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3 CHEMI11

(4 marks)

For the reaction

COxg) + H0() = H' (aq) + HCOs(aq)

(a) Give a mathematical expression for the thermodynamic equilibrium constant (K) in terms of the

activities of the reaction components.

(aﬁ* X-dﬁcas')
K= _
Ca’cegxd’ﬁw(ﬂ))

(b) Give the working rules for estimating the activities of the reaction components.

PCOQ—
4o, = T akm
G0 = |
+
g = P .
| mol L
Ao =ﬁ£{l
ol 7!
(4 marks)

Use the data below to calculate the equilibrium constant (X3) for the reaction

BrFsi(g) = BrF(g) + Fag)

2.2 x 104
5.3

i

Bry(g) + Fa(g) = 2BrF(g)
Bry(g) + 3Fa(g) = 2BrFi(g)

KB = (PErFXP@)
(Fa-r)

K
Kz =

(PeP)”

Ki = R g2 )('FOLF.—:' =y
(P"—J,)(Pr:z)

' £)° £ VU

K - (F&R) a3 _ K 2.2 104 [

2 = \3 foa - — = | ——
(B XPF,) ST 53
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3. (24 marks)
. ‘r

. D

L5 U l\}:.’.‘e/éﬂ CcE.
7 Joo/}ﬂ(—

pH
5.30
0 9.1 182 28.2

NaOH which has been added, [Data: Ky, = 1.00 x 10-14 ]

ks

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

(1)  the volume of HA solution? L pf'r/) 2_77@_ _ “

(ii)  the added volume of NaOH, Vnaog? E g a,re,# e

1

(b) On the figure above, clearly indicate and label the following:

(1)  the equivalence point;

2_ (i)  abuffer region.
(c)  Calculate Cppa.
//’?‘f ei'ml/aéqce— n'HA— - ﬂC’H_
o GV = G oy
c:~ Cun = Cnaott %aoﬂ-/vﬁ,q
= O //0 « 182
/000
§ Ao

= O:/60 mol L' N

Question 3 continued on Jollowing page
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Question 3 continued
(d) Usihg the given pH value for the solution at pomt B (5.30), calculate X, (the acid ionisation
constant) for HA. N
At f@wf’ B He HF 5 Uneu?ﬂﬁ/ﬂiéﬂf C Ww;a‘f =9/ = /a;
. . Nyg = Ny— ol Fhr U g éﬁ* %757‘%.4.
. smee P r/)l( + /fog, HA) st fo5o(~) =0

L pi :f)/’[ = 5.30 - ki o= 1070

v -

N

=50/ ro—%
(e) What is the pH at point A?

ft post 4w Aaw g ot of wrenk acit -

L

LD o] = ke G

i ¢
= /’/;Ta’/xfo * 0./00

- 7'08 ?‘/0va

- /J/'f = —-/ijz—r‘féﬁ"]
= 3./‘6“

()  Prove the general result that X, (base ionisation constant) for the base X (i.e. conjugate base of

the acid, HX) is given by
Ky(X") = K, /K,(HX)

for laset AT s o = HX =+ oH ™
K (x) = [#flon]
Ix1
ZT‘/X][&H,? 5/3 ]
TIxd I

<
<o %)

¢ ' o+ - +
Sinse K@-(w = %%“ %/fxwz,oe:‘-ﬂgmx—

1

)

Question 3 continued on Jollowing page
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Question 3 continued

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

/4’7‘ fawi” C (égf‘?fﬂ{ﬂ// ) 7/ 4 /5‘/( AaS rackey —> X
T have o weale fuate (X)) Sotaieon % LI A
e fﬂ £ /WC( 4\47

X~ + #0 = H4X + OH

fert Lot = ,f koix) . Cem

Ki6o) = KK (HX)
= 07/ &0 07"
and Cx- = M= Ik
' ~75rel Vol . 75l VOt
2 oo :
= -'75%5?‘ oYe (:: 0'05_219

S’L"é;f/{ﬂ&’
- | [DH’] - ﬂ/ (07 x 20 w000

Sore0 « (20 182)
= /023 %o
K thL = 477
a Y

Question 3 continued on following page
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Question 3 continued

