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2 CHEM

(24 marks)
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The figure above shows the titration curve obtained (using a pH meter) when a 20.0 mL sample of a
solution of weak acid, HA, of unknown concentration, Cha, is titrated with standardised NaQOH

solution. The NaOH solution has a concentration of 0.100 mol L' and Fn,0n represents the volume

in mL of NaOH which has been added. [Data: K(HA) = 5.0 x 10°%; K, = 1.00 x 107

(a) What pieces of laboratory equipment would be used to measure out:

(i)  the volume of HA solution? ‘ Tf‘fﬁc }

(ii) the added volume of NaOH, Vna0u? | buwe#e, ‘

(b) On the figure above, clearly indicate and label the following:
()  the equivalence point; (:
(i)  abuffer region. B

(c) Calculate Cya.

2ixo = D xX Xz Ouos M
Yw*@”ll = Ywro

Question 1 continued on the following page
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Question 1 continued

(d) Calculate the pH at point A.

CHEM

>~
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HA @ R i
K= Ddtad ()
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{ox o= Bw O
® T Aexi0 ]
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i

F” = A3

(¢) What is the pH at point B?

Koz Sxi0 >

PH : "303 Ko

Mkl
W{FJ%J” =73

(f)  Prove the general result that Ky, (base ionisation constant) for the base A™ (i.e. conjugate base of

the acid, HA) is given by
Ky(A) = KW/K,(HA)

foradd HA = HY+ A~

\ . [HAY (oW [
“ ) T

— ) *@\i

Ko

i

Ka = aE

ﬂ:r a éaca .4/4—"{7/0 = WA +au”

Lol
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— 4 CHEM
Question 1 continued

(g) Calculate the pH at the equivalence point in the titration.

&( gf/,m/, Pt ,{;,é’é HE ceng %M,.'za(, ‘(:Aﬁﬂ Jes us;
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Question 1 continued
The endpoint of this titration could be detected using an indicator. Of the indicators listed

(h)
below, which would be the most suitable? Explain the reason for your choice.

Indicator PK, (indicator)
Congo red 4.0
Brilliant yellow 7.2
Thymolphthalein 9.8
2,4,6-Trinitrotoluene 12.3
= 9.3

Pl‘(i‘«\»f}: FH of _p,r..v_ )9{'

1

]
fémﬁ/] A{/d [84r)

(i) What is the pH at point D?

E)( g OH - Coun s ow piE
hs -2 P o I
S o< ]

—

s

COH‘_Y 215 +20
00207

rPoH = /.67
TH = !.f;_—fvévﬁ?
= /Q-3

i
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2.

CHEM
(18 marks)
(2)  Calculate the molar solubility (i.e. in mol L™') and the solubility (in g L™') of MgCO; in pure
water. [Data: K {MgCOs} = 4.0 x 107 ; M,{MgCO;} = 84.3].
2 2=
MgCoys) == Mg~ + (o
'(56’ = E/"gz—'][ C 032‘]
T solhill 2 _
ihomol L7108 S = [M327 = [6052]
. K = S5 = Ao w0
_3 ‘_’
. < - 16?11 — £32 X0 moli
\S‘LPL/)///ﬁ un \? L-I - S * M’.
= 6327007 x 843
- 0533 gL
(& macks)
(b) Calculate the molar solubility of AI(OH); in a buffered solution with pH = 5.00.
[KofAl(OH);} = 1.8 x 107 K, = 1.0 x 1074,
/4( (OH)g(g) = A(2+ + 3 OH—
4 ) 03
Ko = A [oH]
I 4 f)ﬁ ) ﬁ'xm( ot 500 (n /9%)
+/J4/L OH = /‘f — P H = 9.00
s
. N
TF te soubly of ALOH), & x molr
Fhon x = [AC] = [_’{%3
OH,
(0~ 10°Y?
= |gxi0"" metl 77
maky

Question 2 continued on the following page
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7 CHEM
Question 2 continued

