to V(II) =3:5 deduced

or equation
5V2t + 3MnO4- +4H' — 2H20 + 3Mn2t +5vVOp™

Mol V(I)= 7.70 X10™* x 5/3 (1) = 1.283 x1073
Mass V= 1.283 X10™> X 50.9(1) = 0.0653 ¢
% V in sample = 0.06532 X 100/0.160 = 40.8

(1
(1)
(1)
(1
(1) Max 4
(1
(D
(n 3

(1)

(1 2

1)

(2)

(1) o6



Q9 Answers  ‘Stick structures’ penalised once only in this question.

(a) K2Cr207/H2804 reduced by
CH3CHpCH2CHpOH

oxidised to CH3(CH2)2CHO
and CH3(CH2)2COOH

CH3CH2CHpCHO
oxidised to CH3(CH2)2COOH

Equation Cr072- + 14H* + 6e- — 2Cr3+ + TH90O

Note  Deduct one if all three compounds given as reducing agents.

(b) Tollens’ reduced by
CH3CH2CH2CHO

oxidised to CH3(CH2)2COOH
Equation [Ag(NH3)2]" + e- — Ag + 2NH3

(c) CH3CHpCH2CHOH

Product CH3CHpCH2 CHOOCCH3
(CH3)3COH
Product (CH3)3COOCCH3

(d) CH3CH2CH2CH2OH has five peaks

(CH3)3COH has two peaks

(1)

(1)
(1

(1)
(1)

(1)

(1)
(1)

(1)

(1)
(H

(D
(1

(1)
(1)



Q10 Answers

(a)(1) Extraction by C reduction of oxide

(i1

(iit)

(b)

Iron

FepO3 + 3CO — 2Fe + 3CO2

Extraction by electrolysis
Aluminium

ABT + 3e- — Al

Extraction by metal displacement
Titanium

TiCl4 + 4Na — Ti + 4NaCl
or TiCl4 + 2Mg — Ti + 2MgCly

The reactive metal must first be extracted
This extraction will required a great deal of energy or electrolysis

BepC +4H20 — 2Be(OH) + CHy4 Species
Balanced

Linear complex eg. [Ag(NH3)21"
Tetrahedral complex e.g. [CoCl4]2-
Octahedral complex e.g.  [Fe(HpNCH2CHyNH)3]3+

Species
Charge

(M
(1)

(1)
(1)

(1)

(1)

(1)
(1)

1)
(1)

(H

(1)

(1)
(1
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