(h)  The endpoint of this titration could be detected using an indicator. Of the indicators listed below

®

2

which would be the most suitable? Explain the reason for your choice. -

Indicator pK, (indicator)
Lacmoid 53
Brilliant yellow 7.2
o-Cresolphthalein : 9.0
2,4,6-Trinitrotoluene 12.3

j;é% o priligeFonr SMA. Agut. A W?(: n
value.  af @ otes<c  as fas_r/:é & b FZ p,p/’l
o He é?wf‘méncc. fd‘z«rif (c) wEicd, &5 G/

ﬁerﬂfé—( ~Cresolplbatloca A
z i — fesT oot e

What 1s the pH at point D?

| A /JM D S ._(wfﬁd‘ O/f—% /1./&0/69
Forens e W’ )
_ otal  pols WaOF) —(MITs X,
[or | = (? —

— 282 ,_@.‘3:.) X Ov/lO
= V //r::ad’

282 +20 -
,__——;’—/0'—?'/7'_?

/04_);?2:/".5’ — 0.02_2.?

N

f/‘f = /4 = poH
/234

)
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(12 marks) Frova GTR
Data: K, (BaCO;) = 8.1 x 107
K (MgCO3) = 4.0 x 107
Ko (PbCO;) = 3.3x10™
Ky (S1COs3) = 1.6 x107°

(a) Which of the above four carbonate salts has the greatest molar solubility in water?

MS (0g

(b) In one sentence, explain your answer for (a).

An

Cl,(i;/\(»i €y (_,L\‘ (‘\J\U\!,'.D.n < '\‘L.ak— .\L(_ S,__.J.I
- i

L ogably biuse dhe Samc thpiotaiom f*:\}'

SR i

s \.’1'LtOJJr

LY
/

wid e hicheat Koy hac gie

jf‘GGJ{E‘g—'\.- raal ar 30"\.3\51\;‘\\[_

(¢) . A solution contains a mixture of Ba?* and Mg** ions obtained by adding Ba(NOs), and Mg(NO-),
to pure water: [Ba®"] = 0.12 mol L' and [Mg**]=10.50 mol L'l._ Solid sodium carbonate

- (Na,COs) is slowly dissolved into the mixed solution until a precipitate starts to form.

What is the first solid to precipitate (BaCO; or MgCOs) and how many moles of sodinm
carbonate will have been added per litre of solution when this precipitate is first observed? (It

may be assumed that there is negligible change to the solution volume as sodium carbomnate 1is

added.)
AR it Yt whe ' : Y K
- P ot e (1 (J.Ln( T Frﬂciuﬁ,% i = \‘:F .
S Bally frecipiates when ([ g.7'] 2 Y
el = ,"\SF i B {06
:\_M 4 [\,l
= At -9 -
> [[J?: JS1om L G-ty /O‘l?_ = b FSse
Mc.\ (G pr'c:.,;{o}l.e/_%—e;l; wh e, T 127 .-
J Lotra [ (0, ] %4 Mo (0
- T IS \_!,P ( f! (‘3)
1™ im
— P B ¢ g
\> [(9-5 AN . ‘Jr=Okl,rJ,/Og,<L;d,;lv‘
Ve e - ‘ Te 1 v F i .
The E..:..L__'__Uubt e dhed Doy Flelhice tn ddiag Nn. (0. 48
g : J " -
. P ;
_?_‘.,x\- 2 t::‘:: :Mf__'___:_ ‘__:_i +e fréci g 24 Coon d :i c‘|= £ £ o b
[f_ca'i " = BrfoylnT T oM e wlon ko ,i_' ALY LW (89 bewe borw o3ded

Lol selibiae.
HEC L T v TR
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(4 marks)

Name TWO industrial applications of precipitation cquilibn'a. For each of the named processes, write

a balanced, central chemical equation which describes the precipitation of a solid from solution.
Twﬂ D-i ey 00LE] Ll, &= e iE 5 -LSU’- r!{i.‘-‘.."‘:ur.'_'_ i : !

