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SECTION A
Answer all questions in the spaces provided.
1 (a) Define the term standard molar enthalpy of formation, AH Moak eads powls \koh‘(o.A u}\'l
A\\.o-o (E"\'L"\&id‘**‘“\A u\\-u\ wso\ O'e « Cow bc;:md .\A 'CONVLA
Yook . Iamost dvom 4 ““b*{um\‘ clements (\) w Nes sSteudaid g&.&u
!.uo\u»\ or _
a.\SoM Cn- :_:::—____;j‘_f_":,'"’ e
(3 marks)
(b) State Hess’s law.
(The eataalby change Lo o vackon o) woebesdout of
Seyeote | 8 S,
(1 mark)

(¢) Propanone, CH,COCH,, burns in oxygen as shown by the equation
3 3 q

CH,COCH,(l) + 40,(g) — 3HzO‘(1) + 3CO,(g)

Use the data given below to calculate the standard enthalpy of combustion of

propanone.
CO,(g) H,0(l) CH,COCH,(1)

AH{/kJ mol™ -394 286 -248

Dedwck ome A“‘ = 2-*“4 ”.Auo\'s Z.A"h‘ \Q-.c\’c*k L) .
e - R.5. AAReNdue'S ~ LARE acta
enda - [(3x-280)+ (3x-3a0) 1 - (- 2¢8) @)
e O L IO T 52—

Turn over p>
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2 (a) State what is meant by the term mean bond enthalpy.

Pomalar
Lo\
w N-QI

(b) Ethanal has the structure H—(Il—

Gaseous ethanal burns as shown bythe eqﬁation
CH,CHO(g) + 20,() — 2H,0(g) + 2CO,(e)

Use the mean bond enthalpy data given below to answer the following questions.

Bond Mean bond enthalpy/kJ mol™
C-H +413
CcC-C +347
C=0 . +736
0=0 +498
O-H +464

«

(i) Calculate the enthalpy change which occurs when all the bonds in the reactants
shown in the above equation are broken.

-

Fakwde  féxc-W = Gxaz = + 16§52
(e G:1:) X coc = 1X3€Q = 36
o< 2—, %s‘ (‘)- ------------------------- .1 u: ----------- ;;;2 ---------------------------------------
Q\&'woﬂ- 33“\ IxC-‘-O ..... =lK-5Q ..... ST FUTSRTRIORRSUTR N owsoto oo 3 SR

........................................................................................................................................
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(ii) Calculate the enthalpy change which occurs when all the bonds in the products
shown in the above equation are formed.
Rk moke  4x B-0 = = &x kbt = - 1956 ) ) ~

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

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

(iii) Hence, calculate the enthalpy change for the complete combustion of ethanal as
shown in the equation above.

= 43980 - k%00 2 —-80 (V).
Cewo-lc\/ \'\o..;.\(,&o: TMCorte X Gu Latas Q) ovd Q‘\ ax (5 marks)

W) Arguar + i) Answer =

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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3 (a) Hydrogen used in the Haber Process is produced in the following dynamic equilibrium
reaction.

CH,(g) + H,O(g) = CO(g) + 3H,(g)

(i) In terms of rates and of concentrations, what does the term dynamic equilibrium

mean? _ .
RaLes w.ovveer.. Q“\""'S ...... ‘\*ﬁawa“,.'c”"’“"‘ka""*‘“‘ck““&@
Q of W mewll . Concentrations QW&'M\ ons Q.‘QCQ“S\'“*" Q)

(ii) State how an increase in pressure will affect the equilibrium yield of hydrogen.
Explain your answer. - T£ Srom allow wax. | fora

Equilibrium yield ........... (e
. s
Explanation “°"'§.M°\“'°\"$°'c ?"&“c}(}’ 2_’«'3 Q.. “E\“““'
eackm \eft . w) .
JBapilibeiom moyen to{wdvee _couthramt ()

ANow ewe L+ “ Renckion Favooms feser wolacules”

