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SECTION A

Answer all questions in the spaces provided.

1 (a) Iron is extracted in a Blast Furnace by a continuous reduction process. Identify two
reducing agents present in the Blast Furnace. In each case, write an equation to show
how the reducing agent reacts in the formation of iron.

. he} (not' CM,)

Reducing agent 1 CC')(NCO ............ T e rvvrsebazarszenssrasa gt gt anae
T AFe 0y 9 BV, F4FE .

or c f'.o;)_ e 0,_1 /euduE Fe

Z f Equation 3C+FCL0;"'73('D .................. CHL Py e

allow Fe,0, and RO) T
Wf b Reducing agent;Z f' ......... C-O-C-') ........................................ Cote > 2¢0 oo
% a Equation ........: 3 C0+F31%73C01+1F&(‘) ...............................................
allow Wﬁl (a.,a.;-. ollow Feso,,, , Fe D) ’ (4 marks)

(b) Titanium is extracted from TiO, using. two separate batch processes. For each of these
processes, write an equation for the reaction occurring. Cl) C+c ly
- - - 3
Equation 1 ....... [,,01‘-PZC+’Cl]_-—?’r¢.Ci¥_-(—ZCD(l)bu‘ancp,/M—FL 716[¢f
. Cor +C =—= C03) Meacl T 4! far A’Q‘O’”J
Equation 2 ... . CA - bphogc- oo erMacl. t Le ey atanee:

. | (0( 2;1:’3 [HZMjCl .) (4 marks)

(c) Suggest in general terms how metals can be extracted from sulphide ores. Explain how
pollution problems can arise from such extractions.

[l) ov melbel xde Implied

............................................................................................................ auo”““sen”ue
Pollution problems S01[|) ................................. “ndéérfecl’m‘
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.................................................................................................................................................

o/ eroswem caused 97 acudl oun (4 marks)
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2 (a) Interms of electrons, what happens to an oxidising agent during a redox reaction?

...d.:ze..'.\.i...e.l.@.e.‘.‘..’f.'xé..(.l.)........ﬁ!.l.w. anelechron e
o areertd, o just ;jaiu_s' (1 mark)
ov Eokes | C1E¢ rons o reducton ISqu;t-of eleclions bubrwoT OLRIG

(b) Consider the following redox reaction. ée nob elloy "‘¢"£"5”"f %ifﬂ'ﬁ-"ﬁ‘(
eleckron poir(s)

SO,(aq) + 2H,0(1) + 2Ag*(aq) — 2Ag(s) + SOF (aq) + 4H(aq)

(i) Identify the oxidising agent and the reducing agent in this reaction.

Reducing agent 'Soz, ! {’,SﬁrmJ“(’l“‘f

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

(ii) Write a half-equation to show how sulphur dioxide is converted into sulphate ions

in aqueous solution. . ,
q ° : (allou e

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

: - 3 mark.
(allows - & o L.H.S) (o Hys0, +24*+2e7) penalise é‘ﬁa::e):»ly

(c) Fe®" ions are oxidised to Fe** ions by CIOj ions in acidic conditions. The ClOj3 ions are
reduced to CI” ions.

(i) Write a half-equation for the oxidation of Fe®* jons in this reaction.

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

(iii) Write a half-equation for the reduction of ClO3 ions to CI” ions in acidic conditions.

..... CIO  +6H + be —> C1” 30, 0 (1)
............. gdell e TSIl

e . (4 marks)
(M{M[.’)ﬁ(i/) M |
(d) Write an equation to show how sulphur is removed froni impure iron obtained from the

Blast F . Identify the oxidisi t in thi tion, '
ast Furnace. Identify the oxidising agent in this reaction allos Fes fhvf > hf"( ,,.k)
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(a) A sample of a gas was sealed into a flask at temperature T and pressure P.
The Maxwell-Boltzmann di’stribution of energies for the molecules in this sample is
shown below. !

t
t
t
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! peak Liyler( 0
7(/ Skarts at or;",;\’ Aisplaced & feft’)

letown CTOSSESOYEr pnce (1)
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{
i
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'

;e‘-z'ur afl Y o
. blese Dimifs . )
Xty . peak L{,Ler[l) (¢E if not ‘»{/1"’)
‘\ / .

X storts ,.,e,,;d,‘..) Adrisplaced 6/ Jane
> amounb(see limits) and does nobcross
“so over (1)

Number of
molecules

(i) Using the axes above, sketch the curve that you would expect if this sample of gas
at pressure P had been cooled. Label this curve X.

(ii) Using the axes above, sketch the curve that you would expect if another sample of
the same gas was sealed in the same flask at the original temperature, T, but at a
higher pressure. Label this curve Y. (4 marks)

(b) Gas A decomposes slowly to form géses B and C. An equilibrium 1s established as
shown by the following equation.

. A(g) —= B(g) + C(g) AH is positive

(i) In terms of the behaviour of molecules, state what must happen before molecules
of A can react to form B and C.