() Name THREE industrial processes that illustrate applications of precipitation equilibria. For
each of the named processes, write a balanced, chemical equation that is relevant to the process

and describes the precipitation of a solid from solution.
ossibiliheS 1 cldde -

(i)  Name of process: [

Salt recovery 4o Senwater ‘

Equation: A ~ /}p@f
/\/a (a4) Cl(a7) —_— Nac/(s)

(i) Name of process: [ %Q/UZY/‘U»YY 7‘660\/3/'7 ﬁm ‘Qa w p¢,7zef —’

Equation:

Hglag) + 20a, —> Mg(oH) ()

(iii) Name of process: L Balﬂ(/?'le pwﬁajm (8&(72/ ,77’-05”9]

Equation:

AlloH) (rg) + HsOlaa) — AlOH), (5)
+ 2,0

=

(Nahj oot WJZ anfuts M‘fﬂaéé)

N / /r\cw»/é 742 euch Nam e
/ " . " 57/0«41/740\/\,
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CHEM
3. (10 marks)

(@

Give brief defimtions of the following thermodynamic terms
(i)  state function;

A measurabl Vi s Sops Bome +Fe Vu{«_z o—f

w/ﬁ«oh nodS mvz o~ F 57%/\& j
Pegadlss ~of He JraT Ay &Maﬁ %d’ sH Tt

((7/0 /Ac&mM of /w:ﬁzy Jyxzém)

(ii)  surroundings;

“The  plon cunclars 07( He. vnivesse.  ofRar /%M
(2. /W?{‘[a/ﬂ\/ ‘%‘?Sém’/ M‘%'lf/ Azl Aﬁér, a,/e/é,\,‘(

(iii) equilibrium;

A sl 5 oS Coudfbrian whon Hee o
no 7(%7:%71 m tby ZW;/ S mreasuprabl
W e w ;

me .

(iv) third law.

The b5l /934747%] ﬂ7( /0474&7’ oyf?‘(
07( & pure Subs7@nce o  ZERO

7@%@74,«)\
0f é) /k Min -

()

Give the names of the functions G, T"and Q in the equation AG = AG ° + RTog.Q

é = /@éé)/ /L;ee En@gj

e

/ = Tem /ﬁﬁffm PN VI
& = % @ G#ﬂm Q Uo 4 'é/;’f_‘
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4.

(14 marks)

The thermodynamic data in the following table were obtained at 25°C for the reaction

CaCOs(s) = CaO(s) + COx(g) M
AHOf So
substance {kJ mol™) (Imol K™
CaCOs(s) -1206.9 92.9
Ca0(s) -635.6 39.8
COs(g) -393.5 213.6

(a) Calculate AH® for reaction (1).

CHEM

AH° = Z-\)P""" AH{'(P\@A) -2 Vet AH(o(rwd)
frod recel

= AH;((aU(ﬂ) 1 OHHS (o) — AH{O ((0(031‘5\)

= (6356 =3935 +1206-T) k Tmel™'
= 133-% ‘fjw\o!"

(b) Calculate AS® for reaction (1).

Asa: ’,%1)["“1 So(ﬁvod) _ %C"]}kﬂd Sa(veoc-‘)

L

5°(Ca0s) + 5°(Cozcqy) = 5°(CalOy(s))
(39-5+ 23 6-929) J wel ™ k7
160-S T mol k™’

Y

"

(c) From your answers above, calculate AG® for reaction (1). (If you were unable to obtain answers

in parts (a) and (b) above, use the incorrect values AH° = 150 kJ mol™' and AS°®
K1)

= 200 J mol™'

AG°= AH®-TAS”
= 1378 kol = 298 x 1¢0-SxI1G kT wer”’

= 120.97 kT wet’

OR  AC® = (150 292 x 200x 1b73) T mel”!

= Q0L T mol™

Question 4 continued on the following page
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- 10 CHEM
Question 4 continued

(d) If the substances in reaction (1) were permitted to come to equilibrium at 400 K, what would be

the partial pressure of CO,?

AL ¥ = Aoy Acao ) Prog v | . P(Oz
v ' a’(q(Dz ]
:(\74_3 — O-K05x W)D'n-a'
2 130k Tl A6 = -RT 'o_{]c K = = RT log, Pfoz
- ALt (-n3-¢ x10% ) &2lex yov)
PCD'L = c - &
= [.4(/ x'o'is 2

(e} Consider the case where the process shown in reaction (1) has reached equilibrium. Predict, with
reasoning, the direction (to the left or right) in which the equilibrium would shift if the following

“stresses” were applied.