L 1}
2TEC f art ]

ame of precess: ) ;
(El) N me o pr S8 "l(ﬁr\ﬂf.g'i—lﬂu! O-E.- "-L(,\L_.,[C 50\”‘ -Fro.v\ sa.c,\—wg-lf(:f’

Eguation: ‘
j o+ - . .
]\IC\ {aq;‘xj + O{ (mﬂ + M?’ £ ; H —_ pg L ” N - o (

Pl

Name of process: .
(b) p RE-LGLJQ"{ O'i.r’ 'I\n()(jlﬂl”.':’l\lw—' Lromn Leu - wake s lb, G&éf}--""’\ .Si‘*!“t»t\' [

Equation:

Ty P .
MS Loy + (o i-.U”\]v_i%.\ — Mj‘,f”“‘:‘:zz,':'- * La {ae

(6 marlks)

(a) Provide a definition (in words) of a state function.

{

(‘.,\ - . _r i. o {
- (’A‘t [ AR o L8 v V0 G L\ ! Loy o= L e l !~-| f,.\. (0 1' .\‘l: ) |
: ' J ' L e L T V.

ﬂ S%L-'\f-- Mg bt 1y 6 veer o -l[ ll"a“'{ K u,..(‘llx)(i!' (l.{‘{'-’r.nn"nté lo\/ -'ILm(‘.

(b) Give the names of each of the state functions in the expression

AG = AH — TAS (1)

G: (/\l k,:;‘kg 9 i:(ﬁ £ Fanty f!" w2

=

H: En %-LlﬂlllF\{

3 1 \
T T'Q-ﬂngglzr'c‘i._‘.((__

i
S CvarG py

Question 6 continued on following page
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Question 6 continued
(c) What do the delta (A) signs in equation (1) represent?
i
B meane "Chenge o valus ok °
7. (6 marks)
. For the reaction
2NO,(g) = NoOa(g)
the equilibrium constant at 25°C is K= 1.9 x 10™,
(a) Calculate AG® at 25°C.
& (J\ © = - Q T ‘w I
= - [q.;val'-l; T ol ﬁ"\_\) ( T4y L 3 - { l-c o, w-’i—}
S A I T S TS
z ya 1 kJ nﬂ—“:r\."
(b) Given Pno, = 0.1 atm and Pn,0, = 0.2 atm, calculate the value of AG at 25°C.

fal .. ) 7

WAoo “ B 0w gy = F'\H_G‘g. AL et = C.z . 20
f o 11 m i { y 2
!.}C’.‘ WO e o E’J["j;]E//’C’ "11 !{O 1_}

_\1 {:t\ = Ell‘ GT = .{z T -YE\’! E‘_}"\_
= i 174 T pot™ 4 {{,’i\"i“ sl kK ){'ZCH!V\"! tw T o
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(16 marks)

An elecirochemical cell comprising (1) a mixed solﬁtion of Co** and Co** ions and (i1) an acidified

solution of potassium permanganate (MnO,") and Mn?>* has the cell equation
5Co”(aq) + Mn?"(aq) + 4H,0(l) — 5Co™(aq) + MnO, (aq) + 8H'(aq)
For this cell, using the relevant data in the table below,

(a) write down the two half-cell equations;

Cag+(gﬁr—) + e —> CDZ?LP?)
. ~ i
oy + b0 Mol gy + Hley) 452

(b) calculate the standard EMF of the cell, E°;
A EORHS - EOLHS g,ﬁo‘/; w/,ﬁm as yeduchpa },&0#% pals

- 0 - . e
= 7 04 CDQ‘L ___K%ngj;/mnz—} - &) V—j.SlV
. = 0-'301/

Selected values of Standard Electrode Potentials at 25°C (aqueous species unless specified otherwise).