(iii) The equilibrium yield of hydrogen is reduced when the reaction is carried out at a
lower temperature. What can be deduced about the enthalpy change in this

reaction? fog‘\-{»a..
z.e,no\o{'\&\tt_.tc. Q)

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

(iv) Explain why the equilibrium yield is unchanged when a catalet is introduced.
Slhowg sl
“q
Bl Crwward aud Backwasd rates i‘mcw.o.u Q)

.......... " weoee sseavscunses esene

Sawe robortian
by feapat Wlodt e
A\\b\) oW ‘C‘-f' « EQ Oc 'Cohm.r*oﬁ.‘k bﬂﬁkuﬁ'& \Lﬁb&@ (8 markS)
’ ‘Q-Auou_.k ‘4‘ [ 7N -ﬁ-\YLs\ Wuv&‘ .

(b) Ammonia is produced in the Haber Process according to the following equation.
—— -1
Ny(g) + 3H,(g) == 2NH,(g) AH; = -92kJmol
Typical operating conditions are 450 °C and 20 MPa (200 bar).'

(i) Explain why 450 °C is a compromise temperature.

The veactioun ‘v awthatmic ().

e ey, 5 2tech e telieaeie, —
éjz{%\* et NS Sembaretue awes o low equibrom yuld @

Vnstin o Rate of sackine Wiher b Waher bedpedure

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

( Do ot alow ampuirs Losed o cank ’{{\A%M’()Q»«k)
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(ii) Explain why 20 MPa is a compromise pressure.

awez.abae asA G

w -e.a\vk\'\\mw

\“u-\’ew‘ -—7

W R W IR I I LR APEIN e ;-."Q.,K;&:k ...... x_:: .......................................................................
G —7.Midhar v jedpannol to fwdvce Q..

o>\

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

TURN OVER FOR THE NEXT QUESTION

Turn over P>
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4 (a) The following is an equation for a redox reaction.

2NO + 12H" + 10I' — 2NH; + 2H,0 + 5L,

(i) Define oxidation in terms of electrons.

LOSS (o-c a.\e_c%bo V\.S) (1)

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

(ii) Deduce the oxidation state of nitrogen in NO and of nitrogen in NH}

Oxidation state of nitrogen in NO ...... ( ")7\ ............ ﬂ) ....................................................
Oxidation state of nitrogen in NH, -3 0o
(iif) Identify the species formed by oxidation in this reaction...... X b S (\)

(b) When chlorine gas is bubbled inte an aqueous solution of sulphur dioxide, hydrogen
ions, sulphate ions-and chloride ions are formed.

APWI/0102/CHM?2

(i) Write a half-equation for the formation of chloride ions from chlorine.

(ii) Write a half-equation for the formation of hydrogen ions and sulphate ions from

sulphur dioxide and water.

SO, + AH, 0= S0 +elt +ke” (1)

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

Hence, deduce an overall equation for the reaction which occurs when chlorine is
bubbled into aqueous sulphur dioxide.

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

se W,50¢ +2HCL ebe (3 marks)

LEAV.
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5 An excess of potassium iodide was added to an aqueous solution of chlorine. In a titration the
liberated iodine required 28.2 cm’ of a 0.360 mol dm™ solution of sodium thiosulphate for
complete reaction.

(a) Calculate the number of moles of sodium thiosulphate used in the titration.

Hdea

2 036x282 (600 = O |

NE  An awsws of 0.0\ Scato
(b) Write an equation for the reaction between thiosulphate ions and iodine.
- 1‘ -
Alowo I, + 25,01 — S0 T
molkias

(1 mark)

(c) Caiculate the number of moles of iodine which reacted witﬁ the sodium thiosulphate
used in the titration. Anscas frewm @) =2 ()

( Mole wrako = ¢ 1\]

“h

\

= 0-00 S‘M moles T,

(1 mark)
(d) Write an equation for the reaction between potassium iodide and chlorine.
Tanert Skale :
QN

Souhds and KT +C\, = 2Akcl + T,
Seortaek w_-(-a\»s.