(i)  the volume of the system was decreased without changing the temperature;

To leH  (vevervse Sarrchont

Decrecve volume =D increa se /I'V?.S.Sbl*f

Le Chedelier sago syoter i\ ao\)ud ‘o decwcpe
pressure —ie to Jecreore e omeund &f
Qasecrs (0O,

(ii) the temperature of the system was decreased without changing the volume;

To  leld { vewnerse éu‘rech‘w\

Syslenn will adjad o Increse e don percihare
_ie- in ba eroesr st Avechon

Tie veackon is endeharadc intre forwenct

diechan (AHZ>0O) so %0} o rewerse adju/aw-

(iii) the pressure of the system was increased by adding N; gas without changing the

temperature or the volume.

NO Ckcu\a&
N, s jrer b w vt Mg veer Chon sochfi";&)

i~ s aochviy  affect waiber AC® ner K.
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5.

(o

(18 marks) ) M

(a)

Use the following table of standard reduction potentials to answer the questions below:

Reduction Half-reaction E°/V
2Hg?"(aq) + 2¢” - Hg,**(aq) 0.920
Fe¥'(aq) + ¢ - Fe''(aq) 0.771
Ni*"(aq) + 2¢" - Ni(s) -0.25
Cri*(aq) + 3¢ — Cr(s) -0.91

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

11 CHEM

24 [
most +ve E

HQJ

(i1) Which of the species in the table is the strongest reducing agent?

Cr(s) most —ve E-

(iii) Which of the ions in the table will Ni(s) reduce?

2+ — 3+ R .
H Coned Fe _ _— F_O e +NE t‘\a/\ H\,z+/l\|b

(iv) Write down the conventional cell diagram for a cell that involves the nickel and iron half

reactions above, and which also which has a positive standard cell potential. Calculate the

standard cell potential for that cell.

feR V- VeVl 24 > WW\.
. ' — - 2+
Nes) | NiTag) Il Fe ) Fe™ ¥ laq) | PE
arsoe (~} cexhade (+)
EO _ E+ _ E, _ EO(F63+/F¢L+) _ EOCMLL-‘—/'J'")
= 0.-771 —(—0.25) = l.o21V

Question 5 continued on the following page
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12 CHEM

Question S continued
(v) Calculate the equilibrium constant for the reaction of Ni(s) with Fe”(aq), to give F eh(aq).

o _o B E—l—

\l«’ E = -n‘:ﬁn 24

G Creackom NEG) 4+ 373 (ag) 5 NP (eq) + are” T (oq)
hf n=22

TJ .ol = 0.0128 €n K
.
I =79 .62, |t

(vi) Calculate the standard free energy change, AG®, for the reaction of Ni(s) with Fe”(aq), to

K= 3.4 %10

give Fe**(aq).

AGT - - Rt~ K

F

o f)
L/
— 2 % 1. 921 x Ay 3G = — 3 x293x79

q 7, 530 T amst-

3
) = - lq7,030 'Tmcl’| -
= = 1977 kT st et G kT st |
(b)  Explain briefly (2-3 sentences only) how either galvanising (coating with zinc) or coating with
paint protects iron from rusting.
cjaﬂ\/m@«% —  Zn exiducst e Wan Fe Y
lechmenl Grtre g~ probection unint 22 L
< c 3+ Cominfed .
[ e”(zzay < e°(R*e)
) pard = prevesty conteut § meteR Sodfoce iz
v
&/‘,
TURN OVER




13 CHEM

(20 marks)

(a) Platinum crystals have a face-centred cubic structure. The radius of a platinum atom is 139 pm

Calculate the density of a platinum crystal (in g em™).