Element Reaction E°V
Cobalt Co¥*+e == Co2+ 1.81
(3d74s2) Co(NH;)¢** + e == Co(NH3)e2* 0.1
Co?* +2e = Cof(s) -0.28
Co(NH3z)6%* + 2e === Co(s) + 6NH; -0.43
Manganese MnOs + e = Mn0O,2 ' 0.564
(3d54s2) | MnOy + 4H* + 3 == MnOj(s) + 2H,0(1) 1.70
MnOg + 8H* + 5S¢ = Mn2* + 4H,0(I) ' 1.51
MnOx(s) + 4H* + 2e === Mn2* + 2H,0(l) 1.23
Mn3* + e == Mn2* (in 7.5 mol L-! H,S0y) 1.49
Mn?* + 2e === Mn(s) -1.18

Question 8 continued on following page



12 CHEM111

Ques_i‘ion 8 continued
(c¢) Draw a conventional cell diagram for the cell which has the given cell reaction. Show on your

diagram which electrode is positive and the direction of electron flow in the external wires

R IR . .
> glechon F{ow i exeinal  wires

Py oty Mo H | 6% a7

(d) How many moles of electrons are transferred per mole of the cell reaction as it is writien above?

n = 6
(e) Calculate the EMF of the cell under reversible conditions at 25°C when [H']=1.20mol L
[Co®™]=1x107molL; [Co® ] =0.10mol L; [MnO47] = 0.50 mol L™ and [Mn”*]=0.10 mol L™

. B _ S“F (ﬂ/cﬁ) (ﬂmna,f )(a,#f)z
(amaw*)®

- 30 — 010357 / (010)%(0150)1:20)°
> (mo 2) (0”0>

A (205% /o‘)?

030— [er‘zxfo“‘s
030 “-(g‘ll/—xfo“g # W‘"Sg)

-
-

0.23Y

a—
-

RT
The following data may be useful: R = 8.314 I mol! K™*; F=96489 C mol; F = 0.0257 V at 25°C.

(f) Giving reasons, predict whether the reaction will proceed spontaneously in the forward or

reverse direction when the concenirations are as given in (¢}

flo the cell EMF wi(e) 15 4ve , fthe AG 40 (Ab=-nEr
PFS ﬂ@r ¢ —Vve . f/w rm@hw Wf /)fﬁw’fﬂ/ ?ra;arészoms\/j

in %e #MW&W’ ﬂ[r/eaﬁm.

R
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(12 marks)

AFP:/ kI mol™ AG®+/ kJ mol™ 8¢/ Tmol! K
PCls(g) 320 272 217
PCls(g) -375 -305 365

R = 8314 Imoll K

~ (a) For the reaction

- PCli(g) + Cly(g) = PCli(g)
predict the sign of AS® (do not attempt to calculate but provide an explanation).

— N

Dzme,qxae. e T'\\Q, number GF SQSEOUS QPGC—(@S

(b) Using the table above, calculate (at 298 K):
L AH®;

AR = AHC(PClG @) — AW (PCl, (g)
- 375 - (-320)
“5S  kd maldl

{1

il

(i) AG®.

AG" = AGE(PCIL(@)) - AB: (PCl, (q)]
= - 305 - (-a72)
= =33 kJ mol™!

(c) .Use your answers in (b) to calculate:
(1) AS° (at298K);

AC” = AP =T AL

AS°= (ol - a?) [T
= (-85 = (=33)x 1000/ 09¢g
=308 T et

(i) S°(Clx(g)) (at 298 K).

487 §°(PCls(g)) - S*(pey, () -S°(Cl,@))
SY (ciy(g) = s° (PClg(3)) - (PClz(g) — A
365 7 AT ~713.,9) = 22l
LA AL T K gl |

oq

L A
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11.

14 CHEM111
(6 marks)
With reference to the compounds listed in AH° /K] mol”
' . ) CH, 9.2
the table opposite, answer the following. NH, 333
H,O 40.8
HF 27.2

(a) Why does CH, have the lowest enthalpy of vaporisation?

Ctter
,41/90
5

fggf”

e §

W‘écoo&?f‘ @ éﬁ/{eM a~Ad o7 f—fd@"
ar C Ay ne (lore /DM /Lo
- Iéof’tfé‘ﬁ' Cere OCcesr” 77&&7‘5/\‘_ /nzéa’ﬁc%ifc,
pre oi‘imzﬂ Ly SowsT A/fﬁ

(b) Why is the enthalpy of vaporisation greater for H,O than that for NH; or HF?

I,

MY% O _

oxnS /T

?M;fn ~bondns otteerS g

,éfcam,p(, Here  are 2 Jime
(@«af o 2

/

e Secterinfion . Ths e

on e O

fin

/ cei§
O  bon2).