Q) ot ‘lowie ar a uo\bv‘a

(1 mark)
(e) Calculate the mass of chlorine in the original solution which reacted with potassium
~ iodide.
L AP 0"’ . st ~ .
d"wb""‘ w _ i T m;(u» M\'-Cuw ) ten max
© Sca _ - ove ‘6 Hr cMlotiar auiem as 11
max | Holey frown ) -
16 My dlole  Tless Cl, = fo-ooS‘(.\*(35-5k1> ¢)
L ) .
270, pesstine wohE T 03604 (1) Mew 0-36to0-005
o, WO, )

(3 marks)
(f) Name an indicator which could be used when a solution of iodine is titrated with sodium

thiosulphate solution from a burette. State the colour change at the end-point.

Indicator ............... S *“"'C\* ............. S
: T anm vhiiatw~ duoan

Colour change ...{.. &"ehc"b"bhs‘(‘ ...... Q). U must lae “s"-‘-‘% &

Bleds (no;&::_\q Secowk wert to (2 marks)

B\o{(h\&& be awardad .

.

Tum over p
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6 (a) (i) Write an equation for the reaction which is mainly responsible for the high
temperature in the Blast Furnace.

- 40, — CO, @)

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

' (i) Write an equation for a reaction in which iron is formed from its oxide in the Blast

. Furnace.
AMow oxdas

(-'go-,fa.,03',€'c.30q— Q;Oa +. 3C — 1& +3CO .—*C— Q)

(iii) Iron from the Blast Furnace can contain sulphur. Write an equation to show how
this impurity is removed.

(iv) Iron from the Blast Furnace contains carbon. State how most of this carbon is
-removed. Give one reason why this removal is necessary.

Removal of carbon Oﬁ&"‘ (‘) ...................
..... blases.. Mtouals | Bl ihon ()

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

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

(b) (i) State why carbon cannqt be used to reduce titanium(IV) oxide directly to

titanium. Alow C loowda [reacdts

(T am}ml__cgr\olo\c. ‘s {ormad

seegesesnuscrectcecisessessacascitetnns

(1) i T

(ii) Carbon is used in one of the steps in the batch process for titanium extraction.
Write an equation for the reaction which occurs in this step and state a condition

c —_—
Mok Equation ..... 0, % ( ac v, ! et {1CO (!) B
T ‘-3 iCondition ........ “a\l“'-w-\va.bq\uhe(g ..... M(JOO Zleo ; C ).
Net - Weak © (4 marks)

(c) Aluminium is not usually extracted by heating aluminium oxide with carbon, but carbon
does have a use in the extraction of aluminium from aluminium oxide. State how carbon
is used during the extraction process and write a half-equation showing how aluminium

is produced. { Cotlede
vweda
Use of carbon ..............% S.\& Qr_\rod\.es .......... ¢ ) .........................................................

Half-eqUation ...t e et

APW/0102/CHM2
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(d) State three factors which determine the choice of reduction method used for the

extraction of metals from their ores.

Factor 1 CO-’* of w.o\ock ank

Factor 2 Cos’c ..... °‘c ..... Lnase by NSO (‘) ................................................................

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

TURN OVER FOR THE NEXT QUESTION

APW/0102/CHM2
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SECTION B

Answer both questions in the space provided on pages 13 to 16 of this booklet.

7 (a) State what is meant by the term activation energy of a reaction. (1 mark)

(b) State in general terms how a catalyst increases the rate of a chemical reaction. '
(2 marks)

(c) The curve below shows the Maxwell-Boltzmann distribution of molecular energies, at a
constant temperature, in a gas at the start of a reaction. On this diagram the most
probable molecular energy at this temperature is indicated by the symbol Emp and the
activation energy by the symbol E,.