MPt) = 1951 gmol™; Nx = 6.022 x 10 mol'’; 1pm = 10¥m

For o unit cc\\
e D
z muqsx/@on x10% T
T 1.24959 1072 g *
gcc L edomofun T il

Ec‘\edgtz (a) = LR

T Lx13q007 (03
- 'g,lq3>c|Q"‘°
3

& a3
.01 %10 m

- ¢ O0TMIxI0 P em

Daﬂeﬁﬂ = Mmass /\,oiumé
139 59 x1Q7

21.33 Scm'3

11

Te Il volume

1%

3

/rgOﬂxlb

(b) Using diagrams, briefly explain the following terms:

(1)  cubic close-packed structure;

O close FQCker"}j c”rfcmrgomgmﬁ U e
AR RARCA aTran T, cCp

% s equiva lent to Tio E Camqﬁerk
7

A
B

,ub\c; o Ta V\\J}QVTW‘(\T
o

@

fee
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CHEM

Question 6 continued on the following page

Question 6 continued

(i) edge dislocation;

An cdae dislocdtion s formad

when there is a Misging Tow
(ov plare) of atoms , In “eopmar.
to o sheating sheosn m\j ane

bne of bondd needs fo b broken,

ed 9 < Agfg :f'm‘
dis\o(g+:cr| \ E
@_u

(iii) p-type semiconductor;

Q. semicondudor formed bj doy 'mg an nsulafor
with an element wifl fewer valedce electrons

. | dh In(Ge 12) | feaving holes 1n The
S (Ge 4w valence band . The h@\as Eorm an

Lj, condustion acczPtor band,

band
== — acepio band

valence
band

(iv) zeolite.

Zoo |\ Fan are aluming gl c,,aj(@o
(S(\mck in which §5 G“Foms
ane Teplg d b’j R atomo)
T\V\Qﬂ ane. ChQ/TCL(:tQ/Y'»g{Cl

by Jonag halao o poreo
That lead to tear use ao
mo b cplor sievee and

S )6(~Sﬁb_c+(h\e cato [\\,Jaf\%

g TSMS
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15 CHEM

7. (16 marks)

(a)

The vapour pressure of ethanol and 1-propanol at 35°C are 100 Torr and 37.6 Torr respectively.
9.2 g of ethanol (M = 46.0 g mol ™) and 18.0 g of 1-propanol (M =60.0 g mol™") are mixed.

Assuming that they form an ideal mixture, calculate:

(i)  the mole fraction of 1-propanol in the mixture;

O¢

u

9.2 ued = 0.2.0 mal

12.0{e0.0 = O.30 mol

1

XP Z ﬂp/(ﬂp'ﬂ'ﬂEAv)
= 0.3[/(03%0-3)
= 060

(i) the vapour pressure of both ethanol and 1-propanol above the liquid mixture;

Po= Xp P, = 0.60%306= 22,56 terr
- i — A = O.uQ
)(F: |- X%e - 0.0 = O

1

Rz ¥ # - 0yd x100% k0. 0Tem

(iii) the total vapour pressure above the liquid mixture;

Po+ &

+o'\’g| 14
32 56 Y00
.56 torr

i

(iv) the composition of the vapour above the liquid mixture.

P - : - :
XP\F s Polp,, = ¥56/ase = 0.36

T va

¢ :\—XP_\*O-BGZO-(S\{—

Question 7 continued on the following page
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16 CHEM
Question 7 continued
(b) The boiling point of A is 30°C. The boiling point of B is 120°C. The boiling point of a mixture
of A and B with composition x4 = 0.80 is 20°C. The composition of the vapour above this

mixture is also x, = 0.80.

(i)  Draw the boiling point — composition (7-x,) diagram for a mixture of A and B showing the
boiling points of mixtures of A and B and the composition of the vapour in equilibrium

with the boiling mixtures. Label all curves.

3.0

(ii) A mixture of A and B of composition x4 = 0.60 is distilled in an efficient distillation
column. What is the composition (xa) of the distillate (from the top of the column)? What
composition does the liquid residue remaining in the bottom of the distillation still

approach after a long time?

Distillate Residue

0,90 0.0

(iii) Is heat absorbed or given off when the two liquids are mixed? (Tick one box only)

Heat is absorbed \/ Heat is NOT absorbed

END OF PAPER