Stme.

(f - Lon

. fpffzéé i /Vﬁ_[? and HF

bl = fnday chenn & om

(f‘Wv’ Aok / /W/O“—wé

and  HFE  one A bon >
S-dlirursianal ' cpgstac”

on \/7

m o am AT A
/Ay &

taa

(6 marks)

(a) Define what is meant by a Bronsted acid.

/4 %,éa‘ff w’/"fc/{ 05 o J'ﬁ'mﬂ]éf a /m7§M.

(b) Define what is meant by a Brensted base.

A speeies which jmjlj’ o d% a ﬁ/‘cﬂf;y)

(c) Inthe following reaction, label the components as acids or bases:

+ NH/'(ag)

Acl

'y
—

C6H50H(aq) | + N'H3(aq)

Ao'd Bice

CeHsO™(aq)

Brse




12, (11 marks)
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(@ Compiete the following diagram for the ozone cycle in the upper atmosphere by filling in the four

blanks:
PV AFghAT 02 + 2 o
<L RHR
Energy
WV Lr‘ﬁ..ﬁ?
20 | Z3z2 0 O, [+0
‘Energy
(g
(b) Draw a Lewis structure for ozone. “/
Vé-/eﬂoe c/dlf;‘du_f = 3IxXl = /¥
= o
& PR
< ™
'O 7 \o\ (@ o
—_— N 7 ~ /

(c) What is the class of compounds that is the major source of the chlorine atoms in the upper

atmosphere which lead to ozone depletion? Provide the chemical formula for one of these

compounds,

/:.
¢, Fy
C &, ~

ot 7 2

P

Question 12 continued on following page
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Question 12 continued

(d) Show the mechanism of the series of reactions between chlorine-containing molecules or atoms

and ozone that leads to ozone loss in the upper atmosphere.

e, r, ‘ﬁ—zi-—} - C 2R,

e 04+ Oy —> 000 +~ O,
P00 +O —s ol F Oy

O, +r 0 —> 2%

©

(¢) In what months does the Antarctic ozone “hole” appear?

S lordin THowogpll oo, Lo En Tk ot s 4 (D)

13. (9 marks)

(a)  List the name and approximate mole percent for each of the four most abundant gases in the

atmosphere at sea level.

A log o - o% 9, |

PE.OF
OW—»—J a7 Py ' 20,98
A/\?,a-«) /2, 0.93%
Comn A e oniia 0.05% . @F3

€

(b) The pH scale is used to measure the acidity of the rainfall in those countries where acid rain is a

problem. Unlike most such measures, a higher number (i.e. a higher pH) means less acid rain.

Explain why a higher number is better.

/O// A e e C#*T a.«._g(’_(_..- O ANl e gt Tﬁ;/ﬁ_f@‘_%
/a// SEa Wﬁg& e C/"r*j S:a_"—-n. /0/4’ /2;7.[.”'"7 WU\-

[t X

sro™" 7

e - Q)

Question 13 continued on following page
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Question 13 continued

(c) Assume that new industrial pollution causes the average pH of the rain falling on a hectare of

land to decrease from an expected value of 5.50 to 4.20. Assume also that the average annual
rainfall is 1.00 m. Determine the mass of CaCQj3 that would be needed, per hectare per year, to

neutralize the additional acid. The pertinent chemical reaction is
+ 2+
CaCO3(s) + 2H (ag) = Ca” (ag) + COy(g) + HyO()

. 2 . .
One hectare is 10,000 m™ and one cubic metre contains 1000 L (dm?). The molar mass of CaCQs

15100.1 g mol ™,

Fid voncmen o LT clin L5 aeiiel At

' —~ %, -8
AEH*J‘; /O 'Fz'o_ 70 d: 0r0005€30?6" 0. 00000 3/6 2

' -5 Y Tax ZM&.@%)X
- £ 00, :@a}ooomt/(/ﬂv) (,g%%)(ﬁ??B‘XZD 7 )(zn....-&.—f-f*

2 Ca )

T 3.000 X/oyﬁ Co CO;4

= Fo.0 .ﬂi?z d.; 003

END OF PAPER