......... 0tk seffieent eneggy (of € ZER)CL) i

- (ov wibk correct vffpnfahohz .
(ii) Explain why the decomposition of A 1s4aster at higher temperatures.
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(c) The graphs below show how, starting from A alone, the concentration of A varies with
time at temperatures of 300K and 320K for the reversible reaction given in part (b).

Concentration
of A

Time

(i) Suggest why, as shown on the graphs, the concentration of A remains constant
after a time.

Gpuidiclrtors, L @AGALAL1) ... |
r roke f'ﬂ)@fd(@a&é‘.’“ = rate ‘%M)

(i) EXplain why,at 320K, the concentration of A falls to a’lower value compared with
the reaction at 300K. or AH4ve :

rea(«l"(:ﬁ.n Y -6Ad0£’1~&r‘mo [l) o everse reﬁ-cﬁ;-\. -efol'le/n‘;c)

oF Moses ZLDN#’( (3 marks)

TURN OVER FOR THE NEXT QUESTION
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4 (a) Write an equation for the complete combustion of propanone, C3HgO, to form carbon
dioxide and water.

...... CoHo0. 1 40, —2.3¢0, +30,0(1) (o myltpte)

(I mark)

(b) Inalaboratory experiment, 1.45g of propanone were burned completely in oxygen. The
heat from this combustion was used to raise the temperature of 100 g of water from

293.1K to 351.2K.

(i) Calculate the number of moles of propanone in the 1.45g. _
allow 0018

LS =0 0250 [’) allow com ey

58 (1) om wrongMr )

/’4".)’,00 c-£ j __I_?'—?-— c.éE >
(ii) “Calculate the heat energy required to’raise the temperature of 100g of water from

293.1K to 351.2K.
(The specific heat capacity of water is 4.18 J K1g™

(tf (45 wad . place {)

‘.f wa ,0'/ xeUxS12 = 00k 418 % SE () & (00, 620 ...
allow fo frSH2 B2t 300 T (). (HNen 2200 & 24500
n iy ijasie decival plaies
......................... Mz%éif)m;bheaca—w

iii) Hence, calculate a value, in kJmol ™, for the enthalpy of combustion of propanone.
: P

allsw —-A68 7 -972

idindt AN | allow +972
atlow no uncks a_u"" Consey (5 marks)
Y Mnalise wran\-z unibs
(c) In a similar experiment, the enthalpy of combustio¥ of butanone, C4HgO, was found to

be —~1290kJmol ™. A data book value for the same reaction is AHE = -2430kJ mol ™,

(1) Suggest one reason why the experimental value is very different from the data

book value. ( Ao not—alloo zkcp,..,//eée combus /‘uL—.)

........... YO/ A
o

o
(ii) This data B¥ok value of AHS for butanone (-2430kJ mol_l) refers to the formation

of carbon dioxide gas and water in the gaseous state. How would this value differ
if it referred to the formation of water in the liquid state? Explain your answer.

Q.0.L. m

(3 marks)
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(d) Calculate a value for the standard enthalpy of formation for liquid ethanethiol, C;HsSH.
Use the equation given below and enthalpy of combustion data from the following table.

Substance C,HSH(1) C(s) H,(g) S(s)
AHZ/kImol -1170 -394 ~286 -297

2C(s) + 3Hy(g) + S(s) — C,HsSH(l)

(2%-394) + (3x-288) + (247 ~(~U120) (1)

= -"773 (l) I‘Jwre s evean ;f wvaJ ,

(% 73 /4, +773>.

TURN OVER FOR THE NEXT QUESTION
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(a) increases from fluorine to iodine (1)

sizes of molecules increase (1) (§.0-L. mark )
{or molecules have more electrons or mass of molecules increases)

Magnitude of intermolecular forces or VAW forces increase (1)  (or more Vi) fore 5)

More energy required to separate molecules (or particles) (1)
(or more energy to break intermolecular forces)

or (ntermolenlar Jorres more M.‘{/a’cult to break 4
(b) with NaCl white ppt (1) note, i /«,l' clearl r&[ers L wrong
soluble in ammonia (1) Substance [? Nauct) bhen C:€ =20
with NaBr cream (or off white or beige) ppt (1)

partially soluble (or insoluble) in ammonia (1)
~ (ignore references to conc ammonia)

(if obviously added silver nitrate mixed with ammonia allow: NaCl:  no change (2)
NaBr: cream ppt (2))
4

(c) oxidising ability decreases from chlorine to iodine (or down the Group) (1)
Ch+2Br - 2CI' +Br2 (1) (allow use of NaBr, HBr etc)

Br;, red-brown (or yellow or orange) liquid (or solution but not solid)(1)

ChL+2I -5 2CI'+1(1) (allow use of NaBr etc, penalise HI once only)

I, brown solution/black solid (1) (do not allow any reference to purple)

Br, + 21" — 2Br + L (1)

Yellow/orange/red-brown/brown solution goes brown/darker brown solution
/blacksolid (1)

Ir—t
U |~3
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