-

Number of
molecules

Emp _ E, Energy

<

Consider the following changes.
(i) The number of molecules is increased at constant temperature.
(ii) The temperature is decreased without changing the number of molecules.

(iii) A catalyst is introduced without changing the temperature or the number of
molecules.

For each of these changes state how, if at all, the following would vary:'

the value of the most probable energy, Emp
the number of molecules with the most probable energy, Emp
the area under the molecular energy distribution curve
the number of molecules with energy greater than the activation energy, E,
(12 marks)

APW/0102/CHM2
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8 (a) Samples of solid sodium fluoride, sodium chloride, sodium bromide and sodium iodide
are each warmed separately with concentrated sulphuric acid. All four compounds react
with concentrated sulphuric acid but only two can reduce it.

(i) Identify the two halides which do not reduce concentrated sulphuric acid. Write an
equation for the reaction which does occur with one of these two halides.

(ii) Identify the two halides which reduce concentrated sulphuric acid to sulphur
dioxide. Using half-equations for the oxidation and reduction processes, deduce an
overall equation for the formation of sulphur dioxide when concentrated sulphuric
acid reacts with ome of these halides.

(iii) In addition to sulphur dioxide, two further reduction products are formed when
one of these two halides reacts with concentrated sulphuric acid. Identify the two
reduction products and write a half-equation to show the formation of one of them
from concentrated sulphuric acid. ~ (9 marks)

-

(b) How would you distinguish between separate solutions of sodium chloride, sodium
bromide and sodium iodide using solutions of silver nitrate and ammonia? (6 marks)

END OF QUESTIONS

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

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

sssscsssverccunsscne

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

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

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

.................................................................................................................................
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Section B

Activation energy;- ' Shert

The mini¢mum energy needed for a reaction tojoccur

Catalyst effect:-

Alternative route ot mort. me\acoles Vase Ea
Lower activation energy

Increase in moles of gas:-

Tem;

fasition of Cn'; uwcbu.u\\n 4
More molecules with Emyp

Area lindét_cuﬁe increase ‘
Molecules with E > E, increased

decreased:-
- Pos tion 6L Gwmp Mmoo “\¢‘c'k

More molecules with Eyp
Area under curve unchanged
Molecules with E 2 E, decreased

Po%‘c\v:oh ok Ew uv\c\m.-‘n.-\
Molecules with Emp unchanged
Area under curve unchanged:
Molecules with E 2 E, increased
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Jan 2002 Unit 2 Questions Do we¥ allows elewants, melaculis or atome
i~ bo W)
Q8 (a)(i) Halides:- Fluoride\ 0))]
Chloride : I&\&M
" Equaton:-  H* + F — HF wiecar]br cor-ecthalide (1) Stele
(Y
(i) Halides:- Bromide and lodide ) g\&m\“\,’
\nl Wrena or 2ktiso*” . .
Lor Equation:- -  H2S04 + 2H* + 2e- — SO2 + 2H20 1) )
"““"“b Mostoe (2Br —Bra + 2¢ oY) a\’,okm
\osrde oF & vk (1,804 + 2H*+ 2Br —Brz + SOz + 2020 ()
MV‘\‘.P‘" o owel @ N A’ :
ot LHAQC
(iii) Products Sulphur o~ Sg (et S¢) a
Hydrogen sulphide 1
o 1t +$o{‘
Equation:- HyS04 + 6Ht + 6e—S + 4H20
o 284 4S06>
or HpSO4 + 8H*+ 8~ —Hj3S + 4H20 M 9 ks
(b) Addition of silver nitrate
Chloride gives white precipitate [ . <A )
Bromide gives cream precipitate | s« ¢))
Todide give yellow precipitate | $o WA §))
Addition of ammonia o
Do net alow Chloride precipitate soluble in dilute )
: Bromide precipitate soluble in concentrated (1
hloyem or Sedw | [ogide precipitate insoluble R ) 6
halide

Total 15



	
	
	
	
	
	
	
	
	
	
	
	
	
	

